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Abstract 
 The present study aim at preparing frusemide in liquid form suitable for oral use. This is 

achieved through preparing different liquid forms of frusemide. The frusemide liquid is prepared in the 

following forms: oral solution, syrup and elixir with intensity of 1, 0.4 and 0.8% weight /volume 

respectively and in combination with potassium carbonate, polysorbate 80, alcohol and phosphate 

buffer solution of pH8 to dissolve the frusemide in the above mentioned forms. The different forms of 

the prepared medicine have been stored in glass bottles that can provide protection against light and at 

40, 50, 60
0
C for four months. Besides the pH has been checked to decide the period of validity. The 

results show that the expiration date of frusemide have lasted for 1.8, 1.07 and 1.22 years respectively 

for the oral solution, the syrup and the elixir. The suspensions of frusemide are formulated in 

combination with the following: polyvinyl pyrolidine, xanthan gum, the combination of (xanthan gum 

and sodium carboxymethyl cellulose), the combination of (xanthan: methyl cellulose) and chitosan.  

The formulas which give suitable release of the drug are chosen for assessment according to the 

following considerations: The rat of sedimentation and apparent zero order degradation constant at 

25
0
C. In conclusion, it is found the best formula is that which includes poly vinylpyrolidine, tween20, 

glycerol, sorbitol, cocoa syrup and parabens at pH7. the fluidity of this chosen formula is psendoplastic 

type and its validity has lasted for about three years. The emulsion of frusemide is also prepared 

extemporaneously by using the commercial frusemide tablets in combination with acacia and olive oil. 

This should be consumed within 45 days of the date of production.  

Key word: frusemide, elixir, suspension, emulsion. 

                                                                                                                            
 الخالصة 
ر٨ذٍ اٛذساعخ رحؼٰش عبئٚ ٠ُ٪٭ ٟٔج٪ٙ ِٜٛش٩ع٠ٰبٯذ ٢ٟ خالٙ رظ٤ٰو٦ ث٠خزَٜ االش٘بٙ اٛغبئٜخ ا٠ِٛ٪ٯخ. حؼش           

% ٩ص١/حغٞ ه٬ٜ اٛزوبٓت ٟن ٗبسث٪٣بد اٛج٪ربعٰ٪ٝ ٩اٛج٪ٛٮ ع٪سثبد  0.8،  0.4، 1اِٛش٩ع٠ٰبٯذ ٠ٗحٜ٪ٙ ٠ُ٪٭ ٩ششاة ٩اٛ٘غٰش ثٔ٪ح 

خض١ اٛذ٩اء ا٠ٛحؼش ثبش٘ب٦ٛ ا٠ٛخزِٜخ  الراثخ اِٛش٩ع٠ٰبٯذ ُٮ االش٘بٙ ا٠ٛزٗ٪سح اهال٥. 8بد اٛذاسئخ سٓٞ ٩ِاٛ٘ح٪ٙ ٩ٟحٜ٪ٙ اِٛ٪ع 80

 8 ثحذ٩ددسعخ ٟئ٪ٯخ ٠ٛذح أسثوخ أش٨ش ٟن ػجؾ االط ا٨ٰٛذس٩ع٤ٰٮ  60، 50، 40ُٮ ٤ٓب٣ٮ صعبعٰخ ٟؼبدح ٜٛؼ٪ء ثذسعبد حشاسح 

ع٤خ ُٮ ا٠ٛحٜ٪ٙ ا٠ِٛ٪٭  1.22،  1.07،  1.8أ١ ٟذح طالحٰبد اِٛش٩ع٠ٰبٯذ ٗب٣ذ اك٨شد ا٤ٛزبئظ ث ٛزحذٯذ اِٛزشح اٛض٤ٰٟخ ٜٛظالحٰخ.

صٞ رظ٤ٰن ٟؤٜبد اِٛش٩ع٠ٰبٯذ ٟن ث٪ٛٮ ثبٯش٩ٛذٯ٢ ٩ط٠ي اٛضا٣ضب١ ٩ٟإرَٜ )ط٠ي اٛضا٣ضب١ ٩اٛظ٪دٯ٪ٝ  ٩اٛششاة ٩اٛ٘غٰش ثبٛزوبٓت.

ٰٗت اٛزٮ اهـذ رحشس ٤ٟبعت ٜٛذ٩اء رٞ اخزٰبس٧ب ٜٛزٰٰٔٞ ٢ٟ اٛزشا ٟضٰٚ عٰٜٜ٪ص( ٩ٟإرَٜ )ط٠ي اٛضا٣ضب١: ا٠ٛضٰٚ عٰٜٜ٪ص( ٩اٰٛ٘ز٪عب١.

ٟئ٪ٯخ ٩ٓذ ٩عذ ثب١ احغ٢ رشٰٗجخ ٧ٮ  25خالٙ ٰٓبط عشهخ اٛزشعت ٩صبثذ اٛزِٖ٘ ٠ٛشرجخ اٛظِش اٛلب٧شٯخ اٛحشٰٗخ ثذسعخ حشاسح اٛـ 

 .7جشاث٤ٰبد ه٤ذ اط ٧ٰذس٩ع٤ٰٮ ٩ٰٜٗغش٩ٙ ٩ع٪سثز٪ٙ ٩ششاة اٛ٘بٗب٩ ٩اٛ 20اٛزٮ ٗب٣ذ رحز٪٭ ه٬ٜ ث٪ٛٮ ٤ُٰٚ ثبثش٩ٛذٯ٢ ٩ر٪ٯ٢ 

حؼش ٟغزحٜت اِٛش٩ع٠بٯذ ا٣ًٰب  ٩ش٘ٚ عشٯب١ ٧ز٥ اٛزشٰٗجخ ا٠ٛخزبسح عٜ٪ٕ عٰذ٩ثالعزٰ٘ٮ اٟب طالحٰبر٨ب ٗب٣ذ ثحذ٩د صالس ع٤٪اد.

 ٯ٪ٝ ٢ٟ رحؼٰش٥. ٢ٟ45 آشاص اِٛش٩ع٠ٰبٯذ اٛزغبسٯخ ٟن اٛظ٠ي اٛوشثٮ ٩صٯذ اٛضٯز٪١ ه٬ٜ ا١ ٯزٞ رذا٦ٛ٩ خالٙ 
Introduction  

            Frusemide which belongs to the 

group of loop diuretic is very effective 

indraining all kinds of oedemas (of cardiac, 

hepatic or renal origin), in mild or moderate 

hypertension or used in greater doses in acute 

and chronic renal failure, oliguria. 
(1) 

 

Commerrically available as tablets (20, 40, 80 

and 500mg) and injection (10 and 20 mg/ml) 

and frusemide oral solution which mentioned 

in USP. 
(2) 

 Many studies concered frusemide 

to prepare it in defferent pharmaceutical 

dosage forms as frusemide containing rectal 

suppositories to increase the drug liberation 

with the use of non-ionic surfactants (solutol of 

HS 15, cremophor RH60 and montanox 

60DF).
(3) 

Frusemide adhesive micro-spheres in 

hard gelatin capsules, frusemide granules with 

dika fat with maize starch and microcapsules 

of frusemide with Acrycoat E30 acrylic 

polymer were prepared and evaluated in man 

resulting in sustained release. 
(4) 

To the patients 

who have difficulty in swallowing the oral 

liquid dosage forms (syrup, elixir, suspension 

and emulsion) and rectal are offen supplied. 
 

1 Corresponding author  : E-mail :  thepharmacycollege16@yahoo.com 
 Received   : 14/4/2008     

 Accepted   :  9 / 7/2008 
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Frusemide is week organic acid such as 

barbiturates and the sulfonamide. Its 

solubility in water is increased as the pH is 

increased by addition of a base. Therefore 

syrups which are sweet viscous oral solutions 

can be prepared as well as elixir which is 

sweet hydroalcoholic solution containing 

flavoring materials. 
(5) 

Also frusemide as 

insoluble materials can be prepared in liquid 

media by means of appropriates suspending 

agents or mix with oil which dispersed as 

small globules in water in presence of 

emulsifying agent to form emulsion. 
(6) 

In 

hospitals because the absence of commercial 

liquid dosage forms solutions and 

suspensions of frusemide are prepared 

extemporaneously from injections and tablets 

respectively may be susceptible to 

sedimentation of insoluble  frusemide, 

chemically degraded by gastric acid and 

impractical in case of injection due to many 

ampoules required.
(7) 

The aim of this study is 

to prepare frusemide in different liquid 

dosage forms (syrup, elixir, suspension and 

emulsion) because these forms are not 

commercially available. Then test its stability 

and compatibility to decide on an appropriate 

formulation and assigne an expire date.
 

Materials, Instruments and 
Methods 
 Frusemide (USP), xanthan gum, 

cherry flavor and sorbitol supplied by SDI, 

Iraq; sodium carboxy methylcellulose, 

methylcellulose, methyl and propyl paraben 

from Hopkin and Williams LTD, England; 

Tween20 and 80 (Merck-Schanchard 

Germany); Ethanol GCC Gainland chemicals 

company, U.K.; polyvinyl pyrrolidin (PVP) 

and potassium carbonate from BDH chemical 

LTd. Pool, England. Sodium saccharin and 

aspartam (BDH limited pool, England); 

sodium hydroxide (Fluka-AG); Disodium 

hydrogen phosphate and potassium dihydrogen 

orthophosphate (Atlas chemie, W-Germany); 

frusemide 80 mg tablets (Hoechst Marion 

Roussel) and date of production is 9-2007.  

Sartorius balance AG Gottingen, BL210S, CE, 

Germany; pH meter, Orchidis Labrotaries, 

France and Hanna instruments type, France; 

Dissolution apparatus type II, Dis 6000, 

Copley scientific, Nottingham, U.K.; UV. 

Visible spectrophotometer, Gitra 5,GBC 

scientific equipment, U.S.A.; Oven 50, 40
0
C 

Memmert 854 Schwabach, W. Germany; Oven 

60
0
C Gallenkamp, B5 size one, England.   

 

 

 

 Experimental  
 Formulas I, II and III which are 

summarized in table (1) were prepared 

according to the following methods. 

 

Table (1): Different formulas of frusemide 

prepared as solution, syrup and elixir (I, II 

and III respectively) 

 

Matarials 

formulas 

I II III 

Frusemide (gm) 1.0 0.4 0.8 

Potassium carbonate 

(gm) 
0.5 -- -- 

Tween 20 (ml) -- -- 5 

Tween 80 (ml) -- 6 -- 

Sodium carboxy methyl 

cellulose (1%w/v) 
-- 5 ml -- 

Aspartam (gm) -- 0.054 -- 

Sodium saccharin (gm) -- -- 0.08 

Glycerol (ml) 30 -- -- 

Sorbitol 70% w/w (ml) -- 32.4 10 

Alcohol 95% (ml) -- 10 40 

Citric acid (gm) 

 
 0.1  

Cherry flavor (gm)  0.05  

Phosphate buffer 8 (ml) 

QS 
-- 100 100 

Purified water (ml) QS 100 -- -- 

 

Frusemide oral solution (formula I) 

0.5 gm potassium carbonate was 

dissolved in 45 ml purified water. Then 

frusemide 1gm and citric acid 0.1gm were 

added with stirring. Glycerine 30 ml was 

measured by graduated cylinder and added to 

previous mixture. Before the volume was 

completed to 100ml, the cherry flavor was 

added. Finally the pH was adjused by using 

pH-meter. 
(6) 

Frusemide free sugar based syrup 

(formulaII) 

 0.4 gm of frusemide was mixted with 

6m1 tween80 and ethanol 10ml with stirring.  

Aspartame and citric acid were added to 
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previous mixture. Sorbitol 32.4ml and 5ml 

dispersion of sodium carboxy methyl cellulose 

(1% w/v) were measured in graduated cylinder 

and added to resulting product with stirring. 

After the product was filtered by cotton the 

cherry flavor was added. The volume was 

completed to 100ml by phosphate buffer 8. 

finally the pH was adjusted by using pH-

meter.
(8) 

Frusemide elixir (formula III) 

 0.8gm of frusemide was dissolved in 

10ml sorbitol plus 40ml ethanol. Then citric 

acid 0.1 gm and sodium saccharin 0.08gm 

were mixed in 20 ml purified water puls 5 ml 

tween 20. Then the aqueous solution was 

added to the alcoholic solution to maintain the 

highest possible alcoholic strength at all times 

so that the minimal separation occurs when the 

two solutions were completely mixed, the 

cherry flavor was added. Then the volume was 

completed to 100ml by phosphate buffer 8. 

The elixir was permitted to stand for a few 

hours to ensure saturation of alcoholic solvent. 

The product was filtered by using talc as filter 

aid to prevent cloudy appearance. Finally the 

pH was adjusted by using pH-meter. 
(6)

 

Phosphate buffer pH8 was prepared by mixing 

50ml of a solution of 0.2 M potassium 

dihydrogen orthophosphate with 46.8ml of 

0.2M sodium hyproxide then diluted to 200ml 

with water.
(2)

 

Formulation of frusemide suspension 

         Table (2) shows 6 formulas of 

frusemide suspension prepared by the 

following method: frusemide, methyl plus 

propylparaben, sorbitol and glycerol were 

Levigated in the mortar with tween20 and part 

of prepared dispersions of suspending agents 

(PVP, xanthan gum, sodium carboxy methyl 

cellulose, methylcellulose and chitosan) in 

different concentration as summarized in table 

(2). The remaining amounts of the dispersions 

were added in divided portions to the mixture. 

The mortar was rinsed several times with 

purified water and the rinsed volume of 

dispersion was added to cylinder, cocoa syrup 

was added before the volume was completed to 

100ml by adding purified water. 

  

 
(5)

Comparison studies of formulas A, B, C, D 

and E  

         The following parameters were used to 

compare the prepared  formulas  A, B, C, D 

and E.
 

 

Table (2): Different formulas of frusemide 

prepared as suspension (A, B, C, D and E). 

and emulsion (F). 

Matarials 
formulas 

A B C D E F 

Frusemide (gm) 2.5 2.5 2.5 2.5 2.5 - 

Frusemide tablet 

(80mg) 

     5 

PVP (gm) 10      

Xanthan gum 

(gm) 

 0.5 0.5 0.5   

Sodium carboxy 

methyl cellulose 

(gm) 

  0.5    

Methyl cellulose 

(gm) 

   0.25   

Chitosan (gm)     1.5  

Acacia (gm)      6 

Olive oil (ml)      18 

Tween 20 (ml) 1  

Glycerol (ml) 10  

Sorbitol (ml) 5  

Cocoa syrup (ml) 20  

Methyl + propyl 

paraben (gm) 

0.18 +0.03  

purified water 

Qs(ml) 

100 90 

Dissolution rate measurement 

 The dissolution medium was 900ml 

of phosphate buffer 6.8. The temperature of 

study was 37
0
C and the rotating velocity was 

100 rev. min
-1

. 5 ml of each formulas A, B, C, 

D and E was transferred to the jar bottom using 

a syringe. At appropriate intervals samples of 

5ml were taken from the jar and analyzed for 

total content of frusemide by UV-

spectrophotometer. Detection was done at 

330nm. 5ml of fresh phosphate buffer was 

added to the jar with each time intervals to 

keep the volume constant.
(10) 

Sedimentation volume  

         100 ml of each formulas (A, B, C, D and 

E) was transferred to the stoppered graduated 

cylinder. The suspension were shaken 

vigorously to ensure uniformly then left 

undistributed. The sedimentation volume was 

measured at selected time intervals during 

storage without agitation for a period of 

8weeks and was calculated in terms of the ratio 

of ultimate settled height (Vu) to the original 

height (Vo).
(11)

 

Extemporaneous preparation of frusemide 

emulsion (formula F) 

         Acacia was triturated in mortar to be in 

powder form. 12ml water was added to get 

primary emulsion. 18ml olive oil was added 
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drop by drop with continuous trituration in 

same direction until clickuing sound was 

heard. Spread  frusemid powder from grinded 

(5) tablets of 80 mg strength. The primary 

emulsion was diluted to 90ml by purified 

water. The contents of formula F are showed in 

table (2) as well as the dissolution rates of 

formula F were measured as described 

previously.
(8) 

Stability study 

         2ml samples of formulas I, II and III 

were stored in closed tubes at 40, 50 and 60 
0
C 

measurement on: 0, 7, 15, 30, 60, 90, and 120 

day.Sample of 100ml suspension was 

inspected for change in color, odor, pH and 

precipitant. Analysis for remaining frusemide 

was carried by diluting 2ml of sample with 

distilled water  to 200ml. The 5 ml of resultant 

solution was taken and completed to 50 ml 

with 0.1 N NaOH. The absorbance of later 

solution was detected by a UV-method at 271 

nm.
(9)

  The accelerated stability test were also 

carried out on the suspensions showing the 

heighest sedimentation volume which were 

formulas A and D. the suspension of each 

formula was centrifuged to get supernatant 

solution. 1 ml samples of the resultant solution 

were stored in closed tubes at 40, 50 and 60 
0
C 

measurement on: 0,7, 15, 30, 60, 90 and 120 

day. Samples of 100ml suspension were 

inspected for change in color, odor, pH and 

precipitant.  Analysis of remaining frusemide 

was carried out by diluting 1ml of supernatant 

solutions with phosphate buffer 6.8 to 25 ml. 

The absorbance of latter solutions were 

determined by a spectrophotometer at 330 

nm.
(9,12)

 The shelf life calculated from the 

initial concentration [A0] and the apparent 

zero-order rate of degradation (k0) accordings 

to the following equations.
(13)

  

 

       

0

0
%10

0

][10.0

]lub[

K

A
t

ilityofrusemidesKxK





   

 
The stability of extemporaneous frusemide 

emulsion was done as those of suspension 

which mentioned previously.  

Rheogram 

 Rheogram was obtained for the 

selected formula at 37
0
C with Brook field DV-

II+Pro viscometer which read shear stress 

versus shear rate. 

 

 

Results and Discussion 
         Oral frusemide solution was claimed to 

produce agreater diuretic with congestive heart 

failure than tablet so formula I prepared as oral 

solution containing potassium carbonate which 

added to increase pH up to 7. The effect of pH 

on solubility is critical in the formulation of 

liquid dosage forms. The solubility of 

frusemide (PKa=3.9) is often pH dependent. 

Furthermore, the pH control is at least as 

important to fully control the crystallize habit 

and the stat of agglomeration to ensure quality, 

efficacy and safety of the drug.
(10,14) 

Also 

frusemide prepared as syrup(formula II) which 

containing tween 80 to increase solubility of 

frusemide. Alcohol is present in formula II to 

serve as a solvent and preservative. While 

benzoates and parabens was excluded from 

this formula (pH8) because they are ineffective 

as preservative in alkaline solutions which 

frusemide freely soluble in it. Sorbitol is 

compatible with alcohol as much as 10 percent 

(v/v) before crystallization is observed. 
(8, 15) 

Formula III having a high alcoholic content 

(elixir) contains saccharin which is required 

only in small amount rather than sucrose which 

is only slightly soluble in alcohol and required 

greater quantities for equivelant sweetness. 

This formula is self preserving and don‘t 

require the addition of antimicrobial agent 

because it contains more than 10-12% of 

alcohol. The carboxymethylcellulose, a 

derived gum function as viscosity builder 

agent.
(6) 

The presence of glycerine and  sorbitol 

in formula I, II and III contributes to solvent 

effect, assists in the dissolution of the solute 

and enhance the stability of the preparation. 

However, the presence of these materials also 

adds to the viscosity. 
(6) 

The effectiveness of 

cherry flavour in masking the taste of 

frusemide is enhanced by presence of weak 

acid (citric acid). 
(8) 

The accelerated studies 

applied on formulas I, II and III at higher 

temperatures (40, 50, and 60
0
C) were 

employed to predict the expiration date of 

these formula using UV-spectrophotometer.
 

The degradation of frusemide in these 

formulas shows first order kinetics since 

straight lines were obtained by plotting the 

logarithm of percent remaining of frusemide 

versus time as shown in figures (1,2 and 3) 

according equation (1).
 

 
     Log C= Log Co  –   ----------- 1 

 

In which Co is the initial concentration; C is 

the remaining undecomposed  concentration at 

time t; and k is the first order rate constant and 

–k/2.303 is the slope of the line from which the 

value of the rate constant is obtained. 
(12) 

  

303.2

kt



Iraqi J Pharm Sci , Vol.17 (2)  ,2008                                       Frusemide oral liquid dosage forms 

5 

 

  

1.984

1.986

1.988

1.99

1.992

1.994

1.996

1.998

2

2.002

0 1 2 3 4 5

Time (months)

lo
g

 %
 r

e
m

a
in

in
g

40 C 50 C 60 C

 
Figure (1): Degradation curve of frusemide 

oral solution (formula I) at 40, 50, 60 
0
C 
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Figure (2): Degradation curve of frusemide 

syrup (formula II) at 40, 50, 60
 0
C 
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Figure (3): Degradation curve of frusemide 

elixir (formula III) at 40, 50, 60 
0
C 

 

Table (3) summarized the degradation rate 

constant of formulas I, II and III. Arrhenious 

plots were constructed to predict the 

degradation rate constant of frusemide at 25
0
C 

as shown in figures (4, 5 and 6). The results 

indicate no significant differences (P>0.05) 

between K25
0
C  for formulas (I, II and III).

 
The 

expiration data of frusemide was calculated 

according to first order reaction equation: 

       

C
K

t
0

25

104.0
%10     -----------------2  

Table (3): Degradation rate constants of 

frusemide in formulas I, II, III at 40, 50 and 

60 
0
C. 

 

Formulas 
K40(x10

-3
) 

month
-1 

K50(x10
-3

) 

month
-1

 

K60(x10
-3

) 

month
-1

 

I 5.9 7.1 8.0 

II 10.7 26 35 

III 10.1 15 20 
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Figure (4): Arrhenious plot for estimation of 

the expiration date of formula I at 25 
0
C. 
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Figure (5): Arrhenious plot for estimation 

of the expiration date of formula II at 25 
0
C 
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Figure (6): Arrhenions plot for estimation of 

the expiration date of formula III at 25 
0
C 

 

 
The expiration dates were found to be equal to 

1.8, 1.07 and 1.22 years for formulas I, II and 

III respectively as shown in table (4).  

 

Table (4): Degradation rate constants at 

25
0
C and the corresponding expiration 

dates of the prepared formulas. 

 

Formulas no. 
K25(x10

-3
) 

month
-1 t 10% (years) 

I 4.8 1.8 

II 8.09 1.07 

III 7.0 1.22 

 

 

Figures (7 and 8) show the dissolution rate 

profile of frusemide for formulas A, B, C, D, E 

and F. The results showed that frusemide 

amounts released increases in the following 

order:  

F<E<C<D<B<A. The differences was 

significant (P<0.05). Formula A showed the 

highest dissolution rate for a short periods of 

time (10 minutes), this could be due to the 

wetting effect of water soluble polymer 

(10%PVP) solution with intrinsic rapid 

dissolution properties especially in the practice 

of the presence solubilizer glycerol and sugar 

alcohol such as mannitol and mixture thereof . 

Optionally a surfactant such as tween 20 may 

be added to facillate wettability within 

formulation. 
(16)

 Figure (9) shows the sediment 

volume of formulas A, B, C, D and E during 8 

weeks after 48 hours undisturbed.  
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Figure (8) : Dissolution rate profile of 

frusomide formulas (D, E and F) 
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Figure (9): Sedimentation volume of 

formulas (A, B, C, D and E) 
 

The sediment volume measured according to 

the ratio of the final height of the sediment 

after settling (Vu) to the initial height of the 

total product (V0).  

 

                 
Vo

Vu
F     -------- (3) 

  
The results show that the sediment volume 

increases in the following order: E<B<C<D<A  

The sedimentation volume depends 

on the types and concentrations of suspending,  
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wetting and viscosity enhancing agents used. 

As a result, a high sediment volume observed 

in formula A could be a result of the increase 

in the viscosity of the PVP dispersion in 

alkaline media which may be caused by the 

expansion resulting from electrostatic 

repulsion between negatively charged 

carboxylate group. 
(17, 18)

 In formula  D the 

increase in viscosity due to strong cross-

linking between the nonionic gum 

(methylcellulose) and anionic gum (xanthan 

gum).
(19) 

The presence of glycerol, sorbitol and 

cocoa syrup adds to the viscosity of suspension 

especially cocoa syrup (chocolate syrup) which 

is a suspension of cocoa powder in vehicle 

containing liquid glucose, glycerine, vanillin 

and sucrose. It is effective because of its high 

viscosity and enhance the palatability by 

coating the tongue and thus it tends to inhibit 

diffusion of the frusemide to the taste buds. 
(8) 

The resultant solutions from centrifuging of 

formulas A and D suspension was with no 

reservoir of frusemide to replace that depleted 

so frusemide degradation in them follows the 

first-order expression as in  equation (4). 
 

 

                ][
][

ck
dt

cd
    -------- (4) 

In which C is the concentration of 

frusemide remaining undecomposed at time 

and k is known as a first-order rate constant. 

When the concentration [c] is rended constant 

as in the case of a suspension, the equation (5) 

is applied.  

               
okck ][   ------- (5) 

  
         In which K0 is apparent zero order rate 

constant, [c] is the solubility of frusemide at 

25
0
C which equal 0.086 gm/100ml at pH 7 and 

K is first order rate constant at 25
0
C The first 

order rate constant for frusemide degradation 

in supernatant centrifuged solution of formula 

(A and D) were calculated from slopes of 

straight lines which result from plotting log% 

remaining of frusemide in these solutions 

versus time at elevated temperatures (40, 50 

and 60 
0
C) as shown in figure (10). Then by 

plotting the log of these rate constants versus 

reciprocal of the absolute temperature. First 

order rate constant K25
0

C was obtained by 

extrapolating the straight line in Arrhenious 

plot as shown in figure (11). 

 

K0 = K25
0

C  x [frusemide in solution] as in 

equation  (5) 

K0 = (8.07 x 10
-2

 month
-1

) x (0.086 g/100ml) 

K0 = 6.94 x 10
-5

 g/ml. month
-1

 

Then, the expiration date of frusemide 

suspension formula (A and D) which showed 

the best release and sedimentation volume than 

other formulas was calculated according to 

apparent-zero order reaction equation  

 

          

O

0

K

][10.0
%10

A
t      ----------- (6) 
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Figure (10): Degradation curve of 

centrifuged frusemide solution (formula A 

and D) at 40, 50, 60
 0
C 
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Figure (11): Arrhenenius plot of centrifuged 

frusemide solution (formula AandD) 

 

 

         The expiration dates were found to equal 

3 years for both formula A and D. The shelf 

life of extemporaneously frusemide prepared 

emulsion (formula F) was calculated from the 

initial concentration and the apparent zero-

order rate of degradation (K0) as the steps 

followed by estimation of expiration data of 

formulas A and D frusemide suspensions. The 

shelf life of formula F was 45 days. Acacia 

used in preparation of formula F because  it is   
preferred in the formulation of the most 

extemporaneous prepared products. As well as 

the experimental studies in animal and clinical 

studies in humans showed that acacia gum has 

a urea lowering effects so this preparation is 

useful for patients suffering from hypertension 
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with chronic renal failure. 
(20)

 Formula A was 

selected to study the rheology as shown in 

figure (12) because of it‘s highest release, 

sediment volume and shelf life than other 

formulas. The rheogram of formula A has a 

high viscosity at low shear stress while at 

higher shearing stress it has low viscosisty due 

to the flow behavior of PVP at concentration 

above 5% witch is typical pseudoplastic and 

thixotropic characteristics.
(18)

 Therefore 

formula  A which containing PVP, tween20, 

glycerol, sorbitol, cocoa syrup and parabens 

considered a well formulated suspension 

because it was physically and chemically 

stable due to PVP is compatible  with many 

drugs such as frusemide, paracetamol, salicylic 

acid and testosterone. 
(16)
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Figure (12): Rheogram of the selected 

frusemide suspension formula (A) 
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Abstract 
           Anabolic androgenic steroids (AAS) are man-made derivatives of the male sex hormone 

testosterone, originally designed for therapeutic uses to provide higher anabolic potency with lower 

androgenic effects. Increasing numbers of young athletes are using these agents illicitly to enhance 

physical fitness, appearance, and performance despite their numerous side effects and worldwide 

banning.  Today, their use remains one of the main health problems in sports because of their 

availability and low price.  The present study focuses on investigating the adverse effects of anabolic 

androgenic steroid abuse on sex hormones, liver and renal function tests, fasting glucose levels and 

lipid metabolism in Iraqi male recreational bodybuilders. We have recruited fifteen male bodybuilders 

(age 19-32 years) and an equal number of healthy non-obese, non-AAS-using sedentary controls. 

Serum hormones (luteinizing hormone (LH), follicle stimulating hormone (FSH), total testosterone, 

and prolactin), liver function indices (serum alanine aminotransferase (ALT), aspartate 

aminotransferase(AST), alkaline phosphatase(ALP),  total and direct bilirubin), renal function 

parameters (serum creatinine and urea), lipid profile and serum glucose levels were measured.  Abuse 

of AAS was associated with significant decreases (p< 0.005) in serum levels of LH (66.9%), FSH (49.8 

%) and testosterone (63.7%) together with significant increases (p< 0.05) in prolactin concentrations 

(49.8%) in AAS-using bodybuilders compared to sedentary controls. Anabolic androgenic steroids-

using athletes had significantly higher (p< 0.05) circulating levels of total bilirubin (116.3%), direct 

bilirubin (127.6%), aspartate (1752.9%) and alanine (263.1 %) transaminases than those of sedentary 

control subjects. Serum alkaline phosphatase levels were not significantly different (p> 0.05) between 

the two groups. Concerning renal function, AAS-using athletes had significantly higher serum 

concentrations of creatinine (28.6%) and urea (21.3%) than sedentary controls. Meanwhile, AAS abuse 

was accompanied by atherogenic lipid profile.  Anabolic androgenic steroids -using athletes had 

significantly higher (p< 0.05) serum levels of triglycerides (TG) (45.6%), low density lipoprotein-

cholesterol (LDL-C) (26.0%) and very  low density lipoprotein-cholesterol(VLDL-C) (45.6%) together 

with significantly lower serum concentrations of high density lipoprotein-cholesterol (HDL-C)  

(31.3%) than sedentary controls. Serum total cholesterol (TC) and fasting glucose concentrations were 

not significantly different (p> 0.05) between the two groups. The results presented in the study confirm 

that abuse of AAS induces unfavorable body functions and undesirable side effects. Therefore, efforts 

should be sought against use of these compounds outside the therapeutic frame. 

Key words: anabolic steroids, athletes, bodybuilding, exercise. 

 الخالصة
٤وذ خظٰظًب ٜٛزٌٜت ه٬ٜ هٰ٪ة ٩ ( ُطTestosteroneاٛغزٰش٩ٯذاد اٛج٤بئٰخ ٧ٮ ٟشزٔبد ا٨ٛشٟ٪١ اٛزٗش٭ ا٠ٛوش٩ٍ ثـ )           

( ٠ٗغزحؼش د٩ائٮ. رزٗش اٛذساعبد أ١َ أهذاد اٛشٯبػ٢ٰٰ اٛزٯ٢ ٯٔجٜ٪١ ه٬ٜ روبؿٮ ٟضٚ ٧ز٥ ا٠ٛشٗجبد Testosteroneٟغب٩ئ اٛـ )

ػن ثذ١٩ رظشٯح ؿجٮ ُٮ رضاٯذ ٟٜح٪ف ث٠ش٩س اٛغ٢ٰ٤ ه٬ٜ اٛشًٞ ٢ٟ اٛزحزٯشاد ا٠ٛز٘شسح ح٪ٙ أهشاػ٨ب اٛغب٣جٰخ ٩ ه٬ٜ اٛشًٞ ٢ٟ ٩

ا٤٠ٛل٠بد اال٠ٛ٩جٰخ ٩ اٛغ٨بد اٛح٘٪ٰٟخ هٔ٪ثبد طبسٟخ ه٬ٜ ٢ٟ ٯزوبؿ٬ ٧ز٥ ا٠ٛ٪اد أ٩ ٯزبعش ث٨ب. ٯوزجش االعزخذاٝ اٛخبؿئ ٨ٛز٥ 

ا٠ٛشٗجبد ٢ٟ ٓجٚ اٛشٯبػ٢ٰٰ ٢ٟ أ٧ٞ ٟشبٗٚ اٛشٯبػخ ُٮ اٛوظش اٛحذٯش. ُاعشٯذ ٧ز٥ اٛذساعخ ٩ ط٠٠ذ ٛزٰٰٔٞ رأصٰشاد روبؿٮ ٧ز٥ 

ه٬ٜ ٟغز٪٫ ا٨ٛشٟ٪٣بد ُٮ ٟظٚ اٛذٝ ٩ ٩كبئَ اٛ٘جذ ٩ ا٬ٜ٘ٛ ٩ ٟغز٪٫ ر٪صٯن اٛشح٪ٝ ٩ ٟغز٪٫ اٛغ٘ش ُٮ اٛغزٰش٩ٯذاد اٛج٤بئٰخ 

( سٯبػًٰب ٯزوبؿ٪١ اٛغزٰش٩ٯذاد اٛج٤بئٰخ ٩ 15ٟظٚ اٛذٝ ٠ٛغ٠٪هخ ٢ٟ ٠ٟبسعٮ سٯبػخ ٠ٗبٙ األعغبٝ. اشز٠ٜذ ٧ز٥ اٛذساعخ ه٬ٜ )

ئهز٠ذد ؿشّ اٛزٰٰٔٞ ه٬ٜ ٰٓبط ٟغز٪٫  وبؿ٪١ اٛغزٰش٩ٯذاد اٛج٤بئٰخ.( ٟزـ٪هًب ال ٯ٠بسع٪١ سٯبػخ ٠ٗبٙ األعغبٝ ٩ ال ٯز15)

 ,Total and direct bilirubin( ٩ ٩كبئَ اٛ٘جذ )LH, FSH, Testosterone, and prolactinا٨ٛشٟ٪٣بد ُٮ ٟظٚ اٛذٝ )

SAST, SALT, and alkaline phosphatase( ٩ ٩كبئَ ا٬ٜ٘ٛ )S creatinine and S ureaن اٛشح٪ٝ ُٮ ( ٩ ٟغز٪٫ ر٪صٯ

( ثبإلػبُخ ئ٬ٛ رشٰٗض اٛغ٘ش ُٮ اٛذٝ. أك٨ش رحٰٜٚ اٛجٰب٣بد رأصٰشًا ر٩ TC, TG, HDL-C, LDL-C, and VLDL-Cٟظٚ اٛذٝ )

 . ٠ٰٓخ ٟو٤٪ٯخ ٩اػحخ ٛزوبؿٮ اٛغزٰش٩ٯذاد اٛج٤بئٰخ ه٬ٜ رشٰٗض ا٨ٛشٟ٪٣بد ُٮ ٟظٚ اٛذٝ
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( ثظ٪سح ٟو٤٪ٯخ prolactin( ٩ ئسرِن ٟغز٪٫ )LH, FSH, and total testosteroneحٰش ٛ٪حق ئ٣خِبع ٟو٤٪٭ ُٮ رشاٰٗض اٛـ ) 

 Total and direct bilirubin, SASTٛذ٫ ٟزوبؿٮ اٛغزٰش٩ٯذاد اٛج٤بئٰخ، رشاُْ رٖٛ ٟن صٯبدح ٟو٤٪ٯخ ٩اػحخ ُٮ ٟغز٪ٯبد اٛـ )

and SALT( ٟن هذٝ ٩ع٪د أ٭ ُشّ ٟو٤٪٭ ُٮ ٟغز٪٫ اٛـ )alkaline phosphatase ث٢ٰ ا٠ٛغ٠٪هز٢ٰ. أك٨شد اٛذساعخ أٯؼًب )

( ُٮ ٟظٚ اٛذٝ ٛذ٫ ٟزوبؿٮ اٛغزٰش٩ٯذاد اٛج٤بئٰخ ثبإلػبُخ ئ٬ٛ ئسرِبم ٟو٤٪٭ ُٮ ٟغز٪٫ creatinine and ureaئسرِبم ٟغز٪٫ اٛـ )

( ُٮ ٟظٚ اٛذٝ. ٛٞ ٯزٞ ٟالحلخ أ٭ ُشّ ٟو٤٪٭ ُٮ HDL-C( ٩ ا٣خِبع ٟو٤٪٭ ُٮ ٟغز٪٫ )TG, LDL-C, and VLDL-Cاٛـ )

( ٩ اٛغ٘ش ُٮ ٟظٚ اٛذٝ ث٢ٰ ا٠ٛغ٠٪هز٢ٰ.  ُٮ ػ٪ء ا٤ٛزبئظ اٛزٮ أُشصر٨ب ٧ز٥ اٛذساعخ، ٯ٤٤٘٠ب اعز٤زبط أ١ ئعزخذاٝ TCٟغز٪٫ )

ئ٬ٛ حظ٪ٙ ٟؼبهِبد رإصش عٜجًب ه٬ٜ ٩كبئَ عغٞ اإل٣غب١. ٩اعج٤ب ٯ٢٠٘ ُٮ ثزٙ اٛغزٰش٩ٯذاد اٛج٤بئٰخ خبسط ئؿبس اٛوالط ٯإد٭ 

 ٓظبس٫ اٛغ٨٪د ٢ٟ أعٚ رٰٜٔٚ أ٩ ٤ٟن اعزخذاٝ ٧ز٥ ا٠ٛشٗجبد خبسط االؿبس اٛوالعٮ. 

 

Introduction 
    Self-administration of large doses of 

anabolic androgenic steroids ( AAS ) by 

athletes to obtain a well-shaped body and to 

increase muscular strength has been 

increasingly noticeable since the 1950s.
1,2

 

Anabolic androgenic steroids  are widely used 

by professional and recreational athletes as 

well as nonathletes.
3
 Abuse of AAS is not 

limited to male adults but also reported in 

female adults as well as adolescents of both 

sexes.
1
  Every tissue in the body, including the 

brain, has androgen receptors; therefore, AAS 

exert systemic as well as psychological 

effects.
4
 Anabolic androgenic steroids  have 

been linked with a wide range of unwanted 

adverse effects. These effects may range from 

physically unattractive, such as acne and 

gynecomastia in males, to serious and life 

threatening, such as cardiovascular diseases 

and hepatic carcinoma. Most effects are 

reversible upon withdrawal.
2,5

 Because of their 

widespread use, many side effects may turn 

out to be significant risk factors when 

considering public health. Increased risk of 

violent death was reported among AAS 

abusers from impulsive, aggressive behavior, 

or depressive symptoms.
6
 Anabolic androgenic 

steroids have been taken in cycles. 

Traditionally, AAS users combine two or more 

different drugs, mixing oral and injectable 

AAS. They begin a cycle with a low dose of 

AAS and slowly increase the dose and then the 

dose is tapered to zero.
3
 Doses taken by 

abusers can be 10-100 times higher than those 

used for medical purposes. The aim of the 

present study was to evaluate the changes in 

serum sex hormones, liver and renal function 

indices, glucose level and lipid metabolism in 

Iraqi male anabolic androgenic steroid abusers. 

 
Material,Subjects and Methods                                                                                                                                       
Participants  
    Fifteen non-obese male bodybuilders aged 

19-32 years (mean 23.27 ± 3.73) were 

recruited at local gyms in Baghdad city . 

Bodybuilders were interviewed concerning 

their health (current diseases and family 

diseases), consumption of high protein diet, 

regular exercise, lifetime steroid abuse, pattern  

 

 

of use, and whether other supplements and 

drugs  being used. Exclusion criteria included 

smoking, alcohol consumption, presence of 

chronic medical conditions (diabetes mellitus, 

liver or kidney disorders) and the use of 

growth hormone.    Anabolic steroid abusers 

were selected if they were currently using 

AAS.   Table (1)  summarizes AAS used with 

their doses and duration of use prior to sample 

withdrawal. . All of the participants took 

androgens in cycles and none was taking AAS 

in a continuous pattern. Cycles were 4-8 weeks 

in duration separated by suspension periods of 

4-12 weeks. A control group of healthy 

sedentary males (n=15) with a mean age of 

22.1 ± 3.65 years were recruited from the 

community and historically had not ever used 

anabolic steroids. Unfortunately, absence of 

bodybuilding controls was evident because, as 

was found, persons who continue to exercise 

regularly use AAS routinely.  The two groups 

of volunteers were comparable with respect to 

their age and height. However, the study group 

taking AAS had significantly greater mean 

weight and BMI. 

 
Sample collection 

    Subjects' weight and height were measured 

using a balance beam and a vertical ruler. 

Participants were asked to fast for 12 hours 

and avoid heavy physical exercise before 

attending for sample collection. One blood 

sample was collected from each volunteers by 

venipuncture between 08:00-10:00 AM. A total 

of 15 ml blood was obtained and placed in 

EDTA-free tubes to be centrifuged for 5-10 

minutes at 3000 rpm. Serum was then divided 

into several 1.5 mL Eppendorf tubes and 

stored at (-20
o
C) until time for the assay. 

 

Laboratory measurements 

    Serum concentrations of LH, FSH, prolactin 

and total testosterone were determined by 

immunofluorometric assays on a mini VIDAS 

analyzer 
7,8

 . Liver and renal function indices 

were measured by colorimetric methods using 

the commercially available kits
9,10,11,12,13,14,15

. 

Serum total cholesterol, triglyceride, high-

density lipoprotein cholesterol and fasting 

glucose concentrations were determined by 
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routine autoanalyzer methods
16,17,18,19

. Serum 

low- and very low-density lipoprotein 

cholesterol concentrations were determined 

through the Friedwald formula
20

. 

 

 

 

Table 1 : Dose and duration of AAS use for fifteen body builders 

 

 
Statistical analysis 

    Data were expressed as mean ± SD 

(standard deviation). Unpaired t-test was 

employed to examine the difference in means 

of the AAS-using group and sedentary 

controls. Pearson correlation (r) was used to 

analyze the relationships between total dose of 

AAS used prior to sample withdrawal and the 

hormonal and biochemical changes. A level of 

p value < 0.05 was considered statistically 

significant difference. 

 

 
Results 
Serum hormone levels 

    Serum LH, FSH, and total testosterone 

levels in AAS-using bodybuilders were 

significantly lower (p < 0.005) than those in 

the sedentary controls (66.9%, 49.8%, and 

63.7% respectively). However, AAS-using 

bodybuilders had significantly higher (p< 0.05) 

prolactin concentrations (49.8%) than 

sedentary controls (table 2).  

 

 

 

Subject 

no, 
AAS used 

Route of 

administration 

Dose 

(mg/kg) 

Duration of 

prior 

sampling(wk) 

Total 

dose 

received 

(mg) 

1 Methandrostenolone O 175 6 1350 

Nandrolone decanoate P 50 

2 Methandrostenolone O 140 4 660 

Nandrolone decanoate P 25 

3 Methandrostenolone O 140 4 760 

Nandrolone decanoate P 50 

4 Methandrostenolone O 245 4 980 

5 Methandrostenolone O 210 4 840 

6 Testodterone proponate P 50 3 450 

Nandrolone decanoate P 100 

7 Mthenolone O 20 3 660 

Oxymetholone O 150 

Nandrolone decanoate P 50 

8 Methandrostenolone O 175 6 1350 

Nandrolone decanoate P 50 

9 Methandrostenolone O 140 4 760 

Nandrolone decanoate P 50 

10 Methandrostenolone O 175 6 1650 

Nandrolone decanoate P 100 

11 Methandrostenolone O 245 4 2780 

Sustanon P 250 

Nandrolone decanoate P 200 

12 Methandrostenolone O 175 4 1800 

Nandrolone decanoate P 25 

Sustanon P 250 

13 Methandrostenolone O 175 4 1100 

Nandrolone decanoate P 100 

14 Methandrostenolone O 245 6 2670 

Nandrolone decanoate P 200 

15 Methandrostenolone O 245 6 2670 

Nandrolone decanoate p 200 
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Table 2: Effects of anabolic androgenic 

steroids on serum hormones in AAS-using 

bodybuilders compared to sedentary controls. 

 

Variable Sedentary 

Controls N=15 

(mean ±SD) 

AAS-using 

BB    N=15 

(mean ± SD) 

LH  

(mIU/mL) 3.11 ± 0.94 1.03 ± 1.09** 

FSH 

(mIU/mL) 2.93 ± 1.30 1.47 ± 0.87** 

Testosterone 

(ng/mL) 7.47 ± 1.95 2.71 ± 1.75** 

PRL 

 (ng/mL) 14.44 ± 6.19 21.63 ± 8.88* 

Values expressed as mean + SD 

The P- values refer to the differences from the 

control group. 

*  : P < 0.05 significant difference between the 

two groups.  

** : P <0.005 highly significant difference 

between the two groups.  

N = no. of subjects. 

 

 
Table 3: Effects of anabolic androgenic 

steroids on liver function tests in AAS-using 

bodybuilders compared to sedentary controls. 

 

.Variable Sedentary 

Controls 

N=15 

(mean ± SD) 

AAS-using BB 

N=15 

(mean ± SD) 

Total 

bilirubin 

(mg/dL) 

0.49 ± 0.63 1.06 ± 0.74* 

Direct 

bilirubin 

(mg/dL) 

0.29 ± 0.41 0.66 ± 0.47* 

ALP 

 (U/L) 
80.20 ± 20.26 93.20 ± 37.19

 ns
 

AST 

(U/L) 
1.21 ± 4.69 22.42 ± 27.02** 

ALT 

(U/L) 
4.69 ± 6.52 17.03 ± 17.02* 

Values expressed as mean + SD 

The P- values refer to the differences from the 

control group. 

* : P < 0.05 significant difference between the 

two groups.  

** : P <0.005 highly significant difference 

between the two groups.  
ns 

: non significant (P > 0.05 )
 

significant 

difference between the two groups
 

N = no. of subjects. 

 

Liver function parameters 

         Anabolic androgenic steroids-using 

bodybuilders had significantly higher (p< 0.05) 

circulating levels of total and direct bilirubin 

(116.3% and 127.6% respectively) than 

sedentary controls. Anabolic androgenic 

steroids -using bodybuilders had significantly 

higher serum AST (1752.9%, p< 0.005) and 

ALT (263.1%, p< 0.05) activities than 

sedentary controls (table 3). Serum alkaline 

phosphatase levels were not significantly 

different (p> 0.05) between the two studied 

groups. 

 

Renal function tests 

         (Table 4) demonstrates that AAS-using 

bodybuilders had significantly higher 

circulating levels of creatinine (28.6%) and 

urea (21.3%) (p< 0.005 and p< 0.05, 

respectively) than sedentary control group.  

 

 

Table 4: Effects of anabolic androgenic 

steroids on renal function tests in AAS-

using bodybuilders compared to sedentary 

controls. 

Values expressed as mean + SD 

The P- values refer to the differences from the 

control group. 

* : P < 0.05 significant difference between the 

two groups.  

** : P <0.005 highly significant difference 

between the two groups.  

N = no. of subjects. 

 

 

Lipid profile and fasting serum glucose 

    Circulating levels of HDL-C were 

significantly lower (p< 0.005) (31.3%) in 

AAS-abusing bodybuilders than sedentary 

controls. Table (5) indicates that AAS-using 

bodybuilders had significantly higher (p< 0.05) 

serum levels of triglycerides (45.6%), LDL-C  

(26.0%) and VLDL-C (45.6%) than sedentary 

controls. Serum total cholesterol and glucose 

concentrations were not significantly different 

(p> 0.05) between AAS-using bodybuilders 

and sedentary control subjects.  

 

 

Variable 

Sedentary 

Controls 

N=15 

(mean ± SD) 

AAS-using BB 

N=15 

(mean ± SD) 

Cr 

(mg/dL) 
0.84 ± 0.19 1.08 ± 0.21** 

Urea 

(mg/dL) 
38.07 ± 8.58 46.18 ± 14.37* 
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Table 5: Effects of anabolic androgenic 

steroids on lipid profile and serum glucose 

in AAS-using bodybuilders compared to 

sedentary controls 

 

Variable Sedentary 

Controls 

N=15 

(mean ± SD) 

AAS-using BB 

N=15 

(mean ± SD) 

Cholesterol 

(mg/dL) 

153.80 ± 21.62 171.20 ± 37.19
 ns

 

TG 

(mg/dL) 

74.93 ± 42.84 109.13 ± 57.50* 

HDL-C 

(mg/dL) 

44.60 ± 7.15 30.67 ± 7.64** 

LDL-C 

(mg/dL) 

94.21 ± 21.13 118.71 ± 34.76* 

VLDL-C 

(mg/dL) 

14.99 ± 8.57 21.83 ± 11.50* 

FSG 

(mg/dL) 

83.20 ± 17.63 89.93 ± 9.16
ns

 

Values expressed as mean + SD 

The P- values refer to the differences from the 

control group. 

*: P < 0.05 significant difference between the 

two groups.  

**: P <0.005 highly significant difference 

between the two groups.  
ns 

 non significant (P > 0.05 )
 

significant 

difference between the two groups
 

N = no. of subjects. 

 

Adverse effects 

    Participants were asked questions about 

unusual adverse effects that would be felt 

during an AAS cycle and the most common 

reported side effects were aggression, changes 

in libido, acne formation, headaches, and 

premature hair loss as summarized in table 6. 

 

Table 6: Adverse effects reported by AAS-

using bodybuilders. 

 

Adverse effect No. of 

Subjects 

N=15 

 

% 

Unusual aggression 8 53 

Changes in libido 6 40 

Acne 3 20 

Headaches 4 27 

Hair loss 2 13 

 
Discussion  
         Subjects of this study use independently 

anabolic androgenic steroids mainly to 

enhance external physique. Besides being an 

unethical practice, abuse of AAS has been 

associated with several health risks and various 

adverse effects which affect almost all organs 

and systems of the human body. Anabolic 

androgenic steroids-using bodybuilders had 

significantly lower (p< 0.005) serum levels of 

LH, FSH and total testosterone than sedentary 

controls (table 2). The results were consistent 

with those reported by Holma et al
21

 who 

observed reduced serum levels of LH, FSH 

and testosterone in athletics during a course of 

oral intake of methandrostenolone (15 

mg/day). Exogenously administered anabolic 

androgenic steroids exert a negative feedback 

on the secretion of gonadotrophins, mostly 

attributed to a direct effect on the 

hypothalamus to decrease secretion of GnRH. 

This in turn causes a corresponding decrease in 

secretion of both LH and FSH and eventually 

biosynthesis and release of testosterone from 

the testes.
22

 In addition, anabolic androgenic 

steroids may produce local suppressive effects 

on the testes and on adrenal androgen 

production.
23

 Serum prolactin levels in AAS-

using bodybuilders were significantly higher 

than those in sedentary controls (p < 0.05) 

(table 2). Data reported by Stoffel-Wagner et 

al
24

 and Leibenluft et al
25

 were consistent with 

the interpretation that testosterone and/or its 

metabolites facilitate the secretion of prolactin. 

Estrogen is known to stimulate prolactin 

release from the anterior pituitary.
26

 Non-

aromatizable AAS (stanozolol and 

methandrostenolone) were reported to activate 

estrogen receptors through interaction of either 

the parent compound or its metabolites 

indicating a possible mechanism for increased 

prolactin secretion.
27

 The available data in the 

corresponding literature on the influence of 

exogenously administered androgens on 

prolactin serum level were found controversial. 

Serum total and direct bilirubin levels in AAS-

using bodybuilders were significantly higher 

(p< 0.05) than those in sedentary controls 

(table 3). Androgens can selectively interfere 

with bile excretion by the liver. Canalicular 

bile plugs were observed after treatment with 

methyltestosterone, oxymetholone, mestranol, 

and norethandrolone.
28

 Cases of cholestatic 

jaundice have been recorded in patients 

therapeutically using or athletes abusing AAS 

(especially 17  alkylated agents).
29,30

  Serum 

AST and ALT levels in AAS-using 

bodybuilders were significantly higher (p< 

0.005 and p< 0.05, respectively) than those in 

sedentary controls (table 3). Canalicular 

cholestasis is characterized by mild 

hepatocellular injury and release of 

transaminases leading to mild elevations in 

serum levels of these enzymes.
29

 However, 

since sustained weightlifting alone can result 

in mild elevations in serum transaminase 
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activities
31,32

, the increase in serum 

transaminases may be attributed to mild 

hepatocellular damage, muscle injury, or both. 

Urhausen et al
33

reported that serum 

transaminase levels were significantly higher 

(p< 0.001) in anabolic androgenic steroid-

abusing athletes than bodybuilders who 

stopped using anabolic steroids for at least a 

year.  A non-significant difference in serum 

ALP levels was found between the two studied 

groups (p > 0.05) (table 3). These results are 

consistent with those reported by O'Sullivan et 

al
34

 who observed no significant difference in 

alkaline phosphatase activities between 

anabolic steroid users and potential or past 

users. Anabolic androgenic steroids can induce 

cholestasis without elevating alkaline 

phosphatase levels. ALP activity is usually less 

than threefold elevated and often is normal.
35

 

Anabolic androgenic steroids -using athletes 

had significantly higher serum creatinine (p< 

0.005) and urea (p< 0.05) levels than sedentary 

controls (table 4). Studies in rat models 

provide evidence that, compared with females, 

aging males exhibit decreased glomerular 

filtration rate and develop glomerular injury, 

glomerulosclerosis and proteinuria.
36

 In 

addition, cases of acute renal failure had been 

reported in clinical patients or bodybuilders 

administering anabolic steroids.
29,37 

However, 

in the present study, we cannot ignore other 

factors that may have participated in 

deteriorating renal function parameters in 

anabolic androgenic steroid-using athletes e.g. 

consumption of high protein diet. Serum 

concentrations of triglycerides, VLDL-C and 

LDL-C were significantly higher in AAS-

useres (p< 0.05) than those in controls (table 

5). The rise in serum levels was positively 

correlated with the intake of AAS. Anabolic 

androgenic steroids can elevate serum levels of 

triglycerides by 40-50% in bodybuilders and 

other power-training athletes.
38

 Kiraly
39

in 1988 

reported similar results while studying the 

effects of large doses of testosterone and other 

anabolic androgenic steroids on serum lipids 

during a 12 week strength-training period. 

Elevated serum triglyceride (p< 0.05) levels 

were found with decreased serum HDL-C (p< 

0.005). Serum LDL-C levels were significantly 

higher (p< 0.05) during steroid intake in 

studies reported by Fröhlich et al
40

 and Palatini 

et al
41

.  Anabolic androgenic steroids -users 

had elevated levels of apolipoprotein B, a 

component of both LDL and VLDL.
42,43

 

Conversely, circulating levels of LDL-C and 

VLDL-C were not significantly different while 

using AAS in studies reported by Sader et al
44

 

and Singh et al
45

, respectively. A non-

significant difference in serum total cholesterol 

levels was found between the two studied 

groups (p > 0.05) (table 5). Our results confirm 

those reported by many studies
40,42 

. Anabolic 

androgenic steroids effects on plasma lipids 

have been reported to be unpredictable and 

depend on the dose, route of administration, 

and type of AAS (aromatizable or not).
46

 Low 

dosages have been associated with 

hypolipemic response, while high doses have 

had opposite effects.
47,48

 Serum HDL-C levels 

in AAS-using bodybuilders were significantly 

lower than those in sedentary controls (p < 

0.005) (table 4). The postulated mechanism to 

explain anabolic steroid-induced alteration in 

serum HDL-C levels is an increase in hepatic 

triglyceride lipase activity, an enzyme 

responsible for catabolizing HDL with its 

phospholipase activity.
49

 In addition, 

apolipoprotein A-1, a major component of 

HDL particle, was reported to be decreased by 

AAS.
42,45

 The results obtained in the present 

study showed absolute consistency with the 

available data. A non-significant difference in 

serum glucose levels was found between the 

two studied groups (p > 0.05) (table 5). The 

influence of testosterone and anabolic steroids 

on glucose metabolism was found 

controversial. Results of the present study 

agree with those reported by Friedl et al
50

 who 

observed no alterations in fasting serum 

glucose in normal men treated with 

testosterone enanthate or nandrolone decanoate 

for 6 weeks. On the other hand, Cohen and 

Hickman
51

 concluded that power lifters taking 

high dose (mean 200 mg/day) of anabolic 

androgenic steroids had diminished glucose 

tolerance compared to non-steroid using 

athletes, obese sedentary men, or non-obese 

sedentary men. Such controversy in the 

corresponding literature may be explained to 

be due to differences in doses used. Higher 

AAS doses reduce insulin sensitivity and 

impair glucose tolerance.
46

 Although AAS 

doses used by subjects in the present study 

were considered to be high; they were much 

smaller than those used by athletes in Cohen 

and Hickman
51

 study. The most common side 

effects reported by our subjects were unusual 

aggression (53%), changes in libido (40%), 

acne formation (20%), headaches (27%) and 

premature hair loss (13%) (table 6). Perry et 

al
52

 reported that anabolic steroid using 

weightlifters were more aggressive than 

nonusers according to different psychiatric 

scores. Changes in libido appear to be the most 

common adverse effect reported in a group of 

present and past AAS users (approximately 

61%).
34

 Reports do indicate that toward the 

end of AAS cycle, some males may experience 

loss of libido.
53

 Acne was also found very 
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common side effect among anabolic steroid 

users as reported by O'Sullivan et al.
34

 

Increases in acne formation is related to 

stimulation of sebaceous glands resulting in a 

more oily skin.
34

 Premature hair loss does not 

appear to be very common. It is likely that 

androgenic alopecia as a result of AAS use is 

more prevalent in males who are genetically 

predisposed to balding.
54

 Headaches are also 

not very common among AAS abusers. 

O'Sullivan et al
34

 reported only 9% of AAS 

using athletes may develop headaches. 

However, the exact mechanism is unknown. 

    

Conclusion  
    In conclusion, anabolic androgenic steroid 

abuse lowered serum concentrations of 

pituitary gonadotrophins, LH and FSH, and 

testosterone. Increased levels of prolactin were 

also manifested. Abuse of anabolic steroids 

probably causes cholestasis, however, with 

mildly elevated liver enzymes. In addition, 

effect of anabolic androgenic steroids on renal 

function indices was not well established 

indicating that other factors, such as high 

protein diet, may have contributed in elevation 

of blood urea and creatinine levels.  Finally, 

lipid profile was impaired toward evidenced 

dyslipidaemia. 
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Abstract 
         Loratadine is a long acting non-sedating anti-histaminic agent that was developed for the 

treatment of seasonal allergic rhinitis, whose anti-histaminic action is more effective than the other 

anti-histaminic drugs available commercially. This project was carried out to prepare an acceptable 

suspension through studying the release of drug in presence of different types and concentrations of 

suspending agents such as polysorbate 40, xanthan gum, sodium carboxymethylcellulose (NaCMC), 

aluminum magnesium silicate (veegum) and sodium alginate. The effects of these suspending agents 

were studied at pH 1.2 (0.1N HCl) and 37 Cْ. The results showed that the release rate of loratadine in 

the presence of these suspending agents was dependent on their types and concentrations. The results 

showed that loratadine release from the formula prepared from xanthan gum is more than that prepared 

from other polymers in the following order: Sodium alginate < NaCMC < veegum < xanthan gum. 

However, elegancy of suspension was better on using xanthan gum in a concentration of 0.5%. The 

obtained results were utilized to formulate 0.1% suspension of loratadine which is physically stable 

with an optimum drug release. The rheology, sedimentation volume, resuspendability and expiration 

date were evaluated for the selected formula. The formula that contains loratadine, xanthan gum, 

glycerol, sorbitol, methyl paraben, propyl paraben, sodium edetate, raspberry flavor at pH 5.0 appears 

to be a promised formula to be present with estimated shelf life of about 3.8 years.  

Key word: loratadine, suspension, suspending agent, xanthan gum. 

 الخالصة
ٔبس ٟؼبد ٨ٜٛغزب٢ٰٟ ؿ٪ٯٚ ا٠ِٛو٪ٙ ٩ ًٰش ٟغجت ٤ٜٛوبط , اٗزشَ ٛوالط حغبعٰخ اال٣َ ا٠ٛ٪ع٠ٰخ ٩ ا١ اٜٛ٪ساربدٯ٢ ه 

ِٟو٪٦ٛ ا٠ٛؼبد ٨ٜٛغزب٢ٰٟ اٗضش ُبهٰٜخ ٢ٟ اال٣٪ام االخش٫ ا٠ٛز٪ُشح رغبسٯب. رٞ ئعشاء ٧زا اٛجحش ٛزحؼٰش ٟوْٜ ٟٔج٪ٙ ٢ٟ ا٤ٛبحٰخ 

, ط٠ي 40ام ٟخزِٜخ ٢ٟ ا٠ٛ٪اد ا٠ٛؤٜخ ٩ ثوذح رشاٰٗض ٟضٚ: اٛج٪٬ٛ ع٪سثبد اٛظٰذال٣ٰخ ٢ٟ خالٙ دساعخ رحشس اٛذ٩اء ث٪ع٪د ا٣٪

اٛضا٣ضب١, ٗبسث٪ٗغ٬ ٟضٰٚ عٰٜٜ٪ص اٛظ٪دٯ٪ٝ, ُٰ٘بٝ )عٰٜ٘بد ا٤ٌ٠ٛغٰ٪ٝ ٩ اال٤٠ٰٛ٪ٝ( ٩ اٛغ٤ٰبد اٛظ٪دٯ٪ٝ. ر٠ذ دساعخ ٧زح اٛزبصٰشاد 

ا٤ٛزبئظ ا٬ٛ ا١  رحشس اٜٛ٪ساربدٯ٢ ٢ٟ اٛزشٰٗجخ اٛز٬ رحز٪٫ ْٝ. اشبسد   ٩37 ثذسعخ حشاسح  ١,٠ث٠حٜ٪ٙ حبٟغ ا٨ٰٛذس٩ٜٗ٪سٯٖ هٰبسٯخ 

  <ه٬ٜ ط٠ي  اٛضا٣ضب١ اعشم ٢ٟ اٛزشاٰٗت اٛزٮ رحز٪٫ ه٬ٜ اال٣٪ام االخش٫ ٢ٟ ا٠ٛ٪اد ا٠ٛؤٜخ ٩ ثبٛش٘ٚ اٛزب٬ٛ: اٛغ٤ٰبد اٛظ٪دٯ٪ٝ

ظ ٬ُ رحؼٰش طٰي رشٰٗجٰخ رحز٪٫ ه٬ٜ ٟبدح ط٠ي اٛضا٣ضب١.  رٞ االعزِبدح ٢ٟ ٧ز٥ ا٤ٛزبئ ≤ُٰ٘بٝ  <ٗبسث٪ٗغ٬ ٟضٰٚ عٰٜٜ٪ص اٛظ٪دٯ٪ٝ 

٪ . اخزٰشد اٛظٰي اٛز٬ اهـذ احغ٢ رحشس ٜٛذ٩اء ٩ اُؼٚ اعزٔشاسٯخ ٜٛزٰٰٔٞ ٢ٟ خالٙ ٰٓبط عشٯب١ ا٠ٛوْٜ ٠٫١اٜٛ٪ساربدٯ٢ ثزشٰٗض   

رحز٪٫ ه٬ٜ  ٩ حغٞ رشعت ٩ رغب٣ظ ا٠ٛوْٜ ثوذ رحشٯ٦٘ ٩ ربسٯخ اٛظالحٰخ الُؼٚ رشٰٗجخ. ٛٔذ ٩عذ ثب١ احغ٢ رشٰٗجخ ٬٧ اٛز٬

اٜٛ٪ساربدٯ٢ , ط٠ي اٛضا٣ضب١, ٰٜٗغٰش٩ٙ, ع٪سثٰز٪ٙ, ٟضٰٚ ثبساث٢ٰ, ثش٩ثٰٚ ثبساث٢ٰ, اٯذٯزٰذ ص٤بئ٬ اٛظ٪دٯ٪ٝ ٩ ٨٘٣خ اٛز٪د ه٤ذ االط 

 ع٤٪اد. ٨٫٣. اٟب ٟذح طالحٰخ ا٠ٛوْٜ ا٠ٛحؼش ُ٘ب١ ثحذ٩د    5ا٨ٰٛذس٩ع٬٤ٰ 

 
Introduction  

A coarse suspension is a dispersion of 

finely divided, insoluble solid particles (the 

dispersed phase) in a fluid (dispersion medium 

or continuous phase)
 (1)

.A conventional 

suspension may be readily prepared in an 

aqueous solution with small percentage of 

hydrophilic polymers (like methyl cellulose, 

hydroxypropylcellulose and xanthan gum), as 

well as small percentage of surfactant like 

polysorbate 80. The suspending agent was 

used to achieve homogeneity of redispersed 

suspension while surfactants are used for 

wetting and dispersing of insoluble particles 
(2)

.For many patients, the liquid dosage form is  

 

 

 

preferred over the solid dosage form of the 

same drug because of the ease of the 

swallowing liquids and flexibility in the 

administration. The disadvantage of 

disagreeable taste of certain drugs (loratadine 

bitter taste) is overcome when the drug is 

administered as undissolved particles 
(3)

. In 

general, aqueous suspension gives more 

extended effect than aqueous solution 
(4)

. 

Insoluble or poorly soluble drugs in suitable 

solvents could be formulated as flavored 

suspension as an ideal choice, example; 

nalidixic acid suspension 
(5)

 and fluconazole 

suspension 
(6
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        Commercially available loratadine 

solution (syrup) products contain excipients 

that are inappropriate for pediatric population, 

particularly the neonatal and infant age groups. 

To improve the solubility of loratadine, most 

of the syrups contain propylene glycol which 

may put the infants at risk of displacement of 

bilirubin and consequently hyperbilirubinemia 
(7)

. Excessive intake of propylene glycol and 

subsequent metabolism to lactic acid may 

cause the development of hyperosmolality and 

lactic acidosis 
(8)

. Also the high concentration 

of sucrose over 60% w/v made the syrup to be 

administered with care to patients with 

diabetes mellitus 
(9)

. In addition the stability of 

the drugs when prepared as insoluble particles 

is higher compared to that of dissolved drug in 

syrup, as shown by the aminophylline 

suspension whose chemical and physical 

stability showed minimum rate of degradation 

after 91 days period 
(10)

. Loratadine is a 

tricyclic antihistamine, which has a selective 

and peripheral H1-antagonist action. It has a 

long-lasting effect and does not normally cause 

drowsiness because it does not readily enter 

the cerebro spinal fluid (CSF) 
(11)

.It is white to 

off-white powder, practically insoluble in 

water, but very soluble in acetone, alcohol and 

chloroform 
(12)

. Loratadine rapidly absorbed 

after administration, peak plasma 

concentration being attained in about 1 hour. It 

is extensively metabolized; the major 

metabolite is desloratadine, which has potent 

antihistamine activity. The elimination t1/2 of 

loratadine and desloratadine are 8.4 and 28 

hours respectively 
(13)

.  

 

 

 

 

 

                                                                                                         

 
 

  

              There are different types of 

suspending agents used in suspension can be 

classified as 
(14)

: 

1. Naturally occurring suspending agents like 

xanthan gum, sodium alginate, that forms 

multilayer film around the drug particles. 

2. Semi synthetic suspending agents like 

NaCMC, which form multilayer also. 

3. Synthetic suspending agents (surfactants) 

like polysorbate 40 (tween 40), that form 

monomolecular film. 

4. Finely divided solids like veegum which 

form solid particle film.  

      The goal of this study is to formulate the 

loratadine as a suspension instead of syrup to 

mask its bitter taste, to improve its stability and 

to decrease side effects of the excipient by 

decreasing their use in the suspension formula. 

Experimental 
Materials and Equipments 

Loratadine powder (supplied by 

Philadelphia pharmaceutical, Jordan). 

Veegum, xanthan gum, methyl paraben, propyl 

paraben, raspberry flavor (supplied by SDI, 

Iraq). Sorbitol, hydrochloric acid (Riedel-de 

haen hannover, Germany). Disodium EDTA 

(BDH chemical Ltd.pool, England). 

Polysorbate 40 (Merck-Scanchard, Germany). 

Sodium carboxymethylcellulose, sodium 

alginate (Hopkin and Williams Ltd, England). 

UV spectrophotometer (Carrywin UV, Varian, 

Australia). USP dissolution apparatus 

(Erweka). Viscometer (Brookfield Copley 

Scientific, England). pH meter (Hanna 

instrument pH 211, Italy). 

Method of Preparation 
Preparation of stock dispersion of suspending 

agents: 

 Stock dispersion of each suspending 

agent used (polysorbate 40, xanthan gum, 

NaCMC, veegum and sodium alginate) was 

prepared by dispersing (10, 1, 1.5, 5 and 3 gm) 

of the suspending agents, respectively in 75 ml 

of distilled water (D.W) using an electrical 

mixer at 150 r.p.m. The volume of the 

dispersion was made up to 100 ml with D.W, 

the resultant dispersions were allowed to 

hydrate for 24 hours 
(15)

.  

Preparation of suspension: 

 Loratadine suspension was prepared 

by levigating 0.1 gm loratadine in a mortar 

with the prepared dispersion of suspending 

agent. When smooth paste was formed, the 

remaining of the vehicle was added and the 

volume completed to 100 ml with shaking 
(16)

. 

Effect of type and concentration of 

suspending agent on the drug release: 

         The dissolution pattern of loratadine 

was studied in the presence of different types 

and concentrations of suspending agents 

including: polysorbate 40, xanthan gum, 

NaCMC, veegum and sodium alginate. 

Formulation of loratadine suspension: 

         Five different formulas were prepared 

using different suspending agents as shown in 

table (1)  

 

 

Chemical formula  C22H23Cl N2O2 

Mol.wt 382.8 gm 

Melting point 134-136 C 

 ْ

../../../wiki/Antihistamine
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Table (1): Different formulations of 

loratadine as suspension dosage form 

represented as % (w/v) 

 

Materials Formula number 

A B C D E 

Loratadine 0.1 0.1 0.1 0.1 0.1 

Xanthan 

gum 

0.5  0.3 0.3  

SCMC  0.5 0.5   

Veegum    2 0.5 

Polysorbate 

40 

    1.25 

Methyl 

paraben  

0.2 

Propyl 

paraben  

0.02 

Glycerol 5 

Sorbitol 7 

Disodium 

edetate 

0.1 

Raspberry 

flavor 

0.05 

Final 

volume 

100 ml 

 
         Each formula was prepared as follows:       

Loratadine, methyl paraben, propyl paraben 

were levigated in a mortar with glycerol and 

the prepared dispersion of suspending agent. 

The mixture was triturated with a pestle until a 

smooth paste was formed. With continuous 

trituration, the paste was diluted with the 

remaining amount of the dispersion of the 

suspending agent then transferred to graduated 

cylinder. Finally, the required amount of 

disodium EDTA and sorbitol were dissolved in 

a small portion of water and added to the 

graduated cylinder and raspberry flavor was 

added and water to make the final volume. The 

suspension was shaken and the pH was 

adjusted to 5 with few drops of 5M sodium 

citrate. 

  
  In Vitro Evaluation of Suspension 

Dissolution rate profile: 

         The dissolution rate of loratadine 

suspension was studied using USP dissolution 

apparatus type ІІ which was provided with 

stainless steel stirrer connected to electrical 

motor and rotated at 50 r.p.m. with 900 ml of 

0.1N HCl placed in the dissolution jar and 

equilibrated at 37 Cْ. This was followed by 

transferring 5 ml of the prepared suspension to 

the jar bottom using a syringe. Then a sample 

of dissolution medium was withdrawn at 

different time intervals (2, 5, 15, 30, 45 and 60 

minutes) through a pipette fitted with a filter 

paper. Fresh dissolution medium was added to 

the jar each time to replace withdrawn 

samples. Each sample was suitably diluted and 

assayed spectrophotometrically at 278 nm for 

loratadine content.  

Measurement of rheograms: 

 Rheograms was obtained at 25 Cْ 

using Brookfield viscometer. 

Sedimentation volume measurement 

         Fifty milliliters of each suspension was 

diluted with distilled water to a volume of 100 

ml in a stoppered graduated cylinder. The 

suspensions were shaken vigorously to insure 

uniformity, and then left undisturbed. The 

sedimentation volume was measured every 4 

hours for period of 48 hours 
(17)

. 

Resuspendability of suspension  

         The efforts required to convert the 

sedimented system to homogenous suspension 

upon shaking the cylinder manually, were 

rated with a ranks as follows: resuspendable, 

resuspendable with difficulty or not 

resuspendable 
(18)

. 

Stability study 

         The accelerated stability study was done 

in order to determine the expiration date of the 

selected formula. The suspension was 

centrifuged to get the supernatant solution; 5ml 

samples of the resultant solution were stored in 

several closed amber glass containers at 35, 45 

and 55 Cْ for 90 days. Samples were inspected 

for change in color, odor, pH, precipitant and 

assayed for drug content at suitable time 

intervals (0, 10, 20, 30, 45, 60 and 90) days.  

 
Results and Discussion 
Effect of type and concentration of 

suspending agent on the drug release: 

         The effect of various types of 

suspending agents (surfactants and polymers) 

on the dissolution rate of loratadine was 

investigated.  
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Figure (1): Effect of polysorbate 40 

concentration on the percent of loratadine 

released in 0.1 N HCl pH (1.2) at 37 ٥C. 
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Figure (1) indicated that polysorbate 40 at all 

concentration used increases the amount of 

drug released in the following order:    0.0% < 

0.5% < 2.0% 1.25%        It was seen that 

increasing polysorbate 40 concentration from 

0% to 0.5% and 1.25% (w/v) enhance the drug 

release, this may be attributed to the 

wettability  and micellarization effect of 

polysorbate 40 at the interface between 

insoluble drug particles and the vehicle 
(19)

. 

Meanwhile increasing polysorbate 40 

concentration to 2% (w/v) enhance the release 

of loratadine to a lesser extent compared with 

1.25% (w/v), this odd behavior may referred 

mainly to the formation of micelle 

macromolecules of drug with polysorbate 40 

that hinder the excessive drug release from 

insoluble loratadine particles, this behavior 

give an impression of critical micelle 

formation with this range of polysorbate 40 

concentration (2% w/v) 
(20)

. From the other 

hand figures 2, 3 and 4 illustrate the effect of 

anionic hydrophilic polymers including 

xanthan gum, NaCMC and sodium alginate on 

the dissolution rate of loratadine using 

different concentrations of these polymers. The 

results indicated that the percent of drug 

release were as follows: 

Xanthan gum     0.7% < 0.0% < 0.3% < 0.5% 

NaCMC              0.0% < 1.0% < 0.25% < 0.5% 

Sod. Alginate     2.0% < 1.0% < 0.5% < 0.0% 
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Figure (2): Effect of xanthan gum 

concentration on the percent of loratadine 

released in 0.1 N HCl pH (1.2) at 37 ٥C. 
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Figure (3): Effect of sodium 

carboxymethylcellulose concentration on 

the percent of loratadine released in 0.1 N 

HCl pH (1.2) at 37 ٥C. 
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Figure (4): Effect of sodium alginate 

concentration on the percent of loratadine 

released in 0.1 N HCl pH (1.2) at 37 ٥C. 

 

         The hydrophilic polymers xanthan gum 

and NaCMC enhanced the dissolution rate of 

loratadine, since these polymers behave as 

protective colloid by coating the solid 

hydrophobic particles with multimolecular 

layer. This imparts hydrophilic character to the 

solid and thus promotes wetting 
(1)

, but to 

certain limits, then the dissolution rate of 

loratadine decreased by increasing xanthan 

gum and NaCMC above 0.5% (w/v), this result 

may be attributed to the increase in viscosity of 

the prepared formula  
(21, 22)

. Moreover the 

results showed that the presence of sodium 

alginate retarded the dissolution rate of 

loratadine at all concentrations used. This 

result is related to the formation of higher 

viscosity regions due to the hydrated polymer 

surrounding drug particles which encounter 

high resistance to the dissolution 
(23)

. On the 

other hand, the effect of veegum on the 

dissolution rate of loratadine is shown in 

figure(5).   0.0% < 2.0% < 1.5% < 0.5%    
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Figure (5): Effect of veegum concentration 

on the percent of loratadine released in 0.1N 

HCl pH (1.2) 

 

         This retardation in dissolution of 

loratadine as the concentration of veegum 

increases may be attributed to adsorption of 

loratadine on veegum or solid particle films 

formed around the drug particles 
(24)

. 

Formulation of the loratadine suspension: 

         Xanthan gum was used as a suspending 

agent in concentration of 0.5% to prepare 

formula A. This concentration gave the best 

release as mentioned previously. It is an 

effective flocculating agent at relatively low 

concentration and has excellent suspending 

properties to suspend solid 
(25)

. The rheological 

stability of xanthan gum toward pH changes 

encountered during transit through the 

gastrointestinal tract in addition to large 

sedimentation volume presumably by polymer 

bridging phenomena providing reasons for its 

use 
(26)

. NaCMC was incorporating in formula 

B in concentration of 0.5% and enhanced the 

dissolution rate of loratadine, but its aqueous 

dispersion has low viscosity and produced 

sediment layer that was easily redispersed by 

shaking. Farther more, a combination of 

xanthan gum and NaCMC (formula C) resulted 

in too viscous suspension which has less 

flexibility when was pouring. Veegum was 

chosen in a concentration of 0.5% (formula D), 

since this concentration gave the best release 

but this suspension had low viscosity. The 

linear branched chain molecules of veegum 

form a gel-like network within the system and 

became adsorbed on to the surface of the 

dispersed particles, thus holding them in 

flocculated state 
(27)

. So formula E was 

prepared with 2% veegum to get higher 

viscosity. The non-ionic surfactant polysorbate 

40 was incorporated as a wetting agent and to 

increase the dissolution rate of loratadine. This 

dispersion exhibit thixotropy band plasticity 

with high yield value. It remained in the 

flocculated state (i.e., no hard sediment or 

caking was formed) and poured easily. The 

following excipients were added to the 

prepared suspension; sorbitol and glycerol as a 

sweetening agent. They produce pleasant taste, 

less viscous suspension and are better than 

sucrose in producing structure in vehicle 

suspension 
(28)

. Disodium edetate was involved 

in the formulation to protect loratadine from 

deterioration 
(29)

. Raspberry flavor as flavoring 

agent, methyl paraben and propyl paraben 

were added as preservatives. The pH of the 

formula was adjusted to 5 using 5M sodium 

citrate.   

In vitro evaluation of suspension: 

dissolution rate profile: 

         Table (2) and figure (6) showed the 

dissolution rate profiles of the prepared 

loratadine suspensions. The data indicated that 

formula A had the highest dissolution rate 

constant as compared with the other formulas, 

since the rate constant of formula A was 24.3 ×

10
-3

 (mg
1/3 

/min) using Hixson-Crowell root 

equation, that expresses the dissolution rate of 

solid particle based on the cube root of the 

weight of the particles 
(30)

, this equation was as 

follows:                 Wο
1/3 

– W
1/3

 = Kt 

Since: Wο=the original mass of the drug 

particles 

 W  = the mass of drug dissolved  

  K  = the cube root dissolution rate constant 

  T  = the time required to dissolve (W) mass 

of drug particles 

 

Table (2): The calculated dissolution rate 

constants of loratadine in the prepared 

formulas. 
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Figure (6): Dissolution rate profile of 

loratadine in the prepared formulas in 0.1N 

HCl at 37Cْ. 

Formula K × 10
-3 

(mg
1/3

 / min) 

Formula A 24.3 

Formula B 15.0 

Formula C 21.3 

Formula D  21.2 

Formula E 21.5 
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Measurement of rheograms: 

        The rheograms of the prepared formulas 

are represented in figure (7). The profile 

showed that the viscosities of loratadine 

suspensions were shear rate dependent and it 

increased in the following order:   

  Formula      C > D > A > B > E 
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Figure (7): Shear rate dependency of the 

viscosities of the prepared formulas of 

loratadine suspension at 37 Cْ. 

 

 

          The results also illustrated that all the 

prepared formulas exhibited pseudoplastic 

flow which evidenced by shear thinning and 

increase in shear stress with increased angular 

velocity. This behavior due to the suspending 

agent used, because as a general rule, the 

pseudoplastic flow is exhibited by polymer in 

solution
(31)

. The rheological properties of the 

prepared formulas revealed that formula A was 

the best one which offered ease of pouring and 

swallowing compared with formula B and E 

which they are less viscous  and could not 

obtain the structured  suspension with them. 

On the other hand, higher viscosity was 

obtained with formula C and D with a 

difficulty in the pouring and swallowing from 

the bottle orifice. This was a result of using a 

combination of two polymers (xanthan gum + 

NaCMC) and (xanthan gum + veegum) 

respectively which leads to rheological 

synergism to be occurred due to stronger cross-

linking between the two polymers used, where 

the presence of carboxyl groups on NaCMC 

and xanthan gum promote stronger hydrogen 

bonding between them 
(32)

.   

Sedimentation volume and resuspendability: 

         The sedimentation volume (F) is the 

ratio of the ultimate height of the sediment as 

suspension settles in a cylinder (Hμ) to the 

initial height of total suspension (Ho).          

                    F = Hμ / Ho                 

 While the Resuspendability is a quantitative 

test to evaluate the ease of redispersion of a 

suspension after a long period of standing 
(30)

.  

 

Table (3): Sedimentation volume and 

Resuspendability of the prepared formulas. 

 

  Formula 

Sedimentation 

volume 

F = Hμ / Hο 

Resuspendability 

A 1 
No 

sedimentation 

B 0.6 
Easily 

resuspended 

C 1 
No 

sedimentation 

D 0.9 
Easily 

resuspended 

E 0.4 
Resuspendable 

with difficulty 

 

Table (3) shows the sedimentation volume and 

Resuspendability of the prepared formulas. 

The data indicated that the formulas prepared 

with xanthan gum (formula A, C and D) had 

sedimentation volume almost equal to 1 i.e., no 

sedimentation was occurred during the test 

period. The obtained results attributed to the 

network of flocs formed in the suspension 

which is so loose and fluffy that can extend 

through out the extra vehicle 
(31)

. Xanthan gum 

is often used as flocculating agent to achieve 

non-sedimenting suspension of drugs with no 

need to other adjuvant
(18)

. However, formula B 

had a sedimentation volume equal to 0.6 and 

was easily resuspended by shaking. This low 

sedimentation volume may be due to the type 

of the suspending agent used, since NaCMC 

may form homogenous network in all 

concentrations used 
(23)

. On the other hand, 

formula E, which showed sedimentation 

during the test period, had low sedimentation 

volume of 0.4 and was resuspendable with 

difficulty, so it is pharmaceutically 

unacceptable. 

Stability study: 

         Formula A was chosen for the stability 

study as the promising formula since it gave 

the optimum physical stability and remarkable 

release profile. The stability study carried at 

moderate exaggerated temperatures (35, 45 

and 55 Cْ) to predict the expiration date of the 

promised formula. The degradation of 

loratadine followed apparent zero-order 

kinetics, since the concentration in solution 

depends on the drug solubility. As loratadine 

decomposes in solution, more drug is released 

from the suspended particles so that the 

concentration remains constant
 (30)

.  The 

resultant solution from centrifuging formula 

(A) was with no reservoir of loratadine to 

replace that depleted so loratadine degradation 
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in them followed first-order expression as in 

equation (1): 

     -d [A] / dt = K [A] ……….. (1) 

         in which A is the concentration of 

loratadine remaining undecomposed at time t, 

and K is the first-order rate constant. When the 

concentration [A] is rendered constant, as in 

case of a suspension, equation (2) is applied:  

    K [A] = K0           ……………. (2) 

         were K0 is the apparent zero-order rate 

constant, [A] is the solubility of loratadine at 

25 Cْ which is equal to 0.096 gm/100ml and K 

is the first–order rate constant at 25 Cْ. The 

first-order rate constant for loratadine 

degradation in supernatant centrifuged solution 

of formula A was calculated from the slopes of 

straight lines which resulted from plotting log 

percent remaining of loratadine in the solution 

versus time at elevated temperatures (35, 45 

and 55  ْC) as shown in figure (8) and listed in 

table (4).  
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Figure (8): Accelerated stability study of 

loratadine in the prepared suspension 

(formula A) at elevated temperatures. 

 

 

Table (4): Degradation rate constants (K) of 

loratadine in formula A at different 

temperatures. 

Temperature K (day)
-1 

35 ºC 0.155×10-3 

45 ºC 0.33×10-3 

55 ºC 0.691×10-3 

25 ºC 0.0749×10-3 

 
         Then by plotting the log of these rate 

constants versus the reciprocal of the absolute 

temperatures, the first-order rate constant 

obtained was equal to 0.0749 ×10
-3

  (day
-1

) as 

shown in figure (9). 

  

K0 = K [A]    

K0 = 0.0749 ×10
-3

  day
-1 

. 0.096 gm/100ml  

K0 = 0.71 ×10
-5

 gm /100 ml. day
-1
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Figure (9): Arrhenius plot for shelf life 

estimation of loratadine in the prepared 

suspension (formula A). 

 

         Then the expiration date of loratadine 

suspension (formula A) was calculated as 

follows:       t 10 %  = 0.1 [A]ο / K0 

         The expiration date was found to be 

equal to 3.8 years. The formula show good 

physical stability, as there was no 

discoloration, precipitation or any other 

physical changes after the storage period. The 

pH of the formula was 5.0 for whole the 

period. 

Conclusions  

         A stable suspension of loratadine could 

be prepared and used efficiently using xanthan 

gum as a suspending agent (Formula A), since 

it provided an easily pourable suspension with 

no sedimentation with expiration date of 3.8 

years. 

 
References 
1. Aulton M.E., Pharmaceutics, The science 

of dosage form design, Chirchill 

Livingston, London, Newyork, 2002, 2
nd

 

ed., chapter 23, p. 334. 

2.  Li P. and Luwei Zhao L., Developing 

early formulations: Practice and 

perspective. International J. Pharm. 2007, 

341, 1–19. 

3. Ansel C., Allen V. and Popovich G., 

Pharmaceutical dosage forms and drug 

delivery system, Lippincott, Williams and 

Wilkins, Philadelphia, 2005, 8
th

 ed, 

chapter 13. 

4. Remington's "The science and practice of 

pharmaceutics, Mark publishing company, 

Eston, USA, 2005, 23
rd

 ed., vol.2, p. 1119. 

5. Ruwida M. K., Factors affecting 

formulation and in vitro availability of 

nalidixic acid from suspensions. Thesis for 



Iraqi J Pharm Sci , Vol.17 (2)  , 2008                                                                  Loratadine suspension  

 

25 

M.Sc degree, College of pharmacy, 

University of Baghdad, 1997. 

6. Laufen H., Yeates R. and Zimmermann 

T., Pharmacokinetic optimization of 

treatment of oral candidiasis with 

fluconazole studies with suspension 

Drugs. Exp.Clin. Res. 1995, 21(1), 23-28. 

7. Kumar A., Rawlings R.D., Beaman D.C., 

The mystery ingredients: sweeteners, 

flavorings, dyes, and preservatives in 

analgesic / antipyretic, 

antihistamine/decongestant, cough and 

cold, antidiarrheal, and liquid theophylline 

preparations. Pediatrics. 1993, 91, 927-

933. 

8. Buck M., A guide to pharmaceutical 

excipient (inert ingredients). Pediatric 

Pharmacotherapy. 1996, 2 (9). 

9. Handbook of pharmaceutical excipients, 

American pharmaceutical association 

production staff, USA, The 

pharmaceutical society of Great Britain, 

England, 1988,  3
rd

 ed., p.304. 

10.  Chong E., Dumont R.J., Hamilton D.P. et 

al., Stability of aminophylline in 

extemporaneously-prepared oral 

suspensions. J. Informed 

Pharmacotherapy, 2000, 2, 100-106. 

11.  El-Sherbiny D.T., El-Enany N., Belal 

F.F., Hansen S.H., Simultaneous 

determination of loratadine and 

desloratadine in pharmaceutical 

preparations using liquid chromatography 

with a microemulsion as eluent. J. Pharm. 

Biomedical Analysis 2007, 43, 1236–

1242. 

12.  Škapin S.D. and Matijevi´E., Preparation 

and coating of finely dispersed drugs. 

Loratadine and danazol. J. Colloid and 

Interface Science 2004, 272, 90–98. 

13. Kathleen Parfitt: Martindale: The 

complete drug reference, 2007, 35th ed., 

vol.1, p. 62, vol. ІІ, p.1354. 

14. Cooper and Gunn "Dispensing for 

pharmaceutical students", 12
th

 ed., 

Chirchill Livingstone, London and 

Newyork,1997, p.103-108. 

15. Abed Al-Rahman I.R., Jawad F.J et al., 

Preparation of anise and thyme lotion for 

topical use. Iraqi J. Pharm. Sci. 2007, 

16(1). 

16. Sulayman H.T., Formulation of naproxen 

as a suspension dosage form. Thesis for 

M.Sc degree, College of pharmacy, 

University of Baghdad, 2005. 

17. Lachman L., Lieberman H. and Kanig J., 

The theory and practice of industrial 

pharmacy, LeaandFebiger , 3
ed

 edition , 

1986, chapter 16, 18 , 480-488, 535 . 

18. Tempio J.S. and Zatz J.L., Flocculation 

effect of xanthan gum in pharmaceutical 

suspensions. Pharmaceutical research, 

1980, 69, 1209-1214. 

19. Megada M.S. and Viviane F.N., Micellar 

properties of non-ionic surfactants in 

relation to their solubility parameters. Int. 

J. pharm. 1988, 42, 1-9. 

20. Schott H., Kwan L.C. and Feldman S., 

The role of surfactants in the release of 

very slightly soluble drugs. J. pharm. Sci. 

1982, 71, 1038. 

21. Bosela A.A, Treki M.S., Mahdy M.A. and 

Mohammed M.S., Effect of suspending 

agents on the dissolution and 

bioavailability of ampicillin. Bull. Pharm. 

Sci. 1991, 14, 6-12. 

22. Biro E.J.and Racz I., Examination of 

dissolution of albendazole from 

anthelmintic veterinarysuspension. 

Pharm.Sci. 1998, 66, 77-90.  

23. Shah M.B.and Sheth B.B., Effect of 

polymers on dissolution from drug 

suspension. J. pharm. Sci. 1979, 65(11), 

1618-1623.  

24. Othman S., Hassan M. et al., Studies on 

the adsorption and solubility of nalidixic 

acid. Int. J. pharm. 1988, 41, 197-203. 

25. Hussein A.A., Effect of additives on the in 

vitro release of mefenamic acid from 

suspension. Thesis for M.Sc degree, 

College of pharmacy, University of 

Baghdad, 1994. 

26. Khalid R.M., Factors affecting 

formulation and in vitro release of 

nalidixic acid from suspension. Thesis for 

M.Sc degree, College of pharmacy, 

University of Baghdad, 1997. 

27. Abdullah R.A., Studies on the 

bioavailability of frusemide in suspension 

dosage form. Thesis for M.Sc degree, 

College of pharmacy, University of 

Baghdad, 1983. 

28. Joseph B., Sprowls J.R., American 

Pharmacy, 5
th

 ed., chapter 7, 1974. 

29. Munayyer F.J., Guazzo F., Stupak E.I. et 

al., Stabilized antihistamine syrup. U.S. 

Patent 2005, 6,939,550. 

30. Martin A., Physical pharmacy, Leaand 

Febiger, Philadelphia, London, 2000, 4
th

 

ed., chapter 12, 18, 287, 477-486. 

31. Liu Z., Li J., Nie S., Liu H. et al., Study of 

an alginate/HPMC-based in situ gelling 

ophthalmic delivery system for 

gatifloxacin.  Int.  J.  Pharm. 2006, 315, 

12–17. 

32. Ciullo P.A., Rheological properties of 

magnesium aluminum silicate/xanthan 

gum dispersions. J.Soc. Cosmet. 1981, 32, 

275-285. 



Iraqi J Pharm Sci , Vol.17 (2) , 2008                      Enzymatic antioxidant in chronic gastritis patients                     

 

26 

Determination of Enzymatic Antioxidant in Iraqi Patients with 

Chronic Gastritis 
 

Wasan A. Bakir*  ,   Shalal M. Hussein*   and   Noah A. Mahmood
1,*  

*Iraqi Center for Cancer and Medical Genetic Research, Al-Mustansiryia University. Baghdad. Iraq. 

 

Abstract 

Infection of the gastric mucosa with Helicobacter pylori is strongly associated with chronic 

gastritis, peptic ulcer and gastric cancer. Helicobacter pylori virulence factors include a variety of 

proteins that are involved in its pathogenesis, such as VacA and CagA. Another group of virulence 

factors is clearly important for colonization of H.pylori in the gastric mucosa. These include urease, 

motility factors (flagellin), and Superoxide dismutase (SOD). Because of this organism's 

microaerophilic nature and the increased levels of reactive oxygen in the infected host, we expect that 

other factors involved in the response to oxidative stress are likely to be required for virulence. 

Superoxide dismutase is a nearly ubiquitous enzyme among organisms that are exposed to toxic 

environments. In this study, we measured the SOD in serum of 80 patients complain from chronic 

gastritis and infected with H.pylori. 37 patients infected with H.pylori have the CagA gene, and 13 

patients are not and also measured the SOD in 30 control groups that not infected with H.pylori. Serum 

level of SOD was significantly (p<0.05) higher in patients with chronic gastritis compared to controls. 

Also significantly higher (p<0.001) in patients with chronic gastritis infected with H.pylori positive 

CagA than patients infected with H.pylori negative CagA. 

Key words: chronic gastritis, H.pylori, CagA, SOD 

 الخالصــة
رزشاُْ ٟن اٛز٨بة ا٠ٛوذح ا٠ٛزض٢ٟ ٩اٛٔشحزخ ا٠ٛوذٯزخ ٩عزشؿب١       Helicobacter pyloriاٙ ئطبثخ اٌٛشبء ا٠ٛخبؿٮ ٠ٜٛوذح ثج٘زشٯب   

٩   CagAا٠ٛوذح. ه٪اٟٚ اٛؼشا٩ح اٛخبطخ ث٨ز٥ اٛج٘زشٯب رزؼ٢٠ أ٣٪ام ٢ٟ اٛجش٩ر٤ٰبد اٛزٮ رشبسٕ ُزٮ أحزذاس ُزٮ ا٠ٛشاػزٰخ ٧٩زٮ  اٙ      

VagA .          ٟٚغ٠٪هخ أخش٫ ٢ٟ ه٪اٟٚ اٛؼشا٩ح ر٘٪١ ٠٨ٟخ ُٮ ر٘٪ٯ٢ ا٠ٛغززو٠شاد ُزٮ اٌٛشزبء ا٠ٛخزبؿٮ ا٠ٛوزذ٭ ٨٤ٟزب اٰٛز٪سٯض ٩ هبٟز

ُزٮ ٧زز٥ اٛذساعزخ رزٞ      اٛز٭ ٯز٪اعذ ُٮ اٛ٘بئ٤بد اٛززٮ رزوزشع ئٛز٬ ٩عزؾ عزبٝ.       Superoxide dismutase (SOD) اٛحشٗخ ٩أ٣ضٯٞ اٙ  

 37ٟز٨٤ٞ    H.pylori٪ا ٯوزب٣٪١  ٟز٢ اٛز٨زبة ا٠ٛوزذح ا٠ٛزض٢ٟ ٩ٟظزبث٢ٰ ثج٘زشٯزب اٙ          ٟزشٯغ ٗزب٣   80ُٮ ٟظزٚ   SOD ٰٓبط ٟغز٪٫ اٛـ 

ٛ٘زز٢ ًٰززش حبٟٜززخ ٨ٛزززا اٛغزز٢ٰ .   H.pyloriٟززشٯغ ٟززشٯغ ٟظززبث٢ٰ اٙ     ٩13 CagAاٛحبٟٜززخ ٛززٚ    H.pyloriٟززشٯغ ٟظززبث٢ٰ اٙ   

ٯزضداد ٟو٤٪ٯزًب   SOD ٩عزذ أ١ ٟغزز٪٫ اٛزـ      شخض ثحبٛخ طحٰخ ع٠ٰٜخ ٩ًٰش ٟظبث٢ٰ ثبٛج٘زشٯزب.  ٩30ٗب٣ذ ٟغ٠٪هخ اٛغٰـشح رز٘٪١ ٢ٟ 

(p<0.001)   ُٮ ا٠ٛشػ٬ ا٠ٛظبث٢ٰ ثبٛز٨بة ا٠ٛوذح ا٠ٛض٢ٟ ٟٔبس٣خ ث٠غ٠٪هخ اٛغٰـشح ٩ٯضداد ٟو٤٪ٯب ُٮ ٟشػ٬ اٛز٨بة ا٠ٛوذح ا٠ٛزض٢ٟ

بٛج٘زشٯب ٢٘ٛ٩ ًٰزش  ٟٔبس٣خ ث٠شػ٬ اٛز٨بة ا٠ٛوذح ا٠ٛض٢ٟ ا٠ٛظبث٢ٰ ث ٩CagA (p<0.05)اٛحبٟٜخ ٜٛـ  H.pyloriا٠ٛظبث٢ٰ ثج٘زشٯب اٙ   

 .CagAحبٟٜخ ٜٛـ 

 

Introduction 
  The gastric pathogen Helicobacter pylori is 

a curved, microaerophilic proteobacterium that 

has been implicated as a causal agent of peptic 

ulcers and a risk factor for adenocarcinoma 

(1,2, 3,4,). During the infections, disease 

symptoms may or may not occur, though gastric 

inflammation is apparently ubiquitous. The 

pathogenesis of H.pylori relies on its 

persistence in surviving a harsh environment, 

including acidity, peristalsis, and attack by 

phagocytic cells and their released reactive 

oxygen species (5). Several potential virulence 

factors derived from H.pylori are considered to 

attract or activate neutrophils and mononuclear 

cells., an immunodominant 120-140 KDa 

antigen termed cytotoxic associated antigen 

(CagA), the CagA positive strain cause more 

server inflammations(6).  

 

 The stomach gastritis associated with  

Helicobacter pylori infection stimulates the 

generation of reactive oxygen species (ROS) by 

the inflammatory cells present in the mucosa (7, 

8, 9).   An increase in ROS directly correlated 

with bacterial load (10). In addition to internally 

generated reactive oxygen species, the 

successful pathogen must also deal with 

reactive oxygen species that are generated by 

phagocytic cells of the host immune response. 

(11, 12). Protection of cells against ROS is 

accomplished through the activation of oxygen- 

scavenging enzymes such as SOD, catalase and 

glutathione peroxidase have been identified 

(13). Superoxide dismutase is a nearly 

ubiquitous enzyme among organisms that are 

exposed to toxic environ
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The single SOD of Helicobacter pylori, 

encoded by the sodB gene, has been suspected 

to be a virulence factor for this pathogenic 

microaerophile, but mutations in this gene 

have not been reported previously (14). The 

mechanisms for the detoxification of reactive 

oxygen species are of particular interest in                 

H.pylori. Despite the fact that this organism is 

an obligate aerobe, it is unable to grow in 

atmospheric concentrations of oxygen. 

microaerophilic organisms, like H.pylori, are 

particularly vulnerable to the detrimental 

effects of oxygen and oxidative stress (15). 

Nevertheless, they do possess some of the 

enzymatic machinery needed to eliminate or 

minimize toxic oxygen-derived products. 

Organisms that grow in toxic environments 

must have mechanisms to handle reactive 

oxygen species (e.g., superoxide anions, 

peroxides, and hydroxyl radicals) that are by-

products of oxygen metabolism (16, 17). Of 

these genes, only katA (catalase) mutants have 

been characterized (18). Although catalase-

defective mutants are no different from the 

parent in their binding to epithelial cells, this 

enzyme may be important in detoxification of 

reactive oxygen species produced by the host 

immune response. Genes encoding an akyl 

hydroperoxide reductase, a thiol-specific 

peroxidase, and other potential detoxification 

enzymes were identified, but mutations in 

these genes have not been reported or 

characterized (14, 19). Impairment in this 

important host cell defense mechanism would 

greatly reduce the ability of the gastric to 

epithelial cells to tolerate an environment high 

in ROS, such as would be present with the 

chronic gastritis associated with H.pylori 

infection. Disturbance of the oxidant-

antioxidant balance in the stomach might 

greatly increase the risk of cell death or DNA 

damage, from ROS (20, 21). The aim of this 

study to investigate the relation between the 

H.pylori with CagA- positive and CagA - 

negative strains and the production of SOD in 

patients with chronic gastritis (HP+) and 

healthy control group (HP-). 

 

Materials and Methods 
    Eighty subjects  (48 male and 32 female; 

mean age 51.7 ), were referred to the 

gastrointestinal endoscopy unit at Al- 

Yarmook Teaching Hospital,  non of whom 

had received non steroidal anti- inflammatory 

drugs, within previous three months, 

participated in this study. Endoscope fining in 

the patients were as follows: normal mucosa 

and no H.pylori infected (30 subjects) and 50 

patients with chronic gastritis without ulcer. 

Biopsy specimens were taken from the antrum 

of all subjects in this study, by using the same 

size forceps, from similar topographical sites at 

each endoscopy; biopsies were fixed in 10% 

formal buffer saline for histological 

examination. Blood samples were taken from 

all subjects and the serum were stored at -20 Ċ 

until be used. 

 

Histology 
   The biopsy specimens were embedded in 

paraffin and stained with haematoxylin – eosin 

(HandE) and Giemsa stained for H.pylori 

determination and diagnostic as chronic 

gastritis. In situ hybridization (ISH) for 

detection of H.pylori / CagA gene. In situ 

hybridization (ISH) is a technique makes use 

of the high specificity of complementary 

nucleic acid binding to detect specific DNA or 

RNA sequence in the cell. For detection of this 

markers , the biotinylated DNA probe 

hybridize to the target sequence (H.pylori / 

CagA mRNA sequence) then a streptavidin-AP  

(streptavidin-alkaline phosphatase) Conjugate 

is applied followed by addition of the substrate 

promo-chloro – indolyl – phosphatel / nitro-

blue tetrazolium (BCIP/NBT) which yield an 

intense blue – black signal appears at the  

directly specific site of the hybridized probe. 

This strepteividin – Ap conjugate like the 

biotinylated probe provides raid and highly 

sensitive detection method. The use of Biotin – 

Labeled DNA probe for H.pylori / CagA (8 

g/10015 ML) litter dd  H2O . Probe size: 349 

bp (Maxim Biotech, Inc., U.S.A). 

 

Scoring 

   Hybridization /Detection System will 

give an intense blue –black color at the 

specific sites of the hybridization probe in both   

positive test tissues. A scoring system that 

includes evaluation of the staining percentage 

of stained gastric cells was employed for the 

expression of CagA gene of H.pylori. 

Counting the number of the positive cells in 

the gastric tissue which gave a blue-black 

nuclear staining under the light microscope. 

The extent of the ISH signaling the cells of the 

examined tissue was determined in 10 fields 

under high power microscope (40X). In each 

field, the total of examined cell was about 100 

cells per field and this gives a total number.  

 

Measurement of superoxide dimidiate (SOD) 

          For the quantitative determination of 

superoxide dismutase in whole blood. This 

produce is suitable for manual use RANDOX, 

Cat. No. SD 125 Mixed substrates, Buffer, 

xanthine oxidase and standard. This method 

employs xanthine and xanthine oxidase (XOD) 

to generate superoxide radicals which react 

http://www.pubmedcentral.nih.gov/articlerender.fcgi?&artid=98466#B20
http://www.pubmedcentral.nih.gov/articlerender.fcgi?&artid=98466#B16
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http://www.pubmedcentral.nih.gov/articlerender.fcgi?&artid=98466#B31


Iraqi J Pharm Sci , Vol.17 (2) , 2008                      Enzymatic antioxidant in chronic gastritis patients                     

 

28 

C
o

n
ce

n
tr

at
io

n
 o

f 
S

O
D

 (
u

/m
l)

 

with 2 (4- iodophonyl) – 3- (4- nitrophenol) -5- 

phanyltetrazolium chloride (I.NT) to form a 

red fermazan dye. The SOD activity is then 

measured by the degree of inhibition of this 

reaction. One unit of SOD is that which causes 

50% inhibition of the rate of reduction of INT 

under the conditions of the assay. 

Xanthine                         Uric acid + O2  

I.N.T                                  formazan dye 

O2 + O2 +2 H                         O2 + H2O 

 

Statistical analysis 

Statistical analysis was performed using 

ANOVA test to determine whether the means 

were equal among three groups – i.e. CagA-, 

CagA+ and controls, p value of < 0.05 was 

considered statistically significant. 

Results 
The expression of CagA was detected by in 

situ hybridization technique.  From 50 patients 

complaining chronic gastritis and infected with 

H.pylori who were tested for CagA, 37 (74%) 

were found to be positive CagA and 13 (26%) 

patients have CagA – negative (Table 1, Figure 

1).The mean level of SOD increased 

significantly in patients infected with H.pylori 

CagA positive strains p<0.001 when compared 

with healthy subjects and patients infected 

with H.pylori CagA  negative (Table 2,Figure 

2).The difference in SOD level between with 

H.pylori that have CagA positive or CagA 

negative is statistically significant p<0.01. 

 

Table (1): Expression of CagA
 
mRNA in 

H.pylori– positive patients with chronic 

gastritis by (ISH). 

 

Figure (1): Gastric antral biopsy 

specimen from stomach infected with 

H.pylori that appear curved or round 

(Giemza stain) (100X). 

Table( 2): The serum level of SOD in 

patients infected with H.pylori and CagA 

status. 

 

Group 
Mean ± S.E 

         SOD 
S.D. 

P  

Value 

F 

Test 

Control 

(Hp-) 

 

177.70 ±2.91 9.20 

 

  

  

18.56 

Hp+ 

CagA- 

 

٬ 284.00 ± 14.22 

44.95 

 

<0.05 

 

Hp+ 

CagA+ 

 

٬٬477.00 ±54.71 

 

73.84 

 

<0.001 

 

   No significant difference p> 0.05 

٬   Significant at the 0.05 levels 

  ٬٬ Significant at the 0.001 level 

   Hp: H.pylori        

  

    
 
 
 
 
 
 
 
 
 
 
 

Figure (2): Detection of CagA, in patients 

with gastroduodenal disease by in situ 

hybridization. staining of CagA mRNA by 

BCIP/NBT (blue-black) counterstained with 

nuclear fast red. Tissue from patients with 

antral gastritis shows positive CagA by 

hybridization signals. 
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 Figure (3): The serum level of SOD in 

patients infected with H.pylori and 

CagA status. 

H.pylori 

positive 

CagA status No. (%) 

positive 37 74 

negative 13 26 

Total 50 100 
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Discussion 
Cytotoxine associated antigen – positive 

strain was significantly higher (p<0.001) in 

chronic gastritis patients than in control group. 

It can be seen that 74% of patients who have 

H.pylori infection have CagA    positive 

strains. H.pylori strains were positive for the 

CagA 74.4% of Costa Rica patients 
(22)

. Other 

study reported the prevalence of CagA was 

more than 80% among patients with chronic 

gastritis 
(23)

. Increasing of CagA mRNA among 

those patients may explain the role of CagA 

positive H.pylori in the development of 

gastritis 
(24)

. The mechanisms by which CagA 

modify the activity of epithelial cells is 

explaining by serving as scaffolding protein 

able to interact and modify the function of a 

variety of molecules involved in cell to cell 

interaction, cell motility, and proliferation 
(23,  

25)
.The differences between the results, 

possibly by using different methods to assess 

the expression of CagA positive H.pylori in 

patients with gastritis, such as ELISA methods, 

PCR that the correct design of primers is very 

important , the different sets of CagA primers 

give different results, and this will attributed to 

divergence in the primer target sequences 
(26, 

27)
.H.pylori infection of the gastric mucosa is 

associated with abundant inflammatory 

response; this bacterium is capable of 

stimulating oxidative bursts from noutrophils 
(28)

.Gastric tissue from H.pylori infected 

persons contains more ROS than normal tissue 

and there is a direct correlation between 

bacterial and the amount of ROS in the gastric 

mucosa 
(29, 30)

.This study supports the direct 

correlation between ROS and gastric mucosal 

damages in patients infected with H.pylori 

which can increase the susceptibility of gastric 

epithelial cells to ROS – associated cell injury. 

The increase of SOD and activity in patients 

with H.pylori – CagA positive strains is 

probably responsible for the increased survival 

of these cells. The generation of intracellular 

ROS on the presence of CagA positive 

H.pylori strains is possible explanation for the 

increases in activity of ROS – scavenging 

enzymes. That H.pylori induces the production 

of intracellular ROS; this increase in ROS in 

gastric cells was enhanced by increasing the 

concentration of H.pylori and inhibited by use 

of antioxidant
(22)

.There are more ROS in the 

gastric mucosa of patients infected with 

H.pylori CagA positive strains, is significantly 

difference from patients with H.pylori CagA 

negative strains. As a response to increase 

formation of ROS  the antioxidant enzyme are 

increase in these cells, suggest that gastric 

epithelial cells have a higher concentration of 

these enzymes (SOD and catalase ) so they 

will be able to avoid lethal injury in patients 

infected with CagA positive strains than in 

patients infected with CagA  negative strains 
(13)

.Gastric cells infected with CagA-positive 

H.pylori strains have higher catalase level, 

catalase enzyme convert hydrogen peroxide to 

H2O and oxygen molecule. Accumulations of 

hydrogen peroxide reduce the activity of SOD; 

these conversions of hydrogen peroxide protect 

the cells from sudden exposure to superoxide, 

giving them a survival advantage 
(13, 14)

.The 

presence of ROS along with the reduction of 

antioxidants, such as vitamin C in the gastric 

mucosa of people infected with H.pylori 

potentially increases the risk of oxidant – 

related cellular injury and DNA damage, 

change in the levels of cellular ROS- 

scavenging enzymes induced by H.pylori may 

further increase this risk of developing gastric 

cancer from ROS in patients infected with 

H.pylori 
(31)

. 
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Abstract 
A lower extracellular pH is one of the few well-documented physiological differences 

between tumour and normal tissues. On the other hand, elevated glutathione (GSH) level has been 

detected in many tumours compared with healthy surrounding tissues. The compound II: 3-(9H-purin-

6-yl-thio) carbonothionyl methyl-8-oxo-7-(2-thiophen-2-yl) acetamido-5-thia-1-azabicyclo-4-octo-ene-

carboxylic acid was a cephalothin derivative contain 6-mercaptopurine (6-MP). Compound II react 

with general base catalysis in slightly acidic pH or with sulfhydryl nucleophiles to release the 

chemotherapeutic drug 6-MP. The generation of compound II was accomplished following multistep 

reaction procedures. The structure of compound II and its intermediate was confirmed by their melting 

point, infrared spectroscopy, CHN and NMR analysis. The hydrolysis of compound II in aqueous 

buffer solution of pH 6 and in the presence of GSH at pH 7.4 was studied. The partition coefficient 

(PC) of compound II was also determined. Compound II has acceptable rate of hydrolysis at slightly 

acidic medium pH 6 (t1/2 = 56.34 min.) and 80% of compound II had been converted to 6-MP within 

30 min in the presence of GSH. And the compound has acceptable stability at pH 7.4(t0.5=639.65 

min.) and the rate of hydrolysis was effected by change the buffer concentration.  This compound can 

selectively deliver 6-MP into the tumour tissues which have acidic pH or elevated GSH level. 

Compound II had an improved PC value of 12.23 compared to 1.22 for free drug 6-MP confirming 

higher lipophilicity. 

Key words: 6-mercaptopurine, cancer, prodrug, targeting 

 الخالصة
( خزبسط اٛخٰٜززخ ٧ز٪ احززذ اٛوالٟزبد اِٛغززٜغٰخ اِٛبسٓزخ ا٠ٛ٪ص٪ٓزز٦ ثز٢ٰ اال٣غززغخ اٛغززشؿب٣ٰخ      pHا١ ا٣خِزبع االط ا٨ٰٛززذس٩ع٤ٰٮ ) 

( ُزٮ هزذد ٟز٢ اال٩ساٝ ٟٔبس٣زخ ثبال٣غزغخ اٛـجٰوٰزخ       ٩GSHاال٣غغخ اٛـجٰوٰخ. ٢ٟ٩ ع٨خ اخش٫ ُٔذ ٛ٪حق اسرِبم ُٮ ٟغز٪٫ اٌٜٛ٪رزبصٰ٪١ ) 

 :IIا٠ٛحٰـخ. ا١ ا٠ٛشٗت 

3-(9H-purin-6-yl-thio) carbonothionyl methyl-8-oxo-7-(2-thiophen-2-yl) acetamido-5-thia-1-

azabicyclo-4-octo-ene-carboxylic acid 

ٯزِبهٚ ٟن اٛٔبهزذح اٛوبٟزخ    IIا١ ا٠ٛشٗت   (.MP-6ٟشٗجز٪ثٰ٪سٯ٢ )-6( ٯحز٪٭ ه٬ٜ ٟشٗت اٛـ ٧٩Cephalothin٪ ٟشزْ ٜٛغِٰبٛ٪ص٢ٰ )

ٟشٗجز٪ثٰز٪سٯ٢. رزٞ رحؼزٰش ا٠ٛشٗزت     -6( اٛجبحش ه٢ ا٤ٛز٪اح ٛزحشٯزش اٛزـ    sulfhydrylٛحبٟؼٮ اٛؼوَٰ ا٩ ٟن ع٨ِٜبٯذسٯٚ )ُٮ ا٠ٛحٰؾ ا

II         ثبرجبم ؿشٯٔخ اٛزِبهٚ ٟزوذد اٛخـ٪اد ٩ٓذ رٞ اصجبد اٛظٰي ا٠ٰٰ٘ٛب٩ٯخ ٠ٜٛشٗت ا٨٤ٛزبئٮ ٩اٛ٪عزـٮ ٩اٛزبٗزذ ٨٤ٟزب ث٪اعزـخ ٰٓزبط دسعزبد

ُزٮ ا٠ٛحٜز٪ٙ اٛزذاسئ ر٭ االط     IIخ رحذ اٛح٠شاء ٩اٛزحٰٜٚ اٛذْٰٓ ٜٛو٤بطش. ٩رٞ دساعزخ رحٜزٚ ا٠ٛشٗزت    اال٣ظ٨بس ٩اٛزحٰٜٚ اٛـِٰٮ ٛالشو

(. ا٩ػزحذ ا٤ٛززبئظ ا٠ٛغزحظزٜخ ٟز٢ ٧زز٥      partition coefficient) II( ٩ٗززٖٛ رزٞ دساعزخ ٟوبٟزٚ اٛززأٯ٢ ٠ٜٛشٗزت       pH 6ا٨ٰٛذس٩ع٤ٰٮ )

  دٰٓٔزخ(  56.34( )ثو٠زش ٣ظزَ     pH 6ٙ اٛذاسئ ر٭ االط ا٨ٰٛزذس٩ع٤ٰٮ ) ٯ٠زٜٖ عشهخ رحٜٚ ٟٔج٪ٛخ ُٮ ا٠ٛحٜ٪ IIاٛذساعخ ا١ ا٠ٛشٗت 

، ٠ٗب رجز٢ٰ ا١ عزشهخ رحٜزٚ ا٠ٛشٗزت رززبصش ثزٌٰزش رشٰٗزض ا٠ٛحٜز٪ٙ          (pH-74)٩صجبرٰخ ٟٔج٪ٛخ ُٮ ا٠ٛحٜ٪ٙ اٛذاسئ ر٭ االط ا٨ٰٛذس٩ع٤ٰٮ  

( اٛز٬ اٛخالٯزب اٛغزشؿب٣ٰخ راد االط ا٨ٰٛزذس٩ع٤ٰٮ     MP-6ٰٟشٗجز٪ثٰ٪سٯ٢ )-6ٯغزـٰن اٯظبٙ اٛـ  IIاٛذاسئ. ٛزٖٛ ٢ٟ ا٠ٛز٪ٓن ا١ ا٠ٛشٗت 

-6% ٟز٢ ا٠ٛشٗزت ٓزذ رحز٪ٙ اٛز٬ اٛزـ       80، حٰزش ا١  II(. ٩ٓذ ارؼح اٯؼب ا١ اٌٜٛ٪رزبصٰ٪١ ٯضٯزذ ٟز٢ عزشهخ رحٜزٚ ا٠ٛشٗزت       6ا٠ٛٔبسة ٜٛـ )

داخزٚ اٛغغزٞ، حٰزش ا١     دٰٓٔخ.  ٠ٗب رٞ ٟالحلخ ا١ ٟوبٟٚ اٛزأٯ٢ ٓذ رحغز٢ ٠ٟزب ٯزذٙ هٜز٬ رحغز٢ ٣ِبرٯزخ ا٠ٛشٗزت        30ٟشٗجز٪ثٰ٪سٯ٢ خالٙ 

 .1.22ٟشٗجز٪ ثٰ٪سٯ٢ ٧٪ -6ُٮ ح٢ٰ ا١ ٟوبٟٚ اٛزأٯ٢ ٜٛـ  ٧12.23٪  IIٟوبٟٚ اٛزأٯ٢ ٠ٜٛشٗت 

 

Introduction 
The use of antineoplastic agent 6-MP 

accompany by several disadvantages including 

sever adverse effects 
(1)

, poor absorption, low 

bioavailability 
(2)

, limitation of uses 
(3)

, 

thiopurine associated leukemia 
(4,5)

 and drug 

resistance
(6,7,8)

. Cephalosporins are -lactam  

 

antibiotics; their degradation depends on the 

side chain at C-7 and the substitution on C-3 
(9)

. The presence of good leaving group at C-3 

facilitate spontaneous expulsion of the 3-

substituent by any general nucleophile, -

lactamase or pH change 
(10,11)

, scheme (1). 
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(11)
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 Lowering extracelular pH (pHe) is 

one of the few well-documented physiological 

differences between solid tumour and normal 

tissues. The main pHe in tumour tissues is 0.6-

0.8 unit lower than normal tissues, with an 

absolute as low as 5.8 
(12,13)

. Changes in GSH 

content and level of glutathione S-transferase 

have been detected in tumours 
(14)

. Moreover, 

increased levels of GSH have been linked with 

drug resistance 
(15)

 and poor patient 

prognosis
(16)

. Thus, an excellent opportunity 

exists for the design of prodrugs that 

specifically target tumours with low pHe or 

with abnormal GSH level. Doxorubicin armed 

antibody was a prodrug designed to target 

tumours with low pHe 
(17)

. The 6-MP prodrug 

S-(9H-purin-6-yl) glutathione (figure 1a) 

which can be further metabolized in vivo to 

yield 6-MP
(18)

. Cis 6-(2-acetyl vinyl) 

thiopurine (AVTP). (figure 1a), a potential 6-

MP prodrug targeting tumours with up-

regulated GSH level. Structurally AVTP is 

butanone conjugate of 6-MP and a Michael 

acceptor that undergoes addition-elimination 

reaction with nucleophiles to yield 6-MP, the 

AVTP metabolism to 6-MP was GSH 

dependent 
(19)

. 

 

 

 

H
N

NN

N

SH

6-Mercaptopurine

H
N

NN

N

S

CH2

CH C
H
N NH CH2COOH

H2
CC

H
CH2N

COOH

O O

H
N

NN

N

S

CH3

O

AVTP

N

S

COOH

CH2 O C CH3

O

O

HNCH2C

S

O

 

 

Figure (1a): Chemical structure of 6-mercaptopurine, S-(9H-purin-6-yl) glutathione, Cis-AVTP 

and cephalothin. 
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Materials and Methods 
Chemicals 
         6-mercaptopurine and HCl were 

purchased from Fluka (Germany); Cephalothin 

sodium was purchased from Laboratories 

TORLAN, S.A. (Spain); GSH was purchased 

from Sigma (USA); and Carbon disulfide was 

purchased from Riedel-Dehen (Germany). All 

chemicals were reagent grade and obtained 

from standard commercial sources. Elemental 

micro analysis were performed using Carlo 

Erba elemental analyzer 1106 (Italy); Melting 

points were measured on Thomas Hoover 

Electronic melting point apparatus; and are 

uncorrected; Infra red spectra were recorded as 

KBr disks on Back IR spectrophotometer 

(College of Pharmacy, University of 

Baghdad); and H-NMR spectrum was carried 

out on Mercury MHZ-NMR spectrometer 

(sppm) at MDIT center in the University of 

Toronto. 

 

Synthesis of potassium 7H-

purinylcarbonotrithionate (compound I)  

         To a stirred solution of potassium 

hydroxide (0.313gm, 5.58 mmol) in absolute 

ethanol (10ml) at 15-20 
o
C , a 6-MP (0.96gm, 

5.58 mmol) was added over (0.5 min). After 

0.5 hr carbon disulfide (0.425gm, 5.58mmol) 

was then added and the reaction mixture was 

stirred for 3 hr at 25 
o
C. Then the precipitate of 

the desired compound was obtained by the 

addition of diethyl ether. The precipitate was 

filtered and re-crystallized from ethanol to give 

white crystalline powder of compound I, 

percent yield (63%), melting point (240-243 
o
C) and infrared yield absorption band, (cm

-1
): 

3450 of NH stretching vibration (str. Vib.) of 

purine, 1610 and 1556 of C=N str. Vib., 1598 

of NH bending vibration (bend. Vib.) of 

purine, 1497 and 1423 of C=C str. Vib., 1410 

of CH bend. Vib. of purine 1205 of C=S str. 

Vib. of trithiocarbonate and 870 of aut plane 

CH bend. Vib. of purine.  

Synthesis of 3-(9H-purin-yl thio) 

carbonothionyl-methyl-8-oxo-7(2-thiophen-2-

yl) acetamido-5-thia-1-azabicyclo-4-octa-2-

ene-carboxylic acid (compound II) 

         A mixture of cephalothin sodium 

(0.73gm, 3.4mmol) and of compound I 

(0.5gm, 3.4mmol) in (30ml) of 0.1M 

phosphate buffer (pH 7) was heated for 3hr at 

60-70
o
C. The mixture was cooled to 5 

o
C and 

acidified with HCl (1N) to reach pH 4.0, a 

precipitate was obtained and collected by 

filtration, dried and recrystallized from ethanol 

to give a yellow crystalline powder of 

compound II. Percent yield (60%), melting 

point (196-199
 o

C), elemental microanalysis, 

calculated/found: (C 42.539/42.996, H 

2.855/3.011, N 14.882/15.189, O 

11.339/11.637, S 28.390/28.427, the infrared 

absorption band (cm
-1

): 3450 of NH str. Vib., 

3000-2500 group of small band due to OH str. 

vib. of OH of COOH, 2682 of CH2-S str. vib. 

of cephalothin, 1773 of C=O str. vib. of -

Lactam, 1610 a mide str. vib., 1617 and 1570 

of C=N str. vib. 61598 of NH bend-vib. of 

purine, 1500 and 1430 of C+C str. vib., 1408 

of CH bend. vib. of purine, 1228 of C=S str. 

vib. of trithiocarbonate ester, 875 out plane CH 

bend vib. of purine, 690 str. vib. of thiophen: 

and HNMR in CDCl3 3.06, 3.16 (q, 2H of 

methylene  to C=C and  to S-C-), 3.44 (s, 

2H of methylene  to C-R and  to (C=O)-N), 

4.07 (s, 2H of methylene  to –C=C and  to –

S-C-R), 5.1 (d, 1H of propiolactam  to –S R, 

- to –N-C=O), 5.45 (d, 1H of propiolactam  

to N-C=O, - to –S-R), 6.83 (d, 1H of 2-

thiophen), 6.93 (t, 1H of 2-thiophen), 7.4 (d, 

1H of 2-thiophen), 8.32 (s, 1H of sec. amide), 

8.57 (s, 1H of purine), 13.65 (s, 1H, NH of 

purine) as shown in (Figure 1b). 

 

 

 

02468101214
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 Figure ( 1b) : H NMR spectrum of compound II . 
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Hydrolysis of compound II at  pH 6 and pH 7-4 

         The hydrolysis of compound II was 

carried out for the equivalent of (0.01mg/ml) 

in aqueous phosphate buffer solution of pH 6 

and pH 7.4 at 37 
o
C. The total buffer 

concentration was 0.1M and the ionic strength 

(μ) of 1 was maintained by adding calculated 

amount of NaCl. Different sample were taken 

for analysis at specific time interval (16, 30, 

60, 120, 240 min) and the rate of hydrolysis 

was followed spectrophotometrically by 

recording 6-MP absorbance increase 

accompanying the hydrolysis at 324nm and 

316 for pH6 and pH7-4 respectively. The 

observed pseudo-first order rate constant was 

determined from the slope of the linear plot of 

log concentration of 6-MP vs time. 

The effect of the buffer concentration at the 

rate of hydrolysis 

         The same procedure mentioned above 

was fallowed for studing the hydrolysis of 

compound II in different buffer concentration 

(0.2, 0.5 and 0.8) and the ionic strength (μ=1) 

to determine the effect of buffer concentration 

at the rate of hydrolysis.  

Hydrolysis of compound II in the presence of 

glutathione 

         Compound II (0.96gm, 0.17mmol) was 

incubated with glutathione (0.52gm, 

0.17mmol) in phosphate buffer (0.1M and 

μ=1) at pH 7.4 in shaking water bath 37
o
C. A 

1.0 ml sample was removed and added to 4ml 

of phosphate buffer. The concentration of 6-

MP was determined spectrophotometrically at 

314nm. 

 

 

 

 

 

 

 

 

Partition coefficient estimation 

         Partition coefficient of compound II at 

pH 7-4 was estimated by using shake flask 

method. The amount of compound II in both 

phase were measured spectrophotometrically 

at 298 nm, and the partition coefficient value 

was calculated by the following equation 
(20)

. 

 

layer inorganic in Conc.

layer organic in Conc.
 PC    

 

Results and Discussion 
         Target compound II was obtained 

following procedure outlined in scheme (2), 

compound I was obtained from reaction of 6-

MP and carbon disulfide in the presence of 

potassium hydroxide. The reaction was a 

nucleophilic addition reaction in which the 

thiolate anion was added to the carbon atom of 

the disulfide 
(21)

. Compound II have been 

synthesized using the method previously 

established for the synthesis of cephalosporin 

derivative 
(22)

. The reaction followed a 

nucleophilic substitution in which the thiolate 

moiety attached the methylene moiety at 

position 3 of cephalothin leading the formation 

of trithiocarbonate ester with liberation of 

acetic acid. Under the experimental conditions 

used the hydrolysis of the compound II 

followed pseudofirst order kinetic, since the 

plot of log conc. of 6-MP vs time resulted in 

straight line from it slope, the observed rate 

constant of hydrolysis (Kobs) was calculated 

from figure (2a) and (2b) which representive 

graph for hydrolysis of compound II. The Kobs 

were 0.0123 min
-1

 and 1.083x10
-3

 at pH 6 and 

pH 7.4 respectively and the half-life of 

hydrolysis of compound II were 56.34 min and 

639.65 min at pH6 and pH 7.4 respectively. 

The half life was calculated using the equation: 

obsK

.

.
t

6930

50
  

 
Figure (2a): First order plot for the hydrolysis of compound II in 0.1 M phosphate buffer of pH 

6.0 at 37 
o
C ( =1). 

 



Iraqi J Pharm Sci , Vol.17 (2)  , 2008                         Cephalothin as a carrier of 6-mercaptopurine 

 

36 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (2b): First order plot for the hydrolysis of compound II in 0.1 M phosphate buffer of pH 

7.4 at 37 
o
C ( =1). 

 

 

 

 

N

S

COOH

CH2 O C CH3

O

O

HNCH2C

S

O

H
N

NN

N

SH

KOH

H
N

NN

N

S K

CS2

15-20 C / 0.5 hr

H
N

NN

N

S C S

S

K

Cpd I

Heated at 60-70 C
for 3 hr at pH 7.0

H
N

NN

N

S
CS

S

Cpd II

N

S

COOH

CH2O

HNCH2C

S

O

 
 

 

 

Scheme (2): Synthesis of compound II. 
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         The release of 6-MP from compound II 

depend on the opening of -lactam ring which 

in turn depend on the pH of the media and the 

ease with which the substitution at position 3 

of cephalosporin will leave the molecule 
(10,11)

. 

The tithiocarbonate is better leaving group 

than acetoxy group due to it soft base 
(23)

, and 

this will cause the hydrolysis of compound II 

at pH 6 is faster than hydrolysis of cephalothin 

at the same pH (Scheme 3). The rate of 

hydrolysis of compound II at pH 6 in the 

presence of different buffer concentration was 

calculated from figure (4) which represent the 

hydrolysis of compound II at different buffer 

concentration. The Kobs. Were 0.0133mmin
-1

. 

0.0154 min
-1

 and 0.0166 min
-1

 at buffer 

concentration 0.2, 0.5 and 0.8M respectively. 

The half-lives were 52.13min, 45.00min. and 

41.1 min. for buffer concentration 0.2, 0.5 and 

0.8M respectively.  Under experimental 

condition used the hydrolysis of compound II 

followed second order kinetic, since plot of log 

conc. of 6-MP vs time result in curve line. The 

formation of 6-MP from compound II was 

linear for at least 30 min. (figure 3). 80% of 

compound II had been converted to 6-MP 

within 30 min. Compound II reacted rapidly 

with thiolate nuceophile of GSH to yield the 6-

MP. The thiolate was attack the -lactam ring 

of cephalosporin resulted in the opening of this 

ring with the release of trithiocarbonate 

derivative from position 3 
(24)

 (scheme 4). The 

partition coefficient has become the most 

common physicochemical property 
(25)

. The 

partition coefficient of compound II equal to 

12.23; so this compound had an improved 

partition coefficient value compared to 1.2 for 

6-Mp, confirming higher lipophilicity and 

improvement of the drug bioavailability. 
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Scheme (3): The liberation of 6-mercaptopurine from Compound II at pH 6.0
(10)

. 

 



Iraqi J Pharm Sci , Vol.17 (2)  , 2008                         Cephalothin as a carrier of 6-mercaptopurine 

 

38 

N

S

COOH

CH2
O

HNCH2C

S

O

H
N

NN

N

SH

H
N

NN

N

S
CS

S

N

S

COOH

CH2O

HNCH2C

S

O

+

H
N

NN

N

SCS

S

+CS2

GS

S
G

 
 

Scheme (4): Liberation of 6-mercaptopurine from compound II in the presence of glutathione. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (3): Plot of the hydrolysis of compound II in the presence of glutathione (0.17 mmole) in 

phosphate buffer of pH 7.4 at 37 
o
C ( =1). 

 



Iraqi J Pharm Sci , Vol.17 (2)  , 2008                         Cephalothin as a carrier of 6-mercaptopurine 

 

39 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (4): The effect of buffer concentration on the rate of hydrolysis of compound  II at Ph 6 at 

37 
0
C ( =1). 

* buffer concentration: 

a= 0.2 M     ,   b= 0.5 M    ,    c= 0.8 M 
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Abstract  
         It is clear that correct application of antibiotic prophylaxis can reduce the incidence of infection  

resulting from the bacterial  inoculation in a variety of clinical situations; it cannot   prevent  all  

infections  any  more  than it  can   eliminate  all  established infections. Optimum  antibiotic   

prophylaxis  depends on:  rational  selection  of the drug(s),  adequate  concentrations  of the  drug  in  

the  tissues that  are at risk, and attention to  timing  of  administration.  Moreover,  the  risk  of  

infection  in  some situations  does not outweigh  the risks which  attend the administration of even the 

safest antibiotic drug. The aim of this study was to compare between 2 prophylactic protocols  in  out  

patients  undergoing  oral  surgical  procedures.  Thirty   patients, selected from the attendants of oral 

surgery clinic in Al-Karamah Dental Center, were subjected to different oral surgical procedures under 

local  anesthesia. These patients were given single dose antibiotic  prophylaxis in 2 groups; 1
st
 group 

were 15 patients given 1 million i.u. of procaine  penicillin  I.M. 30 minutes  before oral  surgery, 2
nd

 

group were 15 patients given 600mg clindamycin orally 1 hours before oral surgery. The  maximum  

time  for  all  procedures  was 2 hours. There  was  no  difference between  procaine  penicillin  (1 

million i.u.), and  clindamycin (600mg),  regimens concerning post operative infection in out patient‘s 

oral surgical procedures.  

Key words: Antibiotic prophylaxis, outpatient oral surgery 

                                                                                                                           
 الخالصة

٢ٟ اٛ٪اػح أ١ اٛزـجْٰ اٛظحٰـح إلهـبء ا٠ٛؼــــبداد اٛحٰ٪ٯخ إلًشاع ٩ٓبئٰخ ٯ٢٘٠ أ١ ٯٔــٜٚ ٣غجخ حذ٩س ااالخزــالؿبد            

اٛج٘زٰشٯخ ا٤ٛبرغخ ٢ٟ ا٠٤ٛ٪ اٛج٘زٰش٭ ثغجت هــذد ٢ٟ اٛحبالد اٛغشٯشٯــخ ا٠ٛز٤٪هخ. ئ١ اٛزـجٰـْ أٛظحٰح ال ٯ٤٠ن ٗٚ االخزالؿبد 

ألُؼٚ ٜٛزوبٟٚ اٛ٪ٓبئٮ ٠ٜٛؼبد اٛحٰ٪٭ ٯوز٠ذ ه٬ٜ اٯخ ٦٤٘ٛ٩ ٯغزـٰن اٛزخٜض ٢ٟ االخزالؿبد ا٠ٛ٪ع٪دح ُوال. ئ١ ا٤ٛزٰغخ ااٛج٘زٰش

ه٤ذ  االخزٰبس ا٤٠ٛـٔٮ ٜٛؤبس ا٠ٛوـ٬ ٩اٛزشٰٗض اٛ٘بُٮ ٜٛؤــبس )ا٠ٛؼبد اٛحٰ٪٭( ُٮ ا٤ٛغٰظ ا٨٠ٛذد ثبالخزالؽ اٛج٘زٰش٭ ٩اال٣زجب٥ ٜٛز٪ٰٓذ

غزذهٮ ئهـبء ا٠ٛؼبد ٧٩٪ أٟش٦ٛ عٜجٰبر٦ حز٬  ٟن رحٰ٪٭ . ٢ٟ اٛغذٯش ثبٛزٗش ٟخبؿش ثوغ االخزالؿبد اٛج٘زٰشٯخ الئهـبء ا٠ٛؼبد اٛ

أٟب٣ب.ئ١ ًـشع ٧ز٥ اٛذساعخ ٧٪ ا٠ٛٔبس٣ـخ ث٢ٰ ثش٩ر٪ٗ٪٢ٰٛ هالع٢ٰٰ ٩ٓبئ٢ٰٰ ٠ٜٛشػ٬ اٛزٯ٢ ٯخؼو٪١ ٛزذاخالد  دأٗضش ا٠ٛؼبدا

)رحذ اٛزخذٯش ا٠ٛ٪ػوٮ(. رٞ اخزٰبس صالص٪١ ٟشٯؼب ٢ٟ ٓجــٚ ا٠ٛشاعو٢ٰ اٛزٯ٢ ٯض٩س١٩ عشاحٰخ ُٮ اٛوٰبداد اٛغشاحٰخ ٛـت األع٤ب١ 

ٓغٞ اٛغشاحخ ُٮ ٟشٗض اٛ٘شاٟخ اٛزخظظــٮ ٛـت األع٤ب١ حٰش رٞ ئخؼبه٨ــٞ ٛزذاخالد عشاحٰخ ٟز٤٪هخ رحذ اٛزخذٯش ا٠ٛ٪ػوٮ. 

ٰٟٜ٪١ ٩حذح هب٠ٰٛخ ٩رٞ ئهـبؤ٧ب هؼٰٜب )٠ٜٛغ٠٪هخ ٧إالء ا٠ٛشػ٬ ، رٞ ئهـبؤ٧ٞ عشهخ ِٟشدح ٢ٟ هٔـبس اٛجش٩ٗبٯ٢ ث٤غ٢ٰٜ ٧٩ٮ 

ٟشٯؼب( ٛــٞ ٯزغب٩ص  15ٌٟٜٞ ه٢ ؿشٯْ اِٛٞ ) ٠ٜٛغ٠٪هخ اٛضب٣ٰخ ٩رؼٞ  600ٟشٯؼب( ٩هٔبس اٛ٘ـ٤ٜذٟبٯغ٢ٰ 15األ٬ٛ٩ ا٠ٛ٘٪٣خ ٢ٟ 

٪هز٢ٰ ٢ٟ ٣بحٰخ هذٝ حذ٩س اٛ٪ٓـذ اٛالصٝ إلعشاء اٛزذاخالد اٛغشاحٰخ عبهزب١.ٗب٣ذ ا٤ٛزٰغخ ا٦٣ ٛٞ ٯ٢٘ ٤٧بٕ أ٭ اخزالٍ ث٢ٰ ا٠ٛغ٠

 االخزالؿـبد اٛج٘زٰشٯــخ ثوذ اٛزذاخٚ اٛغشاحٮ ا٠ِٛ٪٭ ثأ٣٪اه٦.  

 

Introduction 
              The use of antimicrobial agents to 

prevent infection is effective in many 

circumstances, and it is limited to specific, 

well-accepted indication to avoid excess cost, 

toxicity, and antimicrobial resistance.
(1) 

Preoperative topical, oral, and intravenous 

antimicrobial prophylaxis has been important 

in decreasing the incidence of surgical site 

infection.
(2,3)

 The time taken for an antibiotic to 

reach an effective concentration in any 

particular tissue reflects its pharmacokinetic 

profile and the route of administration.
 (4)

 

Administration of prophylaxis more than three 

hours after the start of the operation 

significantly reduces its effectiveness. For 

maximum effect, it should be given just before 

or after the start of the operation.
 (5)

 

Preoperative antimicrobial surgical 

prophylaxis is recommended for operative 

procedures that have a high rate of 

postoperative wound infection, when foreign 

materials must be implanted, or when the 

wound infection rate is low but the 

development of a wound infection results in a 

disastrous events.
 (2,3,6) 
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Infection of the incised skin or soft tissues is a 

common but potentially avoidable 

complication of any surgical procedure. Some 

bacterial contamination of a surgical site is 

inevitable, either from the patient's own 

bacterial flora or from the environment.
 (7)

 In 

procedures that  require the insertion of 

implants or  prosthetic devices, the term 

surgical site  infection is  used to encompass  

the surgical  wound  and  the implant. Surgical  

site  infection  also  encompasses  infections  

involving  the  body  cavity (e.g. a. subphrenic  

abscess ), bones,  joints, meninges  and other  

tissues involved in the operation.
  (8)

 

Prophylactic  administration  of  antibiotics  

inhibits growth of contaminating  bacteria and  

their adherence to prosthetic  implants,  thus 

reducing the  risk of infection. 
(9)  

The goals of  

prophylactic  administration  of antibiotics to  

surgical patients are to: reduce the  incidence 

of surgical site  infection, use  antibiotics  in a 

manner that is supported by evidence of  

effectiveness, minimize the  effect of  

antibiotics on the patient‘s  normal  bacterial  

flora,  minimize  adverse  effects  and  cause  

minimal change  to the patient‘s host 

defenses.
(2)

 It is important to emphasize  that  

surgical  antibiotic  prophylaxis is an adjunct 

to, not  a substitute  for,  good   surgical   

technique.  Antibiotic   prophylaxis should be   

regarded   as  one  component  of  an  effective   

policy  for   the  control  of hospital-acquired 

infection. 
 (10,11)

 The American college of 

surgeons classified wound surgery into 4 

categories: clean, clean-contaminated, 

contaminated and dirty wound, according to 

this classification trans-oral wound is 

considered Clean contaminated, That is, Class 

II, these wounds should  receive  protection  if 

(a) the  patient  has depressed  host  defenses.  

(b) A prosthetic device is being inserted. (c) 

The sequel of an infection is serious; and (d) 

some aspect of the procedure, such as 

increased duration or decreased local blood 

supply, makes infection more likely. 
(8,11) 

Prophylactic antimicrobial agents should be 

administered not more than 30 to 60 minutes  

before surgery.
(8-9)

 Exceptions to this  rule are 

cesarean procedures, colonic and urologic 

procedures. Therapeutic concentrations of 

antimicrobial agents in tissue should be present 

throughout the period   that  the  wound  is 

open.  The  duration  of  antimicrobial  

prophylaxis for the majority of procedures is 

controversial; however, experts recommend at 

most one or two  postoperative doses.
 (2,3)

 The 

antibiotics chosen for prophylaxis can be those 

used for active treatment of infection.  

However, the chosen  antibiotics  must reflect  

local,  disease-specific information about the 

common pathogens and their antimicrobial 

susceptibility.
(12)

 Procaine  penicillin is one of 

the semi-synthetic penicillin obtained by 

alterations in  the prosthetic group differ from 

the naturally occurring product (penicillin G ) 

in three  dimensions: their  resistance to acid 

makes oral  administration possible, they  may  

be  resistant  to the  action of  penicillinase  

and   their  spectrum  of antimicrobial activity 

is usually broadened for many streptococcal 

infections.
 (14)

 It is  bactericidal,  act  by  

interfering   with   bacterial  cell  wall   

synthesis.
(10)

 Clindamycin   is a bacteriostatic  

act  by  interfering  with  protein  synthesis of  

bacteria.  It  is  active  against   Gram  positive  

cocci,  including   streptococci and   penicillin-

resistant   staphylococci,  and  also  against   

many   anaerobes, especially B. fragilis
( 15)

. 

 

Subjects and Methods 
            After a thorough history taking, 

clinical, and radiographic examination, thirty 

patients attending Al-karamah  Dental  Center  

were selected to participate in this study.  

These patients are mostly  from the residents 

of the  neighborhood, which is a relatively  a 

low socioeconomic level. None of patients had 

medical history or active infectious process. 

All patients in this study are not allergic to 

penicillins. These patients were subjected to 

oral surgical procedures under local anesthesia 

maximally 2 hours the surgical procedures 

involved bone and soft tissue and these 

includes: removal of impacted lower 3
rd

 molar, 

Apicectomy for upper central and lateral 

incisors. Patients were classified into two 

groups according to the antimicrobial agent:  

1. 1
st
 group were 15 patients given single 

I.M. doses of 1 million i.u. procaine 

penicillin 30 minutes before oral surgery. 

2. 2
nd

 group were 15 patients given 600mg 

clindamycin orally 1 hour before  surgery.   

Number of female patients included in our 

study was 17, while the number of male 

patients was 13. Patients were classified into 3 

groups. Group one (10-19) nine patients, group 

two (20-29) thirteen patients and group 3 (30-

39) eight patients. Surgical procedures 

included in this study were: removal of 

impacted lower RT 3
rd

 molar (11 cases), 

removal of impacted lower LT 3
rd

 molar (8 

cases), removal of impacted of upper RT 3
rd

 

molar (1 case), apicectomy for upper RT 

central incisor     (5 cases) apicectomy for 

upper LT central incisor (4 cases) apicectomy 

for upper RT lateral incisor (1 

case).Meticulous handling of the tissues, 

avoidance of unnecessary surgical trauma and 

copious irrigation of the wound before closure 

to remove foreign bodies and debris, leaving 



Iraqi J Pharm Sci , Vol.17 (2)  , 2008                                                  Single dose in oral surgery 

 

43 

no potential foci for bacterial infections were 

of crucial importance in our measures. Patients 

were examined 48 hours post-operatively to 

investigate the presence of any local and 

general signs of post operative infection these 

signs are: increased pain or tenderness, post 

operative swelling at the site of surgery, 

enlarged, tender regional lymph node and 

fever. The same investigated parameters were 

also examined 7
th

 day after surgery, for suture 

removal.  

 

Results 
           Characterization of patients according 

to age, gender and type of  oral operation is 

given in figures 1, 2, and 3. No postoperative 

infections were recorded in the two groups, 

and no postoperative complications in the two 

groups.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (1)  No. of patients according to 

gender 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (2) : No. of patients according to age 

group 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure( 3)  No. of patients according to 

surgical procedures 

 

Discussion 
              Although some studies found that 

antibiotic prophylaxis in some oral surgical 

procedures is controversial 
(12,16,17)

.Its generally 

agreed that when antibiotic prophylaxis is 

decided, the antibiotic must be present in the 

systemic circulation at a high level at the time 

of surgery and is usually given as one dose 
(17,18,19)

.  In spite of the fact that preoperative 

antibiotic prophylaxis is an established 

practice 
(17, 20)

, there is no consistent protocol 

for the method or duration of drug 

administration in oral surgical procedures,
 (21)  

and this is true for Iraqi dental surgical centers. 

Although it is agreed that procedures entailing 

entry into the oropharynx or esophagus, need 

antibiotic coverage of aerobic cocci is 

indicated. Prophylaxis has been shown to 

reduce the incidence of severe wound infection 

by approximately 50 percent. 
(22)

.  Our choice 

for procaine penicillin depends on two factors  
1. most of oral infections caused by 

penicillin sensitive bacteria 
(23)

  

2. The use of penicillin is an established 

clinical practice in advanced surgical 

centers
 (22,23)

, on the other hand some of 

the studies select Clindamycin for 

antimicrobial prophylaxis in oral surgery, 

clindamycin is occasionally chosen for 

orthopedic surgical prophylaxis, where it 

has an excellent activity against 

Staphylococcus spp. and Bacteroides 

fragilis, but have no activity against 

enteric microorganism
.(22,24)

. Also it has 

good reputation for tissue penetration, 

with almost the same effectiveness of 

penicillin against anaerobes.
 (13)

  

The minimum inhibitory concentration (MIC) 

of clindamycin is achieved within the first 2-3 

dose intervals. Thus, stable drug concentration 

is then maintained for greater than 6 hours 
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after the last dose. 
(13)

 In our selected sample; 

female patients were more than the males, this 

may be explained by the fact that females are 

more interested in oral hygiene. We have  

noticed that the number of patients in the age 

group (20-29) is higher than other age groups; 

this could be attributed to the fact that the 

problems of impacted 3
rd

 molar or its 

complications are usually experienced in this 

age group.  No post operative infections were 

recorded in our sample, for all patient groups 

(no difference between parenteral and oral 

route of administration). We conclude that 

there is no difference in surgical prophylaxis 

between procaine penicillin (1 million i.u.), 

and clindamycin 600mg concerning post 

operative infection in out patient‘s oral 

surgical procedures, and this may be explained 

by the fact that both antibiotics used in this 

study covered both pathogens that are mostly 

involved in oral infections. This conclusion 

shown in figure (4) which represents surgical 

removal of impacted lower 3
rd

 molar (group 

2)and figure (5) which represents apicectomy 

for upper central incisor intraoperatively 

(group 1), figure (6) postoperatively for the 

same case, while figures 7,8 and 9 represent 

apicectomy for lower central incisor, 

preoperative, intraoperative and postoperative 

respectively (group 2).   

 

 
Figure (4): Apicectomy with periapical 

dental cyst enucleation for upper central 

incisor (Intra operative picture) The patient 

has been given clindamycine 600 mg 1 hr. 

preoperatively (group 2) 

 

 

 
Figure (5): Surgical removal of impacted 

lower 3
rd

 molar (intra operative picture) 

The patient has been given 1 million i.u.  

Procaine penicillin 30 minute pre 

operatively (group 1) 

 

 

 
Figure (6) : Postoperative picture (3

rd
 

postoperative day)For the site of operation 

(postoperative oedema subsided, no signs of 

infection noticed) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure(7): 21 years old female with extra 

oral sinus due to infected cyst associated 

with necrotic lower central incisor (pre 

operative picture), (group 2)  
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Figure (8): inta operative picture after the 

removal of the infected cyst. This patient 

has been given 600 mg Clindamycin 1 hr. 

pre operatively 

 

 

 
Figure (9): Extra oral picture after one 

month of the operation shows the process of 

healing of the extra oral sinus 
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Abstract 
           Exposure to lead results in significant accumulation in most of vital organs, and free radical 

damage has been proposed as a cause of lead-induced tissue damage, where oxidative stress is a likely 

molecular mechanism. This study was designed to evaluate therapeutic effects of melatonin in lead-

induced organ toxicity in rats. The therapeutic effects of melatonin on lead induced toxicity in rats 

were evaluated using 36 rats, which were allocated into 3 groups and treated as follows: Group I, 

includes 12 rats injected subcutaneously with 0.2 ml physiological saline for 30 days, followed by 

treatment with a daily dose of 20mg/kg melatonin, administrated I.P for the successive 30 days; groups 

II and III, each includes 12 rats , injected with lead acetate 100 mg/kg/day s.c for 30 days, followed by 

treatment with intraperotoneal injection of physiological saline (0.2 ml) or melatonin 20mg/kg/day for 

the next 30 days. At the end of treatment period, the rats were sacrificed by an overdose (100mg/kg) of 

thiopental (twenty-four hour after the last injection). Craniotomy and laparotomy were performed to 

obtain the brains, livers and kidneys for the assessment of tissue damage. The changes in total body 

weight, weight of major organs (brain, liver and kidney), oxidative stress parameters, hemoglobin 

content, liver and renal functions, and histological appearance of the studied organs were evaluated and 

compared with that of negative and positive controls. Treatment with melatonin reverses the damage 

induced by lead in many organs and tissues through the reduction of MDA levels in RBCs, brain, liver 

and kidney; increases GSH levels in all studied organs; in addition to the improvement in the indices of 

the functions of the organs studied. These findings demonstrated that melatonin is capable of reversing 

damage of rat tissues caused by successive doses of lead acetate, and animals had restored their organ 

functions due to treatment with melatonin. 

Key words: Melatonin, Lead poisoning, Oxidative stress 

 

 الخالصة
ٛحشح ٓذ ا١ اٛزوشع ٜٛشطبص ٯ٢٘٠ ا١ ٯزغجت ثزشٗض٥ ُٮ ٟولٞ االهؼبء اٛحٰ٪ٯخ  ٠ٗب ا١ االػشاس ا٤ٛبع٠خ ه٢ اٛغز٩س ا          

ر٘٪١ ٧ٮ  ا٠ٛغججخ ٛالػشاس ث٨ز٥ االهؼبء ,  حٰش ا١ االع٨بد اٛزأٗغذ٭ ٧٪ االٗضش احز٠بٰٛخ ٰٛ٘٪١ ا٠ٰٛ٘ب٣ٰٰ٘خ ا٠ٛغإ٩ٛخ .رٞ رظ٠ٰٞ ٧ز٥ 

شا١ اٛذساعخ ٛزٰٰٔٞ اِٛوبٰٛخ اٛوالعٰخ ٠ٰٜٛالر٪٢ٰ٣ ُٮ اِٛئشا١ ا٠ٛظبثخ ثبٛزغ٠ٞ ثبٛشطبص. ا١ اٛزأصٰشاد اٛوالعٰخ ٠ٰٜٛالر٪٢ٰ٣ ه٬ٜ اِٛئ

ُأسا , ٓغ٠ذ ا٬ٛ صالس ٟغبٰٟن رٜٔذ ا٠ٛوبٛغبد اٛزبٰٛخ :ا٠ٛغ٠٪هخ اال٬ٛ٩  رزؼ٢٠   36ا٠ٛظبثخ ثزغ٠ٞ اٛشطبص ٰٛزٞ  ر٨٠ٰٰٔب ثبعزخذاٝ 

ٌٟٜٞ/ٌٗٞ ٢ٟ ا٠ٰٛالر٪٢ٰ٣ اهـٰذ  20,. ٟٚ  ٢ٟ ا٠ٛحٜ٪ٙ ا٠ٜٛحٮ  ٠ٛذح صالص٢ٰ ٯ٪ٟب , ٩ثوذ٧ب ثغشهخ  2ُأسا .ح٤ٔذ رحذ اٛغٜذ ة     12

 100ُأسا ٛ٘ٚ ٠٨٤ٟب رٞ ح٨٤ٔب ثخالد اٛشطبص ثغشهخ  12ٯز٪١  ٛضالص٢ٰ ٯ٪ٟب . ٩ ا٠ٛغ٠٪هز٢ٰ اٛضب٣ٰخ ٩اٛضبٛضخ  ٩اٛزٮ ػ٠ذ ُٮ اٛجش

ٌٟٜٞ /ٌٗٞ / ٯ٪ٝ  ه٢ ؿشٯْ  20ٟٚ(  ا٩ ا٠ٰٛالر٪٢ٰ٣  0،2ٌٟٜٞ / ٌٗٞ / ٯ٪ٝ رحذ اٛغٜذ ٛضالص٢ٰ ٯ٪ٟب  ارجوذ ثغشم ٢ٟ ا٠ٛحٜ٪ٙ ا٠ٜٛحٮ ) 

عبهخ  ٢24 ٯ٪ٟب اٛزبٰٛخ .ُٮ ٨٣بٯخ ُزشح ا٠ٛوبٛغخ رٞ ٓزٚ اٛحٰ٪ا٣بد  ثبعزخذاٝ عشهخ هبٰٛخ ٢ٟ صبٯ٪ث٤زبٙ ثوذ ٟش٩س ح٢ٔ اٛجشٯز٪١ ٜٛضالصٰ

٢ٟ اخش ٟوبٛغخ . رٞ اعشاء اٛزششٯح العزحظبٙ االدٌٟخ ٩ االٗجبد ٩ا٬ٜ٘ٛ ِٛحض رؼشس٧ب . ا١ اٛزٌٰٰشاد ُٮ ٟوذٙ ا٩صا١ اعغبٝ 

٩ا٬ٜ٘ٛ ( ٩ ٟإششاد االع٨بد اٛزأٗغذ٭ ٩ٟحز٪٫ اٛخؼبة  ُح٪طبد ٩ػبئِ٘ٚ ٢ٟ  اٛ٘جذ  ٩اهؼبء اٛحٰ٪ا٣بد )االدٌٟخ ٩ االٗجبد

 ٩ا٬ٜ٘ٛ ٩اٛزٌٰشاد ا٤ٛغٰغٰخ ُٮ االهؼبء ا٠ٛذس٩عخ رٞ ر٨٠ٰٰٔب ثوذ ٟٔبس٣ز٨ب ة ٗٚ ٢ٟ ٟغبٰٟن ا٠ٛٔبس٣خ اٛغبٛجخ ٩ا٠ٛ٪عجخ . ا١ ا٠ٛوبٛغخ 

ذٯذ ٢ٟ االهؼبء ٩اال٣غغخ ٢ٟ خالٙ رٰٜٔٚ اٗغذح اٛذ٧٪١  ) ٟغز٪٫ ثب٠ٰٛالر٪٢ٰ٣ ٯ٢٘٠ ا١ ٯوبٗظ اٛؼشس ا٤ٛبرظ ثبٛشطبص ُٮ اٛو

 ا٠ٛبٛ٪٣ذاٛذٯ٨بٯذ( ُٮ ٗٚ ٢ٟ خالٯب اٛذٝ اٛح٠ش ٩اٛذٟبى ٩اٛ٘جذ ٩ا٬ٜ٘ٛ ، اػبُخ ا٬ٛ صٯبدح ٟغز٪٫ اٜٛ٘٪ربصبٯ٪١ ا٠ٛذس٩عخ ٟن رحغ٢ ٟٜح٪ف

٦ اٛٔبثٰٜخ  ه٬ٜ ه٘ظ االػشاس ا٤ٛبع٠خ ُٮ ا٣غغخ ُٮ ٟإششاد ٩كبئَ االهؼبء ا٠ٛذس٩عخ .ا١ ٧ز٥ ا٤ٛزبئظ ر٪ػح ا١ ا٠ٰٛالر٪٢ٰ٣ ٛ

اِٛئشا١ ٢ٟ اٛزوشع ا٠ٛزوبٓت ٛغشم ٢ٟ خالد اٛشطبص ، ٩ا١ اٛحٰ٪ا٣بد ٓذ اعزوبدد ٩كبئَ االهؼبء ٨ُٰب ٣زٰغخ ا٠ٛوبٛغخ 

 ثب٠ٰٛالر٪٢ٰ٣ .
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Introduction 
        Lead Poisoning is one of the oldest 

occupational hazards in the world. Despite its 

recognized hazards, lead continues to have a 

wide spread commercial applications, 

including the production of storage batteries, 

pipes and metal alloys such as brass, solders, 

paints, glass and ceramics 
(1)

. Once lead enters 

the body it binds sulfhydryl (SH) moiety of 

proteins with consequent impairment of their 

functions; by disrupting protein structure, it 

interferes with many enzyme systems in the 

body, thereby affecting the functions of most 

organs 
(2)

. Lead also interferes with regulatory 

mechanisms that control the metabolism of 

many essential cations, particularly calcium, 

iron, zinc, sodium and potassium; it also alters 

the integrity of the cellular and mitochondrial 

membranes, thereby, increasing cellular 

fragility and facilitate degenerative processes
 

(3)
. Clinical manifestations of lead toxicity 

include symptoms referable to the central and 

peripheral nervous systems, hematopoietic, 

renal and gastrointestinal systems 
(4)

. Lead 

poisoning is a potential factor
 
in brain damage, 

mental impairment with severe behavioral 

problems, as well as anemia, kidney 

insufficiency, neuromuscular
 

weakness and 

coma 
(5)

.  At the molecular level, it disturbs
 

heme biosynthesis leading to accumulation of 

a variety
 

of heme precursors including δ-

aminolevulinic acid (ALA)
 (6)

.  Lead has 

effects on the hormonal regulation of calcium 

absorption,
 
and lead toxicity is exacerbated in 

the presence of low dietary
 
calcium 

(7)
. It also 

displaces calcium in the
 
mineral bone matrix, 

which may affect bone quality 
(7)

. The effects 

on heme synthesis are the best studied toxic 

effects of lead; it inhibits the key enzymes, δ-

ALAD and ferrochelatase (heme synthetase) 
(8)

. As a result heme synthesis is retarded, and 

because heme moiety is important for the 

functions of cytochrome systems and cellular 

respiration, so lead shows an impact on the 

entire organism; it inhibits Na
+
-K

+
-ATPase 

pump attached to erythrocytes membrane 

leading to their lyses
 (9)

. Many compounds 

with antioxidant properties have been 

evaluated for their protective effects against 

lead-induced toxicity in animal and human 

models 
(10)

; moreover, melatonin has been 

used successfully to protect the nervous 

system against lead toxicity in rats 
(11)

. The 

present study was designed to evaluate the 

therapeutic effects of melatonin in rats 

intoxicated with successive doses of lead. 

 

Materials and Methods 
        Thirty six male rats (Rattus norvegicus) 

are used in the present study, weighing 200-

250 g, housed in the animal house of the 

College of Pharmacy, University of Baghdad. 

The animals were maintained at controlled 

temperature (25 ± 2ºC) from November 2006 

to April 2007, allowed free access to water, 

and fed standard rat chow add libitum. The 

therapeutic effects of melatonin on lead-

induced toxicity in rats were evaluated using 

36 rats, which were allocated into 3 groups 

and treated as follows: Group I, includes 12 

rats injected subcutaneously with 0.2 ml 

physiological saline for 30 days, followed by 

treatment with a daily dose of 20mg/kg 

melatonin, administrated I.P for the successive 

30 days; group II, includes 12 rats, injected 

with lead acetate 100 mg/kg/day s.c for 30 

days, followed by treatment with 

intraperotoneal injection of physiological 

saline (0.2 ml) for the next 30 days; group III, 

includes 12 rats injected with 100mg/kg lead 

acetate s.c daily for 30 days, followed by 

treatment with intraperotoneal injection of 

melatonin 20mg/kg/day for the latter 30 days. 

At the end of treatment period, the rats were 

sacrificed by an overdose (100mg/kg) of 

thiopental (twenty-four hour after the last 

injection). Craniotomy and laparotomy were 

performed to obtain the brains, livers and 

kidneys for the assessment of tissue damage. 

After animals were sacrificed, blood samples 

were obtained by heart puncture and 

immediately placed into two tubes; an EDTA 

tube to get whole blood for the estimation of 

lead by atomic absorption in the Poisoning 

Consultation Center [(PCC), Medical City/ 

Baghdad], Hb, PCV, MDA and GSH in RBCs. 

The second fraction was transferred into plane 

tube to obtain the serum for analysis of other 

parameters (ALT, AST, ALP, Urea, and 

creatinine). In the plane tube, blood allowed to 

clot and serum was separated after 

centrifugation for (15-20) minutes at 3000 rpm 

and the resulted serum was kept frozen at (-

18ºC) unless immediately analyzed was. 

Brains, livers, and kidneys were excised from 

each animal immediately, placed in chilled 

saline phosphate buffer solution, blotted with 

filter paper and accurately weighed. A 10% 

(W/V) tissue homogenate was prepared in 

phosphate buffer at 4
o
C, using metal head 

tissue homogenizer which was adjusted at set 

3 for one minute. All samples were kept 

frozen at (-18
 o

 C) unless analyzed 

immediately. Specimens from the brain, liver 

and kidneys were prepared for 

histopathological examination according to the 

method of Bauer 
(12)

, using paraffin sections 

technique.The significance of differences 

between mean values was calculated using 

unpaired Student's t-test and analysis of 
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variance (ANOVA). P values less than 0.05 

were considered significant for all data 

presented in the results. 

 

Results 
        Administration of 100mg/kg lead acetate 

s.c for one month and treatment with saline for 

another month resulted in significant reduction 

in body weight after two months (25%). 

Therapeutic treatment with 20 mg/kg 

melatonin I.P for one month after intoxicated 

of rats with lead acetate resulted also in 

significant reduction in total body weight 

(6%), this level seem to be less than that 

reported when lead acetate was administered 

with saline  (Table 1) .  Malondialdehyde 

(MDA) levels in the RBCs, brain, liver and 

kidney tissues were significantly elevated after 

exposure of animals to 100mg/kg lead acetate 

(479%, 109%, 178% and 101% respectively, 

p<0.05) compared with 20 mg/kg melatonin 

treated animals. Therapeutic treatment with 20 

mg/kg melatonin resulted in significant 

decrease in MDA levels in studied tissues 

(55%, 33%, 54% and 23% respectively, 

p<0.05) compared with animals challenged 

with 100 mg/kg lead acetate and saline only 

(Table 2).  

  

Table 1. Effects of therapeutic use of 20 mg/kg melatonin on the total body weight and the 

weights of brain, liver and kidney in rats previously intoxicated with 100 mg/kg lead acetate. 

 

Treatment 

groups 

Weight (g) Organ /body weight 

Pre-

treatment 

Post-

treatment 
Brain/body Liver/body Kidney/body 

Saline 

+Melatonin 

(20mg/kg) 

(n=12) 

353.3 ± 1.88 

 
385.8 ± 7.0 

a*
 

 
0.004 ± 0.0002 a 0.027 ± 0.0005

a
 0.003 ± 0.0001 

a
 

Lead acetate 

(100mg/kg) + 

Saline (n=7) 
349.8 ± 1.84

a
 263.5 ± 9.55 

b*
 0.0057 ± 0.0002

b
 0.05 ± 0.001

b
 0.005 ± 0.0002

b
 

Lead acetate 

(100mg/kg) + 

Melatonin(20mg

k) 

(n=10) 

351.0 ± 3.14
a
 330.0 ± 7.15 

c*
 0.004 ± 0.0001

c
 0.033 ± 0.001

c
 0.003 ± 0.0002

c
 

Data are expressed as mean ± SEM; n= number of animals;*Significantly different compared to pre-

treatement value(P>0.05) values with non-identical superscripts (a, b, c) within the same variable 

considered significantly different (P<0.05). 

 

 

Table 2. Effects of therapeutic use of 10 or 20 mg/kg melatonin on the malondialdehyde (MDA) 

in erythrocytes, brain, liver and kidney in rats previously intoxicated with 100 mg/kg lead 

acetate. 

Treatment groups 

Malondialdehyde (MDA) 

RBC 

(nmol/g 

Hb) 

Brain 

(nmol/g tissue) 

Liver 

(nmol/g tissue) 

Kidney 

(nmol/g tissue) 

Saline +Melatonin (20mg/kg) 

(n=12) 
5.4 ± 0.12

a
 48.9 ± 1.62

a
 52.7 ± 1.31

a
 24.4 ± 1.21

a
 

Lead acetate (100mg/kg) + 

Saline 

(n=7) 

31.2 ± 2.48
b
 101.9 ± 4.71

b
 144.8 ± 5.56

b
 49.1 ± 2.17

b
 

Lead acetate (100mg/kg) + 

Melatonin (20mgkg) 

(n=10) 

13.9 ± 0.83
c
 68.2 ± 1.89

c
 66.5 ± 2.13

c
 37.8 ± 1.87

c
 

Data are expressed as mean ± SEM; n= number of animals; values with non-identical superscripts (a, 

b, c) within the same variable considered significantly different (P<0.05). 
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Table 3. Effects of therapeutic use of 20 mg/kg melatonin on the glutathione (GSH) levels in 

erythrocytes, brain, liver and kidney in rats previously intoxicated with 100 mg/kg lead acetate. 

 

Treatment groups 

Glutathione (GSH) 

RBC 

(µmol/g Hb) 

Brain 

(µmol/g tissue) 

Liver 

(µmol/g tissue) 

Kidney 

(µmol/g tissue) 

Saline +Melatonin 

(20mg/kg) 

(n=12) 

13.9 ± 0.13
a
 11.8 ± 0.12

a
 8.9 ± 0.13

a
 7.8 ± 0.23

a
 

Lead acetate (100mg/kg) + 

Saline 

(n=7) 

3.2 ± 0.19
b
 4.4 ± 0.18

b
 3.3 ± 0.12

b
 4.1 ± 0.12

b
 

Lead acetate (100mg/kg) + 

Melatonin (20mgkg) 

(n=10) 

6.1 ± 0.14
c
 5.9 ± 0.11

c
 7.0 ± 0.09

c
 5.8 ± 0.10

c
 

Data are expressed as mean ± SEM; n= number of animals; values with non-identical superscripts (a, 

b, c) within the same variable considered significantly different (P<0.05). 

 

Daily treatment of rats with 100mg/kg lead 

acetate significantly reduces GSH levels in 

RBCs, brain, liver and kidney (77%, 63%, 

64%, and 48% respectively, p<0.05) compared 

with 20 mg/kg melatonin treated animals. 

Meanwhile therapeutic treatment with 20 

mg/kg melatonin, administered one month 

after lead acetate results in significant 

elevation of GSH in the studied tissues (88%, 

34%, 115% and 41% respectively, p<0.05) 

compared with lead acetate and saline treated 

animals  (table 3). Administration of 100 

mg/kg lead acetate to the rats result in 

significant decrease in Hb levels and PCV %( 

12% and 9% respectively, p<0.05), when 

compared with melatonin 20 mg/kg treated 

group (table 4). Exposure of animals to s.c 

injections of lead acetate (100 mg/kg) for one 

month and saline for another month produces 

significant elevation in the serum levels of 

hepatic enzymes activity (AST, ALT, 

ALP)(162%, 232%, and 102% respectively, 

p<0.05) compared with 20 mg/kg melatonin 

treated animals. Therapeutic administration of 

melatonin in a dose of 20 mg/kg (39%, 53% 

and 42%) significantly reduces enzymes 

activities both with respect to lead acetate and 

saline treated animal group and between each 

other (table 5). However, therapeutic treatment 

of animals with melatonin, one month after 

lead acetate challenge, significantly reduces 

serum levels of urea and creatinine in which 

the reduction were (28% and 25% 

respectively, p<0.05), the reduction in serum 

level of their parameters was significantly 

different when compared with lead acetate and 

saline treated animals and between each 

others( table 6). Lead acetate, when 

administered subcutaneously, in a consecutive 

100 mg/kg doses for one month and saline for 

another month produces significant elevation 

in blood lead levels (513%), and lead levels in 

brain, liver and kidney of these animals were 

also significantly elevated (3810%, 4736% 

and 2849% respectively, p<0.05) compared 

with 20 mg/kg only melatonin treated animals. 

Melatonin reduces lead levels significanty  in 

all studied compartments (blood 28%, brain 

46%, liver 40% and kidney 42%) compared 

with lead acetate and saline treated animals 

(table 7).  

 

Table 4. Effects of therapeutic use of 20 mg/kg melatonin on the hematological parameters of 

rats previously intoxicated with 100 mg/kg lead acetate for one month. 

 

Treatment Groups Hb (mg/dl) PCV % 

Normal saline + Melatonin (20 mg/kg) 

(n=12) 
14.6 ± 0.20

a
 44.3 ± 0.81

a
 

Lead acetate (100 mg/kg) + Saline 

(n=7) 
12.2 ± 0.29 

b
 37.3 ± 0.87

b
 

Lead acetate (100 mg/kg) + Melatonin (20 mg/kg) 

(n=10) 
13.6 ± 0.15 

c
 40.7 ± 0.72

c
 

Data are expressed as mean ± SEM; n= number of animals; values with non-identical superscripts (a, 

b, c) within the same variable considered significantly different (P<0.05). 
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Table 5. Effects of therapeutic use of 10 or 20 mg/kg melatonin on the liver enzymes (AST, ALT, 

and ALP) of rats previously intoxicated with 100 mg/kg lead acetate for one month. 

 

Treatment groups 
Liver enzymes level (U/L) 

AST ALT ALP 

Normal saline + 

Melatonin (20mg/kg) 

(n=12) 

55.0 ± 1.53 
a
 36.0 ± 1.30 

a
 95.6 ± 2.27 

a
 

Lead acetate (100mg/kg) + 

Saline 

(n=7) 

144.2 ± 3.87 
b
 119.8 ± 3.23 

b
 192.9 ± 3.44 

b
 

Lead acetate (100mg/kg) + 

Melatonin (20mgkg) 

(n=10) 

87.7 ± 2.71 
c
 56.8 ± 2.14 

c
 112.5 ± 3.33 

c
 

Data are expressed as mean ± SEM; n= number of animals; values with non-identical superscripts (a, 

b, c) within the same variable considered significantly different (P<0.05). 

 

 

Table 6. Effects of therapeutic use with 10 or 20 mg/kg melatonin on serum urea and creatinine 

of rats previously intoxicated with 100 mg/kg lead acetate for one month. 

 

Treatment groups 
Serum urea 

 (mmol/L) 

Serum creatinine 

 (µmol/L) 

Normal saline + Melatonin (20mg/kg) 

(n=12) 
5.4 ± 0.13 

a
 72.8 ± 2.61 

a
 

Lead acetate (100mg/kg) + Saline 

(n=7) 
11.9 ± 0.62 

b
 190.7 ± 11.39 

b
 

Lead acetate (100mg/kg) + Melatonin (20mgkg) 

(n=10) 
8.5 ± 0.24 

c
 142.2 ± 4.73 

c
 

Data are expressed as mean ± SEM; n= number of animals; values with non-identical superscripts (a, 

b, c) within the same variable considered significantly different (P<0.05). 

 

 

Table 7. Effects of therapeutic use of 10 or 20 mg/kg melatonin on lead levels in blood, brain, 

liver and kidney of rats previously intoxicated with 100 mg/kg lead acetate for one month. 

 

Treatment groups 

Lead level 

Blood 

(μg/dl) 

Brain 

(μg/gm) 

Liver 

(μg/gm) 

Kidney 

(μg/gm) 

Saline + 

Melatonin (20mg/kg) 

(n=12) 

12.98 ± 0.29 
a
 0.9 ± 0.05 

a
 2.18 ± 0.1 

a
 8.23 ± 0.26 

a
 

Lead acetate (100mg/kg) 

+ 

Saline 

(n=7) 

79.54 ± 3.51 
b
 35.19 ± 1.33 

b
 105.43 ± 2.98 

b
 242.69 ± 2.28 

b
 

Lead acetate (100mg/kg) 

+ 

Melatonin (20mgkg) 

(n=10) 

57.48 ± 2.15 
c
 18.92 ± 0.83 

c
 63.38 ± 1.88 

c
 141.57 ± 2.1 

c
 

Data are expressed as mean ± SEM; n= number of animals; values with non-identical superscripts (a, 

b, c) within the same variable considered significantly different (P<0.05). 
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Sections prepared from livers of rats, 

previously intoxicated with lead acetate 100 

mg/kg, treated with saline for one month, 

showed a wide area of normal appearance with 

presence of small area of degeneration and 

necrosis with inflammatory cells infiltration 

(figure 1). Meanwhile, treatment of rats with 

20 mg/kg melatonin previously intoxicated 

with 100 mg/kg lead acetate for one month, 

the liver sections showed normal structure 

appearance with few discrete degenerative 

changes (figure 2).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (1).     Section of liver tissue showing 

a wide area of normal appearance with 

presence of small area of degeneration  and 

necrosis (arrow A) with inflammatory cells 

infiltration (arrow B) in rats treated with 

saline previously intoxicated with 100mg/kg 

lead acetate for one month. Magnification: 

200X (hematoxylin and eosin stain). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (2). Section of liver tissue showing 

normal histology with appearance of few 

discrete degenerative changes (arrow) in 

rats treated with 20 mg/kg melatonin 

previously intoxicated with 100mg/kg lead 

acetate for one month. Magnification: 200X 

(hematoxylin and eosin stain). 

Sections prepared from kidneys of rats treated 

with saline and previously intoxicated with 

100 mg/kg lead acetate for one month, showed 

mild degenerative changes and necrosis in the 

kidney tubules (figure 3). Meanwhile, 

administration of 20 mg/kg melatonin to group 

of rats previously intoxicated with lead acetate 

100 mg/kg, the kidney sections showed 

normal histology but still there is slight 

dilatation of the renal tubules (figure 4). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (3). Section of kidney tissue showing 

mild degenerative changes (arrow A) and 

necrosis (arrow B) in the kidney tubules in 

rats treated with saline previously 

intoxicated with 100mg/kg lead acetate for 

one month. Magnification: 200X 

(hematoxylin and eosin stain). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (4). Section of kidney tissue showing 

normal histology but still there is slight 

dilatation of renal tubules (arrow) in rats 

treated with 20 mg/kg melatonin previously 

intoxicated with 100mg/kg lead acetate for 

one month. Magnification: 200X 

(hematoxylin and eosin stain).  
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Discussion 
        Daily administration of 100 mg/kg lead 

acetate to rats, reduce their total body weights 

compared with control animals with 

subsequent elevation of organ/body weight 

ratios, and treatment with melatonin restores 

body weights and the impaired organ/total 

body weight ratio. Lead poisoning is very well 

known to affect numerous organ systems, and 

is associated with a number of morphological, 

biochemical and physiological changes that 

include kidney dysfunction, impaired glucose 

metabolism, CNS disturbances, impairment of 

liver function and hematological disorders
 (13)

. 

Among their effects, the impaired glucose 

metabolism is considered as a major pathway 

that may be followed by changes in total body 

or organ weights; in this respect intoxication 

with lead reduces the rate of glucose 

metabolism, with consequent reduction of the 

required energy for many anabolic process, 

and the profound decrease in serum glucose 

level which is reported in rabbits intoxicated 

with lead, might also be a cause for tissue 

wasting due to inappropriate availability of 

energy. The findings of the present study are 

found compatible with those reported by 

others 
(14)

, where loss of total body weight is 

found parallel with the increase in blood lead 

levels; furthermore, the increase in oxidative 

stress exhibited contributing factor, where 

lipid peroxidation might predispose to 

perturbation in the content of lipids in many 

organs and tissues. Exposure to lead acetate 

significantly elevates MDA levels in 

erythrocytes, brain, liver and kidney; while 

therapeutic use of melatonin results in 

significant reduction in the MDA levels in all 

compartments compared with control groups; 

their results are found compatible with those 

reported previously
 (15)

. In this respect also, 

lead depletes the natural antioxidant molecule, 

the glutathione in the erythrocytes, brain, liver 

and kidney, and the use of melatonin 

therapeutically improves the levels of this 

antioxidant thiol in their compartments; their 

results are in agreement with those reported by 

others
 (16)

. Lead-induced enhancement of lipid 

peroxidation is a major mechanism for some 

of the toxic effects of lead in different organ 

and tissues have certainly been suggested 

earlier 
(17)

. Lead crosses the blood brain barrier 

and causes immediate effects by altering the 

metabolism and physiology of the brain and 

other organs like liver and kidney. One likely 

molecular mechanism involved in lead toxicity 

is the disruption of the pro-oxidant/ 

antioxidant balance 
(18)

 which leads to tissue 

injury via oxidative damage to critical 

biomolecules such as lipids, proteins, and 

DNA. After absorption of lead into the blood, 

99% of lead is bound to erythrocytes and the 

remaining 1% stay in plasma to be carried to 

other tissues. Decreased hematocrit and 

hemoglobin levels might arise from reduction 

in serum copper as well as reduced iron 

metabolism and consumption induced by lead
 

(19)
. Development of anemia in lead toxicity 

may be attributed to the decreased red blood 

cell survival because of the increased 

membrane fragility, reduced RBC count, 

decreased hemoglobin production, or 

summation of all these factors 
(20)

. The 

activities of serum enzymes AST, ALT, and 

ALP showed significant elevation in rats 

exposed to lead, administration of melatonin 

reduces these activities but remain 

significantly elevated when compared with 

control groups, these findings are compatible 

with other previous studies  
(21)

. Increasing the 

activities of AST, ALT and ALP in serum was 

most likely a consequence of the hepatotoxic 

effect of lead, the accumulated lead in the liver 

directly damaging the hepatocytes, primarily 

by destroying the permeability of the cell 

membrane, which results in the increased 

release of cytosolic enzymes AST, ALT and 

ALP into the circulation. The results of the 

present study demonstrated significant 

increase in both urea and creatinine levels in 

the serum of rats exposed to 100mg/kg lead 

acetate daily for one month, indicating renal 

damage. Lead poisoning causes renal 

dysfunction and such type of toxicity might be 

due its ability to cause oxidative damage to the 

renal tissue, which includes enhanced lipid 

peroxidation, DNA damage and the oxidation 

of protein sulfhydryl groups
(22)

.Lead is a 

pervasive environmental pollutant known to 

induce a broad range of physiological, 

biochemical and behavioral dysfunction in 

human and laboratory animals. Based on the 

present results, it seems that lead levels in 

blood and tissues became significantly 

elevated when compared with control and 

melatonin treated groups, and in agreement 

with other previous studies 
(23)

. The results of 

the present study enables the conclusion that 

melatonin, attenuates and reverses the tissue 

damage induced in experimental animals by 

lead acetate, and the therapeutic use of this 

pleiotropic hormone support the idea of the 

oxidative stress-induced damage due to lead 

toxicity. 
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Abstract:  
           Breast cancer is the second most common cancer in women world. Multiple Cytokines appear to 

have a dominant role in human breast cancer formation. Estimation of the in situ expression of  IL-6 

and IL-1β in breast cancer patients. A sixty patients with breast cancer BC were divided into two 

clinical subgroups, (30) with malignant breast cancer MBC and (30) with benign breast tumor as a 

control group according to histological examination. In situ hybridization technique used for detection 

of IL-6 and IL-1β mRNA sequence in two groups.  The results showed that percentages of mRNA 

expression of IL-6 and IL-1β were in (≥ 11-50%) for malignant breast cancer. This research also 

investigated that (73.3%) of benign breast tumor were expression less than (<10%) for   IL-6 and IL-1 

β mRNA. The ISH expression  of the mean percentages of IL-6 and IL-1 β   were higher levels in 

malignant  breast cancer  patients ( 48.13 and 56.07 ,respectively) than benign  tumor (2.73 and 1.40 

,respectively), with highly significantly differences (P<0.01) of  ISH expression for  IL-6  and IL-1 β 

mRNA among two studied groups., the expression   of IL-6 and IL-1 β mRNA   are significantly 

elevated in the tissue of breast cancer patients compared with benign tumor and was found a significant 

correlation between the expression of IL- 6 and IL-1β mRNA in the tissue of breast cancer patients, 

thus the results of the present study might be explain the pathological role of these two cytokine in 

breast cancer. 

Key words: IL-6 mRNA, IL-1β mRNA, Breast cancer, ISH. 

 

 الخالصة 
ٯوزجش عشؿب١ اٛضذ٭ صب٣ٮ االٟشاع اٛغشؿب٣ٰخ ا٣زشبسا ه٤ذ ا٤ٛغبء ُٮ اٛوبٛٞ . ٩رٜوت اٛوذٯذ ٟز٢ اٛغزبٯز٪٤ٰٗبد د٩سا اعبعزٰب ُزٮ                 

ثٰززب ٛزذ٫ ٟشػز٬ عزشؿب١      ٩1  6 -ا٨ٛذٍ ٢ٟ اٛجحزش ٧ز٪ اٛزحزش٭ هز٢ اٛزوجٰزش ُزٮ ا٠ٛ٪ػزن ٛ٘زٚ ٟز٢ ا٣زشٛز٪٢ٰٗ            ر٘٪ٯ٢ عشؿب١ اٛضذ٭ .

( ٟشٯؼخ ٟظبثخ ثغشؿب١ اٛضزذ٭ رزٞ رٔغز٨٠ٰٞ اٛز٬ ٟغ٠ز٪هز٢ٰ اهز٠زبدا هٜز٬ اِٛحزض ا٤ٛغزٰغٮ ، ا٠ٛغ٠٪هزخ           60ش٠ٜذ اٛذساعخ )   .اٛضذ٭ 

( ٟشٯؼخ  ٟظبثخ ث٪سٝ ح٠ٰذ . رٞ اعززخذاٝ  ر٤ٰٔزخ اٛزوجٰزش    ٠30غ٠٪هخ اٛضب٣ٰخ )(  ٟشٯؼخ ٟظبثخ ثغشؿب١ اٛضذ٭ اٛخجٰش ، ٩ا30ٛاال٬ٛ٩ )

ثٰززززب ُزززٮ ا٠ٛٔزززبؿن ا٤ٛغزززٰغٰخ ٜٛ٘ززززب  ٩1  6-ُززٮ ا٠ٛ٪ػزززن ٜٛزحزززش٭ هززز٢ اٛحزززبٟغ ا٤ٛززز٪٩٭ اٛشاٯج٪عززز٪ٟٮ  ا٠ٛشاعزززٚ ٛ٘ززٚ ٟززز٢ ا٣زشٛززز٪٢ٰٗ   

% ( ه٤ززذ ٟغ٠٪هززخ ٟشٯؼززبد عززشؿب١ اٛضززذ٭  50-11)≤ ثٰزززب ٧ززٮ  ٩1 6-ا٠ٛغ٠زز٪هز٢ٰ . اك٨ززشد اٛذساعززخ ا١ ٣غززجخ اٛزوجٰززش ٛال٣زشٛزز٪٢ٰٗ 

ثٰززب .   1-٩ا٣زشٛ٪٢ٰٗ  6-% ٢ٟ ٟشٯؼبد اٛ٪سٝ اٛح٠ٰذ ٛ٘ال ٢ٟ ا٣زشٛ٪٢ٰٗ  73.3%( ٛـــــــ 10اٛخجٰش ث٠٤ٰب ٗب٣ذ ٣غجخ اٛزوجٰش ٧ٮ )>  

(هٜز٬   ٩56.07  48.13)    ثٰزب ٠ٛغ٠٪هخ اٛز٪سٝ اٛخجٰزش   ٩1 6-٩ث٤ٰذ  ر٤ٰٔخ اٛزوجٰش ُٮ ا٠ٛ٪ػن  ٟوذٙ ٣غت  ٟئ٪ٯخ هبٰٛخ  أل٣زشٛ٪٢ٰٗ 

( ه٬ٜ اٛز٪اٛٮ ٧٩ز٥ االخزالُبد ادد اٛز٬  ك٨ز٪س ُش٩ٓزبد     ٩1.40  2.73اٛز٪اٛٮ ٟٔبس٣خ ث٠غ٠٪هخ اٛ٪سٝ اٛح٠ٰذ ٩اٛزٮ شٜ٘ذ ا٤ٛغت    )

ا٣زشٛز٪٢ٰٗ  ٩  6 -( .ٗزٖٛ ث٤ٰذ اٛذساعخ ٩ع٪د هالٓخ ٟ٪عجخ ٟو٤٪ٯخ ثز٢ٰ اٛزوجٰزش أل٣زشٛز٪٢ٰٗ     0.01ٟو٤٪ٯخ هبٰٛخ ه٤ذ ٟغز٪٫ ٟو٤٪ٯخ) > 

ثٰزب ُٮ ا٠ٛٔبؿن ا٤ٛغٰغٰخ ٠ٛشٯؼبد عشؿب١ اٛضذ٭ .٧٩٘زا ُأ١  ٣زبئظ اٛذساعخ اٛحبٰٛخ ٓذ ر٪ػح اٛذ٩ساالٟشاػٮ  ٨ٛززٯ٢ ا٤ٛز٪ه٢ٰ ٟز٢     1-

   اٛغبٯز٪٤ٰٗبد ُٮ ر٘٪١ عشؿب١ اٛضذ٭ ٩رـ٪س٥ .                                  

 

Introduction  
         Breast cancer is the most frequently 

diagnosed cancer and the second leading cause 

of death after lung cancer in women 
(1)

. There 

is strong evidence that the tumor growth can 

be actively controlled by host immune 

system
.(2)

 . Cytokines are known to have both 

stimulatory and inhibitory effects on breast 

cancer growth depending on their relative 

concentrations and the presence of other 

modulating factors in the tumor 

microenvironment. Certain cytokines appear to 

prevent an effective immune response being 

mounted; permitting cancer growth, whereas 

others promote the immune system's anti-

tumor capability 
(
³
)
 .Interleukin-6 (IL-6) is a 

cytokine with multiple biologic activities on a 

variety of cells. It is produced by 

macrophages, T cells, B cells, endothelial cells 

and tumor cells. IL-6 is able to promote tumor 

growth by upregulating antiapoptotic and 

angiogenic proteins in tumor cells.  
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It is associated with worse survival in patients 

with metastatic breast cancer and is correlated 

with the extent of disease 
(4)

. In human breast 

cancer, an important role of IL-1β and IL-1RA 

mRNA expression was noted in various studies 
(5)

, Interleukin-1β is a highly inflammatory and 

prototypical multifunctional cytokine that 

affects nearly all cell types, often in concert 

with other cytokines or small mediator 

molecules. IL-1β elicits important proinfla-

mmatory and immunological responses, such 

as fever, hypotension, increasing circulating 

NO, recruiting neutrophils,and costimulating T 

cell activation by increasing IL-2R expression 

and inducing IL-2 production 
(6)

. The basis of 

the various biologic properties of IL-1β 

depends on its regulatory effects on the 

expression of various genes and/or receptors. 

IL-1β induces the gene expression of the   IL-1 

family, other inflammatory cytokines, colony 

stimulating factors, and mesenchymal growth 

factors 
(7).

This study aimed at estimation of the 

in situ expression of IL-6 and IL-1β in 

malignant breast cancer patients comparing to 

the benign breast cancer and find out the 

correlation between these two marker in 

malignant and benign patients.  

 

Materials and Methods 
         Sixty Iraqi patients with breast cancer 

who were admitted to  AL -Yarmook and 

Baghdad Teaching Hospital. Patients with 

breast cancer (BC) were divided into two 

clinical subgroups according to histological 

examination: (30) with malignant breast cancer 

and (30) with benign breast tumor as a control 

group. Fresh samples were obtained during 

routine examination of surgically removed 

tissue, each specimen was fixed in 10% 

formalin then processed paraffin wax 

embedded section and cut into 5µm thickness, 

put on Fisherbrand positively charged slides 

for our research. In situ hybridization: For in 

situ hybridization technique (ISH), DNA Probe 

Hybridization/Detection System in situ kit 

(Maxim Biotech, Inc., USA) was used.The 

probes were biotin-labeled DNA probes for 

human IL-6 (360 bp), and human IL-1β  (556 

bp), (Maxim Biotech, Inc., USA). In situ 

hybridization (ISH) is a technique used the 

high specificity of complementary  nucleic 

acid binding to detect specific DNA or RNA 

sequence in the cell 
(8)

 For detection of this 

markers, the biotinylated DNA probe hybridize 

the target sequence (IL-6 and IL-1β mRNA 

sequence) then a streptavidin-AP (streptavidin 

- alkaline phosphatase) conjugate is applied 

followed by addition of the substrate promo-

chloro-indolyl-phosphate /nitro- blutetrazolium 

(BCIP/NBT)which yields an intense blue- 

black signal appears at the specific site of the 

hybridized  probe 
(9)

 . This directly 

streptavidin-AP conjugate like the biotinylated 

probe provides a rapid and highly sensitive 

detection method.Evaluation of ISH signal was 

done with the assistance of a histopathologist 

.The expression of both IL-6 and IL-1β mRNA 

was measured by the same scoring system, 

counting of the number of the positive cells in 

the tissue that has given a blue-black 

(BCIP/NBT) nuclear staining under the light 

microscope. The score was the average from 

10 distinct high-power fields observed under 

×100 magnification. The percentage of 

positively stained cell was calculated for each 

case by taking the mean of the percentages of 

the positively stained cell in the 10 fields. A 

score of 0 was given when no staining was 

detected, 1 if there was weak to moderate 

staining in less than 10% of cells, 2 if 

moderate to strong staining was present in 11 

to 50% of cells, and 3 if strong staining in 

more than 50% of cells was detected 
(10)

. 

Statistical Analysis 
         The suitable statistical methods were 

used in order to analyze and assess the results. 

Descriptive statistics results presented as  

percentages  of frequencies ,mean, SD, SEM, 

minimum & maximum levels .Inferential 

statistics  used to accept or reject the statistical 

hypotheses, includes: Chi-square (χ
2
),T-  

test.Pearson Correlation (r). P - value < 0.05 

and P < 0.01 were considered statistically 

significant. 
(11).

 

Results  
         The expression of IL-6 and IL-1β were 

detected by ISH technique. Tables 1 and 2 

show the percentage of frequency scoring for 

IL- 6 and IL-1β mRNA expression among 

study groups, respectively. Chi-square test was 

conducted to examine the association between 

IL-6  and IL-1β mRNA expression in the tissue 

in the two groups of investigated women ,it 

was found that highly significant association  

(p<0.01) between them among  the four 

scoring levels. The results showed that 

percentages of mRNA expression of  IL-6 and 

IL-1β were in ( ≥ 11-50%) for malignant breast 

cancer. This research also investigated that 

(73.3%) of benign breast tumor were 

expression less than  (<10%)  for   IL-6 and 

IL-1 β mRNA. On the other hand, the mean 

percentages of these two cytokines was 

significantly higher(p<0.001) in malignant 

breast cancer  compared with benign tumor  as 

demonstrated in  (Table 3) . The expression of 

IL-6 and IL-1β was heterogeneous blue-black 

nuclear staining in the tissue, as shown in 

Figure (1). In addition, this study demonstrated 

highly significant positive correlation (P<0.01) 
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between IL-6 and IL-1β in two studied groups, as shown in (Table 4) and Figure (2).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (1): Detection of IL-6and IL-1β in studied groups by in situ hybridization 

(ISH).  Staining of IL-6 and IL-1β mRNA by BCIP/NBT (blue-black)counterstained 

with nuclear fast red. (A) Tissue from breast cancer patients shows positive IL-6 

hybridization signals (X400). (B) Tissue from breast cancer patients shows positive IL-1 β 

hybridization signals (X400). (C) Negative control tissue. 
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Table (1): Distribution of ISH%IL-6 among studied groups 

(Malignant breast cancer & Benign breast tumor patients). 

      * = breast cancer   ** = breast tumor  

 

 

Table (2):  Distribution of ISH%IL-1β among studied groups 

(Malignant breast cancer & Benign breast tumor patients). 

       * = breast cancer   ** = breast tumor 

 

 

Table (3): Mean of ISH%IL-6 & IL-1β levels among studied groups 

(Malignant breast cancer & Benign breast tumor patients) 

              Studied groups 

 

Interleukins    

Malignant  

BC* 

N=30 

Benign 

  BT** 

N=30 

 

           (T-test) 

 

P-value Sig. 

ISH%IL-6 

Mean 

SD 

SEM 

Mini.─ Maxi. 

 

48.13   21.03 

3.84 

15 ─ 85 

 

2.73 

2.49 

0.45 

0 ─ 8 

 

 

0.00 

 

 

Highly Sig. 

(P<0.01) 

ISH%IL-1β 

Mean  

 SD 

SEM 

Mini.─ Maxi. 

 

56.07 

17.87 

3.26 

20 ─ 86 

 

1.40 

1.13 

0.21 

0 ─ 3 

 

 

0.00 

 

 

Highly Sig. 

(P<0.01) 

* = breast cancer   ** = breast tumor 

 

 

 

 

 

ISH%IL-6 

groups 

Studied groups Total Comparison of significant 

Malignant BC* Benign BT** P-value Sig. 

0% 

 

N 0 8 8  

 

 

0.00 

 

 

 

Highly Sig. 

(P<0.01) 

% 0 26.7 13.3 

< 10 % 

 

N 0 22 22 

% 0 73.3 36.7 

11-50 % 

 

N 16 0 16 

% 53.3 0 26.7 

>50% N 14 0 14 

% 46.7 0 23.3 

Total N 30 30 60  

% 100 100 100 

ISH%IL-1β 

groups 

Studied groups Total Comparison of significant 

Malignant BC* Benign BT** P-value Sig. 

0% 

 

N 0 8 8  

 

 

0.00 

 

 

 

Highly Sig. 

(P<0.01) 

% 0 26.7 13.3 

< 10 % 

 

N 0 22 22 

% 0 73.3 36.7 

11-50 % 

 

N 11 0 11 

% 36.7 0 18.3 

>50% N 19 0 19 

% 63.3 0 31.7 

Total N 30 30 60  

% 100 100 100 
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Table (4): Correlation between ISH%IL-6 level & ISH%IL-1β level among 

total breast cancer patients, Benign BC patients & Malignant BT patients. 

Pearson 

Correlation 

Total Malignant  

B C*  

Benign 

 BT**  

ISH%IL-

6 level 

ISH%IL-

1β level 

ISH%IL-

6 level 

ISH%IL-

1β level 

ISH%IL-

6 level 

ISH%IL-

1β level 

r 0.893 0.576 0.516 

P-value 0.00 0.001 0.004 

Sig. Highly Sig. (P<0.01) Highly Sig. (P<0.01) Highly Sig. (P<0.01) 

* = breast cancer   ** = breast tumor 
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Figure (2): Correlation between ISH%IL-6 

level and ISH%IL-1β level among total 

breast cancer patients, Benign BT 

patients& Malignant BC patients. 

 

Discussion 
         Cytokines in general are thought to be

 

involved in numerous physiologic and 

pathologic conditions.
 
Among cytokines, IL-1β 

and IL-6 probably seem to play the most
 

important role in breast carcinogenesis 
(12; 13) 

.In the present study, IL-6  and IL-1β mRNA 

expression was examined by in situ 

hybridization technique  in tissue of malignant 

breast cancer compared with benign tumor . 

The IL-6 and IL-1β were expressed in a higher 

percentage in breast cancer tissue compared to 

benign tumor and we found the positive 

expression of   IL-6 mRNA  and IL-1β mRNA  

among malignant breast cancer were  46.7%  

and  63.3% were more than fifty percent 

(>50%),respectively . This  results suggests 

that  IL-6 and IL-1β  are over expressed in 

breast carcinoma compared to benign tumor 

and  might  play a pathological role in  

malignant  breast cancer. Evidence supporting 

this suggestion includes the fact that in human 

breast cancer, the elevated expression of IL-6 

and IL-1β were observed in breast carcinoma 

tissues 
(5; 14; 15; 16) 

and in serum 
(17; 18)

 .Several 

studies suggest that the IL-1 system is vital in 

the local control of tumor growth, important in 

regulating ‗‗protumorigenic‘‘ activities within 

the tumor microenvironment, and contributes 

to angiogenesis, tumor proliferation, and tumor 

invasion 
(19; 20; 21)

. Furthermore, IL-1ß and IL-6 

cause tumor regression and increase median 

survival time in a variety of cancer patients. In 

contrast, elevated circulating concentrations of 

growth factors such as IGF-I are a surrogate 

risk for cancers of the breast 
(22; 23; 24)

. It is 

noteworthy that IL-1 β is a prototypical 

proinflammatory cytokine that exerts a 

plethora of biological activities, including 

tumor regression 
(25)

. The tumor-suppressing 

property of IL-1 β has been attributed mostly 

to its ability to prime antitumor immunity 
(26)

, 

but the mechanism for its direct cytostatic 

actions in suppressing cell cycle progression is 

largely unknown. The antiproliferative action 

of IL-1 β on human breast cancer cells is 

exhibited not by killing the cells but rather by 

preventing the ability of the late G1 

progression factor, insulin-like growth factor 

(IGF)-I, to promote progression from late G1 

into the S phase of the cell cycle 
(27) 

.This 

cross-talk between proinflammatory cytokine 

and growth factor receptors is similar in 

principle to that between the B cell receptor 

and the 2-adrenergic receptor for the 

neurotransmitter norepinephrine 
(28) 

and that 

between the IGF-I receptor and integrin-

associated protein for thrombospondin-1 
(29)

 

.Moreover, the role of the IL-1 system in 

human breast cancer is conflicting. IL-1 has 

been shown to inhibit growth of breast cancer 

cells and to promote cellular differentiation in 

vitro, but it is equally known to stimulate the 

expression of several proteolytic enzymes in 

human cancer 
(30;31) 

.The consecutive 

degradation of extracellular matrix is a key 

element of local invasion and metastasis 
(32, 33) 

.In addition, they are many confounding 

studies about the role of IL-6 and   IL-1β in 

tumor cell growth, but its exact role remains 

varied and unclear 
(19; 34)

. It appears that the 

effect of IL-6 on tumor cell growth may 

depend on the tumor cell type, IL-6 plays a 
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new role in cancer biology; it promotes 

multidrug resistance 
(34)

 and it has been shown 

to be involved in intercellular signaling 

between mesenchyme and breast cancer 

epithelium.. These display an oncogenic role 

for IL-6; however, lacking is an understanding 

of the mechanisms governing IL-6 production 

in tumors and the biological role of this 

cytokine in tumorigenesis 
(19, 35)

. The human 

IL-6 shows antiadhesive effects, and 

modulates the estrogen receptor and 

progesterone receptor content of these cells 
(35) 

.The elevated expression of IL-6 has been 

detected in multiple epithelial tumors 
(36) 

.An 

interesting finding , in the current study that in 

situ expression of IL-6 was significantly 

correlated  (p< 0.01) with in situ expression of 

IL-1β (r= 0.576 ; p< 0.01) in malignant breast 

cancer . This results indicating that IL-6 and 

IL-1 β are strongly interact with each other and 

act synergistically, subsequently increasing 

their effect. This finding in agreement with 

that of Robison  and colleagues who reported  

that a significant  correlation between  IL-6 

and IL-1 immunoreactivity 
(13) 

, thus both ILs, 

i.e., IL-1β and IL-6 have been shown to be 

strongly interact and to act additively in breast 

carcinogenesis, subsequently inhibiting tumor 

growth 
(37) 

.  In conclusion, in this study both 

IL-6 and IL-1 β mRNA  showed   the 

significant increased expression in the tissue of 

malignant breast cancer patients compared 

with benign tumor , this might be implicated in 

the development of malignant breast cancer. 

Although a significant positive correlation 

between these two markers in all studied 

group, this might reflect a close relation 

between these two parameters. 

 

 

References 
1. Cotran, R. S. and Lester, S. C: Risk 

factors of breast cancer In Robbins 

pathologic basis of diseases. (Editors) 

Cotran R, Cumar V and Collins T. (6th 

edition) WB Saunders. Ch (1999) 25 

P1093. 

2. Mirjana, U. and Reinhard, D. HLA-G & 

IL-10 expression in human cancer. 

Seminar in cancer biology. (2003) 13: 

337- 342. 

3. Raov. S. R.
 
 ; Dyer C. E.; Jameel J. K. A.

 
 ; 

Drew P. J.
 

and Greenman J. Potential 

prognostic and therapeutic roles for 

cytokines in breast cancer Oncology 

reports   , (2006) 15 9 (1):179-185. 

4. Salgado, R.; Junius, S.; Benoy, I.;Van 

Dam, P.; Vermeulen, P.; Van Marck, E.; 

Huget, P. and Dirix LY .Circulating 

interleukin -6 predicts survival in patients 

with metastatic breast cancer. Int J cancer. 

(2003)103 (5):642-6. 

5. Pantschenko, A.G., Pushkar, I., Anderson, 

K.H., et al. The interleukin-1family of 

cytokines and receptors in human breast 

cancer: implications for tumor 

progression.Int JOncol;(2003) 23: 269-84. 

6. Saijo, Y.; Tanaka,  M.; Miki , M.; Usui, 

K.;  Suzuki, T.;  Maemondo, M.; Hong, 

X.; Tazawa,R.; Kikuchi, T.;  Matsushima, 

K.and Nukiwa, T. Proinflammatory 

Cytokine IL-1_ Promotes Tumor Growth 

of Lewis Lung Carcinoma by Induction of 

Angiogenic Factors: InVivo Analysis of 

Tumor-Stromal Interaction1  The Journal 

of Immunology, .(2002)  169: 469–475. 

7. Tamura, M., Arakaki, N., Tsubouchi, H., 

Takada, H. & Daikuhara. Y. Enhancement 

of human hepatocyte growth factor 

production by interleukin-1β and -1RA 

and tumor necrosis factor-_ by fibroblasts 

in culture. J. Biol.Chem. (1993) 268:8140. 

8. Maritette, P.C.; Roeland. H.D.; Rob, P.M., 

G.; Van Erica, B.; Clavida, M.H.;   

Roelof, A.P.; Jim, E.L. and Anton, K.R  

Sensitive mRNA detection fluorescence in 

situ hybridization using horseradish 

peroxidase – labeled Oligodeoxy 

nucleotides and tyramid signal 

amplification. J. Histochem. Cytochem. 

(1998) 46: 1249-1259.  

9. Yoshiyyki, R.O.; Yoshiko, I. and Akira, 

M. Aplication of plastic embedding to 

electron microscopic mmunocyto-

chemistry and in situ hybridization in 

observation of production and secretion of 

peptide hormones. J. Histochem. 

Cytochem. (2002) 98: 885-891. 

10. Nakopoulou, L.; Lazaris, A.C.; Kavantzas, 

N.; Alexandrou, P.; Athanassiadou, P.; 

Keramopoulos, A. and Davaris, P. DNA 

topoisomerase II-αimmunoreactivity as a 

marker of tumor aggressiveness in 

invasive breast cancer. Pathobiology, 

(2000)  68:137-143 

11. Sorlie, D.E..Medical biostatistics and 

epidemiology: Examination & board 

review. First ed. Norwalk, Connecticut, 

Appleton & Lange. (1995):47-88. 

12. Purohit A, Newman SP and Reed MJ The 

role of Cytokines in regulating estrogen 

syntheses: implications for the etiology of 

breast cancer. Breast Cancer Res; (2002) 

4(2): 65-69. 

13. Robinson, E.K.; Sneige, N. and Grimm, 

E.A. Correlation of interleukin 6 with 

interleukin 1 in human mammary tumours, 

but not with oestrogen receptor 

expression. Cytokine (1998)10:970–6. 



Iraqi J Pharm  Sci, Vol.17 (2) , 2008 Il-6, Il-1, ISH, Breast Cancer     

61 

14.  Basolo, F., Fiore, L., Fontanini, G., 

Conaldi, P., Calvo, S., Falcone, V., and 

Toniolo,A. Expression of and response to 

interleukin-6 (IL6) in human mammary 

tumorsCancer Res., (1996) 56: 3118–3122 

15.  Sotiriou, C., Lacroix, M., Lagneaux, L., 

Berchem, G., Body, J.J. The aspirin 

metabolite salicylate inhibits breast cancer 

cells growth and their synthesis of the 

osteolytic cytokines interleukins- 6 and -

11, Anticancer Res. (1999) 19: 2997-3006. 

16. Bozcuk, H.; Uslu, G.; Samur, M. and  et 

al. Tumour necrosis factor-, interleukin-6, 

and fasting serum insulin correlate with 

clinical outcome in metastatic breast 

cancer patients treated with chemotherapy. 

Cytokine (2004) 27:58–65. 

17. Hong, D.S., Angelo, L.S., and Kurzrock, 

R). Interleukin-6 and its receptor in 

cancer: implications for translational 

therapeutics. Cancer. . (2007)doi :10. 

1002/cncr.22999. 

18. Schafer, Z.T. and Brugge, J.B. IL-6 

involvement in epithelial cancers.The 

Journal of Clinical Investigation. (2007)  

117 (12). 

19. Danforth, D.N.  and Sgagias, M.K.  

Interleukin-1a and interleukin-6 act 

additively to inhibit growth ofMCF-7 

breast cancer cells in vitro. Cancer Res ;( 

1993) 53: 1538- 45. 

20. Miller,LJ.; Kurtzman,S.H.;Anderson, K. 

and et al. Interleukin-1 family expression 

inhuman breast cancer: interleukin-1 

receptorantagonist.Cancer Invest; (2000) 

18: 293-302. 

21. Hefler,L.A.,Grimm, C., Lantzsch , T., 

Lampe,D., Leodolter, S., Koelb,H., 

Heinze,G., Reinthaller,A., Cacsire,D.T. , 

Tempfer,C., &Robert Interleukin-1and 

Interleukin-6 Gene Polymorphisms and 

the Risk of Breast Cancer in Caucasian 

Women .Clin Cancer Res; (2005)11(16) 

5718-5721.  

22. Elkordy, M.; Crump, M.; Vredenburgh, J. 

J.; Petros, W. P.; Hussein, A.; Rubin P.; 

Ross, M.; Gilbert, C.; Modlin, C.; 

Meisenberg, B.; Coniglio, D.; Rabinowitz, 

J.; Laughlin, M.; Kurtzberg, J.and Peters, 

W. P. A phase I trial of recombinant 

human interleukin-1 ß (OCT-43) 

following high-dose chemotherapy and 

autologous bone marrow transplantation. 

Bone Marrow Transplant., .( 1997) 19: 

315-322,  

23. Hankinson, S. E.;Willett, W. C.; Colditz, 

G. A.; Hunter, D. J.; Michaud, D. S.; 

Deroo, B.; Rosner,B.; Speizer, F. E.and 

Pollak, M.Circulating concentrations of 

insulin-like growth factor-I and risk of 

breast cancer. Lancet. (1998).  351: 1393-

1396,  

24. Bracho, F.; Krailo, M. D.; Shen, V.; 

Bergeron, S.; Davenport, V.; Liu-Mares, 

W.; Blazar, B. R.; Panoskaltsis-Mortari, 

A.; van de Ven, C.; Secola, R.; Ames, M. 

M.; Reid, J. M.; Reaman, G. H.and Cairo, 

M. S. A phase I clinical, pharmacological, 

and biological trial of interleukin 6 plus 

granulocyte-colony stimulating factor 

after ifosfamide,carboplatin, and etoposide 

in children with recurrent /refractory solid 

tumors: enhanced hematological responses 

but a high incidence of grade III/IV 

constitutional toxicities. Clin. Cancer Res., 

(2001) 7: 58-67,  

25.  Elkordy, M. M.; Crump, J. J.; 

Vredenburgh, W. P.; Petros, A.; Hussein, 

P.; Rubin, M.; Ross, C.; Gilbert, C.and 

Modlin, B. A phase I trial of recombinant 

human interleukin-1_ (OCT-43) following 

high-dose chemotherapy and autologous 

bone marrow transplantation. Bone 

Marrow Transplant. (1997). 19:315. 

26. Apte, R. N., and E. Voronov. .Interleukin-

1–β major pleiotropic cytokine in tumor-

host interactions. Semin. Cancer Biol. 

(2002) 12:277. 

27. Shen, W. H.; Zhou, J. H.; Broussard, S. 

R.; Freund, G. G.; Dantzer, R.;  and 

Kelley, K. W.. Proinflammatory cytokines 

block growth of breast cancer cells by 

impairing signals from a growth factor 

receptor. Cancer Res.( 2002) 62:4746. 

28. Kohm, A. P.; Mozaffarian, A.  and  

Sanders, V. M.  .B cell receptor- and 2-

adrenergic receptor-induced regulation of 

B7-2 (CD86) expression in B cells. J. 

Immunol. . (2002)168:6314. 

29. Maile, L. A. and Clemmons, D. R. 

Integrin-associated protein binding 

domain of thrombospondin-1 enhances 

insulin-like growth factor-I receptor 

signaling in vascular smooth muscle cells. 

Circ. Res. (2003).  93:925. 

30. McMillan, J. I., Weeks, R., West, J. W., 

Bursten, S., Rice, G. C.,and Lovett, D. H. 

Pharmacological inhibition of gelatinase B 

induction and tumor cell invasion. Int. J. 

Cancer, (1996) 67: 523–531. 

31. Bourhis, X. L.; Toillon, R. A.; Boilly, B. 

and Hondermarck, H. Autocrine and 

paracrine growth inhibitors of breast 

cancer cells. Breast Cancer Res. Treat. 

(2000) 60: 251–258. 

32. Kohn, E. C., and Liotta, L. A. Molecular 

insights into cancer invasion: strategies for 

prevention and intervention. Cancer Res., 

(1995). 55: 1856–1862. 



Iraqi J Pharm  Sci, Vol.17 (2) , 2008 Il-6, Il-1, ISH, Breast Cancer     

62 

33. Woodhouse, E. C., Chuaqui, R. F., and 

Liotta, L. A. General mechanisms of 

metastasis. Cancer (Phila.), (1997).  80: 

1529–1537. 

34. Conze, D.M; Weiss, L.; Regen, P.S.; 

Bhushan, A., Weaver, D., Johnson, P., 

&Rinco,M.Autocrine Production of 

Interleukin 6 Causes Multidrug Resistance 

in Breast Cancer Cells1 .CANCER 

RESEARCH .(2001)  61, 8851–8858. 

35. Badache, A, Hynes, N.E.Interleukin 6 

inhibits proliferation and, in cooperation 

with an epidermal growth factor receptor 

autocrine loop, increases migration of 

T47D breast cancer cells. Cancer Res; 

(2001) 61:383-91. 

36. Kishimoto, T.Interleukin-6: from basic 

science to medicine — 40 years in 

immunology. Annu. Rev. Immunol. 

(2001) 23:1–21. 

37. Danforth, D.N. Jr & Sgagias, M.K. 

Interleukin-1a andinterleukin-6 act 

additively to inhibit growth ofMCF-7 

breast cancer cells in vitro. Cancer Res; 

(1993) 53: 1538- 45. 

 
 

 

 

 

 

 

 

 

 

 

 



Iraqi J Pharm Sci , Vol.17 (2) , 2008                                                  Nigella sativa callus cytotoxicity 

63  
 

Cytotoxic Assay of Nigella sativa Leaf Callus Extract (Thymol) on 

Hep-2 Cell Line Using ELISA Assay 
 

Zaynab S. Abdel Gany*
,1

  and   Mayasaa F. Mahdi* 
 

  * Iraqi Center for Cancer and Medical Genetics Researches, Al Mustansiriya University Baghdad , Iraq  

 

 

Abstract  

         Extract from cell culture of medicinal plant like Nigella sativa have been assessed for its 

cytotoxic properties. Thymol is likely responsible for the theraputic effects of  Nigella sativa leaf callus 

extract. In this short study the inhibitory effect of Nigella sativa leaf callus extract (Thymol) has been 

studied on Human Lorgnx Epidrmoid Carcinoma (Hep-2) cell line during different exposure period of 

time (24, 48 and 72 hrs.) using different concentration of the extract (1000, 500, 400, 300, 200 and 100 

µg/ml). The optical density of the Hep-2 cells has been readed on 492 nm wave length. Thymol –

induced cytotoxicity was (500 µg/ml) which inhibit cell growing compared to the control and this ratio 

increased at the 48 hrs of exopsure and stopped at 72 hrs.  

Key wards: Nigella sativa, callus extract, cell line, ELISA assay. 

 

 الخالصة
رززٞ ه٠ززٚ ٟغزززخٜض ٟزز٢ ا٤ٛغززٰظ اٛضسهززٮ ٤ٜٛجززبد اٛـجززٮ اٛحجززخ اٛغزز٪داء ٠ٛوشُززخ خظبئظزز٦ اٛغزز٠ٰخ ٜٛخالٯززب. اٛضززبٯ٠٪ٙ ٯوزجززش ٧زز٪                  

ا٠ٛغززإ٩ٙ هزز٢ اٛزززأصٰشاد اٛوالعٰززخ ٤ٛجززبد اٛحجززخ اٛغزز٪داء ٟزز٢ ٟغزززخٜض أ٩ساّ اٛ٘ززبٛظ.   رززٞ ُززٮ ٧ززز٥ اٛذساعززخ اٛٔظززٰشح دساعززخ رززأصٰش            

          ٩  48, 24ػزز٢٠ أ٩ٓززبد روززشٯغ ٟخزِٜززخ )   Hep-2ٛحجززخ اٛغزز٪داء )اٛضززبٯ٠٪ٙ( هٜزز٬ ٠٣زز٪ اٛخالٯززب اٛغززشؿب٣ٰخ     زخٜض أ٩ساّ ٗززبٛظ اغززٟ

ٙ  µg/ml ٩100 200, 300, 400, 500, 1000عبهخ( ثبعزخذاٝ رشاٰٗض ٟخزِٜخ ٢ٟ ا٠ٛغزخٜض ) 72 ٜٛخالٯزب هٜز٬    O.D(.  رزٞ ٰٓزبط ا

٩اٛز٭ صجؾ ٠٣٪ اٛخالٯزب ثب٠ٛٔبس٣زخ      µg/ml 500ٜٛخالٯب اٛغشؿب٣ٰخ ه٤ذ اٛزشٰٗض  . ٩عذ ا١ اٛضبٯ٠٪ٙ ٯ٘٪١ عبٟب nm 492اٛـ٪ٙ ا٠ٛ٪عٮ 

 عبهخ ٢ٟ اٛزوشٯغ ٩ر٪َٓ ه٤ذ اٰٛ٪ٝ اٛضبٛش ٢ٟ اٛزوشٯغ. 48ٟن ٟوبٟٜخ اٛغٰـشح ٩صادد ٧ز٥ ا٤ٛغجخ ُٮ ا٠ٛذح 

Introduction  

         The main inspiration of black seed comes 

from the famous saying (Hadith) of our 

Prophet Mohammed; (God peace be upon 

him), that ―Habbat Al-soda is remedy for all 

disease except death.‖ 
(1)

.It is an annual 

herbaceous plant believed to be endogenous to 

the Mediteranean region but has been 

cultivated in other parts of the world including 

India and Pakistan 
(2)

. Black seed oil contains 

about 0.5-1.5 % volatile oil including nigellone 

and thymoquinone used as anti-histanimic, 

antioxidant, antiinfective and bronchodilating 

effects
(3)

.Thymol, is one of the active 

compounds in N. sativa extract, plays 

important role in the inhibition of cancer cells, 

and can attach with the mutagenic substance, 

because thymol is one of the antioxidant 

phenolic compounds 
(4)

.Plant tissue culture 

techniques inters in several applications like 

plant micropropagation, genetic study, plant 

improvement, study of plant cell physiology, 

the production of secondary metabolites in 

addition to production of viruse free plant  

 

 

 

 

 

diseases (bacterial and fungal) 
(5)

. So, to 

increase the production of this compound 

(thymol) all the year round without depending 

on the mother plant, plant tissue culture 

techniques formed callus and then increased 

the production of thymol. The anticancer 

activity of N. sativa was first revealed by 
(6)

 

who observed enhancement of natural killer 

(NK) cell activity ranging from 200-300% in 

advanced cancer patients receiving 

multimodality immunotherapy programme in 

which N. sativa was one of these components. 

Thymoquinone and dithymoquinone, active 

principles of N. sativa, had cytotoxic effect 

against parental and multi-drug resistant 

human tumour cell lines which were over 10-

fold more resistant to doxorubicin and 

etoposide 
(7)

 . Radiation protection activity of 

N. sativa in mice against induction of 

chromosomal aberrations by gamma ray was  

also reported
(8)
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The using of plant tissue culture techniques 

make the easy of pharmaceutical compounds 

production instead of depending on the mother 

plant and become possible to produce these 

compounds at high amount and at high rate of 

pure may be over than these isolated from the 

complete mother plant, and its production may 

be quickly and independent on the season, also 

limit the surface area that is used in the 

medicinal plant culturing 
(9)

.The objective of 

the present study was to assess the cytotoxic 

properties of this extract from cell culure of N. 

sativa leaf callus using against Hep-2 cell line 

using ELISA (enzyme linked immunosorbant 

assay) assay. 

 

Material and Methods: 

Collection of plant material:   

         Seeds of  Nigella sativa gotten from Dr. 

Aws Al-Ani (Directorate of Agriculture 

Research and Food Technology/ Ministry of 

Science and Technology/ Baghdad/ Iraq) to be 

used.  

Callus culture condition: 

         The establishment and maintenance of 

callus were carried out using the procedures 

described before
(10)

. 

Extraction prepration: 

         For preliminary screening, the seeds were 

cultured and callus induced and material from 

callus culture were lyophilzed and extracted by 

a method described elsewhere 
(11)

.       In short, 

one g of callus was mixed with 30 ml of NaOH 

solution 5% and then diethyl ether was then 

added in a ratio of (2:1) (v /v) and mixed well 

as described elsewhere 
(12)

. The extract was 

then filtered and concentrated in vacum at 45º 

C and then kept in the dark at 4º C until tested. 

Cytotoxicity test using ELISA assay: 

         For this test, the extract were weighed 

(0.05 g) and dissolved in phosphate buffer 

saline (PBS) and dimethylsulphoxide (DMSO) 

to prepare extract solution at 1000 µg/ml. The 

following dilutions of extract were then 

prepared: 500, 400, 300, 200 and 100 

µg/ml.Hep-2 cell line, obtained from Iraqi 

Center For Cancer and Medical Genetics 

Researches at the passage level 326 were used 

in this study. The origin and description of this 

cell line was mentioned by 
(13)

. It was a human 

laryngeal carcinoma excised from 57 years old 

man, then transplanted in immune suppressed 

rat by cortisone. After growth of the tumour in 

the rat, it was then excised and transplanted as 

an in vitro tissue culture. It was kept at -169˚C 

(in liquid nitrogen). In preparation to any in 

vitro assay, the frozen cell line was withdrawn 

and maintained in RPMI-1640 containing 10% 

bovine calf serum. When the in vitro cells 

culture forms a monolayer. These cells were 

treated with trypsin/ versine mixture in order to 

pursue subculture process.The percentage of 

inhibition was calculated according to the 

following equation: 
(14)

 

 

 

 

Where : 

OC:  optical density of  control wells 

OT :  optical density of test wells 
 From the above calculation, a graph was 

plotted for the precentage of  growth inhibition 

against each extract concentration. Activity 

against Hep-2 cell line was determined by the 

inhibition assay using an ELISA assay. In 

short, cell cultures in the microtitration plate 

were exposed to a range of plant extract 

concentrations during the log phase of growth 

and the effect determined after recovery time. 

The following protocol as descriped in 
(15)

 was 

performed the extracts of Nigella sativa leaf 

callus : 

a) After trypsinization, cell suspension seed 

in a micro titration plates at 50000 

cells/ml RPMI-1640 growth medium with 

serum 5% was used for seeding. 

b) Plates then incubated for 24 hours. 

c) By using maintenance medium, two-fold 

serial dilution were prepared starting from 

1000 μg/ml ending with 100 μg/ml. 

d) After incubation for 24 hrs, cells exposed 

to different extract dilutions. Only    200 

μl of each concentration added for each 

well (6-replicates for each tested 

concentration). 200 μl of maintenance 

medium added to each well of control 

group.The times of exposure were (24, 48 

and 72 hrs). The plates sealed with self  

adhesive film then returned to the 

incubator at 37º C. ْ

e)  After the end of the exposure period, the 

medium and the cells decanted off and 

replaced by 200 μl of 0.01% crystal violet 

dye. After 20 min. the stain was washed 

gently with tap water for three times. The 

plate was left until become dry.  

        The optical density of each well was read 

by using a micro-ELISA reader at     492 

nm transmitting wave length 
(15 , 16)

. 

Statisitical analyses: 

         A one-way analysis of variance was 

performed to test whether group variance was 

sifgnificant or not, the comparison between 

groups were used analyses of variance Least 

Significant Differences Test (L.S.D.)
(16)

. 

Inhibition % = [(OC –  OT) /OC] x 100 
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Results  
 Cytotoxic effect of  Nigella sativa leaf callus 

extract (thymol) on Hep-2 cell line: 

          The result of the cytotoxic effect of the 

extrcat readed using ELISA micro reader with 

wave length 492 nm indicate the presence of a 

relation ship between color density of the stain 

and the number of the viable cells. The result 

showed presence of significant at level 

(p≤0.05) differences between the 

concentrations comparied with control started 

with the concentration (1000, 500, 400, 300, 

200 and 100 μg/ml) with inhibition value 

ranged (67.2%, 75.4%, 74%, 75%, 72.2% and 

74%) respectively at 48 hr of exposure periods, 

while there is no significant differences at level 

(p≤0.05) between the concentration itself as 

shown in figure (1). 
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Figure (1): Effect of extract concentrations 

on the growth of Hep-2 cell line during 

different exposure preiod. 

 

 The results also showed the best exposure 

period was 48 hr than the other periods (24 and 

72 hr), the inhbition to cell line begins at 48 hr, 

there is no significant differences at level 

(p≥0.05) in inhibition when compared with the 

period 72 hr. This means exposure the extract 

to cell line at 48 hr with lowest concentration 

showed significant differences. After that 

result we choose the inhibitory concentration 

which inhibit the growth of Hep-2 cell line 

depending on the changes that appears on the 

optical density and the changes in the color 

that appears on the plate itself from the stain 

reaction with the cells
(17)

. So, the concentration 

500 µg/ml has inhibitory effect compared to 

other concentration that also showed a 

minimum inhibition on the growth of Hep-2 

cell line at 48 hr exposure period as shown in 

table (1), and the inhibition ratio was shown in  

table (2). 

 

Table 1: A comparison optical density of 

growth inhibition of Hep-2 cell line, by using 

different concentration of callus extracts of 

Nigella sativa during three periods of 

exposure. 

Type of 

extract 

Conc. 

(µg/ml) 

Optical density (OD) 

24hrs 48hrs 72hrs 

Callus 

extract 

(thymol) 

1000 0.071 0.092* 0.05 

500 0.060 0.069* 0.05 

400 0.063 0.073* 0.05 

300 0.068 0.070* 0.05 

200 0.067 0.078* 0.05 

100 0.064 0.073* 0.05 

control 0.115 0.281 0.16 

)*):means the presence of siginificant differences 

at level (p≤0.05) between the concentrations. 

 

Table 2: A comparison of growth inhibition 

percentage of Hep-2 cell line, by using 

different concentration of callus extracts of 

Nigella sativa during three periods of 

exposure. 

Type of 

extract 

Conc. 

(µg/ml) 

Inhibition% 

24hrs 48hrs 72hrs 

Callus 

extract 

(thymol) 

1000 38.2 67.2 68.7 

500 47.8 75.4 68.7 

400 45.2 74.0 68.7 

300 40.8 75.0 68.7 

200 41.7 72.2 68.7 

100 44.3 74.0 68.7 

 

Discussion  

         Although the quinone thymol has 

demonstrated significant in vitro and in vivo 

antineoplastic activities against different tumor 

cell lines
(7,18)

. In this study , thymol 

demonstrated different cytotoxicity in vitro 

toward Hep-2 cell line according to its 

concentration. This study appeared that the 

concentration 500 µg/ml affact on the 

inhibition ratio when compared with the lowest 

concentrations which show a minimum 

inhibition compared with the control. This 

o
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extract concentrations µg/ml 
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inhibition increased when reacrhed 48 hr of 

exopsure and stopped at the 72 hr of exposure. 

The using of these concentrations (1000, 500, 

400, 300, 200 and 100 µg/ml) in this study 

affect on the growth of Hep-2 cell line with 

slight differences between them , the OD of 

Hep-2 cell line ratio was the lowest on the 

concentration 500 µg/ml compared with other 

concentrations. So, the extract make an 

inhibition on the growth of Hep-2 cell line 

compared the control depending on the 

concentration that is used and the length of 

incubation period.   The result of this study 

suggest that thymol inhibited proliferation of 

tumor cell line by a mechanism that involves 

cytotoxicity, in fact, it is known that 

thymoquinone (a quinone from Nigella sativa) 

inhibited the proliferation of COS 31 (canine 

osteosarcoma) at concentration 100µM by 

inducing apoptosis and cell cycle arrest at G1. 

Non-cancerous cells are relatively resistance to 

thymoquinone 
(19)

 . Nigella sativa and other 

plants were tested on human hepatoma Hep G2 

cell line, the effect were determined on 24 hr 

of incubation. The greatest inhibitory effects 

were observed on  Nigella sativa plant extract 

even at low concentration 
(20) 

. 
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Abstract  
         Chlopheniramine maleate ( CPM ) , is  one  of   the  H- receptor antagonist  ,  widely used  in 

allergic  diseases ,like skin rash  and  pruritis .CPM 3%w/w was successfully  loaded in  2%w/w  

sodium alginate (SA)    as a gel    base ,  and  to be considered   as  a  selected  formula .It was found  

that  the diffusion   of  CPM    through   the  skin  of  albino  rat   was     increased   as  the 

concentration  of  CPM  increased from 2 %w/w sodium alginate  ,  More over , the  addition of 

Triethanolamine  5 % w/w,  to  sodium  alginate   2 % w/w  , loaded by  CPM 3 % w/w , enhanced the 

amount   of     CPM  diffuse through the skin  of albino rat . Mean while the addition  of  PEG 1000 

2% w/w  , and urea 5 % w/w, separately  to       sodium alginate 2 % w/w , loaded by  CPM 3 % w/w , 

hindered  significantly  P<0.05 the  amount  of the drug diffused  through the skin of the rat .The  

selected  formula of sodium alginate  2% w/w as a base loaded by CPM 3% w/w was  physically  

acceptable , with shelf life approximately  3.3  years .  

 Key wards:  chlopheniramine maleate , gel , skin permeation 

 الخالصة  
٩ا٠ٛغزو٠ٜخ ثش٘ٚ ٩اعن ُٮ اٛـِح اٛغٜذ٭ ٩اٛح٘خ اٛخبسعٰخ .ٛٔذ  1اٜٛ٘٪س٤ُٰشا٢ٰٟ ٟبٰٰٛذ ٧٪ احذ ا٠ٛضجـبد ٠ٛغزٔجالد  ٦٧          

, ٩ص١( ٢ٟ اٛغ٤ٰبد اٛظ٪دٯ٪ٝ ٗٔبهذح ٧الٝ \% )٩ص٩2١ص١( ُٮ \%)٩ص١ ٣3غحذ ا٠ٛحب٩الد ثزشٰٗت اٜٛ٘٪س٤ُٰشا٢ٰٟ ٟبٰٰٛذ 

ٛٔذ ٩عذ ا١ رخٜٚ اٜٛ٘٪س٤ُٰشا٢ٰٟ ٟبٰٰٛذ ٢ٟ خالٙ عٜذ اٛغشر االثشػ ٯضداد ثضٯبدح رشٰٗض اٛؤبس ُٮ  ٩اهزجشد ٗزشٰٗجخ ٟخزبسح .

٩ص١( ٢ٟ ٓبهذح \% )٩ص٩2١ص١( ا٬ٛ\% )٩ص٩5١ص١( ٢ٟ اٛغ٤ٰبد اٛظ٪دٯ٪ٝ ,هال٩ح ه٬ٜ رٖٛ ُب١ اػبُخ اٛزشاٯٰضب٣٪ال٢ٰٟ \%)٩ص2١

س ا٤ٛبُزح خالٙ عٜذ اٛغشر ٩ص١( ٢ٟ اٜٛ٘٪س٤ُٰشا٢ٰٟ ٟبٰٰٛذ  , اد٫ ا٬ٛ صٯبدح ٠ٰٗخ اٛؤب\%)٩ص3١اٛغ٤ٰبد اٛظ٪دٯ٪ٝ ٟح٠ٜخ ة 

٩ص١( ٢ٟ اٰٛ٪سٯب ثش٘ٚ \%)٩ص5١( ٩ ٩1000ص١( ٢ٟ ٟبدح ث٪٬ٛ أص٢ٰٜ ٗالٯ٘٪ٙ)\%)٩ص٩2١ه٬ٜ طوٰذ اخش, ُأ١ أػبُخ  .االثشػ

٩ص١(  ٢ٟ اٜٛ٘٪س٤ُٰشا٢ٰٟ ٟبٰٰٛذ, اد٫ ا٬ٛ االهبٓخ ثش٘ٚ \١% )٩ص٩3ص١(  ٢ٟ اٛغ٤ٰبد اٛظ٪دٯ٪ٝ ,ٟح٠ٜخ ة \% )٩ص٤ٟ2١ِظٚ ا٬ٛ 

 ٞ٨ٟ P<0.05  . ٩ص١( ٢ٟ اٛغ٤ٰبد \% )٩ص2١أ١ اٛزشٰٗجخ ا٠ٛخزبسح  ٗب٣ذ رحز٪٭ ه٬ٜ  ٠ٰٗخ اٛؤبس ا٤ٛبُزح خالٙ عٜذ اٛغشر ٛالثشػ

ُٰضٯب٩ٯخ  عٰذح ٩ُزشح ٣ِبرٯخ ٜٛؤبس  ٩ص١( ٢ٟ اٜٛ٘٪س٤ُٰشا٢ٰٟ ٟبٰٰٛذ , اػبُخ ا٬ٛ طِبد\% )٩ص3١اٛظ٪دٯ٪ٝ ٗٔبهذح ٧الٝ ٟح٠ٜخ ة 

 ع٤خ . 3,3ثحذ٩د

                                                                                                                                                                     

                                        

Introduction  

           

Gels are semi solids consisting of dispersions 

made up of either small inorganic particles or 

large organic molecules  enclosing and 

interpenetrated by a liquid 
(1)

 .The delivery of 

the drug into and through  the skin is 

recognized an effective means of  therapy for 

local dermatological and systemic disease ,In 

recent years, the development of  transdermal   

permeation has been attracting an attention  

due  to several advantages , Such as better 

control of  blood levels , reducing systemic 

toxicity and avoid  firs pass metabolism 
(2)

 . 

Sodium alginate , a naturally occurring poly 

saccharide has been widely used as a  

disintegrant and gelling agent in 

pharmaceutical preparations 
(3)

 . It has several  

unique properties that have been enabled it to 

be used as a gel matrix  for delivery of many  

drug  
(4)

 . Chlorpheniramine maleate   as a 

potent  H1-receptor antagonist can be indicate 

for many types of allergy such as rhinitis and 

pruritis , it can prevent but does not reverse 

histamine mediated response  
(5)

 . This study 

aimed to both suggest   new alternative dosage 

form for enhancing topical penetration of  

CPM , and to evaluate the potential and 

transdermal absorption . 
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Experimental  
Materials and Equipments : 

Chlorpheniramin maleate CPM , supplied by 

Sammraa drug industry SDI , Sodium alginate 

, triethanolamine TEA , from (Hopkins and 

William LTD , England) , Sodium 

carboxymethylcellulose NaCMC , diethyl 

ether , glycerin, from (BDH  chemical limited , 

Pool  , England) , Formaldehyde 37% (v/v) , 

urea , from (Fluka AG , Switzerland) , 

Polyethylene glycol PEG1000 ,   methyl  and  

propyl hydroxyl benzoate ,   from  (Merk-

Shuchardt , Germany), UV- spectrophotometer 

,carrywin UV ,Varian , Australia USP 

dissolution apparatus ,magnetic stirrer ,ultra 

sonic cleaner , VWR cpley , England , Water 

bath shaker ,hot air oven , memmert , Germany                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                           

    

Preparation of sodium 

carboxymethylcellulose (NaCMC ) 5%w/w gel 

base :           

         Simply , the method employed for base 

was fusion method . it was carried out by 

incorporation                                                                                                                                                                

CPM equivalent to 1%w/w in the following 

base content :                                                                                                                                                                                                                                                      

NaCMC    powder                 5gm.                                                   

Glycerol                                 15gm.                                                          

Methylhydroxybenzoate        0.1gm.                                                         

Purified water   to                  100gm.                            

 The base was prepared by mixing NaCMC 

with glycerol in a glass mortar , while 

methylhyd-roxybenzoate (methyl paraben ) 

was dissolved in 40ml. of distilled water using 

heat to about 70˚C with vigorous stirring by 

stirrer  for 15 minutes , and cooled, then the 

later mixture was mixed with polymer-glycerol 

mixture and stirring until clear gel-base was 

gained . then the CPM was incorporated to the 

base with 5 minutes continous traturation and 

stirring to obtain homogenous clear drug-gel 

solution 
(6)

. 
                                                                                                                                                                         

 Preparation of sodium alginate (SA) 2% w/w gel 

base:  
Sodium Alginate                  2gm. 

Glycerol                               15gm. 

CaCl2                                   0.2gm. 

Propylhydroxybenzoate       0.2gm. 

Distilled water to                 100gm. 

The same principle of procedure was done as 

in preparation of Na-CMC gel base. The 

polymer of sodium alginate was mixed with 

glycirin in a glass mortar and the mixture was 

poured in small    amounts  to  the  vehicle 

with stirring , while calcium chloride was 

dissolve in small  amount   of water  and  

added  to  the vehicle with   stirring then  

complete  the  volume with    distilled  water   

with 5 minutes continuous stirring , until 

translucent – white clear gel was formed 

(6).Different concentration of polymers 

corresponding to 1% , 2% and 4% (w/w) of 

Sodium alginate and only 4% (w/w) of 

NaCMC were used with physical mixture 

through studying their effect on the release 

process.   

                                                                                                                                                                                                

In vitro release of CPM from gel base:   
         A small glass container with 3cm. in 

diameter of its opening mouth was modified  

in  order to be filled with one gram of each 

formula ,  which  was  containing equivalent 

weight of 1%w/w of CPM .The mouth of 

container was covered  with the filter paper  

which secured in place with rubber band . the 

dialysis cell was inverted  in 500ml. of  

phosphate buffer  pH 7.4 contained in a beaker 

of the dissolution apparatus  . The system 

maintained at 37˚C, the samples were 

withdrawn after 1 ,2 ,3 , 4  and  5 hours , and 

replaced with an equal volume of fresh buffer 

solution 
(7)

 .  the sample were analyzed for 

their CPM content using uv-spectrophotometer 

at λmax 261 nm. 

                                                   

Preparation of the diffusion membrane :                                                     

        The albino rat ( 4-6 week old male ) , was 

scarified   by  ether inhalation ,  then  the skin 

was shaved lightly with an electrical clipper , 

taking care to prevent any damage to the skin  , 

a rectangular  section  of  abdominal  skin  

several  centimeters  in  each  dimension was 

excised using a sharp blades . The defating   

procedure 
(9)

, of  the  skin  was  carried out  by  

weeping  the skin with a cotton tip soaked in 

diethyl ether  to remove the subcutaneous fat 

and scraping  the  dermal side to remove the 

muscles and  blood  vessels , the adhering  fat  

was   again  removed by  another  cotton tip 

soaked in diethyl ether , and kept in phosphate 

buffer pH 7.4 for 2 hours in a water bath 

maintained at 37˚C, to allow water soluble   uv     

absorbing materials to leach out. The buffer  

was changed  three  times  during   this period 

with fresh amounts  
( 10 )

 .then the prepared  

skin  for  diffusion  was  stored  in  phosphate 

buffer for 24 hours in the refrigerator  at 2˚C 

before use.   

 

In vitro diffusion of CPM through rat skin 

membrane
( 8 )

 :                        
       One gram of each formula  containing  

CPM was introduce   in  a small container and  

the epidermal surface of  the  rat  skin was 

stretched  over  the  mouth of the container 

with diameter 3cm. and legated with rubber 

band, the diffusion cell then inverted  and  
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immersed in 500ml of phosphate buffer at pH 

7.4 contained in a beaker of dissolution    

apparatus . The system was maintained at 37˚C 

and the buffer solution was stirred  at   100 

r.p.m. during 5 hours of the study .Samples of  

5 mls.were  pippeted  from the collection  

medium after 1 ,2 ,3 ,4 , and 5 hours replaced  

with  an  equal  volume  of freshly prepared 

phosphate  buffer pH 7.4 at 37˚C . The  

samples were analyzed using  uv- 

spectrophotometer at λ max 261 nm. 

   

 Effect of different enhancers and their 

concentrations on the diffusion :    

         In order to evaluate best release profile 

of CPM from selected formula , different 

enhancers, urea 5%w/w, polyethylene glycol 

(PEG1000) 2% w/w, and triethanolamine 

(TEA) 1%  , 2.5 ,and 5% w/w were used on 

diffusion of  CPM through  rat  skin    
                                                                                                                      
  Skin irritation test  

( 11 )
:                                                                                            

         Skin  male albino  rats  weighing  

approximately 500gm. were  used   to    study  

the irritation test of the selected formula , on 

the rat skin . The dorsal side of the rat was 

carefully shaved and two circular areas of 2.5 

cm. in diameter in  each  animal were done 

.then 0.8%v/v  aqueous solution of  formalin 

as standard   irritant to one circular area  , and 

5% w/w TEA gel  formula contain 3% w/w 

CPM  to the other circular area for three rats, 

and  2% w/w  sodium alginate gel  containing 

3% w/w  CPM  to   other circular areas of 

other three rats .The fresh gel samples  and  

formalin  solution  were applied for 7 days , 

Finally  the  application  sites were graded to 

the visual  scoring scale always by the same 

investigator .  

 

Stability study :                                                                                                           

         The  estimation  of  the shelf  life  of  a 

selected  formula  3%  w/w  CPM  kept  in a 

collapsible tubes at room temperature   and 

oven maintained separately at 40,50 , and 

60˚C , samples were taken every seven  days 

for 4 weeks . each  sample  of  the    gel 

equivalent to 250mg. CPM in 50 ml. of 

phosphate buffer  at pH 7.4 .  These  samples 

were quantitatively  transferred to volumetric 

flasks and  appropriate  dilutions were made 

with the same buffer , then the  resulting 

solution  were filtered with 0.45µ filter paper , 

The absorbance of each collected sample was 

calculated for CPM content at λ max  261 nm 
(12)

 .      

 

 

                                                                                                                                                         

Effect of  the temperature on the pH of the 

gel :                                          
         The pH of the gel was measured every 

week for one month , by taking one gram  of 

the gel from each stored sample at 40 , 50 , 

and 60˚C, and shaken up with 10mls. of  

distilled water . the pH of the final solution 

was measured and recorded .         

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                       

Statistical  analysis                                  
         The  significance between mean values 

was analyzed  by student t- test ,  P-value of 

less than 0.05  was  considered  significant  for  

all analyzed data shown  in  the results of this 

study .     

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            

Results  and Discussions                                                                         
 Effect of  gel bases  on the release of  CPM  :                                             

         Table 1.  and  figure 1 , show  the  

amount  of  drug  release  from  gel  bases , the 

results  indicated that  the drug released  is  

significantly  increased  P< 0.05  as  a function  

of polymer type used  in an order of  4%w/w 

SA > 4% NaCMC ,  this  result  may be 

referred  to the   hygroscopic  effect of  

cellulose  derivatives  that  affect water 

entrapment   in the cross linking  gel  of  

4%w/w NaCMC more  than that  of 4% w/w 

SA .since this amount of water  may hinder 

another water molecules   diffuse inside gel 

structure  and then more drug releasing  

occurred . This  result  is in consistent  with  

results obtained   by  Cetin  T. et . al 
(13)

 . 

 

Table (1) . Effect of different bases  on the 

release rate constant ( K )  of  CPM  1%w/w  

in  phosphate buffer  pH7.4  at  37˚C . 

 

Type of  

Bases 

Amount  of   

CPM  released 

(mg.)/5hr.* 

CPM 

released  

% 

K 

(mg.min-1/2 ) 

 

4%w/w 

SA 
9.06 ±0.09 90.6 0.427 

4%w/w 

NaCMC 
6.77  ±0.11 67.7 0.401 

Each value represents the mean  SD  

 ( n=3 readings  in each group *) 
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Figure (1) . The effect of different bases on 

the release of  CPM 1%w/w at pH 7.4 and 

37˚C 
 

Effect  of  polymer concentrations on the 

release of 1%w/w CPM gel :    
         Table 2. and figures 2 and 3 ,  

demonstrate the effect of SA  concentrations  

on  the release profiles of the  CPM  through 

rat  skin  , it was  seen  that  the drug  released      

from  SA  at different concentration  and  

diffused  through the filter paper  was  not 

affected  by the concentration  of the polymer  

, since no significant  increase  in  the drug 

release , this behavior gives an impression   

that  the  drug   release   from  SA followed  

zero- order  kinetics  in   these  concentrations  

, since  water up  take   by polymer  is  not 

affected  by the concentrations of the polymer  

it self  , Meanwhile the plot of the amount of 

the drug  released versus square root of time  

demonstrates that there is a linear  relationship 

of the drug release  followed Higuchi principle 

in the diffusion process  from semisolids  in 

percutanous     absorption .  these results  were 

in agreement  with  the  results  obtained  from  

the permeation of  carvedilol transdermal  

patches 
(11)

 .   

Table (2) . Effect of Sodium  Alginate (SA)  

concentrations on the rate constant (K) of   

CPM 1%w/w phosphate buffer pH  7.4  at  37˚C 

. 

Sodium 

alginate 
Concentratin 

Amount  of   

CPM  

(mg./5hr.)* 

CPM 

released  

% 

 Rate 

constant   

(K)    
(mg.min-1/2 ) 

 

1%w/w 8.934±0.17 89.3 0.4983 

2%w/w 9.435 ±0.14 94.3 0.5713 

4%w/w 9.060 ±0.04 90.6 0.4273 

Each  value  represents  the mean  SD 

 ( n=3  readings in each group *) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (2). The effect of polymer 

concentration on the release of CPM 1% 

w/w  through rat skin   at pH 7.4 and 

37˚C 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (3) . The kinetic analysis of CPM 

1% w/w release from different polymer 

concentration at pH 7.14 and 37˚C 

                                                                                                                                     

Effect  of  CPM  concentrations on the 

diffusion process :  
         Table 3.  and  figure 4 , illustrate the 

effect of different CPM concentration  1% 

w/w  and 3% w/w on the amount of CPM 

diffused  through the rat skin , using 2% w/w  

SA as a  gel  base , the  results  showed  that   

the  amount  of  CPM  diffused  during  the 

period  of   application ( 5hours ) ,  increased  

as  a function   of   increasing   drug 

concentration . This   behavior  confirmed   

that  the  drug diffusion  followed first- order  

mechanism , and the penetration  rate  is  

proportional to the concentration  , since  this 

diffusion  depend on many factors  , among  

them  , the partition coefficient ( K ) and   the 

concentration of the drug 
(14 )

 .  In  this 

experiment  the rate limiting step of  the drug 
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diffusion  through  the rat skin can't be 

estimated   , because   there   are  two  types  

of  partitioning  , one  of   the    partition  of 

the drug  for the skin ( Ds ) , and the other for 

vehicle ( Dv ) ,or gel base . so  these  two  

magnitudes  of  the  two  diffusion  coefficient  

Ds and Dv , determines whether  the  release  

from  vehicle  or  skin is   the rate limiting 

step, and  by   this approach,  the  

concentration  of  incorporated  drug  in  the 

gel  base may  solve   this problem , regardless 

the diffusion  or  partition coefficient  
(11 ,14 )

.  

  

Table 3. Effect  of  CPM  concentration  on  

the diffusion rate constant  (K) using                

2%w/w S0dium Alginate (SA)  gel . 

 

CPM 

concentration  

% 

CPM   

amount  

diffused 

mg./5hr. * 

Rate  

constant 

(mg.min ˉ½) 

1%w/w 7.54±0.09 0.582 

3%w/w 11.765±0.21 0.8217 

Each  value  represents  the mean  SD   

( n=3 readings  in each group ) * 

 

 

 

 

 

 

 

 

 

 

 

    

 

 

 

 

 

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                        

Figure (4) . The effect of CPM 

concentration on the diffusion process of 

through rat skin  from sodium alginate 

2%w/w gel at pH 7.4 and 37˚C 
 

Effect of different enhancers and their 

concentrations on the diffusion of  CPM  

3%w/w  through  rat  skin:       

          The enhancers which they are  used in  

this study  are  water soluble types , they 

include  urea 5% w/w , PEG 1000 2 % w/w   , 

and TEA 2.5% w/w  Table  4 . and figure 5 ,  

illustrate the effect of incorporation the above  

enhancers separately   on  the   diffusion  of  

3% w/w   CPM  loaded   in 2%  w/w  SA  gels  

through  rat  skin . It  was seen  that both  urea  

5% w/w  and PEG 1000 2% w/w significantly  

decrease  P < 0.05 the amount of the drug  

diffused  through rat skin. Since  incorporation 

of urea  in hydro gel may activate  the 

hydrolysis process  of  urea  to form ammonia  

and carbon dioxide , which lead to elevate the  

pH of the medium of environment , which  in 

turn dissociate  the  CPM   into maleate anion  

and chlorpheniramine  cation  ,  these  ionized 

species   may hinder  the diffusion process  of  

the drug 
(15)

 .  Moreover  , the alkyl amine 

group ,  of    the  drug   may complex ethylene 

oxide   ( CH2-Ö-CH ) group of  PEG1000 that 

decrease the amount of the drug available  for 

permeation,  this  result is  in a consistent  with 

that  result obtained , when lidocaine was 

formulated  as  a topical  gel  
(16)

 . On the other 

hand , incorporation of  2.5%w/w of  TEA 

which  counter irritant to  the   skin as an 

enhancer , showed  a slight  increase  of  CPM  

permeation  through  the rat  skin ,  this effect 

may be attributed  to both effects  of TEA as  a 

basic tertiary  amine enhancer  once  that  is  

compatible  with  alkyl amine  anti histamine  

(CPM ) ,   and second may be referred  to the 

effect  of  emulsification  of  TEA  with  malic  

acid  to form water soluble salt that easily 

allow  the drug  penetration through the rat 

skin 
(17)

.  

 

Table (4). Effect of different  enhancers  on 

the diffusion  rate constant  ( K )  of CPM  

3%w/w   through  the  rat   skin 
 

Enhancer  

type 

CPM   

amount  

diffused 

mg./5hr.  

Rate  constant 

(mg.min ˉ½) 

No addition 11.765±0.11 0.8217 

Urea 5%w/w 5.648±0.24 0.3659 

PEG1000 

2%w/w 
6.820±0.12 0.4807 

TEA 

2.5%w/w 

13.138±0.16 

 
1.09 

 

Estimation  of  irritation  property  of  

selected formula  :                        
         The  selected formula  which was 

introduce to specify  the  irritation  test  consist  

of 3%w/w  CPM  loaded in 2% w/w SA and  

fortified  by 5% w/w TEA  as an enhancer. 

After  7 days  of gel application  on the dorsal 

shaved  skin of albino rat , it was seen     that a 

recognized redness area on the skin  developed  

during this period ,  while the application of 
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the same formula   free from 5% w/w TEA  

showed no appearance of  this  irritation . This 

observation  may be related  to the irritation  

effect  of TEA itself at this concentration  , 

since  most  of   the   quaternary   ammonium   

surfactant    are strongly  catoionic  irritant  

enhancers  
(18 )

 . 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (5) . The effect of different 

enhancers on the diffusion process of CPM 

3% w/w through rat skin at pH 7.4 and 

37˚C 

 

 

Stability  study                                                                                        

 Determination  of the shelf life                                                                                  

         The results  of  this  study  showed  CPM  

followed  first order  kinetic   degradation , 

when the  selected formula kept  in  a 

collapsible  tubes  maintained  separately   at  ,  

40 , 50 , and  60˚C  , the  contents of these 

tubes  for  CPM  amount were determined 

every  seven  days for  4 weeks  , and the rate  

of degradation  at  25 ˚C  ( K25˚C ) was found  

to be  0.872ˉ x 10 .dayˉ¹ , when Arrhenius plot 

was constructed  as a logarithm of   

degradation   rates   constants   for  above   

exaggerated  temperatures    against  reciprocal  

of absolute temperatures  of  CPM  storage  as 

shown   in  figures  6 and  7 To estimate  the 

shelf life , the following expression  was used 

to estimate  90%  of   the drug  content  remain  

at  that  time  .  

     t 90%  = 0.105/0.872ˉday  = 1204 days 

So   the  calculated   shelf  life   for   a selected    

formula   was    found   to   be    about  3.3  

years  .  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (6) . Accelerated degradation of 

CPM in a selected formula at different 

exaggerated temperatures 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7 . Arrhenius plot for estimation 

of shelf life of CPM of a selected 

formula 

 

Effect   of    temperatures   and    storage  

time  on  the  pH , color  and  odor of  3%w/w  

CPM  gel                                                                                                       
         The    result    after  30 days    storage   

time   at  different    storage    exaggerated 

temperatures  of  CPM gel , revealed that 

slight increase  in the pH of  CPM gel from 

4.25 to 4.6 ,  which   may  be  attributed  to the  

ionization  of  CPM   that    releases  

chlorpheniramine  base  , which belongs to the 

basic  properties  of  this  types  of 

antihistamines  
( 19 )

 . More over  no change in 

the  original  translucent  white color or  

appearance  of  unpleasant   odor  was 

observed  . These  results   indicated   no  

probability  of  physical   instability, or growth    

of   micro- organisms    in  the  selected   

formula .  
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Conclusions           
 Concerning of the results obtained ,  one can  

conclude , the  followings  :   

1. Maximum CPM release was achieved, when   

4% w/w of  SA was  introduce as a gel  base. 

2. The diffusion  of  CPM   through the skin of 

the  rat  ,was increased  as  a function  of  

increasing  CPM  concentrations , loaded in 

2%w/w  SA  gel  base . 

3.  Addition of 5%w/w  TEA  to 2%w/w  SA 

loaded by  3%w/w  CPM , enhances the   

amount of the drug diffused  through the 

skin of the rat  . 

4.  Addition  of   2%w/w  PEG1000 ,  and   

5%w/w  urea  ,  separately   to  2%w/w  SA 

loaded   by  3%w/w  CPM , decreases  

significantly  P< 0.05  the  amount  of the 

drug  diffused through the skin  of  the rat . 

5. There was a marked irritation  spots 

recognized, when TEA 5%w/w  used as an  

enhancer in  the selected  formula  , 

compared  with no effect  when this 

enhancer  is  avoided  . 

6.  The  selected  formula  of  SA  2%w/w  as a 

base  loaded  by 3%w/w   of  CPM was  

acceptable  with  calculated  shelf  life  about  

3.3  years . 

This  formula  may   need  a further  clinical  

study  on  volunteers   to  ensure  its  

therapeutic , and  economic value . 
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Effects of Interleukin-2 (IL-2) and Interleukin-6 (IL-6) 

 in Recurrent Spontaneous Abortion (RSA). 

Dhamraa w. Ahmed
*,1 

*Collage of Medical and  Health Technology , Baghdad , Iraq  

 

      Abstract 
         Recurrent Spontaneous Abortion (RSA) is the most painful experience for couples expecting 

a child. This study aimed to determine the relevance of IL-2 and IL-6 in recurrent spontaneous abortion 

(RSA).  Serum samples were collected from 90 women attend Al Kadhmiya teaching hospital in 

Baghdad. 60 women (first group) had recurrent abortion the women were negative for rubella virus, 

herpes simplex virus and toxplasma gondii. And they were negative from bacterial infection eg. 

Niesseria gonorrhea and Chlamydia trachomatis. The histopathological tests for fetus abnormalities 

were negative in this group, and 30 women (second group) with successful pregnancy (normal 

delivery). All samples were analyzed for IL-2 and IL-6 by commercially available Enzyme-Linked 

Immunosorbent Assay (ELISA) kits. The data showed highly significant increase in the serum level of 

IL-2 in group 1 compared with group 2 (P<0.001). However, IL-6 showed highly significant increase 

level in group 2 compared with group 1. In addition, there was no significant correlation between these 

two markers in studied groups. The data of this study strengthen the possibility that high level of IL-2 

and low level of IL-6 may explain the role of type-1 cytokines in the pathogenicity of recurrent 

spontaneous abortion.  

Key words: - interleukin 2, interleukin 6 and  recurrent spontaneous abortion (RSA)  

                                         الخالصة
ٯوذ اإلعٔبؽ اٛزارٮ ا٠ٛز٘شس ٢ٟ اٛزغبسة األ٠ٰٛخ ُٮ حٰبح اٛض٩ع٢ٰ اٛشاًج٢ٰ ُٮ ئ٣غبة األؿِبٙ. أعشٯذ ٧ز٥ اٛذساعخ ٜٛزحش٭ ه٢         

٬ ُٮ ئحذاس اإلعٔبؽ اٛزارٮ ا٠ٛز٘شس حٰش ع٠وذ رغو٪١ ه٤ٰخ ٟظٚ ٢ٟ ٟغ٠٪هز٢ٰ ٢ٟ ٣غبء ادخ٢ٜ ئ٬ٛ ٟغزشِ ٩6 2د٩س اال٣زشٛ٪٢ٰٗ 

اٛ٘بك٠ٰخ اٛزو٠ٰٜٮ ا٠ٛغ٠٪هخ األ٬ٛ٩ عز٪١ ه٤ٰخ ٗب٣ذ ٢ٟ ٣غبء هب٣٪ا ٢ٟ اإلع٨بع اٛزارٮ ا٠ٛز٘شس ٩اٛالرٮ عجْ ٩اصجذ خٜ٪٢٧ ٢ٟ 

٩داء    Herpes simplex virus اٛز٤بعٜٮ  اٛحأل, ٩ُٰش٩ط Rubella virusاإلطبثخ ثِٰش٩ط اٛحظجخ األ٠ٛب٣ٰخ )اٛح٠ٰشاء( 

٩اٛ٘الٰٟذٯب    ,Niesseria gonorrhea ٗزٖٛ هذٝ ئطبثز٢٨ ثج٘زشٯب ا٠ٛغججخ اٛغٰال٩١ gondii  Toxoplasmaا٠ٛٔ٪عبد 

Chlamydia trachomatis  ٩ٗزٖٛ أصجزذ اٛذساعخ ا٤ٛغٰغٰخ ٢ٟ هذٝ ٩ع٪د رش٪٧بد ُٮ أع٤خ ٧ز٥ ا٠ٛغ٠٪هخ. ا٠ٛغ٠٪هخ اٛضب٣ٰخ ٗب٣ذ

( ٜٛزحش٭ ه٢ ELIZAُحظذ ثـشٯٔخ االٰٛضا )٢ٟ صالص٪١ ه٤ٰخ ٗب٣ذ ٢ٟ ٣غبء ٩ػو٢ ح٢٨ٜ٠ ثظ٪سح ؿجٰوٰخ. ع٠ٰن اٛو٤ٰبد 

ُٮ ٟظ٪ٙ ا٠ٛغ٠٪هخ األ٬ٛ٩ ٟٔبس٣خ ٟن  2, أك٨شد ا٤ٛزبئظ ُش٩ّ ٟو٤٪ٯخ هبٰٛخ ُٮ ٟغز٪ٯبد اال٣زشٛ٪٢ٰٗ  ٩6  ٢2 ٰاال٣زشٛ٪ٗ

٠غ٠٪هخ ُٮ ٟظ٪ٙ ا٠ٛغ٠٪هخ اٛضب٣ٰخ ٟشرِوخ ٟٔبس٣خ ٟن اٛ ٩6ٗزٖٛ ٗب٣ذ ٟوذالد اال٣زشٛ٪٢ٰٗ  , (p< 0.001ا٠ٛغ٠٪هخ اٛضب٣ٰخ  )

األ٬ٛ٩. ثبإلػبُخ ئ٬ٛ رٖٛ ٛٞ رل٨ش ا٤ٛزبئظ اسرجبؽ ٟو٤٪٭ ث٢ٰ ٧زٯ٢ اٛ٪اط٢ٰ٠ ُٮ ا٠ٛغبٰٟن ٰٓذ اٛذساعخ . ٣زبئظ ٧ز٥ اٛذساعخ ده٠ذ 

    .٩6ا٣خِبع اال٣زشٛ٪٢ٰٗ  2( ُٮ أٟشاػٰخ اإلعٔبؽ اٛزٜٔبئٮ ا٠ٛز٘شس ُٮ حبالد اسرِبم اال٣زشٛ٪٢ٰٗ 1احز٠بٰٛخ د٩س)اٛغبٯز٪ٗبٯ٢ 

 

Introduction  
         Recurrent spontaneous abortion (RSA)  is 

one of the important complications in 

pregnancy. Half of recurrent miscarriages loss  

is multifactorial, can be explained by genetic,
 

hormonal,anatomical, metabolic abnormalities 

infections or
 
autoimmune mechanisms and an 

be divided into embryological driven causes 

(mainly due to abnormal embryonic 

karyotypes) and maternally driven causes 

which affect the endometrium and/or placental 

development 
(1)

. Known causes of maternal  

 

defects include coagulation disorders, 

autoimmune defects, endocrine disorders and 

endometrial defects 
(2)

. Mammalian pregnancy 

is thought to be a state of immunological
 

tolerance. The mechanisms underlying this 

phenomenon are still
 

poorly understood, 

Successful mammalian pregnancy depends 

upon tolerance of a genetically incompatible 

fetus by the maternal immune system. When 

tolerance is not achieved pregnancies fail 
(3)

 . 
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Immunological rejection of the fetus due to 

recognition of paternal antigens by the 

maternal immune system, resulting in 

abnormal immune cells and cytokine 

production, is postulated to be one cause of 

unexplained pregnancy loss 
(4)

. Cytokines have 

traditionally been divided into families 

dependent upon the immune cell of origin and 

the immunological effects that they bring 

about. CD4+ T-helper cells are the major 

immune cells involved in cytokine production, 

and these can be divided into functional 

subsets based on their cytokine production, T- 

helper 1 (Th1) cells produce interferon gamma 

(IFNg), IL-2 and tumor necrosis factor beta 

(TNFb) are the main effectors of  cell mediated 

immune response 
(5) 

T-helper 2 (Th2) cells 

produce IL-4, IL-5, IL-6 and IL-10, which  are 

the main effectors of antibody-mediated 

humoral responses
 (6)

. Local mechanisms may 

play an important role in evading immune
 

attack because maternal alloreactive 

lymphocytes are not systemically
 
depleted. The 

specialized fetal tissue in contact with maternal
 

uterine tissue might contribute to tolerance by 

several mechanisms,
 

such as depleting 

tryptophan,
(7)

 by inactivating natural killer
 
cells 

through HLA-G expression,
(8)

 or by provoking 

apoptosis
 
of activated maternal lymphocytes

 (9)
. 

Incomplete tolerance might
 
therefore result in 

disturbed pregnancy such as spontaneous
 

abortion and pre-eclampsia. Further, Th1/Th2 

cytokine balance
 

has been seen as a very 

important mechanism determining the
 
survival 

of the fetus in the maternal uterus. Recent 

evidence suggests that maternal tolerance is 

established
 
at the feto-maternal interface, by 

factors deriving from the
 

decidualized 

endometrium and from the trophoblast itself, is 

maintained throughout gestation in 

physiological pregnancy
 (10)

. Cytokines 

released at the feto-maternal interface have 

been
 
proposed to play an important role in 

regulating embryo survival controlling not 

only the maternal immune response but also 

angiogenesis
 
and vascular remodeling 

(10; 11)
.  

Th-1 cytokines are considered to be 

detrimental
 
to pregnancy, via direct embryo 

toxic activity, or via damage
 
to the placental 

trophoblast, or possibly by activating cells
 
that 

are deleterious to the conceptus, whereas Th-2 

cytokines
 
may directly or indirectly contribute 

to the success of pregnancy
 
by down regulating 

potential Th-1 reactivity 
(12; 13)

.  Protect the 

fetus and placenta from being rejected and to 

aid in the maintenance of normal pregnancy. In 

humans an important role for the T-helper 2 

immune response has also been reported 

during normal pregnancy 
(14; 15)

. 

Methods : Studied group   
 This study included ninety (90) women from 

the Obstetrics and Gynecology Department of 

Al- Kadhmiya teaching hospital in Baghdad. 

Patients' ages ranged between (18-36) years 

with a mean of (27.5 − 30.1) year. The patients 

were divided into two groups: 

 Group 1: sixty (60) women were admitted to 

the hospital for recurrent spontaneous abortion 

(3-6 numbers of abortions) for evacuation.  

Group 2: thirty (30) women with successful 

pregnancy (normal delivery) as control group. 

Sample collection 

 From each women included in the study blood 

samples were collected to obtain the serum. 

Procedure  
* Enzyme Linked Immunosorbent Assay 

(ELISA) for the detection of IL-2, IL-6 in 

serum:  IL-2, IL-6: ELISA Test Kits  provided 

by (Mabtech Australia Pty Ltd). Product cod: 

(3460-IA-6) IL-6, (3430-IA-6) IL-2. 

Estimation of IL-2, IL-6 level in serum or 

plasma by ELISA method. This method has 

two immunological steps. In the first step, the 

cytokine is captured by monoclonal antibody 

bound to the wells of a micro titer plate. In the 

second step a  monoclonal antibody linked to a 

biotinylated monoclonal antibody is add 

together with streptavidine-peroxidase 

conjugate. The solid phase antibody-antigen 

complex and in turn, binds the conjugate. After 

incubation, the wells are washed and the 

antigen complex bound to the well detected by 

addition of a chromogenic substrate. The 

intensity of the color developed is directly 

related to the specific monoclonal antibodies 

concentration of the sample 
(16)

. 

Statistical analysis 

  The Student test (t-test) analysis program was 

used to calculate the values, Mean, and 

standard error were all used in the analysis and 

the relationship between the indicators was 

measured qualitatively by using the correlation 

coefficient  

http://ajp.amjpathol.org/cgi/content/full/166/3/811#B3
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(r).Values of P<0.05 were considered as 

statistically significant 
(17)

. 

 

Results 

         The expression of IL-2 and IL-6 was 

detected by ELISA technique. Table (1) shows 

the mean value of concentration (pg/ml) of IL-

2 in sera of studied group which show highly 

significant (p<0.01) increased expression of 

IL-2 in aborted women compared with control. 

Table (2) shows the mean value of 

concentration (pg/ml) of IL-6 in sera of studied 

group which show highly significant (p<0.01) 

increased expression of IL-6 in aborted women 

compared with control.  In addition, the study 

failed to found a significant correlation 

(P>0.05) between IL-2 and IL-6 in aborted 

women and control groups, as shown in 

Table(3) . 

 

Table (1): The mean value of concentration 

(pg/ml) of IL-2 in sera of studied group. 

 

 

Table (2): The mean value of concentration 

(pg/ml) of IL-6 among studied group. 

 

 

 

 

 

 

 

 

 

Table (3): Pearson correlation (r) 

between IL-2 and IL-6 levels in serum of 

studied group 

Pearson Correlation  IL-2  IL-6 

Abortion r 0.532 

P-value >0.05 

Sig. NS 

Control  

r 0.421 

P-value >0.05 

Sig. NS 

NS= Non Significant difference 

 

Discussion 
The level of IL-2 increased in women with 

abortion in comparison with that successful 

pregnancy as shown in table (1). Evidence 

supporting this result showed that the 

administration of one of the Th-1 cytokines 

like Interferon- γ (IFN- γ), Tumor necrosis 

factor- α (TNF-α) or interleukin-2 (IL-2) to 

normal pregnant mice causes abortion 
(18)

. 

During a normal pregnancy, allogenic fetal 

tissues are exposed
 
to the maternal immune 

system. Rejection reactions normally
 
develop 

after allogenic recognition following the 

principle
 
of transplantation immunology 

(19)
. 

Although
 
the immune system is functional in 

the uterus and the embryo
 
expresses paternal 

major histocompatibility complex (MHC) 

molecules,
 
the conceptus nevertheless escapes 

the deleterious effect of
 
maternal rejection.  It 

may be due to local tolerance or
 
even perhaps 

immune suppression after interactions between 

fetal
 

antigens and the maternal immune 

system
(19)

. T cells must change from a resting 

to an activated state during
 
immune responses 

and lead to de-novo synthesis of interleukin
 
IL-

2 and expression of IL-2 receptors {IL-2Rs} 
(20)

. Interaction of IL-2 and its receptors 

triggers cellular
 
proliferation, culminating in 

the emergence of effectors T cells
 
that are 

required for the full expression of immune 

responses.
 (21)

 Spontaneous abortions in
 

humans have been shown to be associated with 

increased production
 
of interleukin (IL)-2 and 

IFN-  by peripheral blood mononuclear
 
cells 

(PBMC) and with decreased production of IL-

10, as compared
 

to normal pregnancy 
(22)

. 

Studies by Hill and
 
colleagues have shown that 

Studied 

group 

N Mean± Std. 

Error 

Comparison of 

significant 

P-value Sig. 

Control 20 
97.45± 0.90 

0.00 

Highly 

Sig. 

(P<0.01) 
Aborted 

women 
20 

259.32± 82.6 

Total 50 
 

Studied 

group 

N Mean± Std. 

Error 

Comparison of 

significant 

P-value Sig. 

Control 20 375.30±73.3 

0.00 

Highly 

Sig. 

(P<0.01) 
Aborted 

women 
20 82.41±0.86 

Total 50 
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trophoblast antigens activate the
 

PBMC of 

women with a history of unexplained recurrent 

spontaneous
 

abortion (RSA) to produce the 

embryotoxic cytokines IFN-  and
 
TNF-ß

(22,23)
. 

Interleukin-2, tumor necrosis factor- , and
 

interferon-  are deleterious and used to 

stimulate
 

the apoptosis of human primary 

villous trophoblast cells. In addition this study 

reveals in table 2 that the expression of IL-6 

proteins in circulation of women with 

successful pregnancy was significantly    

higher (p<0.001) than that of women with 

abortion. Further studies showed that there is a 

greater increase in IL-6 secretion during 

pregnant compared to not pregnant state that 

may be detected by ELISA of endometrial 

biopsy samples 
(24)

. human trophoblasts 

express IL-6 receptor and produce
 
IL-6, which 

induces the production of hCG in an autocrine 

manner,
 

suggesting a role of IL-6 in early 

implantation and its continuation
 

in early 

pregnancy
(25)

.
 

IL-6 may play a role in 

physiological
 
mechanisms involved in uterine 

contractions and the propagation
 

of labour. 

Thus, increased concentrations of IL-6 may 

reflect
 

a systemic reaction in the mother, 

leading to labour and delivery
 (26)

. This study 

showed that IL-6 concentrations were
 
lower in 

women with RSA than in those undergoing 

normal delivery. 
 
Considering that IL-6 is a 

Th2-type cytokine and that normal
 
 pregnancy 

appears to be a Th2-biased condition. These 

cytokines encourage vigorous antibody 

production, and are therefore commonly 

associated with strong antibody responses that           

are important in combating infections with 

extracellular organisms. IL-6 may also induce 

prostaglandin synthesis by intrauterine tissues; 

thus, it seems to play a physiological role in 

labour development. High levels of IL-6 have 

been detected in pregnant women at term and 

in preterm at labour 
(27)

. Such human studies 

do not        clearly
 
indicate a cause-and-

consequence between increased IL-6 

concentrations
 

and events associated with 

labour, studies in monkeys have shown
 
that an 

increase in IL-6 concentrations precedes 

uterine contractions
 
that may play a role in 

physiological
 
mechanisms involved in uterine 

contractions and the propagation
 
of labour 

(28)
.
 

The IL-6 found in the serum may originate 

from the trophoblast
 (29)

. Thus the study by 

Makhseed and colleagues, demonstrated that 

IL-6 concentrations were
 
lower in women with 

RSA than in those undergoing normal delivery, 

considering that IL-6 is a Th2-type cytokine 

and that normal
 
pregnancy appears to be a 

Th2-biased condition 
(13)

.
 
Th1 and Th2 cells 

are mutually inhibitory to each other when Th1 

reactivity is high, Th2 reactivity is usually low 

and vice versa 
(30)

. The current study shows in 

table (3) no significant correlation (p>0.05) 

between IL-2 and IL-6 in women with 

recurrent spontaneous abortion (RSA) and 

successful pregnancy. This un relation might 

be associated with different role of these two 

cytokine during pregnancy thus we suggested 

further study focusing on the role of IL-2 and 

IL-6 in pregnancy and RSA in placental tissue. 

In conclusion, IL-2 might play a pathological 

role in pregnancy in contrast IL-6 might play a 

role in successful pregnancy. 
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Abstract  
         This study was designed to show the advantages of using the combination of metformin and 

rosiglitazone over using each drug alone in treatment of women with polycystic ovary syndrome 

(PCOS).Forty four women with PCOS were classified into 3 groups , group 1 received rosiglitazone 

(4mg/day) for 3 months , group ΙΙ received metformin ( 1500 mg/day)for three months and groupΙΙΙ 

received the combination ( rosiglitazone 4mg/day + metformin 1500 mg/day) for the same period of 

treatment   . The blood samples were drawn before treatment and after 3 months of treatment . The 

fasting serum glucose , insulin , progesterone , testosterone , leutinizing hormone were measured before 

and after treatment. The reduction of serum insulin , glucose ,homostasis model assessment of insuline 

resistance ( HOMA-IR) , LH and testosterone levels were greater in the group received the combination 

of rosiglitazone with metformin than that those taken each one alone. Testosterone levels decreased 

significantly (P<0.05) from baseline level 1±0.04ng/ml to 0.073±0.32ng/ml  after treatment with 

combination.The rate of ovulation is 29.4%,36.4% , 62.5% in rosiglitazone , metformin and 

combination of both, respectively.The combination of rosiglitazone with metformin has more 

beneficial effect on ovulation rate.   

Key words: polycystic ovary syndrome, rosiglitazone, metformin, ovulation rate  . 

 

 الخالصة
٧ز٥ اٛذساعخ ط٠٠ذ ٛوشع اِٛ٪ائذ ٢ٟ اعزو٠بٙ خٰٜؾ ٢ٟ ا٠ٰٛزِ٪س٢ٰٟ ٩اٛش٩صٯٰٜ٘زبص١٩ ه٬ٜ اعزو٠بٙ ٗٚ د٩اء ٤ِٟشدا                    

٪١ اٟشأح ٟظبثخ ث٠زالصٟخ ا٠ٛجٰغ ٟزوذد االٰٗبط ٓغ٢٠ ا٬ٛ ه٤ذ هالط ا٤ٛغبء ا٠ٛظبثبد ث٠زالصٟخ ا٠ٛجٰغ ٟزوذد االٰٗبط. اسثن ٩اسثو

ٟٜي ٯ٪ٰٟب ٠ٛذح صالصخ اش٨ش ٩ ا٠ٛغ٠٪هخ اٛضب٣ٰخ ر٤ب٩ٛذ 4صالس ٟغ٠٪هبد : ا٠ٛغ٠٪هخ اال٬ٛ٩ ر٤ب٩ٛذ اٛش٩صٯٰٜ٘زبص١٩ ثغشهخ 

ٟٜي ٯ٪ٰٟب 4ٛش٩صٯٰٜ٘زبص١٩ ثغشهخ ٟٜي ٯ٪ٰٟب ٠ٛذح صالصخ اش٨ش اٟب ا٠ٛغ٠٪هخ اٛضبٛضخ ُٔذ ر٤ب٩ٛذ خٰٜؾ ٢ٟ ا 1500ا٠ٰٛزِ٪س٢ٰٟ ثغشهخ 

ٟٜي ٯ٪ٰٟب ٤ِٛظ ٟذح اٛوالط. ٠٣برط اٛذٝ عحجذ ٓجٚ اٛوالط ٩ثوذ صالصخ اش٨ش ٢ٟ اٛوالط.ا١ اٛزٌٰشُٮ  ٩1500ا٠ٰٛزِ٪س٢ٰٟ ثغشهخ 

ٯٰٜ٘زبص١٩ ٩ ٟغز٪ٯبد اٜٛ٘٪ٗ٪ص , اال٣غ٪٢ٰٛ, اٛجش٩عٰغزغش١٩   , ا٨ٛ٪سٟ٪١ اٜٛ٪ر٤ٰٮ  ٩اٛزغز٪عزٰش١٩ ٗب١ ٟٜح٪كب اٗضشُٮ خٰٜؾ اٛش٩ص

ا٠ٰٛزِ٪س٢ٰٟ ٠ٟب ُٮ حبٛخ اخز ٗٚ د٩اء ٤ِٟشدا.٠ٗب ا١ ٟغز٪٫ اٛزغز٪عزٰش١٩ ٯٔٚ ٟو٤٪ٯب ه٢ ٟغز٪٫ اٛشش٩م ثوذ اٛوالط ثب٠ٛشٗت . 

ُٮ اٛش٩صٯٰٜ٘زبص١٩ ٩ا٠ٰٛزِ٪س٢ٰٟ ٩ٜٗزب٠٧ب ٟوب ه٬ٜ اٛزشرٰت ا١ خٰٜؾ   62,5,  36,4, ٩29,4ٗب٣ذ ٣غجخ اٛٔبثٰٜخ ه٬ٜ ا٣زبط اٛجٰغ ٧ٮ

  ٰٜ٘زبص١٩ ٩ ا٠ٰٛزِ٪س٢ٰٟ ٦ٛ رأصٰش ٣بُن ه٬ٜ ٣غجخ ا٣زبط اٛجٰغ.اٛش٩صٯ

 

Introduction 
         Polycystic ovary syndrome (PCOS) is the 

most common abnormality in women during 

reproductive age, it is a hetrogenous disorder 

of uncertain etiology 
(1)

. It is characterized by 

chronic anovulation and hyperandrogenism 
(2)

 

affecting approximately 5-10 % of 

reproductive age women. The association 

between hyperinsulinemic insulin resistance 

and PCOS is well recognizes and may play an 

important pathogenic role in development of 

PCOS 
(3)

. Obese and lean women with PCOS 

manifest insulin resistance independent on 

body weight, although obesity is an additive 

factor which aggravates insulin resistance 
(4)

. 

There is some data to suggest that insulin 

enhances the effect of LH on preovulatory 

ovarian follicle arrest 
(5)

. It is possible that 

hyperinsulinemia due to insulin resistance 

drives the LH affect on ovarian theca cells to  

 

 

 

cause androgen excess which are intrinsically 

programmed to produce more androgens 
(6)

 .  

Excess androgens are known to interfere with 

the process of follicular maturation , thus 

inhibiting ovulation and producing more 

arrested follicles. It has been postulated that in 

PCOS ovaries there is an increased rsistance to 

all insulin functions , except for steroidogenic 

effect and the ultimate result is excess 

androgen production even with normal insulin 

level
(7)

. Metformin is abiguanide 

hypoglycemic agent that is approved for the 

management of type ΙΙ diabetes 
(8)

. Its main 

mechanism of action is the reduction of hepatic 

glucose production ( hnhibition of 

gluconeogenesis ). It also increases insulin 

mediated glucose utilization in peripheral 

tissue and decreases intestinal absorbtion of 

glucose
(9)

.

1 Corresponding author  : E-mail : mohammed_taher43@yahoo.com  
 Received   :  19/9/2007 

 Accepted   :  30/12/2008 

 

 

Several authors 
(10,11)

 have demonstrated the 

additional benefits of using metformin such as 
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these related to menstrual cycle regulation and 

induction of ovulation, protection from 

pregnancy losses ,improvement of 

cardiovascular risk factors  ,moreover 

metformin markedly increases both spontenous 

ovulation rate and clomiphene-induced 

ovulation rate for obese women with PCOS 
(12)

 

. Many studies have shown improvements in 

ovulatory function , development of normal 

menses , and restoring of fertility 
(13)

. In spite 

all of these benefits , many workers reported 

that metformin effect may be to some extent 

transient and some cellular adaptation may 

occur during more prolonged therapy 
(14)

. 

Rosiglitazone was approved in (1999) by food 

and drug administration (FDA) as an oral 

antidiabetic agent for the management of type 

ΙΙ dibetes as montherapy and in combination 

with oral hypoglycemic agents 
(15)

. 

Rosiglitazone increases insulin sensitivity 

without stimulating insulin secretion, its mode 

of action is by binding and activation of the 

nuclear peroxisome proliferators activator 

gamma (PPAR-γ) which is found in key target 

tissues for insulin action as adipose tissue, 

skeletal muscle and liver. Activation of 

(PPAR-γ) regulates the transcription of insulin 

–responsive gens involved in control of 

glucose and fatty acid metabolism 
(9,11)

 . 

Therefore   this study was designed to show 

whether    combination of ( rosiglitazone and 

metformin ) has advantages over using each 

drug alone in the treatment of women with 

PCOS.   

 

Methods and Materials  
         This study was conducted at Baghdad 

city in AL-Elwia maternity teaching hospital 

from October-2004 till June-2005.The study 

groups included 60 raqi women, (44) case with 

PCOS aged 17-40 years with a mean of age 

27.3±5.07 years , and 16 normal control 

subjects aged 18-38 years with a mean of age 

27.1±6 years. The patients included in this 

study were diagnosed with PCOS were non-

diabetic, non-hypertensive and non-

pregnant.The patients were under gynecologist 

supervision during period of treatment. The 

diagnosis of PCOS was made by gynecologist 

depending on ultrasound examination, clinical 

features and laboratory tests (hormonal assay). 

The patients involved in this study were on 

normal diet.They were divided randomly into 3 

groups: 

1. Groiup 1 included 17 patients (BMI 

28.8±3.9 Kg/m2), age 29.7±6.4 years. The 

patients received rosiglitazone 4mg daily 

in two divided doses (2mg) in the morning 

and (2mg) in the evening after meals for 3 

months. 

2. -Group ΙΙ included (11) patients (BMI 

29.1±5.2Kg/m2), age 24.9±  years). The 

patients received metformin 1500mg daily 

in three divided doses (500mg after each 

meal ) for three months. 

3. -Group ΙΙΙ included (16) patients (BMI 

34.2±6 Kg/m2) , age 26.5±4 years. The 

patients received a combination of the two 

drugs ( rosiglitazone 4mg/day + 

metformin 1500mg/day ) for three months. 

4. -Control group included (16) normal 

women (BMI 30±4.8 Kg/m2), age 27.1±6 

years. 

 

Sample collection: 

         Eight millilitrs (8ml) of venous blood 

samples used in this study were drawn  from 

PCOS patients.The first sample was collected 

before treatment as a baseline level, and after 

three months of treatment with insulin 

sensitizing agents.Fasting blood samples were 

used for the measurement of glucose , insulin, 

hormones (LH, testosterone and progesterone).  

Blood samples were left at room temperature 

for 30 minutes for clotting, centrifugated and 

then serum was separated and collected in 

small aliquots(0.5ml) and stored at (-20 C) 

until biochemical and hormonal analysis was 

performed.   The serum was used for 

measurement of fasting blood sugar,insulin 

,testosterone, LH and progesterone levels.  

  

Biochemical and hormonal assay: 

         Fasting insulin levels were determined 

using a commercial kit obtained from Randox, 

using Radioimmunoassay (RIA) method  
(17,18)

. 

Serum testosterone levels were determined 

using a commercial kit obtained from 

Immunotech, based also on   (RIA) 
(19)

. By 

using of a kit from Immunotech, the 

radioimmunoassay of progesterone is 

compitiotion assay 
(20)

. Serum LH determined 

using kit from Immunotech, by the 

immunoradiometric assay (IRMA) which is 

sandwich type assay 
(21)

.Fasting serum glucose 

was measured by a commercial kit obtained 

from BIOmghreb, using the enzymatic 

method
(22)

. 

Diagnosis of infertility depends on that 

inability of any couple to conceive a child 

within a 12 months period of unprotected 

coitus ( sexual intercourse) 
(23)

. 

Body mass index (BM I) was calculated using 

the standard formula : 

BMI=weight (kg)/hight (m2). Obses patients 

were defined as having BMH> 27 Kg/m2
(24,25)

. 

Homeostasis model assessment of insulin 

rsistance (HOMA_IR) was calculated using 

the following formula:  

HOMA-IR= basal glucose (mmol/L).basal 



Iraqi J Pharm Sci , Vol.17 (2) , 2008             Rosiglitazone , metformin in polycystic ovary syndrome                                 
 

82  
 

insulin(μIU/ml) 22.5 

Insulin resistance patients were defined as 

having HOMA>2.7 
(26)

. 

The drugs used in this study were: 

Rosiglitazone 4mg tablets purchased from 

(Sunpharma)- India- and metformin 500mg 

tablets purchased from (MB and C) -syria- 

 

Statistical analysis 
1-The results were expressed as man±SD 

mean. 

2- Student T-test was used to examine the    

    difference in the mean of parameters tested. 

3- P-value of less than (0.05) was considered   

     significant. 

 

Results 

         The most patients in this study were with 

oligomenorrhea (68.1%) and (22.7%) of the 

patients were infertile. The hirsutism was 

obvious symptom in  (63.6%)  of  the  patients 

( table 1). The combination of metformin and 

rosiglitazone reduced the levels of serum 

insulin, glucose , HOMA-IR, LH and 

testosterone which are more than that produced 

by rosiglitazone or metformion alone (tables  2 

, 3 and 4 )(P<0.05).The testosterone was 

significantly decreased (P<0.05) only after 

treatment with combination compatred to the 

baseline levels. The ovulation rates were 

29.4%, 36.4%, 62.5% in rosiglitazone, 

metformin and combination of both , 

respectively (table  5).   

 

Table(1): demographic data of 44 patients 

with PCOS. 

Character 
Number of patients 

(%) 

Obese 31(70.4%) 

Lean 13(29.5%) 

Amenorrhea 10(22.7%) 

Oligomenorrhea 30(68.1%) 

Regular cycle 4(9%) 

Infertility 10(22.7%) 

Hirsutism 28(63.6%) 

 

 

Table (2): Effect of treatment of rosiglitazone(4mg/day) on levels of insulin, glucose, HOMA-

IR,LH and testosterone in group1. 

Variables Control levels 

(n=16) 

 

Baseline levels (before treatment) 

(n=17) 

After treatment 

(n=17)(%) 

Insulin (μU/ml) 8.4±1.7 15.6±5.5a 10.4±3.6(33.5) 

Glucose 

(mg/100ml) 

82±4.9 89.8±7 84±5.8(6.4) 

HOMA-IR 1.7±0.43 3.4±1.4a 2.1±0.9(38.2) 

LH 

(mμ/ml) 

4.5±0.15 11.6±3.4a 10.6±3.1a(8.6) 

Testosterone(ng/ml) 0.34±0.01 0.94±0.44a 0.71±0.43a(24.4) 

 

Values are means±SD 

n= No. of women. 

 %= percentage of change compared with base line levels. 

a p<0.05 for comparison with control group. 

HOMA= homeostasis model assessment of insulin resistance. 

LH= Leutinizing hormone. 

 

 

 

 

 

 

 

 

 

 

Table (3) : Effect of treatment with metformin(1500mg/day)  on levels of insulin , glucose , 

HOMA-IR,LH and tstosterone in group ΙΙ. 



Iraqi J Pharm Sci , Vol.17 (2) , 2008             Rosiglitazone , metformin in polycystic ovary syndrome                                 
 

83  
 

Variables Control levels 

(n=16) 

Baseline levels (before treatment ) 

(n=11) 

After treatment 

(n=11)(%) 

Insulin 

(μU/ml) 

8.4±1.7 14.5±4.3a 10.3±2.8(28.9) 

Glucose (mg/100ml) 82±4.9 84.2±4.2 82±5.1(2.6) 

HOMA-IR 1.7±0.43 2.9±0.9a 2±0.5b(13) 

LH 

(mμ/ml) 

4.50.15± 12.4±4.7a 11.5±3.9a(7.2) 

Testosterone(ng/ml) 0.34±0.01 0.91±0.51a 0.71±0.37a(21.9) 

Values are means  ±SD. 

N=No. of women. 

%=percentage of change compared with baseline level. 

a P<0.05 for comparison with control group. 

 

 

Table (4): Effect of treatment with the combination of metformin(1500 mg /d) and rosiglitazone 

(4mg/d)  on the levels of insulin , glucose , HOMA-IR,LH and testosterone in group ΙΙ. 

Variables Control levels 

(n=16) 

Baseline levels (before treatment) 

(n=16) 

After treatment 

(n=16)(%) 

Insulin 

(μU/ml) 

8.4±1.7 21.2±8a 12.5±4.8(41) 

Glucose (mg/100ml) 82±4.9 90.3±8.3a 84.1±6.5(6.8) 

HOMA-IR 1.7±0.43 5±1.5a 2.6±0.8(48) 

LH 

(mμ/ml) 

4.50.15± 11.9±2.8a 10.2±2.3a(14.2) 

Testosteroe 

(ng/ml) 

0.34±0.01 1±0.46a 0.73±0.32a,b(27) 

Values are means  ±SD. 

n= no. of women . 

%=percentage of change compared with baseline level. 

a P<0.05 for comparison with control group. 

b P<0.05 for comparison with base line alone . 

 

  

Table (5): Ovulation rate in PCOS patients for treatment with insulin sensitizing agents. 

 

Groups 

Secondary 

outcome 

 

Group 1 

(n=17) 

Group ΙΙ 

(n=11) 

Group ΙΙΙ 

(n=16) 

Total 

Ovulation 5(29.4) 4(36.4%) 10(62.5)%111 19 

No ovulation 12(70.6%) 7(63.6%) 6(37.5%) 25 

Total 17 11 16 44 

n=no. of women  

Group 1: women treated with rosiglitazone 4mg/d alone. 

Grouop ΙΙ: women treated with metformin 1500mg/d alone. 

Group ΙΙΙ : women treated with combination of roziglitazone 4mg/d and metformin 1500mg/d. 
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Discussion 

         In this study , the administration of 

insulin sensitizing agents rosiglitazone and 

metformin alone or in combination for three 

months showed non-significant reduction 

(P>0.05) in serum glucose levels , serum 

insulin levels nor HOMA _IR index. The 

efficacy and percentage of improvement was 

seen to be  more obvious in combination group 

than with either drug alone (table 2,3 and 4) . 

Roziglitazone showed more improvement than 

metformin . However, in present study , 

rosiglitazone and metformin treatment 

improved insulin resistance because there was 

an improvement in fasting insulin and fasting 

glucose levels, similar results were reported by 

other studies 
(27,28)

. All groups of patients who 

received rosiglitazone and metformin alone or 

in combination showed a slight ( non-

significant) decline in LH levels when 

compared with baseline levels .Lack of change 

in LH levels also reported by many 

researchers
(28,29)

. The effect of rosiglitazone 

and metformin combination for three months 

was associated with significant decline in 

testosterone levels (p<0.05) ( table 4). The 

study also shows a greater decrease in insulin 

and HOMA-IR index leading to more decrease 

in testosterone level. These results are in 

agreement with studies showed a reduction in 

serum androgen levels after the reduction of 

insulin levels by insulin sensitizing agents, and 

these effect were independent in body weight 
(28,30,29)

. In general, the favorable effect of 

insulin sensitizing agents on 

hyperandrogenemia in PCOS may be due to 

reduced pituitary secretion of LH, reduced 

ovarian androgen secretion, and increased 

levels of sex hormone binding globulin 

(SHBG)
(31)

.The adminstrastion of rosiglitazone 

or metformin alone or both of them for three 

months demonstrated an improvement in 

ovulation rate assessed by measurement of 

mid-luteal phase progesterone level in group 

ΙΙΙ more than group ΙΙ and Ι ( table 5) . This 

may be due to the synergestic effect of two 

drugs which lead to decrease the testosterone 

significantly (P<0.05). The percentage of 

ovulation was (62.5%0, (36.4%) and (29.4%) 

in groups ΙΙΙ , ΙΙ , Ι respectively. Several 

studies investigated effect of metformin on 

menstrual cyclicity, and a significant 

improvement in the frequency of menstrual 

cycles has been reported , with an incrase in 

the percentage of ovulatory cycles as assessed 

by mid-luteal phase progesterone 
(32,27)

. K.J 

Meenanakumaari et al (2004) found a 

significant negative correlation between 

insulin  and progesterone , and between 

progesterone and LH concentration in PCOS 

women treated with metformin and suggested 

that insulin resistance / hyperinsulinemia may 

be responsible for low progesterone levels 

during the luteal phase in PCOS. The luteal 

progesterone may be enhanced in PCOS by 

decreasing insulin levels with metformin 
(33)

. 

Richardo Azziz et al (2001) studied the effect 

of rosiglitazone on menstrual cyclicity and 

ovulation in PCOS women. Azziz reported an 

increase in the mean rate of ovulation in dose- 

related fasion and he expected an improvement 

in the menstrual cycle after  the improvement 

in ovulation 
(34)

. Nicholas A. Cataldo et al 

(2006) showed a favorable effect of 

rosiglitazone on menstrual pattern or ovulation 

independent of rosiglitazone dose, furthermore 

they have found that ovulation occur in 

association with only modest change in insulin 

rsistance and insulinemia and claimed either 

that a small metabolic improvement is 

sufficient to promote preovulatory follicular 

maturation or that rosiglitazone exerts its effect 

indepently of insulin 
(35)

. Similar results were 

reported by Didem Dereli et al ( 2005)
(36)

.  In 

conclusion it is preferable to use a combination 

of rosiglitazone and metformin in infertile 

PCOS women as it has more potent effect in 

the improvement of ovulatiobn rate. The 

combination is also more beneficial to alleviate 

the hyperandrogenemioa in women with 

PCOS.    
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