






























































Percentage 

and Ratio

Chapter 6



Percent weight-in-volume (w/v) expresses the 

number of grams of a constituent in 100 mL

of solution or liquid preparation and is used 

regardless of whether water or another liquid is

the solvent or vehicle. Expressed as: % w/v.

Percent volume-in-volume (v/v) expresses the 

number of milliliters of a constituent in 100 mL of 

solution or liquid preparation. Expressed as: % v/v.

Percent weight-in-weight (w/w) expresses the 

number of grams of a constituent in 100 g of

solution or preparation. Expressed as: % w/w.



TABLE 6.1 EXAMPLES OF PHARMACEUTICAL DOSAGE FORMS IN 

WHICH THE ACTIVE INGREDIENT IS OFTEN CALCULATED AND

EXPRESSED ON A PERCENTAGE BASIS PERCENTAGE BASIS 

EXAMPLES OF APPLICABLE DOSAGE FORMS

Weight-in-volume Solutions (e.g., ophthalmic, nasal, otic,topical, 

large-volume parenterals),and lotions.

Volume-in-volume Aromatic waters, topical solutions, and

Emulsions.

Weight-in-weight Ointments, creams, and gels



For the purposes of computation, percents are usually changed 

to equivalent decimal fractions.

This change is made by dropping the percent sign (%) and 

dividing the expressed numerator

by 100.

Thus, 12.5% 12.5/100 , or 0.125; and 

0.05% , 0.05/100, or 0.0005. 

We must not forget that in the reverse process (changing a 

decimal to a percent), the decimal is multiplied by 100

and the percent sign (%) is affixed.

Percentage is an essential part of pharmaceutical calculations. 

The pharmacist encounters it frequently and uses it as a 

convenient means of expressing the concentration of an active 

or inactive material in a pharmaceutical preparation.



Multiply the required number of millilitres by the percentage strength, 

expressed as a decimal,

to obtain the number of grams of solute or constituent in the solution or 

liquid preparation. The volume, in millilitres, represents the weight in grams 

of the solution or liquid preparation as if it

were pure water.

Volume (mL, representing grams) % (expressed as a decimal) grams 

(g) of solute

or constituent























































Example Calculations of the Size of a Dose



























































Isotonic solution



• When a solvent passes through a
semipermeable membrane from a dilute
solution into a more concentrated one, the
concentrations become equalized and the
phenomenon is known as osmosis.

• The pressure responsible for this phenomenon
is termed osmotic pressure and varies with
the nature of the solute.



• If the solute is a nonelectrolyte, its solution contains
only molecules and the osmotic pressure varies with
the concentration of the solute.

• If the solute is an electrolyte, its solution contains ions
and the osmotic pressure varies with both the
concentration of the solute and its degree of
dissociation.

• Thus, solutes that dissociate present a greater number
of particles in solution and exert a greater osmotic
pressure than undissociated molecules.



• Like osmotic pressure, the other colligative 
properties of solutions, vapor pressure, boiling 
point, and freezing point, depend on the 
number of particles in solution. 

• Therefore, these properties are interrelated 
and a change in any one of them will result in 
a corresponding change in the others.



• Two solutions that have the same osmotic pressure are termed
isosmotic.

• Many solutions intended to be mixed with body fluids are
designed to have the same osmotic pressure for greater patient
comfort, efficacy, and safety. A solution having the same osmotic
pressure as a specific body fluid is termed isotonic (meaning of
equal tone) with that specific body fluid.

• Solutions of lower osmotic pressure than that of a body fluid are
termed hypotonic, whereas those having a higher osmotic pressure
are termed hypertonic.

• Pharmaceutical dosage forms intended to be added directly to the
blood or mixed with biological fluids of the eye, nose, and bowel
are of principal concern to the pharmacist in their preparation and
clinical application.



Most ophthalmic preparations are formulated
to be isotonic

Injections that are not isotonic should be
administered slowly and in small quantities
tominimize tissue irritation, pain, and cell fluid
imbalance



 Large volumes of hypertonic infusions

containing dextrose, for example, can result in
hyperglycemia, osmotic diuresis, and excessive

loss of electrolytes.

 Excess infusions of hypotonic fluids can result in the
osmotic hemolysis of red blood cells and surpass the
upper limits of the body’s capacity to safely absorb
excessive fluids.



Physical/Chemical Considerations in the Preparation of Isotonic 
Solutions

The calculations involved in preparing isotonic 
solutions may be made in terms of data 
relatingThe calculations involved in preparing 
isotonic solutions may be made in terms of data 
relating to the colligative properties of solutions. 
Theoretically, any one of these properties may be 
used as a basis for determining tonicity. Practically 
,a comparison of freezing points is used for this 
purpose. 
It is generally accepted that -0.52˚C is the freezing 
point of both blood serum and lacrimal fluid.







0.52x molecular weight/1.86 = g of solute per
1000 ml of water forms isotonic solution of non
electrolyte e.g.Dextrose.

0.52x molecular weight/1.86x dissociation
factor(i) = g of solute per 1000 ml of water forms
isotonic solution of an electrolyte e.g.Nacl.



• Nonelectrolytes and substances of slight 
dissociation1.0

• Substances that dissociate into 2 ions: 1.8

• Substances that dissociate into 3 ions: 2.6

• Substances that dissociate into 4 ions: 3.4

• Substances that dissociate into 5 ions: 4.2











Table 11.1 gives the sodium chloride equivalents (E values) of each of the substances listed.

These values were calculated according to the rule stated previously. If the number of grams

of a substance included in a prescription is multiplied by its sodium chloride equivalent, the

amount of sodium chloride represented by that substance is determined.

The procedure for the calculation of isotonic solutions with sodium chloride equivalents may be

outlined as follows:

Step 1. Calculate the amount (in grams) of sodium chloride represented by the ingredients in

the prescription. Multiply the amount (in grams) of each substance by its sodium chloride

equivalent.

Step 2. Calculate the amount (in grams) of sodium chloride, alone, that would be contained in

an isotonic solution of the volume specified in the prescription, namely, the amount of sodium

chloride in a 0.9% solution of the specified volume. (Such a solution would contain 0.009 g/mL.)

Step 3. Subtract the amount of sodium chloride represented by the ingredients in the prescription

(Step 1) from the amount of sodium chloride, alone, that would be represented in the specific

volume of an isotonic solution (Step 2). The answer represents the amount (in grams) of sodium

chloride to be added to make the solution isotonic.

Step 4. If an agent other than sodium chloride, such as boric acid, dextrose, or potassium nitrate,

is to be used to make a solution isotonic, divide the amount of sodium chloride (Step 3) by

the sodium chloride equivalent of the other substance.





How many grams of boric acid should be used in compounding the following prescription? 
 

fl Phenacaine Hydrochloride 1% 

 Chlorobutanol 1⁄2% 

 Boric Acid 

Purified Water   ad 

Make isoton. sol. 

Sig. One drop in each eye. 

q.s. 

60 

The prescription calls for 0.6 g of phenacaine hydrochloride and 0.3 g of chlorobutanol. 
 

Step 1. 0.20X0.6 g=0.120 g of sodium  chloride  represented  by phenacaine  hydrochloride 0.24X0.3 g=0.072 g of 

sodium chloride represented by chlorobutanol 

Total: 0.192 g of sodium chloride represented by both ingredients 

Step 2. 60 X 0.009 = 0.540 g of sodium chloride in 60 mL of an isotonic sodium chloride solution 

Step 3. 0.540 g (from Step 2) 

— 0.192 g (from Step 1) 

0.348 g of sodium chloride required to make the solution isotonic 
 

But because the prescription calls for boric acid: 

Step 4. 0.348 g ÷ 0.52 (sodium chloride equivalent of boric acid) = 0.669 g of boric acid to be used, answer. 
 



How many grams of potassium nitrate could be used to make 
the following prescription isotonic?

Rx Sol. Silver Nitrate 60 1:500 w/v
Make isoton. sol.
Sig. For eye use.

The prescription contains 0.12 g of silver nitrate.

Step 1. 0.33 X 0.12 g = 0.04 g of sodium chloride represented 
by silver nitrate
Step 2. 60 X 0.009= 0.54 g of sodium chloride in 60 mL of an 
isotonic sodium chloride solution
Step 3. 0.54 g (from step 2)
— 0.04 g (from step 1)

0.50 g of sodium chloride required to make solution isotonic
Because, in this solution, sodium chloride is incompatible with 
silver nitrate, the tonic agent of choice is potassium nitrate. 
Therefore,
Step 4. 0.50 g ÷ 0.58 (sodium chloride equivalent of potassium 
nitrate) = 0.86 g of potassium
nitrate to be used, answer.



How many grams of sodium chloride should be used in compounding the following prescription? 
 

 Ingredient X 0.5 

 Sodium Chloride q.s. 

 Purified Water   ad 50 

 Make isoton. sol.  
 Sig. Eye drops.  

Let us assume that ingredient X is a new substance for which no sodium chloride equivalent 

is to be found in Table 11.1, and that its molecular weight is 295 and its i factor is 2.4. The 

sodium chloride equivalent of ingredient X may be calculated as follows: 

 

58.5

1.8
𝑥
2.4

295
= 0.26

Step 1. 0.26 X 0.5 g = 0.13 g of sodium chloride represented by ingredient X 

Step 2. 50 X 0.009 = 0.45 g of sodium chloride in 50 mL of an isotonic sodium chloride solution 

Step 3. 0.45 g (from Step 2) 

— 0.13 g (from Step 1) 

0.32 g of sodium chloride to be used, answer. 

 
































































