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Abstract 
          Cardiovascular risk is independently increased by plasma lipids abnormalities (low- density and 

high density lipoprotein -cholesterol and triglycerides). Most patients have more than one lipid 

abnormality. Combination therapy with lipid-modifying agents could offer an important therapeutic 

option for improving the overall lipid profile. Combinations have demonstrated to provide additive 

efficacy and significant reductions in coronary events . This study was designed to evaluate the effect 

of ezetimibe, when used in combination with other hypolipidaemic agents ( statins) on lipid  profile as 

well as on liver function ,renal function, oxidative stress, and platelets  function when given to 

dyslipidaemic patients .  Forty four patients (24 males and 20 females) with age ranged between 40-70 

years (54 ±14.6) with dyslipidaemia on statins therapy for at least 6 month were involved in this 

clinical trials. They were randomized into two groups treated  with either a combination of 20 mg/day 

simvastatin or a combination of 20mg/day atorvastatin and 10mg/day of ezetimibe.The study also 

included 22 apparently healthy subjects with age ranged (40-70years) and sex(11males and 11 females) 

matching that of the patients group. Serum lipid profile (total cholesterol -TC, triglycerides -TG, low 

density lipoprotein-cholesterol –LDL-C, very low density lipoprotein-cholesterol-VLDL-C, and high 

density lipoprotein-cholesterol –HDL-C), oxidative stress marker (Malondialdehyde-MDA), liver 

functions indices (Alanin aminotransferase -ALT,Aspartate aminotransferase- AST, total bilirubin), 

renal function parameters (urea, creatinine, and  microalbuminuria) and platelets function test (bleeding 

time)were evaluated before and after 4 and 6 weeks of starting ezetimibe treatment . Treatment with 

ezetimibe plus simvastatin or atrovostatin resulted in significant lowering in TC, TG, LDL-C levels 

with elevation in HDL-C also the LDL/HDL ratio lowered significantly ( by 38.16%). This effect was 

associated with significant changes in liver function , and oxidative stress without changes in platelets 

function nor in  renal function. The results presented in this study indicated that ezetimibe can be used 

in clinical practice for the treatment of dyslipidaemia, when combined with other hypolipidaemic 

agents like simvastatin and atorvastatin to improve the therapeutic profile with ameliorating some of 

their adverse effects.  

Keywords : Ezetimibe , Statins , Dyslipidemia 

 

لخلاصةا  
اٌ خؽش أيشاض الأٔلٛت انقهبٛت ًٚكٍ إٌ ٚضداد بصٕسة غٛش يمخًذة لُذ الاخخلال فٙ انذٌْٕ انزلارٛت ٔانذٌْٕ انبشٔحُٛٛت 

ٔصذ اٌ يمفى انًشظٗ نٓى أكزش يٍ خهم ٔاحذ فٙ انذٌْٕ. اٌ انملاس انًشكب يٍ انًٕاد انًمذنت نهذٌْٕ  لبنٛت انكزبفت ٔٔاؼئت انكزبفت.

ٔ انملاس انًشكب ًٚكٍ اٌ ٚكٌٕ نّ فمبنٛت إظبفٛت يغبببً ْبٕؼبً يمُٕٚبً .  صٛت يًٓت نخحغٍٛ كم يغخٕٚبث انشحٕو فٙ انذوٕٚفش فبئذة للا

أصشٚج ْزِ انذساعت ٔصًًج نخقٛٛى فمبنٛت الاٚضحبًٚب يك يٕاد خبفعت نهذٌْٕ يزم انغخبحُٛبث  فٙ انخأرٛشاث لهٗ انششاٍٚٛ انخبصٛت.

إظبفت إنٗ حأرٛشِ لهٗ ٔـبئف  ، بحٛت ٔانًخًزهت بًغخٕٚبث اٚط انذٌْٕ ٔ فشغ الأكغذة ٔٔـبئف انكبذ ٔانكهٗلهٗ يمبٚٛش انكًٛٛبء انحٛ

انصفٛحبث انذيٕٚت )صيٍ انُضف( ٔيقبسَت ْزِ انخأرٛشاث يك أدٔٚت حقهٛذٚت خبفعت نهذٌْٕ )عًفبعخبحٍٛ ٔ احٕسفغخبحٍٛ( كُفبو يخخهػ يك 

( عُت 02-42اَبد( بمًش ٚخشأط بٍٛ ) 42ركٕس،  44) يشٚعب (44ج ْزِ انذساعت لهٗ ).اشخًه  الاصٚخٛبيٛب لُذ يشظٗ انشحبو

 دٔٚت انغخبحٍٛ. حى حقغٛى انًشظٗ لشٕائٛبً انٗ يضًٕلخٍٛ كبلأحٙ:ببيشٚعبً بذاء انشحبو يغخًشٍٚ لهٗ انملاس  64.1± 44ٔبًمذل 

يهغى ٕٚيٛبً ٔانًضًٕلت  62+42انغًفبعخبحٍٛ ٔالاٚضٚخبًٚٛب  انًضًٕلت الأٔنٗ: ْٙ يضًٕلت انًشظٗ انزٍٚ اعخخذيٕا َفبو يخخهػ بٍٛ

يهغى ٕٚيٛبً. اعخًشث فخشة انًخببمت عخت أعببٛك يخخبنٛت. كزنك ظًٍ  62+42انزبَٛت لهٗ َفبو يخخهػ بٍٛ الاحٕسفبعخبحٍٛ ٔالاٚضٚخبًٚٛب 

حى قٛبط يغخٕٚبث  (.44ًشظٗ ببنشحبو ٔبمذد )انذساعت يضًٕلت يقبسَت يٍ الأصحبء بألًبس يقبسبت ٔبُفظ حٕصٚك انضُظ نًضبيٛك ان

ٔٔـبئف انكهٗ  (.AST,ALT T.Bil)ٔيمبٚٛش فشغ الاكغذة انًبنَٕذانذٚٓبٚذ ٔٔـبئف انكبذ  (TC,TG,HDL,LDL)انشحٕو فٙ انذو 

(S.Urea,creatinine,MAU)   ٔٔـبئف انصفٛحبث انذيٕٚت(Bleeding Time)   اعببٛك يٍ 4قبم الؽبء انملاس ٔبمذ يشٔس 

 لهٗ يغخٕٖ شحٕو   أ الاحشٔفبعخبحٍٛ اـٓشث ححبنٛم انبٛبَبث فشٔقب يمُٕٚت ٔاظحت نلاصٚخبيٛب يك انغًفبعخبحٍٛالؽبء الاصٚخبيٛب. 

 ٔاَخفبض يهحٕؾ فٙ َغبت    HDLٔاسحفبق يغخٕٖ   (TC,TG&LDL)انذو حٛذ نٕحؿ حصٕل اَخفبض يمُٕ٘ فٙ حشاكٛض 
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LDL/HDL     حغٛش يمُٕ٘ فٙ ٔـبئف انكبذ  حشافق يكALT,AST,T.Bil.  .فٙ يمبٚٛش فشغ الاكغذة  ححغٍ يمُٕ٘ ـٓش كزنك

عهبٛت راث دنٛم يمُٕ٘ نٕـبئف انكهٗ ٔانكبذ ٔانصفٛحبث  نى ٚخى يلاحفت أ٘ حأرٛشاث ـبْشة أ ٔ  MD A يخًزهت ببَخفبض يغخٕٖ 

بكفبءة  نملاس  اظبفًٙٚكٍ اعخُخبس يبٚهٙ :اٌ الاصٚخبيٛب ًٚكٍ اٌ ٚغخخذو كملاس  اعتانذيٕٚت.فٙ ظٕء انُخبئش انخٙ افشصحٓب ْزِ انذس

ًكٍ اٌ ٚحغٍ انفبئذة انملاصٛت ٔيُك يشض انشحبو ٔلُذيب ٚؤخز يك ادٔٚت خبفعت نهكٕنٛغخشٔل كبنغًفبعخبحٍٛ ٔالاحشٔفبعخبحٍٛ ٚ

 انخأرٛشاث انضبَبٛت انًخٕقمت.

 

Introduction 
         Dyslipidemia  can be the result of a 

genetic predisposition, secondary causes or a 

combination of both
.(1)

 The major lipid 

components of serum, Cholesterol and 

triglycerides can produce three forms of 

dyslipidemia: Hypercholesterolemia, 

hypertriglyceridemia and  a combination of 

both. In each case, the dyslipidemia is the 

result of an elevation in either the number or 

composition of specific lipoproteins  , which is 

an important determinant for selecting the 

appropriate drug therapy
.(2,3)

.The NCEP 

guidelines for diagnosis of dyslipidemia, 

however, are based on clinical cut point that 

indicates relative risk for coronary disease. 

Including the general recommendation that 

total cholesterol and HDL levels to be 

measured every five years beginning at age 20 

in persons who do have  a family history of 

coronary heart or other atherosclerotic 

disease
.(4)

 . LDL is considered as the primary 

atherogenic lipoprotein, and the smaller the 

size of the LDL particle, the more it is able to 

penetrate into subendothelial  tissue, thereby 

contributes to the development of 

atherosclerosis
.(5)

  For people with CHD, 

several large trials have demonstrated that 

aggressive lipid lowering is beneficial in 

people with CHD with considering the 

following points:-         

           A target LDL. Cholesterol level below 

70-80 mg/dl is recommended for people who 

have CHD and have multiple major risk 

factors (e.g patients with diabetes or who 

smoke). Patients who experience myocardial 

infraction (MI) should  be started on  the 

cholesterol  lowering medication while in the 

hospital and are advised to make life style 

changes , regardless of their LDL-cholesterol 

level.A target LDL-cholesterol level less than 

100mg/dl is recommended for people who 

have CHD but do not have many additional 

risk factors.Life style changes as well as 

medications may be recommended when LDL 

levels are greater than 100mg/dlWhilest for 

people without a history of CHD also appear to 

benefit from lipid lowering therapy although 

the treatments are not as aggressive as in 

patients with CHD
 (6)

  .  Five  major classes of 

drugs are available now for the treatment of  

dyslipidemia , each with different effects on 

the various lipids and lipoprotein  profile  

(Table-1) 
( 7,8).

    Statins are the most potent 

drugs available now for reducing LDL-C, they 

bring about moderately lower triglyceride level 

and modestly increase HDL-C levels 
 (9)

  .  

 

 

 

Table ( 1 )  :   Major classes of drug used in treating dyslipidemia 
(2) 

 

Drug class LDL-cholesterol HDL-cholesterol Triglycerid 

Statins      18%-55%       5%-15%      7%-30% 

Bile acid sequestrates      15%-30%       3%-5% No change or increase  

Niacin      5%-25%       15%-35%      20%-50% 

Fabric acid        5%-20% 

 

May be increased in 

patients with high 

triglyceride level 

      10%-20%      20%-50% 

Cholesterol 

absorption inhibitors  

 

     17%-19%       1%-4%      0%-6% 
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Statins are considered the first line treatment 

of hypercholesterolemia in patient who have 

failed to adequately respond to dietary 

therapy
.(10,11)

 Currently available products 

include  Simvastatin, Atorvostatin, Lovastatin , 

Pravastatin, Fluvastatin Rosuvastatin 
(12)

. oral 

agent that competitively inhibits HMG-CoA 

reductase, the catalytic enzyme in the 

conversion of HMG-CoA to mevalonic acid in 

the rate limiting step of cholesterol 

biosynthesis . 
(13)

Recently, a potential 

mechanism for poor response to statin therapy 

was described by Patel et al(2001),
 (14) 

where 

the poor responders had a low basal rate of 

cholesterol synthesis that may be secondary to 

a genetically determined increase in 

cholesterol absorption possibly mediated by a 

polipoprotein E4  or  by polymorphism in the 

HMG-CoA reductase gene.
(15,16)

 Generally 

statins are contra-indicated in active liver 

disease (or persistently abnormal liver function 

tests) and in pregnancy (adequate 

contraception required during treatment and 

for 1 month afterwards) and breast-feeding. 
(17)

The side effects of statins are reversible 

myositis which is a rare but a significant side-

effect of the statins. Simvastatin and 

atorvastatin  also cause headache; altered liver-

function tests (rarely, hepatitis) and gastro-

intestinal effects including abdominal pain, 

flatulence, diarrhea, nausea and vomiting. 

Rash and hypersensitivity reactions (including 

angioedema and anaphylaxis) have been 

reported rarely. 
(17)

 The new class of lipid 

modifying agents, cholesterol absorption 

inhibitors, acts to lower LDL-C concentrations 

by almost 20% regardless of concurrent 

therapy, and have a modest effect on HDL-C 

and triglycerides
(18).

Ezetimibe (Zetia, Merck/ 

Schering-plough pharmaceuticals) is the first 

agent approved in this class, might be a good 

option for patients who do not tolerate or 

respond to statin therapy .However, this 

product is contraindicated in patients with 

active liver disease. Ezetimibe acts through 

selective inhibition of intestinal cholesterol 

absorption . 
(19)

 Experimental studies suggest 

that ezetimibe prevents dietary and biliary 

cholesterol uptake that transport across the 

intestinal wall. 
(20,21)

 Ezetimibe -glucuronide, 

the primary metabolite, is transported from the 

liver back to the intestine in bile, and is a more 

potent inhibitor of cholesterol absorption than 

ezetimibe itself .
(22)

Relatively high level of 

fecal ezetimibe (69% of the administered dose) 

suggests limited absorption and possible 

hydrolysis of the glucuronide metabolite  .
(23)

 

The dose of ezetimibe 10mg once daily
.(17)

  

The present study was designed to evaluate the 

possible effects of adding 10 mg daily dose of 

Ezetimbe (for 4 and 6 weeks) to 

hyperlipidemic patients ongoing with statins 

therapy (simvastatin 20 mg or atorvastatin 20 

mg/day) on different components of 

lipoproteins in plasma, some biochemical 

markers for assessing liver , kidney and 

platelets function ,as well as , serum MDA 

levels. 

 

Materials and Methods 

          This study was carried out in Al-Basrah 

General Hospital by selecting 44 patients (24 

males and 20 females) with age ranged 

between 40-70 years (54 ± 14.6) presented 

with hyperlipidaemia (serum total cholesterol 

>200mg/dL ) for more than 6 months on 

statins ,not having any CVD, from December 

2006 to march 2007 .    Twenty two apparently 

healthy subjects with comparable age and 

weight  were also involved in this study as  a 

control .Fasting blood specimens were utilized 

for assessing lipid profile (total serum 

cholesterol 
( 24)

, triglyceride
(25)

, and high 

density lipoprotein-cholesterol (26 ), low 

density lipoprotein-cholesterol 
(27)   

Liver 

function tests(Alanine minotransferase-ALT 

(Aspartate aminotransferase -AST 
(28)

  total 

bilirubin 
(29) ,

 renal function tests (urea
(30),

 

creatinine
(31)

 and microalbominurea -MAU 
(32) ,

 

platelets function tests (Bleeding time IVY 

method)  
(33)

 and oxidative stress (serum 

malondialdehyde –MDA
(34)

.  Subjects were 

randomized into five groups: 
Group 1: which include 22 apparently healthy 

subjects (11 male, 11 female) that not received 

any therapy during the study. 

Group 2: which include 11 (6 male and 5 

female) dyslipidaemic patients treated with 

Simvastatin 20 mg orally given as single daily 

dose at bed time for 6 weeks interval.  

Group 3: which include 11 (6 male and 5 

female) dyslipidaemic patients treated with 

Atorvastatin 20 mg orally given as single daily 

dose at bed time for 6 weeks interval. 

Group 4: which include 11 (6 male and 5 

female) dyslipidaemic patients treated with 

Simvastatin 20 mg + Ezetimibe 10 mg orally 

taken at bed time for 6 weeks interval. 

Group 5: which include 11 (6male and 5 

female) dyslipidaemic patients treated with 

Atrovastatin 20 mg + ezetimibe 10 mg orally 

taken at bed time for 6 weeks interval . 

All values were expressed as means ± standard 

error of mean. Data were analyzed by in 

dependent T-test to assess the difference 

between two groups. P value less than 0.05 

was considered significant).
(35) 
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Results 

          Both simvastatin and atorvastatin 

treated groups (figure-1), showed no 

significant change in serum total cholesterol 

after 4 weeks of ezetimibe therapy ,but after 6 

weeks of the addition of ezetimibe to 

simvastatin, there was a significant lowering in 

serum total cholesterol level as compared with 

both baseline . However , simvastatin treated 

group showed significant (p<0.05) reduction in 

serum TG levels after 4  weeks from the 

addition of ezetimibe (-28.6%)as compared 

with normal values , after 6 weeks from 

addition of ezetimibe it produced (-30.69%) 

reduction as compared with normal  values     

(figure-2).While, 4 weeks of ezetimibe  

addition to atorvastatin produced a significant 

lowering (p<0.05) in serum TG level as 

compared to both normal and baseline values   

(-31.93%and -29.36%, respectively). After 6 

weeks serum TG levels were lowered by(-

19.6%,-17.4%)  as compared with normal and 

baseline values respectively.However, the 

hyperlipidemic group treated with simvastatin 

exert non significantly elevated levels of serum 

HDL-C after 4 weeks from the addition of 

ezetimibe (figure-3) .  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (1)  : A histogram showing serum total cholesterol, for Simvastain and Atrovastatin 

groups that received Ezitimibe; as compared with control 
           * = significant at p<0.05 as compare with normal values in same column. 

            a = significant at p<0.05 as compared with baseline values. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (2): A histogram showing serum triglyceride, for Simvastain and Atrovastatin groups that 

received Ezitimibe; as compared with control group 

           * = significant at p<0.05 as compare with normal values in same column. 

            a = significant at p<0.05 as compared with baseline values. 
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Figure (3): A histogram showing serum HDL-cholesterol, for Simvastain and Atrovastatin 

groups that received Ezitimibe; as compared with control group. 

 

           * = significant at p<0.05 as compare with normal values in same column. 

 

But after 6 weeks there were significant 

(p<0.05) elevations in serum HDL-C level 

(15.4%,6.79%)  as compared with normal and 

baseline values respectively .Atorvastatin 

group, showed significantly (p<0.05) higher 

serum HDL-C level before, after 4 weeks, and 

after 6 weeks from addition of ezetimibe.  

(10.19%, 19.66% & 18.21% respectively) as 

compared with value of normal group. Plasma 

LDL-C level was non significantly lowered 

after 4 weeks from addition of ezetimibe to 

simvastatin treated group (figure-4 ) but after 6 

weeks there were a significant (p<0.05) 

lowering in serum LDL-C levels   (-20.95%,-

21%) as compared with baseline and normal 

values respectively. While, atorvastatin group, 

showed no significant alteration in serum 

LDL-C level both after 4 and 6 weeks from 

addition of ezetimibe. However, simvastatin 

group showed no significant changes in 

LDL/HDL ratio after 4 weeks of ezetimbe 

therapy as compared to those values before 

adding ezetimbe and that of control (table .2) . 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (4) : A histogram showing serum LDL-cholesterol, for Simvastain and Atrovastatin 

groups that received Ezitimibe; as compared with control group. 

      * = significant at p<0.05 as compare with normal values in same column. 

42.86 40.68 40.14
43.41 44.45 46.3647.23 48.68 47.45

0

10

20

30

40

50

60

Before Ezetimibe addition 4weeks after Ezetimibe

addition

6weeks after Ezetimibe

Addition

Time

S
er

u
m

 H
D

L
(m

g
/d

l)

Normal gp

Simvistatin gp

Atrovastatin gp

* * * * 

42.86 40.68 40.14
43.41 44.45 46.3647.23 48.68 47.45

0

10

20

30

40

50

60

Before Ezetimibe addition 4weeks after Ezetimibe

addition

6weeks after Ezetimibe

Addition

Time

S
er

u
m

 H
D

L
(m

g
/d

l)

Normal gp

Simvistatin gp

Atrovastatin gp

* * * * 



Iraqi J Pharm Sci , Vol.18 (1), 2009                         Role of ezetimibe in combination with statins                               

 

 6 

Table (2): Effect of Ezitimibe Addition on LDL/HDL ratio in patients treated with HMG-CoA 

reductase inhibitors (Atrovastatin & Simvastatin); in comparison with normal individuals  

(values expressed as mean + standard error of mean , N= Number of subjects) 
 

* = significant at p<0.05 as compare with normal values in same column. 

a = significant at p<0.05 as compared with baseline values. 

 

But 6 weeks    values were    significantly 

(p<0.05)    lowered (-38.16%,-35.29%) as 

compared with both baseline and control 

values respectively, a comparable results were 

obtained with atorvastatin treated group in 

LDL/HDL ratio (-27.5%,-12.68%)) as 

compared with normal and baseline  values, 

respectively.In table -3, the studied groups 

exert a significant changes in serum ALT 

activity  after 6weeks from  addition ezetimibe 

(18.77%,5.66%)as compared to both baseline 

and control values respectively.While, the 

atorvastatine group exert no significant 

alterations in ALT activity in serum through 

the study. Simvastatin treated group of patients 

showed non  significant elevation in serum 

AST activity after 4 weeks from addition 

ezetimibe(8.39%,11.7%) as compared  with 

baseline and  normal values ,respectively ,but 

after 6 weeks a significant (p<0.05)   elevation 

in serum AST activity was noticed (13.6%)as 

compared to pretreatment value. Meanwhile, 

atoravastatin treated group was presented with 

a significant (p<0.05) lowering in serum AST 

activity (-7.12%,-14.4%)as compared with 

both baseline and normal values respectively. 

In simvastatin treated patients there was a 

significant (p<0.05)lowering in serum total 

bilirubin level(-15.5%,-17.09%) after4&6 

weeks as compared to the  control values, 

respectively ( table-3). In atorvastatin treated 

group, ezetimibe  showed a significant 

(p<0.05)lowering  in serum total bilirubin (-

8.18%, -13.6%) respectively  as compared 

with baseline and normal values respectively. 

 

Table (3) :  Effect of Ezetimibe addition on serum ALT ,  AST and Total bilirubin 

in patients treated with Simvastatin and Atrovostatin in comparison with  normal Subjects  

( values are expressed as mean ±SEM , N= Number of subjects) 

 

Groups 
 Duration of 

treatment 
Serum ALT (IU/L)  

Serum AST 

IU/L 

Serum total 

Bilirubin 

Normal 

N=22 

 Base line values 13.82 ± 0.72  14.8±0.66 1.26±0.03 

 After 4 weeks 13.77 ± 0.55  13.86±0.58 1.16±0.5 

 After 6 weeks 13.59 ± 0.47  14.50±0.65 1.17±0.04 

Patient treated 

with Simvastatin 

& Ezitimibe 

N=22 

 Base line values 12.09 ± 0.81  11.32±0.32* 1.03±0.04* 

 After 4 weeks 14.18 ± 0.66  12.27±0.48* 0.98±0.03* 

 After 6 weeks 14.36 
± 

0.56 a 12.86±0.43a* 0.97±0.04* 

Patient treated 

with Atrovastatin 

& Ezitimibe 

N=22 

 Base line values 12.91 ± 0.60  12.77±0.56* 1.10±0.05* 

 After 4 weeks 13.45 ± 0.50  11.86±0.54* 1.03±0.05 

 After 6 weeks 13.45 

± 

0.36  11.45±0.46* 1.01±0.03* 

* = significant at p<0.05 as compare with normal values in same column. 

a = significant at p<0.05 as compared with baseline values. 

Groups 
Duration of 

treatment 
LDL/HDL ratio  

Normal 

N=22 

Base line values 2.79 + 0.20  

After 4 weeks 3.13 + 0.34  

After 6 weeks 3.23 + 0.30  

Patient treated with 

Simvastatin & Ezitimibe 

N=22 

Base line values 3.38 + 0.43  

After 4 weeks 2.51 + 0.23  

After 6 weeks 2.09 + 0.15 * a 

Patient treated with 

Atrovastatin & Ezitimibe 

N=22 

Base line values 2.68 + 0.22  

After 4 weeks 2.35 + 0.24  

After 6 weeks 2.34 + 0.19 * 
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(Table- 4)  showed no significant alteration in 

serum urea level before and after 4 and 6 

weeks from addition of ezetimibe to all studied  

groups, nor in serum creatinine levels ,nor in 

microalbuminuria values. Serum MDA levels 

simvastatin treated groups were presented with  

a significant (p<0.05) lowering in serum MDA  

( -42% ) as compared with baseline  values 

(figure-5) .After 4  and 6 weeks of utilizing 

ezetimibe in  atrovastatin treated  group serum 

MDA  significantly (p<0.05) lowered 

(19.8%,26.7%)  as compared with baseline 

values.The simvastatin and atorvastatin treated 

patients showed no significant alterations  in 

bleeding time values by the addition of 

ezetimibe to their therapy ( table- 5). 

 

 

Table (4) :  Effect of Ezetimibe addition on serum urea,creatinine and microalbuminuria in 

patients treated with Simvastatin and Atrovostatin in comparison with normal Subjects 

 ( values are expressed as mean±SEM , N= Number of subjects )  

 

Groups Duration of 

treatment 

Serum Urea(mg/dl) Serum 

Creatinine 

(mg/dl) 

Microalbuminuria 

(mg/day) 

Normal 

N=22 

Base line values 39.00 ± 1.61  1.19±0.04 203.23±8.36 

After 4 weeks 39.73 ± 2.03  1.16±0.05 207.09±11.3 

After 6 weeks 37.91 ± 1.01  1.24±0.10 202.09±8.66 

Patient treated 

with 

Simvastatin & 

Ezitimibe 

N=22 

Base line values 39.43 ± 1.98  1.28±0.14 201.73±8.59 

After 4 weeks 40.00 ± 2.09  1.31±0.15 204.09±14.80 

After 6 weeks 39.27 ± 1.78  1.29±0.14 206.09±18.70 

Patient treated 

with 

Atrovastatin & 

Ezitimibe 

N=22 

Base line values 36.68 ± 2.08  1.13±0.04 211.55±10.40 

After 4 weeks 35.23 ± 1.72  1.03±0.05 208.55±11.30 

After 6 weeks 36.23 ± 0.97  1.11±0.02 209.05±17.40 

 

0.73 0.76 0.77
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1.01
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Figure (5): A histogram showing serum Malondialdehyde for Simvastatin and Atrovastatin 

groups that received Ezitimibe; as compared with control group 

 
a = significant at p<0.05 as compared with baseline values. 

* = significant at p<0.05 as compare with normal values in same column. 

 

*                              

                                   a              a*       a      a  
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Table (5): Effect of Ezitimibe  Addition on bleeding time, in patients treated with HMG-CoA 

reductase inhibitors (Atrovastatin & Simvastatin);  in comparison with normal individuals 

(Values expressed as mean + Standard error  of mean ,  N= Number of subjects ) 

 
 

Discussion 

         As previously presented  in  figures (-1), 

(-2), (-3) and (-4)  treatment with ezetimibe 

plus statins successfully improves lipid profile 

markers in dyslipidaemic patients during 6 

weeks of treatment .These results are 

consistent with results of other studies that 

included the administration of ezetimibe plus 

statins to patients with disordered lipids 

profiles could  result in significant reduction in 

TC, LDL-C and TG levels, 
(36)

 with significant 

elevation in HDL-C levels , which could be  

attributed to mechanisms that are related to 

ezetimibe lowering  effect on  cholesterol  

which could be complement to the inhibitory 

action of statins on cholesterol biosynthesis  

representing an important new option for 

treatment in combination with statin 
(37)

.  

Ezetimibe has an excellent safety and liability 

profile when administered with statins 
(38,39)

. 

Also it has a low potential for drug 

interactions. 
(40)

 Many patients receiving 

statins therapy fail to reach their LDL- goal 
(41) 

,
 because its mechanism of action is 

complementary to that  of statins, ezetimibe 

were studied for its potential additive lipid-

lowering effects in patients already receiving 

statin therapy in double-blind as well as 

placebo-controlled trials
 (36,42)

. Significant 

improvements were observed for other 

indicators of CHD risk ( total cholesterol , 

non-HDL-C, apolipoprotein B, LDL-C: HDL-

C ratio) in patients receiving ezetimibe-statin 

therapy.
(36)

When ezetimibe was combined with 

simvastatin or atorvastatin it caused a 

significant reduction in triglyceride level with 

time from baseline compared with statin 

monotherpy 
(43). 

Combination therapy of 

simvastatin and ezetimibe was more effective 

than atorvastatin in reducing LDL-C in 

patients with primary hypercholesterolemia.
(44)

   

Preliminary studies have indicated that there 

were  no significant effect of ezetimibe on 

absorption of fat-soluble vitamins
(45)

 

.Following absorption of  ezetimibe where it  

is glucuronidated in the intestine wall the 

parent drug and its glucuronidated derivatives 

can   undergo enterohepatic recircalation, that 

limits peripheral exposure 
(46)  .

Ezetimibe is 

first in cholesterol absorption inhibitors, it 's 

action is consistent with the binding  thereby 

blocking of sterol transporter on the brush 

border membrane of in intestinal epithelial 

cells 
(47)

.  Through inhibiting  the intestinal 

cholesterol absorption ezetimibe can  

effectively reduce of biliary/dietary cholesterol 

delivered to the liver  via chylomicron and 

chylomicron reminants, hence reduce 

cholesterol content of atherogenic particles  

chylamicrons / chylomicrors ruminants, 

VLDL, LDL).Meanwhile the reduced delivery 

of intestinal cholesterol to liver increase 

hepatic receptor activity and increase clearance 

of circulating LDL-C. 
( 47).

Ezetimibe, via 

inhibiting intestinal cholesterol and plant-sterol 

absorption, may modify the atherogenicity of 

chylomicron remnants and reduce systemic 

plant-sterol levels
(48)

. These effects are likely 

to reduce cardiovascular risk. It has been 

reported that there is a strong relationship 

between hepatic dysfunction and 

dyslipidaemic complications
(49,50) 

However, the 

data presented in table- 3 representing  a 

modulation in some  liver markers in group 

treated with  simvastatin plus ezetimibe after 6 

weeks of treatment in case of ALTand AST. 

Such results could be due  to relatively low 

doses of statins (20mg) wherase, other studies 

revealed a significant elevation in those 

enzymes.
(13)

The elevation in transaminases 

activities were primarily asymptomatic and not 

Groups Duration of treatment Bleeding time (minutes)  

Normal 

N=22 

Base line values 
2.54 + 0.18  

After 4 weeks 2.48 + 0.17  

After 6 weeks 2.45 + 0.13  

Patient treated with 

simvastatin & Ezitimibe 

N=22 

Base line values 2.26 
+ 

0.12  

After 4 weeks 2.50 + 0.23  

After 6 weeks 2.62 + 0.33  

Patient treated with 

atrovastatin & Ezitimibe 

N=22 

Base line values 2.26 
+ 

0.20  

After 4 weeks 2.97 + 0.35  

After 6 weeks 2.17 + 0.35             
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associated with cholestasis. Serum 

transaminases returned to pretreatment level 

with discontinuation of combination therapy or 

with continued treatment 
(   51) .

Ezetimibe is 

being used with increasing frequency in many 

patients to augment the LDL-cholesterol 

lowering effects of statins 
(52)

 The recent 

Second  United Kingdom Heart and Renal 

Protection (UK-HARP-II) study found in a 

randomized, controlled study that 10mg of  

ezetimibe added to 20mg of simvastatin in 

patients with ( chronic kidney disease) CKD 

resulted in an incremental reduction of LDL-

cholesterol level over simvastatin alone 

without an excess risk of abnormal liver or 

muscle markers or other advers events.
 (53)  

The 

purpose for the  evaluation of renal function 

was to explor the safety of a combination of  

ezetimibe and statins in this respect .Statins at 

appropriately adapted doses have the same 

efficacy in chronic renal disease patients as in 

subjects with normal kidney function, and their 

tolerance is not a problem
.(54)

 In the present 

study the effect of ezetimibe plus statins 

(simvastatin or atorvastatin) have no 

significant effect on  renal function , as in 

table-4  . Therefore, no dosage adjustment for 

ezetimibe is needed in patients with renal 

insufficiency.    Efforts to improve lipid 

profiles now  are targeted primarily for the 

treatment and prevention of cardiovascular 

disease, may also prevent the development of 

renal disease 
(55) .

One important risk factor for 

atherosclerosis is an elevation in a particular 

type of plasma cholesterol specifically  LDL -

C.  Oxidation of LDL -C is thought to render 

the lipoprotein to be  athergenic ,because 

oxidized -LDL is more readily taken up by 

macrophages via scavenger receptors.
 (56)

The 

data presented in figures (5) showed that 

serum  MDA levels were significantly lowered 

by about (-33.7%) when ezetimibe was added 

to simvastatin treated group after 6 weeks 

.Meanwhile, level of MDA was significantly 

lowered after 4 weeks from addition ezetimibe 

to atorvastatin treating group by about (-

19.8%) as compared with pretreatment values . 

However, MDA level after 6 weeks from 

addition ezetimibe to either groups lowered 

MDA level below those reported even for the 

normal group . Furthermore ,  the lowering 

effect on lipids pereoxidation produced by 

simvastatin/ezetimibe combination was better 

than that produced by  ezetimibe/atorvastatin 

combination.
(57)

 A recent study showed that 

despite the comparable modest reduction
 
of 

serum cholesterol levels by ezetimibe, an 

intestinal inhibitor of cholesterol absorption, 

and statin, only the statin improved
 
endothelial 

function
(58)

 Thus, it is likely that the beneficial
 

effects of statins on endothelial function 

extend beyond cholesterol
 
reduction. Indeed, 

statins have been shown to reduce 

cardiovascular
 
events in patients, irrespective 

of serum cholesterol levels
 (59) 

. In this study, 

the effects of adding ezetimibe to statins 

therapy (Simvastatin or Atorvastatin), in 

patients with dyslipidemia showed no 

significant changes in platelets function in both 

groups, this could indicate no adverse effect on 

platlets function as seen in table -5  .Although 

non of the studied groups of dyslipidaemic 

patients exert any deviation in bleeding time 

values from those reported from normal 

subjects ,before initiating ezetimibe therapy. 

This would support the administration 

ezetimibe plus simvastatin or atorvastatin 

without any adverse effect on platelets, so 

patients with platelets dysfunction could take 

ezetimibe with statin safely .However, there is 

no evidence or clinical trials about effect of 

ezetimibe with statins on platelets function and 

specifically on bleeding time.  

 

conclusions: 

1. Ezetimibe can be used in combination with 

simvastatin or atorvastatin to improve their 

lipid-lowering action  both effectively and 

safely in the treatment of dyslipidemia. 

2. Ezetimibe can be used safely in combination 

with statins in patients with renal disease. 

3. Ezetimibe exerts no further modification to 

liver function that could be produced by 

statins when used in combination with 

statins. 

4. Ezetimibe/simvastatin and Eztimibe / 

atorvastatin could exert asignificant 

antioxidant effect in patients with 

dyslipidemia. 

5. Non of the tested drugs (ezetimibe nor 

simvastatin nor atorvastatin) produced 

significant modification of platelets activity. 
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Abstract 
         Naproxen is non-steroidal anti-inflammatory drug, which has antipyretic and anti-inflammatory 

effect. It is extensively bound to plasma albumin, and exhibits gastric toxicity, so it may be more 

efficient to deliver the drug in its sustained release dosage form and adequate blood level is achieved. 

Three liquid formulations with in situ gelling properties have been assessed for their potential for the 

oral sustained delivery of naproxen . The formulations were dilute solutions of: (a) pectin; (b) gellan 

gum and; (c) sodium alginate, all containing complexed calcium ion that form gels when these ions are 

released in the acidic environment of the stomach . The viscosity of the sols and drug release were 

measured, and was found to be dependent on the type and concentration of the gelling agent. Pectin sol 

shows the highest viscosity and drug release . The influence of variation of gastric pH and the effect of 

added 1.6 mM Ca
++

 ions on the gelation property and the release profile of the liquid formulations were 

examined. The efficiency of gelation was significantly reduced with increase of pH. In addition the 

influence of different concentrations of sorbitol were determined .The results showed that 10% w/v 

sorbitol is the best concentration that maintained fluidity and ease of administration for the selected 

formula . The selected formula was examined for its stability and expiration date, and, it was found that 

there was no evidence of physical changes under experimental conditions, with estimated expiration of 

about 4.1 years and pH of the formula stated at 5.1.  

Key word: naproxen, in situ gelling, oral preparations, gel. 

 الخلاصة 
عقاس غ٘ش عخ٘شّٗذٕ هضاد للالخِاباث ّ خافض للحشاسة رّ اعشاض هخذشةت للودةذة ّ مدةن غ٘ةش هغخغةا        الٌابشّكغ٘ي ُْ

ّ كزلك ٗشحبط بشذة هع البْهٌ٘اث البلاصها , لزا قذ ٗكْى اكثش كفاءة اعطاء الدقاس علٔ شكل جشعت دّائ٘ت هذٗذة الوفدةْ  للحوةْ  علةٔ    

قةذ حةن ححل٘ةل قابل٘خِةا علةٔ الخحشٗةش الفوةْٕ الوذٗةذ          ثلاد حشاك٘ب عائلت رّ صفت الخحْ  الٔ ُةلام فةٖ الوْقةع    . هغخْٓ كافٖ هٌَ فٖ الذم

الوفدةْ  للٌابشّكغة٘ي. الخشاك٘ةةب كاًةج هحال٘ةةل هخففةت هةيك يا  البكخةة٘ي  ي   جة٘لاى كةةن  يو  ال,ٌ٘ةاث الوةْدْٗم, ّ كلِةةا ححخةْٕ علةةٔ          

لقةذ حةن دساعةت لضّجةت الوحلةْ        عٌذها حخحةشس ُةزٍ اوًْٗةاث فةٖ الْعةط الحاهضةٖ للودةذة.        الِلام اًْٗاث الكالغْ٘م الودقذة ّ الخٖ حكْى 

الشّٕ ّ ححشس الذّاء هٌَ, ّّجذ باًَ ٗدخوذ علٔ ًْع ّ حشك٘ض الوادة الِلاه٘ت , فالوحلْ  الغشّٕ للبكخة٘ي اهِةش اعلةٔ لضّجةت ّ ححةشس      

ّ  ٦٫١حاث٘ش اًْٗاث الكالغْ٘م الوضافت ي لقذ حن دساعت حاث٘ش اخخلاف حاهض٘ت الودذة ّ للذّاء.  كةزلك هلٖ هْ   علٔ خاص٘ت حكْى الِةلام 

ث٘ش ااى فدال٘ةت حكةْى الِةلام قةذ قلةج بشةكل ّااةد هةع اصدٗةاد اوط الِ٘ةذسّجٌٖ٘. باواةافت الةٔ رلةك فقةذ حةن ححذٗةذ حةة                 ال٘ةت ححةشس الةذّاء.   

٪ ُْ افضل حشك٘ض وًَ ٗحافظ علٔ عةْ٘لت ّ عةِْلت   ٦١ك٘ض الغْسب٘خْ  وادة الغْسب٘خْ  . فقذ اهِشث الٌخائج باى حشل الخشاك٘ض الوخخلفت

ححةج   ٌُةا  حغ٘٘ةشاث ف٘ضٗاّٗةت   اعخدوا  الخشك٘بت الوخخاسة.حن دساعت ثباح٘ةت الخشك٘بةت الوخخةاسة ّ حةاسٗت اًخِةاء الوةلاح٘ت ّّجةذ باًةَ لة٘ظ          

                                                                . ١٫٦ابخت علٔ عٌت ّ حاهض٘ت للخشك٘بت ث ١٫٦هشّف الخ,شبت هع حاسٗت اًخِاء صلاح٘ت ٗقذس   

Introduction  
         Solutions that undergo sol-gel 

transformation when they meet physiological 

conditions may serve as an in situ gelling drug 

delivery system
 (1)

. In situ is a Latin phrase 

meaning in the place.
 
The new concept of 

producing a gel in situ was suggested for the 

first time in the early 1980s. It is widely 

accepted that increasing the viscosity of a drug 

formulation in the precorneal region will lead 

to an increased bioavailability, due to slower 

drainage 
(2)

.Gels are transparent or translucent, 

non-greasy, semisolid preparations. These are 

also termed jellies consisting of either 

suspensions made up of small inorganic 

particles, or large organic molecules 

interpenetrated by a liquid 
(3).

Hydrogel is 

three-dimensional hydrophilic polymeric 

networks capable of imbibing large quantities 

of water have generated a lot of interest 

recently as delivery system for 

pharmaceutically active agents 
(4)

. One of the 

main characteristics of hydrogels is that they 

contain ingredients that are dispersible as 

colloids or are water-soluble
 (5)

.The swelling of 

environmentally sensitive hydrogel can be 

affected by many stimulus, these are: 

temperature, pH, ionic concentration, electrical 

field, inflammation, solvent concentration, 

light and radiation, magnetic field and glucose 

concentration 
(6)

. According to the mechanism 

by which sol - gel phase transition occur, the 

following three types of systems can be 

recognized 
(7)

: 
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1- pH triggered systems. 

2- Temperature sensitive system. 

3- Ion activated system. 

         From the point of view of patient 

acceptability, a liquid dosage form that can 

sustain drug release and remains in contact for 

extended period of time, improving the 

bioavailability, reducing the dose 

concentration and frequency may be achieved 

by in situ gelling formulations 
(8)

.Gelation of 

the orally administered liquid formulations 

(Ion activated system) was ensured by the 

inclusion of calcium ions in the formulation as 

a soluble complex designed to break down to 

release free calcium ions on encountering the 

acidic environment of the stomach 
(9)

. The 

gelation was delayed until the orally 

administered solution reached the stomach by 

complexing the calcium with sodium citrate 
(10)

.Naproxen is a non steroidal anti-

inflammatory drug (NSAID) advocated for use 

in painful and inflammatory rheumatic 

arthritis, osteoarthritis, migraine, postoperative 

pain and postpartum pain 
(11)

. The goal of this 

study is to prepare liquid formulation of 

naproxen with in situ gelling properties and 

assessed for its potential sustained oral 

delivery system.  

 

Experimental 
Materials and Equipments 
         Naproxen, Methyl paraben, Propyl 

paraben (Supplied by Samarra drug industries, 

Iraq). Amrixen
®
 suspension (Amrit Medical 

Co.). Calcium chloride, Disodium hydrogen 

phosphate, Potassium dihydrogen phosphate 

(BDH chemical Ltd.pool, England). Cellulose 

membrane (Viskase Sale Co., size 36/32, 

USA). Gellan gum (Dainippon pharmaceutical 

Co., Osaka). Hydrochloric acid, Sorbitol 

(Riedel-de haen Hannover, Germany). Pectin 

(Cesalpinla food com., Italy). Sodium alginate 

(Hopkin and Williams Ltd, England).Diffusion 

cell (Plastic dialysis cell, modified Franz cell), 

pH meter (Hanna instrument pH211, Italy), 

UV spectrophotometer (Carrywin UV, 

Australia), Viscometer (Brookfield DV-ΙΙ , 

England). 

Method of Preparation 
Preparation of the Sols: 

         Sodium alginate and pectin solution of 

concentrations 1.0, 1.5 and 2.0 % (w/v) were 

prepared by adding the polymer to distilled 

water containing 0.25% (w/v) sodium citrate 

and 0.075% (w/v) calcium chloride and 

heating to 60
ο
C for sodium alginate and 40–50 

ºC for pectin while stirring. Naproxen 

equivalent to 2.5% (w/v) was then dispersed in 

the resulting solution after cooling to below 

40
ο
C 

(12, 13)
. Gellan gum solutions of 

concentrations 0.25, 0.5 and 1.0% (w/v) were 

prepared by adding the gum to distilled water 

containing 0.17% w/v sodium citrate and 

heating to 90°C while stirring. After cooling to 

below 40°C appropriate amounts of calcium 

chloride 0.016% (w/v) and 2.5% (w/v) 

naproxen were then dispersed in the resulting 

solution
 (12)

. 

Gelation Property 

         Instantaneous gelation was checked by 

addition of the sols dropwise to simulated 

gastric fluid pH 1.2 
(14)

. 

The Effect of Different Concentrations of 

Calcium Chloride and Sodium Citrate on the 

Gelling Properties: 

         The optimum quantities of calcium 

chloride and sodium citrate that maintained 

fluidity of the formulation before 

administration and resulted in gelation when 

the formulation was added to simulated gastric 

fluid, were determined by preliminary tests in 

which pectin sols 1%, (w/v) containing sodium 

citrate concentrations of 0.125, 0.25 and 0.50% 

(w/v) and calcium chloride concentrations of 

0.05, 0.075 and 0.1 % (w/v) were added 

dropwise to 50 ml simulated gastric fluid  

(pH1.2). 

Measurement of the Rheological Properties 

of Sols: 

         The viscosity of sols prepared in water 

was determined at room temperature (25 ºC) 

with Brookfield Digital Viscometer 
(14)

. 

Measurement of In Vitro Drug Release: 

         The release rates of naproxen were 

measured using plastic dialysis cells similar to 

that described previously by Miyazaki et al
 (15, 

9)
. The capacity of each half-cell was 4 ml and 

the surface area of the membranes was 2.67 

cm
2
.Sols of pectin, gellan gum or alginate were 

placed in the donor compartment individually. 

An equal volume of simulated gastric (pH 1.2) 

or intestinal (pH 6.8) fluid was placed in the 

receptor compartment. The donor phase and 

the aqueous receptor phase were separated by a 

cellulose membrane. The assembled cell was 

shaken horizontally at rate of 60 strokes per 

min. in an incubator maintained at 37
ο
C 

temperature. The total volume of the receptor 

solution was removed at intervals and replaced 

by fresh release medium. The drug 

concentration of the samples was determined 

using UV spectrophotometer
.
 

Effect of pH and Added Ca
++

 Ion on:  

The gelation: 

         The influence of pH on the gelation 

characteristics of 1% (w/v) pectin sols was 

determined by immersion of 30 ml sol 

enclosed in cellulose membrane tubing into 

simulated gastric fluid (150 ml) with pH 

values range 1.0–5.0. After equilibration for 24 
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hr at room temperature, the contents of the 

tube were passed through a sieve (No. 6.5, 

2.80 mm) over a period of 30 seconds and the 

weight of the gel remaining in the sieve was 

determined by balance. The experiments were 

repeated in the presence of added 1.6 mM 

Ca
++(16)

. 

In vitro release: 

- The effect of pH: 

         The in vitro release of naproxen from 

1.0% (w/v) pectin was measured using an 

equal volume of simulated gastric (pH 1.2 and 

3.0) for 1 hour and intestinal (pH 6.8) fluid for 

5 hours placed in the receptor compartment
(17)

. 

- The effect of Ca
++

: 

         The release measurement was done at pH 

3 using 1.0% (w/v) pectin sol alone and with 

added 1.6 mM Ca
++ (16)

. 

Effect of Different Concentrations of Sorbitol 

on: 

Rheological properties: 

         Different concentrations of sorbitol (0, 5, 

10, 20, 30, and 40% w/v) were added to 2.0% 

(w/v) pectin sols loaded with 2.5% (w/v) 

naproxen, and the viscosities were 

measured
(18)

. 

In vitro release: 

         The in vitro release was measured for 

2.0% (w/v) pectin sols loaded with 2.5% (w/v) 

naproxen, in presence of different 

concentrations of sorbitol (0, 5, 10 and 20% 

w/v) 
(18)

. 

Stability Study: 

         Several glass containers (each 

containing 4 ml) of the selected formula were 

incubated at 35, 50 and 60
ο
C for 90 days. 

Samples were taken at specified time intervals 

and assayed for their drug content. The 

physical appearance and the pH of the formula 

were also evaluated. 

 

Results and Discussion 
Gelling Property 

         In this study Ca
++

 ions were included in 

all formulations for induction of gelation. 

However, for ease of administration the 

prepared formula must be introduced in a fluid 

(sol) state. This was achieved by addition of 

sufficient sodium citrate to the formulation to 

form a complex with all of the Ca
++

 ions 

present in the formulation and hence to 

effectively remove them from solution. Then, 

in the acidic environment of the stomach the 

complex is broken down and the Ca
++

 ions 

released cause gelation to occur
 

(19)
.Instantaneous gelation was observed by 

addition of the sols of pectin, sodium alginate 

and gellan gum dropwise to simulated gastric 

fluid maintained at pH 1.2. 

The Effect of Different Concentrations of 

Calcium Chloride and Sodium Citrate on the 

Gelling Properties: 

         The results indicated that the minimum 

concentration that maintained fluidity of the 

sol before administration and caused gelation 

of sols in the gastric fluids was 0.25% (w/v) 

sodium citrate and 0.075% (w/v) calcium 

chloride. Moreover, gelation occurred without 

exposure to simulated gastric fluid pH 1.2 in 

formulations containing 0.050, 0.075 or 0.1% 

(w/v) CaCl2 and sodium citrate concentration 

of 0.125% (w/v) as shown in table(1). The 

increase in calcium chloride content to 0.10% 

(w/v) with the same sodium citrate 

concentration caused gelation of the 

formulation before contact with simulated 

gastric fluid
 (13)

. 

 

 

 

Table (1): The effect of different concentrations of sodium citrate and calcium chloride on the 

gelation of 1% (w/v) pectin sols before and after administration to simulated gastric fluid. 

 

     Sodium 

            Citrate 

Calcium 

Chloride 

0.125% (w/v) 0.25%  (w/v) 0.5%  (w/v) 

0.05% (w/v) 
Gel before 

administration 

Sol before administration 

Friable and soft gel after 

administration 

Sol before administration 

Friable and soft gel after 

administration 

0.075% (w/v) 
Gel before 

administration 

Sol before administration 

Optimal gel strength after 

administration 

Sol before administration 

Low gel strength  after 

administration 

0.1% (w/v) 
Gel before 

administration 
Gel before administration Gel before administration 
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Rheological Properties of the Sols: 

         All the prepared sols revealed that the 

viscosity is increased as a function of 

increasing polymer concentration with shear 

thinning behavior.The rheogram profiles of 

different polymers used in this study, 

suggested that pectin sols used is more 

accepted one than other two polymers (gellan 

gum and sodium alginate), since pectin sols 

exhibited more or less fit profile with that 

obtained from commercial one Amrixen 
®
 

suspension as a reference product. Moreover, 

the results indicated that best concentration 

required for incorporating pectin as a gelling 

agent is 1.5% (w/v) and to a lesser extent for 

1.0% (w/v) concentration. 

Dissolution behavior (In Vitro Release): 

         Large increment in the amount released 

of naproxen observed when the receptor 

solution was changed from simulated gastric 

fluid pH (1.2) to simulated intestinal fluid pH 

(6.8).This was expected since there will be 

change in the state of ionization of the acidic 

drug (pKa of naproxen is 4.2) accompanying 

the pH range. It is completely unionized at pH 

1.2 and this lead to negligible drug release at 

this pH
(20)

.Rigid gels are formed when the 

donor solutions of all systems are placed in 

contact with a receptor solution at pH 1.2 and, 

as a consequence, the amount of the drug 

released is lower than that at pH 6.8, which is 

referred to the high H
+
 ion concentration at pH 

1.2 that is sufficient to cause the formation of 

rigid gels 
(21)

. There was a significant decrease 

in the release rate with increasing polymer 

concentration. This behavior may be attributed 

to the effect of mechanical barrier that set up 

by the random network of the polymer gel 

molecules which binds and entraps 

surrounding water. This aqueous phase in the 

polymer network acts as the region responsible 

for diffusion of the drug in the gel. The change 

of the polymer concentration of these gels 

could affect the diffusion pathway and thus the 

drug release 
(22)

.  In addition, as the viscosity 

of the polymer sols increased with 

concentration, the solvent penetration into the 

core of the matrix will be decreased, and the 

drug release will be decreased 
(23)

. In an 

attempt to verify the effect of polymer types on 

the release of naproxen, the cumulative release 

profiles of 2.5% (w/v) naproxen from 1% 

(w/v) different gelling polymers were 

constructed as shown in figure (1).  
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Figure (1): Cumulative in vitro release of 

naproxen (2.5% w/v) from   1% (w/v) 

concentrations of pectin, sodium alginate 

and gellan gum gels. 

 

The results obtained indicated that the release 

of naproxen from different types of polymers 

was in the following order: pectin > sodium 

alginate >gellan gum. This suggests that the 

choice of the polymer base is of obvious 

importance for achieving a desired drug 

release.The explanation for this related to the 

diffusivity of the drug through any base 

depends on the nature and composition of 

individual base and the drug-vehicle 

interaction. Also, the solubility of the drug in 

the vehicle affects the drug release and 

diffusion 
(24)

.The release data over the whole 

time period were analyzed according to the 

treatment proposed by Higuchi for drug release 

from semisolid vehicles 
(25)

. For the initial 

cumulative drug released 50-60%, the amount 

"Q" of drug released per unit surface area from 

gel is proportional to the square root of time: 

Q  = 2 Co ( D t / π ) 
1/2

                                               
         In which Q is the amount of drug 

released per unit area; Cο the initial drug 

concentration in the vehicle; D is the diffusion 

coefficient of the drug in the matrix and t is the 

time.Plots of Q versus t
1/2

 for the release of 

naproxen from all gels were linear after a short 

lag period indicative of diffusion controlled 

release 
(26) 

as shown in figure (2). There is 

usually a lag period until water permeates the 

polymer mass to create pores for diffusion of 

the drug .Later, the drug released 
(27)

. 
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Figure (2): Cumulative % released of 

naproxen as a function of square root of 

time from   1% (w/v) concentrations of 

pectin, sodium alginate and gellan gum gels. 
 

Effect of pH and Added Ca
++

 Ion on: 

The gelation: 

         The results show that the hydrogen ion 

concentration at pH 1.0–2.5 was sufficiently 

high to cause gelation in the absence of an 

additional source of calcium. Visual 

observation showed well-defined compact 

gels over this pH range. Although complete 

gelation was observed at pH 2.5- 3.5, the 

resultant gels were not sufficiently strong to 

maintain their cylindrical form. However, at 

higher pH (pH >3.5) and when H
+
 ions are 

insufficient, the effective breakdown of the 

calcium complex in the sols and gelation was 

poor. Figure (3) showed that the addition of 

1.6 mM Ca
++

 ions was sufficient to cause 

almost complete gelation of formulations over 

the entire pH range examined. The gels 

formed at pH > 2 had a loose, less structured 

appearance. 
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Figure (3): The effect of pH and added 1.6 

mM Ca
++

 ions on the weight of gel formed 

from 30 ml solutions (1.0% (w/v) pectin as a 

function of pH. Each value is the mean ± 

S.E of 3 determinations. 

In Vitro Release: 

- The effect of pH: 

         The release of drug was appreciably 

faster when pectin was exposed to receptor 

solutions at pH 3.0 over the initial 1 h release 

period as shown in figure (4). Observation of 

the donor cells showed that the formulations 

were in sol form throughout the duration of the 

release period. Diffusion of H
+
 ions from the 

receptor solution at this pH was insufficient to 

cause the release of complexed calcium ions 

and consequently gelation of the pectin was 

incomplete 
(17)

. 

 

0

5

10

15

20

25

30

35

40

45

50

0 1 2 3 4 5 6 7

Time (hr.)

C
u

m
u

la
ti

v
e
 %

 d
r
u

g
 r

e
le

a
se

d

starting pH 1.2

starting pH 3

 
Figure(4): The effect of starting pH in the 

receptor solution on the release of naproxen 

from 1.0% (w/v) pectin gels. 
 

 

-The effect of added Ca
++

: 

         The influence of added 1.6 mM Ca
++

 in 

the formula on drug release from pectin 

formulations exposed to receptor solutions at 

pH 3.0 is shown in Figure (5). Observations of 

the donor cells showed the presence of a thin 

gel layer on the surface of the cellulose 

membranes when calcium was included in the 

formulation but no gelation of the bulk of the 

sol 
(16)

. 

Effect of Different Concentrations of 

Sorbitol: 
         High concentration of pectin sol was 

used to study the effect of different 

concentrations of sorbitol, since it could 

withstand the effect of high concentrations of 

sorbitol. 

Rheological properties: 

         Figure (6) shows the influence of sorbitol 

concentration on the flow properties of 2% 

(w/v) pectin sol. The viscosity of the pectin 

sols increased appreciably as the sorbitol 

concentration was increased from 5 to 40% 

(w/v).Addition of 5% and 10% (w/v) sorbitol 

to the sols caused a reduction of viscosity at all 

Time 1/2 (h 1/2) 
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3: 

shear rates. These changes in viscosity 

resulting from sorbitol addition, since it is 

hygroscopic and may withdrawn water to the 

gel structure that decreases viscosity and hence 

improving the ease of swallowing of the sols 
(28)

.A considerable increase of viscosity was 

noted with sorbitol concentrations between 

20% and 40% (w/v), all formulations 

exhibiting a change of flow properties from 

shear thinning to Newtonian behavior 
(18)

.Sorbitol at higher concentrations binds with 

water molecules causing desolvation around 

the pectin chains and minimizing the hydrogen 

bonding of water molecules to pectin chains. 

As a consequence, pectin chains cross-linked 

together and result in increased viscosity 
(18)

. 
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Figure (5): Effect of added Ca

++
 ions on the 

release of naproxen from 1.0% (w/v) pectin 

gels. 
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Figure(6): Effect of sorbitol concentration 

on the viscosity of 2.0% (w/v) pectin sols 

loaded with 2.5% (w/v) naproxen at 25 ºC. 

 

 

 In vitro release: 

         The release profiles of naproxen from 

gels of 2% (w/v) pectin containing sorbitol 

concentrations over the range 0–20% (w/v) 

was shown in figure (7). For gels containing 

20% (w/v) sorbitol there was a pronounced 

increase of release after about 3 hours. No such 

inflection was observed for gels formed in the 

presence of 0, 5 and 10% (w/v) sorbitol. 

Observation of the contents of the donor cell 

during release measurements showed that the 

inflection in the plots for release from the 

formulation containing 20% (w/v) sorbitol 

coincided with a gel to sol transition, i.e. low 

gel strength to withstand a large decrease of 

hydrogen ion concentration; gels formed in 

formulations containing lower sorbitol 

contents retained their integrity throughout the 

measurement period 
(14)

. 
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Figure (7): Effect of sorbitol concentration 

on the release of naproxen from 2.0% (w/v) 

pectin gels loaded with 2.5% (w/v) 

naproxen. 

 

 

Stability Study of Selected Formula 

(Prediction of expiration): 

         The final formula of this study was 

introduced into an exaggerated temperatures 

study maintained at (35, 50 and 60 ºC) to 

predict expiration date. 

     R/  

         Naproxen                           2.5 gm 

            Pectin                                1.5 gm  

            Sodium Citrate                 0.25 gm  

            CaCl2                                 0.075 gm 

            Sorbitol                             10 gm 

            Methyl paraben               0.2 gm 

            Propyl paraben                0.02 gm 

            Dis. Water   up to            100 gm 

  

         The degradation of naproxen in this 

formula followed first order kinetics since 

(S-1) 
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3; 

straight lines were obtained by plotting the 

logarithm of the percent remaining of 

naproxen versus time as shown in figure (8). 

The first-order reaction equation: 

            Log C = Log Cο – K1 t / 2.303 

         Where Cο is the initial concentration of 

naproxen, C is the remaining concentration at 

time t and K1  is the first order rate constant. 

The slope of the line is – K1 /2.303 from which 

the rate constants obtained. Table (2) shows 

the degradation rate constants of naproxen at 

different temperatures . To determine the 

expiration date (t10 %), Arrhenius plot was 

constructed to predict the degradation rate 

constant of naproxen at 25 ºC as shown in 

figure (9).The expiration date of naproxen in 

the suggested formula was calculated 

according to the first order reaction equation: 

                    t10 % = 0.105 / K 25 ºC 

The expiration date was found to be equal to 

4.1 years with pH of 5.1 for whole the period.  
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Figure (8): Accelerated stability study of 

naproxen in the selected formula at elevated 

temperatures (35, 50 and 60 ºC). 

 
 
Table (2): Degradation rate constants (K) of 

naproxen sol at different temperatures. 

 

Temperature 35 ºC 50 ºC 60 ºC 25 ºC 

K (day)-1 

×10-4 
1.545 3.97 6.91 0.695 
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Figure (9): Arrhenius plot for expiration 

date estimation of naproxen in the selected 

formula. 

 
 
Conclusions 
         Based on the results obtained, the 

optimum concentration of calcium chloride 

was 0.075% (w/v) and sodium citrate was 

0.25% (w/v) for in situ gelling formulations of 

naproxen. The gelation, viscosities of the sols 

and the in vitro release of naproxen from the 

gels were affected by the type and 

concentration of the gelling agent, initial 

loading of naproxen, and concentration of 

sorbitol in the formula, gastric pH and added 

Ca
++ 

ions. The most promised selected formula 

was pectin-gel type, with stable physical 

properties maintained at pH 5.1 and 4.1 years 

shelf life. 
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Abstract 
          To overcome  the  problems  which  associated  with  the standard  multiple  daily  doses 

(MDD) 
of aminoglycosides (AGs) like high incidence of toxicity(nephrotoxicity, ototoxicity)(5-25%) and high 

cost, an alternative approach was developed which was single daily dose (SDD).This new regimen was 

designed to maximize bacterial killing by optimizing the peak concentration/minimum inhibitory 

concentration(MIC)ratio and to reduce the potential for toxicity. The study includes 75 patients selected 

randomly, 50 of them received SDD regimen of age range of 17-79 years and the remaining received 

MDD regimen of age range of 13-71 years. The study was designed to evaluate the safety of SDD 

regimen in comparison with MDD regimen. All the patients in SDD group received a constant dose of   

5-mg/kg/day of gentamicin and 20mg/kg/day of amikacin with a drug administration interval based on 

estimated creatinine clearance(CLcr): if ≥60 ml//min every 24 hours (q24h), 59- 40 ml/ min every 

36hours and 39- 30 ml/min every 48 hours.The calculated dose was diluted with 0.9% normal saline or 

5% dextrose to 50-100 ml and given as intravenous infusion over 30-60 minutes. In SDD group , the 

mean length of therapy was 6.4±1.73  days .Gentamicin accounted for 96% of the aminoglycoside use, 

and the majority(58%) of patients received the drug every 24 hours.The 36- and -48 hours intervals 

were used for 34 and 8% of the population, respectively.While in MDD group , the mean length of 

therapy was 5.0±0.91 days. Gentamicin accounted for all (100%) of aminoglycoside use, and all of the 

patients received the drug every 8 hours. No clinically apparent ototoxicity and nephrotoxicity were 

observed in the patients in the SDD group, in contrast to the patients in MDD group, in whom 4 

patients (16%) were developed nephrotoxicity and 1 patient (4%) was developed ototoxicity. The 

obtained results indicate that SDD regimen was safer through decreasing the incidence of both 

nephrotoxicity and ototoxicity.For statistical analysis, ANOVA test was used with P<0.01.Each mean 

was expressed as mean±SEM(Standard Error of Mean). 

Key words: Aminoglycosides, Single Daily Dose, Nephrotoxicity and Ototoxicity.  

 الخلاصة 
مو اخل حداوز النشاكل النصازبت للدرع القياسيت النخعددة مو دواء الامثبوكلاكوساادد سبابا البانيت العاليات كخلال الالان والا ه                

ظ الددداد مانل لسداادة القاسليات     %(  والالل العاليت . اسخسدثج دراست سددلات ياا اساخمداظ ى ااظ الدرلات اليوميات الوازادة ظا ا الي اا         25 -5)

ماردط   75القاحلت للباخردا لو طردق زدادة ىببت قينت الخركيس / اقل حركيس مثبط والاقلال مو الالراض الداىبيات . حشانل الدراسات للان     

دد النخبقاا كااه   ( سايت اساخلنوا الادواء سي ااظ  الدرلات الوازادة   العا        79 – 17ماردط كااىوا سالناار )    50ثل اخخيارظل لشاواييا  ظاني ل   

( سايت اساخلنوا الادواء سي ااظ مخعادد الدارع . ماننج الدراسات لخقيايل سالامت ى ااظ الدرلات الوازادة سالنقارىات                71 – 13سنعدل الالنار )

 ملغل /كغال  20ملغل /كغل /دوظ مو مادة خيخنادبيو و  5سي اظ مخعدد الدرع خنيع النرظن يا ى اظ الدرلت الوازدة اسخلنوا خرلت ثاسخت 

مال / دقيقات دع ان الادواء      60/دوظ مو مادة اما كيبيو مع يامل اخ  العلاج الخنادا  للن وظوذ الاردااحيييو النمناو ا ا كااه اقال ماو      

سااالت . الدرلاات النباانوزت خححااج سنسلااول النلاار  48ماال / دقيقات كاال   30- 39سااالت و  36ماال / دقيقاات كاال  40 – 59سااالت    24كال  

دقيقات ياا ى ااظ     60 – 30مل وال ا لو طردق اليعاوذ الوردادخ خالال     100 – 50% الن 5دكبخروز % او مسلول ال 0.9ال بيعا 

%( 58% ماو النرظان والغالبيات ماي ل )    96اداظ حل ال اء الديخامادبيو الان   1.73 ± 6.4الدرلت الوازدة كاه معدل طول يخرة العلاج 

%( مو النرظان ساالخوالا . سييناا ياا ى ااظ مخعادد الدارع        8%( ) 34) سالت اسخمدظ لـ 48و 36سالت يوامل الـ  24اسخلنو الدواء كل 

لادوخاد ه اور ساردرخ ياا     . سالاث  8%( اسخلنوا خيخامادبيو كل 100اداظ خنيع النرظن ) 0  91 ± 5كاه معدل طول يخرة العلاج 

زاالاث حلال    4مخعادد الدارع زياه ه ارث      حبنل الا ه والالن ليد النرظن النبخمدميو لي اظ الدرلت اليوميت الوازدة . سيينا يا ى ااظ 

دددادة ماو   %( .اليخايح حؤكد ساه ى اظ الدرلت الوازدة كاه اكثر اماىا  مو خلال حقليل السالاث ال 4%( كلن وزالت حلل حبنل الا ه ) 16)

 الخلل يا الا ه والالن .
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Introduction 
         Clinical experience over the past 50 years 

has shown that multiple daily dosing strategy 

to be both labor and lab. intensive and the 

Correct multiple daily dosing of 

aminoglycoside often requires 

pharmacokinetics expertise, close monitoring 

of drug serum levels and renal function 
(1)

.Currently many centers are adopting the 

SDD regimen as the standard / preferred 

dosing method and by the year 2000, about 

80% of the hospitals worldwide use SDD 

regimen.
 (2)

.  The rationales of using 

aminoglycosides as SDD were due to their 

concentration dependent killing
 (3)

,Significant 

Post – Antibiotic Effect (PAE)
 (4)

, avoidance of 

the adaptive post – exposure resistance 
(5) 

,and
  

aminoglycosides' uptake into renal tubule cells 

and inner ear is a saturable process
 (6)

.The 

toxicities of aminoglycosides include 

nephrotoxicity, ototoxicity (vestibular and 

auditory). Approximately 8% to 26% of 

patients who receive aminoglycoside for more 

than several days develop mild renal 

impairment which is reversible because the 

proximal tubular cells have the capacity to 

regenerate 
(7)

.Aminoglycosides are poly 

cationic in nature binding to the anionic site on 

the endothelial cells of the glomerulus leading 

to reduction in the glomerular filtration 

rate.
(8)

They are almost exclusively filtered by 

the glomerulus and excreted unchanged. 

Filtered aminoglycosides undergo proximal 

tubular reabsorption by binding to anionic 

phospholipids in the brush boarder, followed 

by endocytosis and sequestration in lysosomes 

of the S1andS2 segments of the proximal 

tubule .
(9)

 The earliest lesion observed 

following clinically relevant doses of 

aminoglycosides is an increase in the size and 

number of lysosomes.
(10)

.These lysosomes 

contain myeloid bodies, which are electron-

dense lamellar structures containing 

undergrated phospholipids .The renal 

phospholipidosis produced by the 

aminoglycosides is thought to occur through 

their inhibition of lysosomal hydrolyases,such 

as sphingomyelinase and phospholipases 
(11)

,as 

a result the lysosomes become progressively 

distended until they rupture, releasing 

lysosomal enzymes and high concentration of 

aminoglycosides into the cytoplasm .The 

released lysosomal contents can interact with 

various membranes and organelles that trigger 

cell death 
(12)

. Aminoglycosides also inhibit 

various ATPase including Na
+
-K

+
 ATPase, 

adenylate cyclase; alter the function of 

mitochondria and ribosome. 
(13)

 

Aminoglycosides induce irreversible 

ototoxicity (Vestibular and auditory) in about 2 

to 25% of the patients
(14)

. The precise 

mechanism of hair cell destruction in both 

forms of ototoxicity is unclear,but it has been 

suggested that aminoglycosides interfere with 

active transport system essential for the 

maintenance of the ionic balance of the 

endolymph 
(15)

. This would lead to alteration in 

the normal concentration of ions in the 

labyrinthine fluid with impairment of 

electronic activity and nerve conduction 

.Eventually, the electrolyte changes, or perhaps 

the drugs themselves damage the hair cell 

irreversibly. Several factors have been 

associated with a higher incidence of 

ototoxicity including duration of therapy (>8 

days), cumulative dose, total daily dose, trough 

serum drug concentration, concurrent diuretic 

therapy, underlying disease state, previous 

exposure to aminoglycoside therapy , age, 

specific aminoglycosides 
(16)

. SDD regimen 

was suitable for all patients requiring 

aminoglycoside therapy except those having 

great changes in aminoglycoside 

pharmacokinetics like pregnant patients, 

children etc.....The drug dosage in SDD 

regimen was by fixing the dose of the drug 

with changing the interval of drug 

administration according to the estimated CLcr
 

(6)
 and this consist of giving a constant dose of 

5mg/kg/day for gentamicin and tobramycin, 

20mg /kg/day for amikacin and 15 mg/kg/day 

for streptomycin
 (17)

 . The interval of drug 

administration will depend on the estimated 

CLcr calculated by using Cockcroft equation
 

(17)
 .The dose is calculated based on Actual 

Body Weight (ABW) unless the patient is ≥20 

% more than the IBW .For obese patients, a 

dosing weight (DW) should be calculated. 

Monitoring of renal toxicity was done through 

measurement of basal and every 2-3 days of 

serum creatinine concentration (S.cr) 
(6)

 .The 

standard measurement of peak and trough level 

is not required due to the high peak level and 

drug –free interval obtained with SDD 

regimen. In patients with adequate renal 

function (CLcr >60ml/min), the trough 

aminoglycoside level would be near zero (<< 

1mg/L) so, the initial dosing interval would be 

maintained and no further drug level 

determination was necessary as long as CLcr 

remains unchanged
 (18)

.  In general, monitoring 

of the SDD regimen can be achieved by taking 

a single random blood sample through 6-14 

hours. after starting of the infusion and the 

level will be evaluated on a nomogram .Even 

this single random drug concentration may no 

longer be necessary to be measured for the 

following classes of patients 
(17)

 :-Patients 

receiving SDD every 24 hours, Patients 

without concurrently administered nephrotoxic 
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agents ,Patients without exposure to contrast 

media, Patients not in the intensive care unit, 

Patients less than 60 years age. 

A baseline and weekly audiometry are 

recommended for patients who require greater 

than 2 weeks of therapy 
(`7)

. 

 

Materials and Methods 
         This comparative study was done in Al-

Kirkuk General Hospital in Kirkuk city on (75) 

patients admitted to surgery, medicine and 

gynecology wards under medical supervision 

by the specialist physician in each ward. The 

patients were selected randomly and they were 

classified in to two groups, SDD group (50 

patients, age 17-79 years) and MDD group (25 

patients, age 13-70 years). The Patients that 

were eligible for the study include all the 

patients requiring aminoglycoside therapy 

except those with great change in AG 

pharmacokinetics. The Patients in SDD group 

were received aminoglycoside antibiotic 

(whether gentamicin or amikacin) in a dose 

depending on their Actual body weight (ABW) 

unless their ABW is  >20% above their Ideal 

body weight (IBW) .For these patients, a 

dosing weight (DW) , which is based on the 

IBW plus 40% of the estimated adipose tissue 

mass, was  calculated for dosage 

determination. The interval of drug 

administration is based on the calculated 

creatinine clearance (CLcr) according the 

Cockroft Equation, which is equal to:- 

CLcr (male) =IBW (kg) (140-Age) /72[S.cr mg/dl] 

CLcr (female) = 0.85   IBW (kg) (140- Age) /72  

[S.cr mg/dl]  

Where: - IBW    is ideal body weight. 

Therefore, 

If CLcr is ≥ 60 ml/ min, the interval of drug 

administration would be 24 hours,  

CLcr is 59-40 ml/ min; the interval of drug 

administration would be 36 hours, 

CLcr is 39-30 ml / min; the interval of drug 

administration would be 48 hours, 

 CLcr is < 30 ml/ min, aminoglycosides would 

not be recommended and other alternative 

antibiotics should be used. 

         Culture and sensitivity test was done 

before starting therapy using modified Kirby-

Bauer Method to know the reason of failure (if 

occur) whether due to drug resistance or due to 

the regimen itself. The following laboratory 

tests and parameters were monitored for all  

patients who enrolled  in the study including:- 

Basal and every 2-3 days measurement of 

serum creatinine concentration, White Blood 

Cell count(WBC) and general urine 

examination (G.U.E)(For those having UTI) , 

Basal and daily recording of body 

temperature.Monitoring of nephrotoxicity was 

done through basal and periodic measurement 

of S.cr, while ototoxicity was monitored 

through baseline audiometry and 

documentation of auditory function, and daily 

monitoring of any changes in hearing status 

under the supervision of specialized physician. 

 

Results and Discussion 
         Age was considered an important factor 

in aminoglycosides toxicities since with 

increasing age there was a decrease in renal 

function and subsequent reduction in 

aminoglycosides excretion and hence there 

accumulation. Table(1) showed Percent of 

patients in respect to their age distribution. 

 

Table (1):  Percent of patients in respect to 

their age distribution. 

Group ≤40 

years 

41-

50 

years 

51-

60 

years 

61-

70 

years 

>70 

years 

SDD 40% 18% 26% 12% 4% 

MDD 52% 20% 20% 8% 0% 

 

Figure (1) showed that in the SDD group, 

majority (58%) of patients received the 

drug(gentamicin and amikacin) every 24 

hours.The 36- and -48 hours intervals were 

used for 34 and 8% of the population, 

respectively. While all the patients in MDD 

group were received therapy every 8 hours, 

Renal function is an important criteria in 

aminoglycosides therapy since it determines 

the dose and interval of drug administration 

because they are mainly renally excreted 
(19)

.Renal function status was reflected by 

normal serum [S.Cr] and creatinine clearance 
(20)

. The normal range of serum creatinine was 

0.7-1.2 mg/dl (70-150 µmol/L) and of 

creatinine clearance was 60-125ml/min 
(21).
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Table(2): The mean pre and post treatment 

serum creatinine concentration [S.Cr] for 

SDD and MDD group. 

Each value represents mean±SEM, Values 

with non identical superscripts (a,b,c) are 

considered significantly different (p<0.01) . 

 

Table (2) showed that the pre treatment renal 

function in both SDD and MDD group was 

normal (reflected by the normal [S.Cr]) while 

the post treatment was abnormal in MDD 

group (reflected by the elevated [S.Cr]) which 

indicate the occurrence of 

nephrotoxicity.Statistical analysis (P>0.01) 

revealed that there was no significant 

difference between the mean pre and post 

treatment [S.Cr] in SDD group while there was 

a significant difference (P<0.01) in MDD 

group. This indicates the superiority of SDD 

regimen over MDD regimen since the 

incidence of nephrotoxicity with MDD 

regimen was higher and occur in a wide 

number of patients (5-25%) as many studies 

reported 
(22)

 Duration of therapy (>8 days) was 

one of the most important determinant risk 

factor in aminoglycosides toxicity 
(23) 

and they 

receive therapy for various duration ranging 

from ≤3 days to > 14 days, figure (2). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure(2) : Percent of patient in respect to 

their length of therapy 
 

The mean length of therapy in SDD group was 

6.4±1.73 days while 5.0±0.91 days in MDD 

group. The results of statistical analysis 

indicated that there was no significant 

difference (P>0.01) in the mean length of 

therapy between the SDD and MDD 

group.24% of the patients in SDD group 

received therapy for ≥ 8 days compared to only 

8% in group indicating the safety of SDD 

regimen since no toxicity was observed in spite 

of higher percent of patients who received 

longer duration of therapy due to the safety 

profile of SDD regimen 
(24)

 figure (2) . Ninety 

six percent of the patients in SDD group 

received gentamicin and 24% received 

amikacin, while all the patients in the MDD 

group received gentamicin only. The total 

number of the patients who received 

gentamicin and amikacin in SDD group were > 

50 because most of the patients were first 

treated empirically with gentamicin then 

converted to amikacin according to the results 

of culture and sensitivity test which revealed 

gentamicin resistant bacteria and amikacin 

sensitive bacteria. The mean dose of 

gentamicin was 282.9±6.8 {range, 212.5 - 

438.4} mg in SDD group and 235.2±4.8 

{range, 120- 240} mg in MDD group, while 

for amikacin it was1182±71.3 . {range, 914- 

1680} mg. The results of statistical analysis 

showed that their was a significant difference 

(P<0.01) in the mean dose of gentamicin 

between SDD and MDD group. This proves 

the safety of SDD regimen because no 

incidence of toxicity despite the use of higher 

dose, in contrast to development of toxicity in 

MDD group 
(25)

. All patients who are  given 

the SDD and MDD regimen either had 

improved or complete resolution of their 

infections except two patients given MDD 

regimen had failures. Concerning the toxicity 

(nephrotoxicity and ototoxicity) of both SDD 

and MDD regimen, no toxicity was observed 

in any patients received SDD regimen While 

20% of the patients who received MDD 

regimen developed toxicity, figure( 3 ).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure(3) : Percent of patients MDD group 

in respect of drug toxicity occurance 
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Nephrotoxicity was defined as an increase in 

S.cr. of ≥0.5 mg/dL above the baseline value.   

Patients were not evaluated for nephrotoxicity 

if they had been treated with aminoglycoside 

in the previous week, treatment with 

aminoglycoside was resumed within one week 

of stopping treatment, hemodailysis was 

started within 48 hour after the start of therapy 

and if the patient met the criteria for 

nephrotoxicity within the first 24 hour of 

therapy since in that case the decline in renal 

function is unlikely to be the result of the 

aminoglycoside treatment 
(26)

.  Nephrotoxicity 

was not detected in any of the patients who 

received SDD regimen. This agree with other 

study which also indicate no nephrotoxicity 

with SDD regimen
(27)

 , but David P. Nicolau 

study showed that SDD regimen may be 

associated with small percent (1.2%) of 

nephrotoxicity 
(6) 

. Sixten percent of the 

patients in MDD group met the criteria of 

nephrotoxicity in our study, figure (3). Figure 

(4) show the age distribution of the patients in 

whom toxicity occurred. All the patients who 

developed nephrotoxicity in MDD group were 

male and 75% were of age of ≤ 40 years with 

mean age of 35±9.5 years and mean dose 

210±20.0 mg. This agree with other studies 

that revealed 5-25% of nephrotoxicity with 

MDD regimen 
(28,29)

.The mean length of 

therapy in those who developed nephrotoxicity 

was 9.3±2.9 since duration of therapy was of 

the most important determinant factor in 

nephrotoxicity 
(30)

,  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure(4) : Percent of patient MDD group in 

whom toxicity occur in respect to age 

distribution 

 

Figure(5) . No significant difference in the 

mean age and dose was observed between the 

patients in MDD group who developed 

nephrotoxicity and those who did not, but there 

was a significant difference ((P<0.01) in the 

mean length of therapy, 5 days compared to 

9.3 days, indicating the importance of duration 

of therapy on toxicity. Ototoxicity, in the form 

of vestibular manifestation, was not observed 

in any of the patients in SDD group as in 

Benjman M. Limson et al study which also 

revealed no ototoxicity with SDD regimen 
(31) 

while other study revealed only 0.14% 

ototoxicity
(6)

. Four percent of the patients in 

MDD group developed ototoxicity with age 

>50 years old, and duration of therapy of >14 

days as Bates, D.E. study indicate a high 

percent of ototoxicity with MDD regimen 

ranging from 5-25% 
(32)

 . 

In spite of the presence of greater risk factors 

for aminoglycosides toxicity in SDD group 

including :-  

  elderly patients(>70 years) were found in 

SDD group but not in MDD group; 

  the percentage of patients who received 

therapy for ≥8 days were greater in SDD 

group;  

 administration of amikacin in SDD group 

for a median length of therapy of 13 

days(range 3 to 42 days) which is greater 

than the recommended duration of therapy 

for amikacin(i.e., 7 to 10 days); 

 greater median dose of gentamicin in SDD 

group; 

 use of SDD regimen in diabetic and 

hypertensive patients with impaired renal 

function; 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure(5) : Percent of patients MDD group in 

whom nephrotoxicity occur in respect of length 

of therapy 
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ear at low concentration (threshold 

concentration) and the time above this 

threshold concentration was the determinant of 

toxicity
(6, 33). 

 The threshold for toxicity was 

corresponds to a plasma concentration of 2 

mg/L. The once-daily regimen produces a 

threefold higher plasma concentration, which 

enhance efficacy that otherwise might be 

compromised due to the prolonged sub-MIC 

concentration later in the dosing interval 

compared with every-8-hour regimen. Once-

daily regimen provides a 12-hour period 

during which plasma concentration are below 

the threshold for toxicity, thereby minimizing 

the toxicity that otherwise might result from 

the early high plasma concentration. The 

every-8-hour regimen, in contrast, provides 

only a brief period (< 3 hours) during which 

plasma concentrations are below the threshold 

for toxicity 
(33,34)  

, (figure 5).
 

Conclusion 
          On the basis of the obtained results, one 

can conclude that SDD regimen appears to be 

safer than the conventional MDD regimen 

through reduction in the incidence of 

nephrotoxicity and ototoxicity. 
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Abstract 

         This study was designed to determine the colonization of the in-use hand washing soaps in 

hospital settings. It is a comparative cross-sectional research in a surgical specialties and Baghdad 

teaching hospital in Baghdad, Iraq. Swabs from surfaces of bar soaps and from liquid soaps via their 

applicator tips; at the sinks of toilets of hospital staff and working rooms of the wards were taken in 

January 2008. Conventional microbiologic methods were used for culture of the swabs and 

identification of the isolates. Colonization was detected 60% and 15.9% in bars and liquid forms 

respectively. And this lead to the conclusion that bar soaps could be colonized with microorganisms 

excessively. Liquid hand washing soaps are more appropriate in hospital environments. Proper using 

conditions of the hand washing items should be defined in health care settings. 

Keywords: Bar soap, liquid soap, pseudomonas aeruginosa, nosocomial infections. 

 
 الخلاصة

حيت إنٗ انًزيض. حهٕد انيذ بانبكخزيا يؼخبز يٍ أْى انطزق لاَخقال انؼذٖٔ بيٍ انًزضٗ أٔ يٍ انؼايهيٍ في يجال انزػايت انص            

ْذفج ْذِ انذراست نخحذيذ بؼض الإحياء انًجٓزيت  انًسخؼًزة    َظافت انيذ حؼخبز  أْى أداة في انسيطزة ػهٗ حالاث انؼذٖٔ انًسخشفٕيّ.

صًًج ْذِ انذراست ػهٗ شكم يقارَت يقطؼيت ٔحى جًغ يسحاث يٍ أسطح انصابٌٕ   ػهٗ إَٔاع انصابٌٕ انًسخخذو في انًسخشفياث.

أظٓزث   هب ٔيٍ فخحاث جٓاس الإػطاء نهصابٌٕ انسائم في يسخشفٗ بغذاد انخؼهيًي ٔ انجزاحاث انخخصصيت في بغذاد, انؼزاق.انص

% نهصابٌٕ انسائم. ْذِ انُخائج حؤكذ أٌ اسخؼًال انصابٌٕ 1..9% بيًُا كاَج 06انُخائج  أٌ َسبت حهٕد انصابٌٕ انصهب كاَج 

 بٌٕ انصهب.انسائم بانًسخشفياث اَسب يٍ انصا

 
Introduction 

         Hand carriage of bacteria is an important 

route of transmission of infection between 

patients or from the health care worker to the 

patient.
1-6

 Hand hygiene has been considered 

to be the most important tool in nosocomial 

infections control. Failure to perform 

appropriate hand hygiene is supposed to be the 

leading cause of nosocomial infections and the 

spread of multiresistant microorganisms, and 

has been recognized as a significant 

contributor to outbreaks. The microbial flora 

of the skin of hands consists of resident and 

transient microorganisms. The resident 

microorganisms survive and multiply on the 

skin. The transient microorganisms represent 

recent contaminants of the hands acquired 

from colonized or infected patients/clients or 

contaminated environment or equipment. 

Transient microorganisms are not consistently 

isolated from most persons. In contrast to the 

resident microorganisms, the transient 

microorganisms found on the hands of health 

care personnel are more frequently implicated 

as the source of nosocomial infections. The 

most common transient microorganisms 

include gram negative coliforms and 

Staphylococcus aureus. Hand washing with 

plain soap is effective in removing most 

transient microrganisms.
7-9

 The mechanical 

action of washing and rinsing removes most of 

the transient microorganism present.
10-

12
.Health care workers wash their hands in two 

ways: (a) the social hand wash, which is the 

cleaning of hands with plain, non-medicated 

bar or liquid soap and water for removal of 

dirt, soil, and various organic substances; (b) 

the hygienic or antiseptic hand wash, which is 

the cleaning of hands with antimicrobial or 

medicated soap and water. Most antimicrobial 

soaps contain a single active agent and are 

usually available as liquid preparations. 

Appropriate hand washing results in a reduced 

incidence of both nosocomial and community 

infections.
13

 Much studies have been written 

and debated regarding the use of bar versus 

liquid skin cleansers in relation to infection 

control.
7,14-22

 In this study, the aim was to 

detect and compare bacterial contamination of 

soap bars and liquid soaps. 
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Materials and Methods 

Setting  

         Surgical specialties and Baghdad 

teaching hospital in Baghdad, at the middle of 

Iraq. 

Materials 

         In January 2008, 50 swabs from surfaces 

of bar soaps at the sinks of toilets and working 

rooms of the wards were collected; 44 swabs 

were collected from tips of the applicators of 

liquid soaps containers approximately at the 

same hospital points. Swabs were collected 

from wet surfaces of bars and tip of the 

containers of liquid soaps. Soap bars were 

plain soaps (Duru, Turkey). Liquid soaps 

(Johnson, Turkey) included formaldehyde (in 

trace amount as antiseptic agent according to 

label information). Despite of the liquid soaps 

in this settings were called antibacterial by the 

manufacturer; formaldehyde that was included 

in the liquid soaps considered as preservative 

rather than antibacterial effect. 

Microbiology  

         Collected swabs were dipped into tubes 

containing 1 ml sterile normal saline (0.9%). 

Samples were brought to the microbiology 

laboratory without delay. Tubes were shaked 

and Ten microliter of substance was inoculated 

on blood agar and eosin-methylen-blue (EMB) 

agar incubated at 37 
0
C for 22-24h. 

Sabouraud`s agar media are enforced with 

chloramphenicol (16 µg/mL) to inhibit the 

growth of contaminating bacteria; incubated at 

30C˚, for 30 days were used to rule out fungi . 

Unfortunately anaerobic laboratory conditions 

could not be accomplished during this study 

due to the shortage in laboratory facilities. 

Yielded microorganisms were identified by 

conventional microbiological methods and by 

using API 20E, API 20NE & API Strep 

(Biomerieux, USA).  

Statistics 

         T-tests were used for calculating 

significance of difference of colonization rates 

between bar soaps and liquid soaps and also 

comparing the frequency of yielding 

microorganisms. 

Results 

         Among 50 swabs of bar soaps, 30 (60%) 

swabs were found colonized. A total of 44 

microorganisms were isolated. Numbers of 

isolate are shown in figure 1. Pseudomonas 

aeruginosa (41%) was the most frequent 

isolated bacteria followed by Escherichia coli 

(13.6%) and Acinetobacter baumanii 

(11.4%).From liquid soaps, 6 microorganisms 

were detected at only 7 tips (15.9%) of the 

total 44 containers. This includes 4 (66.6%) P. 

aeruginosa, one (16.6%) Proteus penneri and 

one (16.6%) Flavimonas  oryzihabitans.  

Comparison of the rates of bacterial 

colonization between bar soaps and liquid 

soaps are shown in figure 2 and 3.Bar soaps 

were found more colonized than the liquid 

soaps significantly (p<0.05). P. aeruginosa 

was the most frequent isolate in both two 

group whereas isolation rate was significantly 

higher (p<0.05) in bar soaps but not in the 

liquid soaps (p>0.05) as statistically.  
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Figure 1. Distribution of bacterial agents colonizing on the soaps 

 

Figure 2. Bacterial colonization rates of  

bar soaps 

 
 
 

Figure 3. Bacterial colonization rates of 

liquid soaps 
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Discussion 

         The most common hand-cleaning agents 

are bar soap and liquid soap in disposable 

plastic containers. When in use, bar soaps are 

frequently misused because they are typically 

stored in contact with moisture and remain 

moist for long periods of time. It is usually 

kept in a container, on or next to a wash basin. 

More often than not, it resides in surface water. 

The resulting jelly mass is unsightly, difficult 

to use effectively. This supplies an 

environment which provides the perfect 

opportunity for bacteria and organisms to 

grow. Most bars of soap in communal areas 

are used by a number of different people. This 

means that one bar of soap can be in direct 

contact with skin bacteria from more than one 

person, and may harbour live pathogenic 

bacteria.
22

 Cross infection can and does occur 

under these circumstances.
23

 When using a bar 

of soap, the CDC (Centre for Disease Control) 

recommends placement on a drainable rack 

between uses.
6
 Soap racks that promote 

drainage of all water from the bar should be 

installed. In addition, there should be easy 

access to replacements when soap is lost, 

dropped, melted, or consumed. Small soap 

bars were also recommended that can be 

changed and used in preference to larger bars 

that are more likely to melt or become 

colonized with bacteria.
24 

Liquid soap on the 

other hand is much better to use. Liquid soap is 

dispensed straight from a plastic container. It 

has not been exposed to skin bacteria or other 

contaminants. As a result, cross contamination 

is not likely to occur, providing a more 

cleaning and more hygienic 

alternative.
23

McBride et al reported that bar 

soaps were found to have higher bacterial 

cultures after use than liquid soaps.
23

 In 

another study, Kabara and Brady obtained 

samples from bar and liquid soaps from 26 

public bathrooms which were investigated. 

Liquid soaps were found to be negative for 

bacteria, while 100% of the 84 samples 

obtained from bar soaps yielded positive 

cultures.
15

 In an epidemiological study, the 

researchers isolated several strains of 

Pseudomonas from 45 of 353 environmental 

samples used by multiple providers (13%) and 

found that the 5 most common strains were 

frequently found on patients. They also 

affirmed that the hands are a major vehicle for 

the transfer of Pseudomonas bacteria and 

implicated bar soap in its spread.
14

 Other 

groups of researchers have found that bacteria 

survive on soap bars in continuous use in 

public lavatories, even when cultured 48 hours 

following their last use.
15,22 The role of the 

soap dish in infection control has also been 

studied. Despite of CDC recommendations 

most health care settings like our hospital are 

using soap dishes instead of drainable racks. 

Jarvis et al showed that supplies used for hand 

washing can be contaminated with gram-

negative organisms if they are not completely 

dried. Swabs were collected from soap dishes 

on 6 wards and from a bacteriology laboratory 

on 4 consecutive days. The sludge of the dish 

was found to be colonized with predominantly 

gram-negative bacteria. This colonization 

persisted, even when medicated iodophor bar 

soap was used.
25

 In our study, dishes were 

found wet, and surfaces of soaps were 

generally covered by squashy mass and bars 

were found heavily contaminated (%88). This 

study revealed quite lower contamination rate 

in liquid soaps compared with bar soaps, 

although they didn’t include suggested 

antibacterial agents for hand antisepsis such as 

triclorasan or chlorhexidine. However, liquid 

soaps would be expected to be sterile. So, there 

should be problems with the handling. 

Honestly, in this study any strict procedures 

had not been followed in the wards for the how 

often liquid dispensers should be cleaned, 

disinfected or exchanged. After the results 

were obtained, procedures were described for 

handling and usage of liquid soaps and 

dispensers immediately. In conclusion, correct 

use of hand washing materials is more 

important choosing kind of soaps. Hypothesis 

of transferring microorganisms to healthcare 

workers’ hands via contaminated soap bars 

have not confirmed, antibacterial or not, liquid 

soaps seem more suitable alternative for 

hygienic hand washing. Proper handling of 

liquid soap should be implemented wherever 

they are used in the hospital. Compliance of 

the hand washing is more important than the 

kind of the soap. 
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Abstract 
         The dried fruit peel of pomegranate in Punicaceae family was fractionated chromatographically 

on Sephadex-LH-20 column .Gallic acid (trihydroxybenzoic acid) and its related galloyl esters such as 

gallotannin(i.e. β-penta-O-galloyl–D-glucose) were obtained homogenously. Different concentrations 

of gallic acid and gallotannin  were used to determine their inhibitory effect on human serum 

cholinesterase. The enzyme activity was measured according to the method reported by the WHO .The 

inhibitory effect of these compounds  on the activity of human serum cholinesterase have been studied 

in vitro .The inhibitory effect was remarkably clear with increasing concentration of gallic acid 

.Whereas galloyl ester showed no inhibitory effect.  The inhibition  with gallic acid indicates  a 

noncompetitive pattern. Therefore, we can not recommended gallic acid and its related compounds  , as 

preservative substances in food industry or in pharmacological preparations since they might have 

some side effect on certain biological systems.. 

Key words: Gallic acid , gallotannin , Human Serum Cholinesterase . 

 الخلاصة
انعممٌ    بٌاسمة   (Punicaceae family )رمتنٍم  ان  عتئهم  ان   انرممت  مم   نثممر   انجتصم   قشمٌ  ان مم   مركبمت   انبعم   تم  صلمم             

 trihydroxybenzoic  ىمت حتم  انكتنٍم  )  مت تٍ  متجتنستٍ  ت  انحلٌل عهى  ً.02نـانستئم انهٌنً انحتًي عهى مت   انسفت كس أ

benzoic acid  )تانكتنٌتم ممت    حم  مركبمت  أسمترا   انكتنٌنٍمم انتتبعم  نمو ًىمً        ًأ( ٍنβ-penta –O-galloyl –D-glucose  ).    أ

اسممتم مت تراكٍمم  ممتهفمم  ممم  حممتم  انكتنٍمم   .  انكتنٌتممتنٍ   نمم  تمم    بشممكم  ًاسممل  عهممى صعتنٍمم  أ ن ٌمممت   ً تمميرٍر حممتم  انكتنٍمم 

 ٍتسميت ببقمت  تم     الإنم ٌ   ىماا  أ  صعتنٍم    .  انبشمري  cholinesterase) )عهمى ملمم انكٌنٍسمترٌ      يممت تثبٍة ًانكتنٌتمتبٍ  نقٍمت  تميرٍر    

انبشمري     اختٍر   نتقٍٍ  صعتنٍ  ىاه انمركبت  ممتبرٌت عهى ملم انكٌنٍسمترٌ  . ىاه ان  اس .WHO) ةرٌق   منظم  انلح  انعتنمٍ  )ن

نم   كٍم  حمتم  انكتنٍم   بٍنممت     ىاه انمركبت  جم ٌر بتنمححظم  ممل دٌمت   بترا     تثبٍط  أ  تيرٍر  ن ٌت   معرصتنت حٌل انفعتنٍت  انبٌٍنٌجٍ  .

ٌصمى  نأ   لا نسمتةٍل  نمان   .  بةبٍعتوغٍر تنتصسً  وتكشف بين   أ  انتثبٍط بحتم  انكتنًٍ. معنٌي نمت   انكتنٌتتنٍ   تثبٍط أي   ٌححظ

حتصظ  صً انلنتعت   انغاائٍ   أً صً انتحضٍرا  انلٍ لانٍ   نظرا" لاحتممتل احتٌائيمت    كمٌا   نو   حتم  انكتنٍ  ًانمركبت  انتتبع ب 

        .  انبٌٍنٌجٍ  ا نظم  بع  بع  انتيرٍرا  انجتنبٍ  عهى عهى

Introduction 
         Phenolic compounds are secondary 

plant products which rarely occur in the free 

state in living plant tissue. Simple phenols are 

caustic substances and well known to be anti-

microbial agents
(1-3)

. Polyphenols like lignin 

and tannins are also found in plant cells. 

Tannins or tannic acids are believed to be the 

most important group of secondary metabolites   

involved in plant defense
(4-6)

 . It has been 

found that  tannins have shown potential 

antiviral
(7,8)

, antibacterial 
(9,10)

 and antiparasitic 

effects 
(11)

. In the past few years tannins have 

also been studied for their potential effects 

against cancer through different mechanisms 
(12-14)

 . Tannic acids are not single 

homogeneous compounds,   but a mixture of 

esters of gallic acids with glucose whose exact 

composition varies according to their 

sources
(15) 

.  The biological activation of gallic 

acid and its related  galloyl esters have not yet 

been studied widely regarding their effect on  

enzymes. They are employed in medicine as 

astringents in the gastrointestinal tract (GIT) 

and on skin abrasions. In the treatment of  

 

burns, the proteins of the exposed tissues are 

precipitated to form a mildly antiseptic, 

protective coat under which the regeneration of 

new tissues may takes place
(16  
.
(

Many plant 

species native to Iraq are known to contain 

certain chemical compounds which exert their 

effects on different biological system within 

the cellular level such as enzymes
(17-19)

. 

Chemically, these  complex substances are  

usually occur as  a mixture of polyphenols that 

are difficult to separate because they do not 

crystallize , the application  of some 

chromatographic methods has enabled to 

confirm the complicated nature of these 

polyphenolic extracts and also to identify the 

simple phenols present in small amounts in 

such mixtures
(20,21)

. In addition, it is of interest 

to improve methods of separation and 

identification of gallic acid and some of  its 

related esters obtained  from Iraqi plants . Aim 

of  this  work   was conducted to study the 

effect of gallic acid and its related glucose 

esters such as gallotannins on human serum 

cholinesterase in vitro.   
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Materials and Methods 
Extraction of plant material:  
         The fruit peel of Punicaceae in 

pomegranate family were obtained from Iraqi 

market. The peels of healthy fruit were dried at 

room temperature for at least six months, 

before they were powdered in a mortar and the 

powder was sieved through 100-150 mesh 

sieve.The powder (50g) was boiled for few 

minutes in  100ml ethanol (95%) and left with 

stirring for at least 3hr. The extract was  

decanted through fiber glass. The remaining 

residue was re-extracted twice with ethanol 

and the combined extracts were concentrated 

in vacuo to remove ethanol,  the heavy viscous 

residue obtained as the phenolics 

materials
(20,21).

 

 

Isolation and identification of phenolic 

substances:  

         Phenolic  materials were 

chromatographed on Whatman No.1 paper in 

two dimensions with 6% (V/V) acetic acid 

(Solvent A) and isobutanol-acetic acid-water 

(14:1:5) (Solvent B)at 25+1
o
C

 
. Phenolic 

compounds such as gallic acid and gallotannin 

(Tabel-1)were revealed by spraying with a 

freshly prepared reagents
(15,21-23,) 

of ferric 

chloride-potassium Ferricyanide
 ,
Gibbs reagent 

,Saturated aqueous potassium iodate(KIO3) 

reagent
 
, and finally a fresh solution of nitrous 

acid reagent was prepared to give the phenolic 

compounds a characteristic color which helps 

in  their identification
 
. The phenolic extracts 

(10g) obtained as mentioned above was 

fractionated chromatographically on Sephadex 

LH-20 column (100x2.5cm) using the same 

methods as described previously
(21,24)

. 

Sephadex LH-20 is very useful for separation 

tannin from nontannic phenols
(25)

 .Table-2 

showed two substances (i.e. gallic acid and 

gallotannin)  were obtained homogenously by 

fractionation  .  

The resultant substances ,as in the following  :  

 

1-Gallic acid : Fractions 2 ( 130 ml) was dried 

at 25
o
C and 0.01mmHg over phosphorous 

pentoxide and rechromatographed once again 

over Sephadex-LH-20 column .  The dried 

substance gave  a pale-yellow-white  form 

melting point (m.p.) 250-253
o
C. Rf values, 

showed  0.52 and  0.6 with solvent A and  B 

respectively .Table-1 shows paper 

chromatograms when treated with a freshly 

prepared reagents revealed a characteristic 

colors exhibited by this compound. So under 

short -u.v. light (254nm) the chromatogram. 

gave  soft  blue- violet appearance in visible 

light which turned to deep violet upon 

exposure to fuming  ammonia. Elemental 

analysis  found ; C, 44.73% ,H, 4.34 %,  calc. 

for C7H6O5 , as amorphous compound ,(Lit
25

 C 

, 44.70 % ,H,4.31%). 

 

2- Gallotannin;.:Fraction 6 (105 ml) was 

dried  and then rechromatographed  in the  

same procedure as did for gallic acid . The 

dried substance gave an off-white granular 

solid; m.p. 200-210
o
C.   Rf values on paper 

chromatogram  showed 0.06 and 0.5 with 

solvents A and B, respectively.Table-1 shows 

a characteristic colors exhibited by glallotannin 

on paper chromatograms when sprayed with   

reagents .Gallotannin normally showed up as 

brown-purple spot on  chromatograms when 

treated with Gibbs reagent. The chromatogram 

also  showed a pink appearance with ferric 

chloride-potassium ferricyanide in visible light 

which turned to dark- blue absorption in u.v. 

light which enhanced by fuming with ammonia 

.Specific spray for gallotannins is Potassium 

iodate  solution,  which gives a rose –pink 

color and reacts with gallic acids to form the 

characteristic orange of purpurogallin 

carboxylic acids
(26,27)

..Elemental analysis  

showed; C, 52.38 % ; H , 3.48 %;   calc for 

C41H32O26 , as amorphous compound  , 

(Lit
25

.C,52.35 %,H, 3.50 %) . 

  

Table(1)  : Detection of gallic acid and gallotannin by various sprays . 

 

 

 

 

 

 

 

 

Compound                                           Spray                 u.v light 

 Ferric Chloride- 

Potassium 

ferricyanide 

Gibbs 

reagent 

potassium iodate nitrous acid  

Gallic acid Blue Brown Orange→red→pink Brown Blue-violet→deep ep violet 

gallotannin Pink Brown- 

purpule 

Rose →pink→orange Brown Dark blue 
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Enzyme activity determination: 
         Different concentrations (ranging from 

6mM/L to 30mM/L  )of gallic acid and 

gallotannin were used to determine their 

inhibitory effect on human serum 

cholinesterase in vitro. The enzyme activity 

was measured according to the method 

reported by the WHO
(28)

, with minor 

modification as described in previous study 
(17)

.  Enzyme activity was expressed as µ moles 

of substrate (acetylthiocholine iodide) 

hydrolyzed per ml of total mixture per min. 

 

Results and Discussion 
         Chromatographic  results for the 

fractions of the extract to detect  the phenolic 

substances as compared with authentic 

compounds (Tables-1 and- 2) showed that 

fraction 2 was identified as gallic acid,  

whereas fraction 6 identified as gallotannin 

.Also the  u.v. light detection ,various sprays, 

melting points and elemental analysis  were 

applied  to  identify these compounds .  These 

findings  agree  with  standard authentic 

compounds were obtained from  pharmacy 

college stores ( i.e. gallic acids  and 

gallotannin) which showed in such close 

agreement as to indicate the identity of the 

substance previously .Also these  finding  

agree with earlier reports 
(15,20 ,25,27)

  No clear 

inhibitory effect could be detected with 

different concentrations of gallotannin ( 

ranging  from 6 mM/ L to 35mM/l ) on human 

serum cholinesterase. This might be attributed 

to the presence of amber color which may 

interfere with the color developed as a result of 

enzymatic reaction. Decolorization of this 

solution might merit different results.The 

inhibitory effects of different concentrations of 

gallic acid on the enzyme activity were 

summarized in Table 3 .It was found  that 

increasing gallic acid concentrations will 

accordingly affect enzyme activity. Gallic acid 

concentration as low as 6mM/L results in 

approximately 10% inhibition (p<0.001) and 

reaching to about 50% inhibition with 

increasing concentration as high as 30 mM/L 

(p<0.0001). Such highly significant inhibition 

was unexpected firstly, because gallic acid 

which was considered as one of the phenolic 

compounds used as antimicrobial agent in 

industry
(20,29)

, and secondly, it has not been 

reported before that phenolic compounds 

derived from native Iraqi plants exert such 

inhibitory effect on this enzymatic  system i.e. 

human serum cholinesterase , a well-known 

biological function  of being   a 

neurotransmitter in animals and insects
(30)

 ,  its 

has a very high catalytic activity , that 

catalyzes the hydrolysis of the neurotransmitter 

acetylcholine into choline and acetic acid, a 

reaction necessary to allow a cholinergic 

neuron to return to its resting state after 

activation
(31)

 .Furthermore, the reciprocal Line 

weaver-Burk plot for the rate of reaction 

versus substrate concentration in the presence 

and absence of gallic acid  (Fig.1) showed that 

the inhibition follows a noncompetitive 

pattern. This might be explained by that the 

inhibitor can  not bound to the anionic site in 

the catalytic centre of the enzyme
(32)

. The 

mechanism of action of such bounding might 

be explained through the hydrogen bounding 

between the carboxyl group of the inhibitor 

and some catalytically significant group of the 

enzyme probably with the imidazole moiety of 

histidine in the  static site of the enzyme 

molecule
(33)

 . 

  
 

   Table(2) : Fractionations  of gallic acid and gallotannin by column chromatography using  

Sephadex LH-20  

Substance Weight after drying  (g) Elution Solvent Volume (ml) Fractions 

Unknown  5.56 Ethanol (100%) 010 1 

 Gallic acid   1.42 Ethanol (100%) 132 2 

Mixture of gallic acid  and 

other phenolic substances . 

1.70 Ethanol (90%) 131 3 

- Ethanol (90%) 101 4 

- Ethanol (90%) 111 5 

gallotannin 0.68 Ethanol (70%) 121 6 

Polyphenolic substances 0.54 Ethanol (60%) 191 7 
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Table(3) :In vitro inhibition of human 

serum cholinesterase by different 

concentrations  of Gallic acid. 

Recovery

% 

% 

Inhibition 

Enzyme 

Activity 

U/ml 

Inhibitor 

mM/L 

100.00 Nil 5.93 +1.8 Nil 

91.69 08.22 5.44+ 1.6 06 

80.36 91.69 4.76+ 1.4 12 

72.74 27.24 4.32+1.3 18 

64.52 35.67 3.83+ 1.3 24 

54.38 45.15 3.24+ 1.1 30 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure (1)  : Double – reciprocal plots for 

the inhibition of human serum 

cholinesterase in the presence (●) and 

absence of (o) of 30 mM/L gallic acid . 

Acetylthiocholin iodide concentrations (s) 

were ;  0.02, 0.04  ,0.06 ,0.08 , 0.10 M/L . 

 
Conclusion 
         Phenolic compounds, such as gallic acid 

derived from native Iraqi plants with 

antimicrobial activity might not be 

recommended to be used as preservative in 

food industry or in pharmacological 

preparations since they might exert  some 

undesirable  effects on certain enzymatic 

system such as serum cholinesterase.  
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Abstract 
         Metoclopramide HCl (MTB) is a potent antiemetic drug used for the treatment of nausea and 

vomiting. Many trials were made to prepare a satisfactory MTB orodispersible tablet using direct 

compression method.Various super disintegrants were used in this study which are croscarmellose 

sodium (CCS), sodium starch glycolate (SSG) and crospovidone (CP). The latter was the best in terms 

of showing the fastest disintegration time in the mouth.Among the different diluents utilized, it was 

found that a combination of microcrystalline cellulose PH101 (MCC 101), mannitol, dicalcium 

phosphate dihydrate (DPD) and Glycine was the best in preparing MTB orodispersible tablet with 

fastest disintegration time in the mouth.The physical parameters of the prepared MTB orodispersible 

tablet were satisfactory as hardness (4 Kg), friability (0.5%) and mouth disintegration (23 sec).The 

overall results suggest that the prepared formula of MTB as orodispersible tablet could be utilized as a 

new dosage form for the oral administration. 

Key words: Orodispersible, metoclopramide, super disintegrant 

 

 الخلاصة 
( يٍ انعقاراث  انفعانت فً علاج حالاث انخقٍؤ. ْذِ Metoclopramide HClٌعذ عقار انًٍخٕكهٕبزايٍذ ْاٌذرٔكهٕرٌذ )         

( باسخخذاو orodispersible tabletانذراست حخعهق بخصٍُع انًٍخٕكهٕبزايٍذ ْاٌذرٔكهٕرٌذ عهى شكم حبت سزٌعت انخحهم فً انفى )

( sodium starch glycolate( ٔيادة )croscarmellose sodiumشز.حى اسخخذاو عذة يٕاد يفككت ًْٔ يادة )طزٌقت انكبس انًبا

يٍ بٍٍ يٕاد انخخفٍف  (. ٌٔعذ الأخٍز ْٕ الأفضم لأٌ ٔقج ححههّ فً انفى كاٌ اسزع يٍ باقً انًٕاد انًفككت.crospovidoneٔيادة )

ٔانكلاٌسٍٍ كاَج ًْ  dicalcium phosphate dihydrate)هٕر ٔانًاٍَخٕل ٔيادة )انًسخخذيت، ٔجذ بأٌ يادة انسهٍهٕس يجٓزي انخب

ٔكاَج انخصائص انفٍشٌائٍت نحبت انًٍخٕكهٕبزايٍذ  الافضم فً حصٍُع حبت انًٍخٕكهٕبزايٍذ ْاٌذرٔكهٕرٌذ سزٌعت انخحهم فً انفى.

ايا ٔقج انخحهم فً انفى فٕٓ % ٥٫٠فً حٍٍ كاَج انٓشاشت  كغى ٤انحبت  صلابتْاٌذرٔكهٕرٌذ سزٌعت انخحهم فً انفى جٍذة فًثلا كاَج 

     ثاٍَت. ٢۳
Introduction 
         Orodispersible tablet is a solid dosage 

form containing a medicinal substance that 

disintegrates and/or dissolves rapidly in the 

mouth (either on or beneath the tongue or in 

the buccal cavity) without drinking water 

within up to three minutes. Upon placement in 

the mouth, orodispersible tablets absorb saliva 

rapidly into the tablet core allowing the super 

disintegrant to swell, rupture the tablet and 

liberate the individual components that form 

solution or suspension, which in turn can be 

swallowed easily without water. On the other 

hand, orodispersible tablet can also be 

swallowed intact as it is; i.e., as if it was a 

conventional tablet by using water to push it 

down to stomach 
(1)

.The orodispersible tablets 

have increased in popularity because 

consumers, all ages, find them convenient and 

easy to use. Since orodispersible tablets can be 

taken without water, therefore, bed-ridden, 

lying, standing, walking, talking, and traveling 

patients can use them easily any time and 

anywhere 
(2)

.Orodispersible tablet is the proper 

solution for dysphagia. Dysphagia is defined 

as difficulty swallowing food or liquids, which 

may be caused by normal physiologic response 

or as a result of disease state
(3)

. As a 

consequence of dysphagia, children and 

elderly patients do not take their medication as 

prescribed. It is estimated that as high as 50% 

of the population has this problem which 

results in a high prevalence of ineffective 

therapy 
(4)

.Other advantage of orodispersible 

tablets is fastening onset of action. They 

disintegrate in the mouth in a period of 

seconds in comparison to conventional tablets 

which may need up to 15 min to disintegrate 

completely in the stomach. Furthermore, a 

dissolution process for water-soluble drugs 

begins to initiate while the orodispersible 

tablet still in the mouth. These facts reflect 

why orodispersible tablets have rapid or ultra 

rapid onset of action 
(5)

. 
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 Many side effects are associated with the 

conventional dosage forms such as tablets and 

capsules. For example, these dosage forms 

may lodge esophagus, causing local irritation. 

When the tablet or capsule disintegrates in 

stomach, it may release all of its content in the 

same area, which may cause a gastric irritation 

especially if the drug is highly water soluble 

due to the formation of localized high 

concentration. Regarding orodispersible tablet, 

it disintegrates and/or dissolves in the mouth 

and diluted subsequently with saliva, so no 

such side effect can take place.According to 

the above advantages, orodispersible tablets 

can be used for most cases, but their benefits 

can be doubled in certain clinical situations; 

among them are nausea and vomiting. During 

nausea and vomiting, it is better for the patient 

to take orodispersible tablet and not a 

conventional one due to the following 

reasons
(6)

: 

a. To avoid the stimulation of vomiting 

center in the CNS. This center is 

stimulated by GI distention which, in turn, 

is caused by food or fluid intake. If the 

patient takes conventional tablet, he 

should use a glass of water to swallow it 

and hence, vomiting reflux may be 

initiated, bringing about a new vomiting 

episode.  

b. Physiologic defense mechanism which 

makes the patient reluctant to drink. 

         Many products of orodispersible tablets 

have been launched worldwide over the past 

decade by the most famous drug companies. 

AstraZeneca, GlaxoSmithKlin, Eli Lilly, 

Pfizer, Wyeth, Squibb, Bristol-Myers, 

Schering Plough, Merck, Janssen and Organon 

are examples on these companies 
(7)

. 

Experimental 
Materials: 
         The following materials were used in this 

study: CCS and CP (Al-Hekma Drug Industry, 

Jordan), MTB, SSG and DPD (Samara Drug 

Industry (SDI), Iraq), lactose, mannitol and 

hydrochloric acid (HCl) (Riedal De Haen Ag 

Seelze Hanover, Germany), glycine (Fluka 

Chemi Ag, Switzerland), magnesium stearate 

(Mg St) (Barbeher, GmbH, Germany), 

Meclodin® tablet (SDI, Iraq), Primperan® 

tablet (Sanofi corp., France). 

Methods: 
Formulation of Orodispersible Tablet: 

Formulation of Control Orodispersible 

Tablets (without MTB):  

         Different control formulas (without 

MTB) were prepared and tested to obtain the 

best formula that disintegrates as fast as 

possible in the mouth (table 1). All formulas 

were prepared using direct compression 

technique. Each formula was formulated by 

mixing all the ingredients (except the 

lubricant) for 15 min after which the lubricant 

was added and blended for another 3 min. The 

final mixture was compressed using a double 

punch, Korsch, tablet machine with a 10 mm 

flat punch. 

 

Formulation of MTB Orodispersible Tablet:  

         MTB was incorporated with the best 

control formula (with regard to shortest 

disintegration time in the mouth) to obtain the 

final MTB orodispersible tablet that subjected 

subsequently to further investigations. The 

MTB orodispersible tablet was prepared by the 

same method mentioned above. 

Physical Parameters Measurement of the 

Prepared Orodispersible Tablets: 

 Content Uniformity:  

         this test was undergone for the prepared 

MTB orodispersible tablet. The content 

uniformity was performed by taking ten tablets 

and assayed individually. The requirement for 

this test is met if the amount of ingredient in 

each of the ten tablets lies within the range of 

85-115% of the label claim 
(8)

. 

Hardness:  

         the hardness of all the prepared 

orodispersible tablets (with and without MTB) 

were measured using Monsanto hardness 

tester. Results are expressed as a mean ± S.D 

(n=3). 

Friability:  

         the friability test was undergone for the 

prepared MTB orodispersible tablet using 

Roche friabilator for 4 min at 25 r.p.m. by 

taking ten tablets weighing them all together 

then placing them inside the tester. After their 

revolution, they were cleaned from dust and 

weighed again. The friability was calculated as 

the percent weight loss. If the reduction in the 

total mass of the tablets is more than 1%, the 

tablets fail the friability test 
(8)

. 

Disintegration Test:  
         Two types of disintegration tests were 

done for the prepared orodispersible tablets: by 

using the disintegration apparatus (in vitro test) 

and disintegration test in the mouth using 

healthy volunteers (in vivo test). 

 Conventional Disintegration Test (in vitro 

test):  
         the disintegration time of the prepared 

MTB orodispersible tablet was determined in 

different solutions (D.W, 0.1N HCl pH 1.2 and 

phosphate buffer pH 6.5). In addition, the 

disintegration time in D.W was determined for 

Meclodin® and Primperan® tablets as 
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references. Disintegration apparatus with a basket rack assembly containing six open-

ended tubes and 10-mesh screen on the bottom 

was used. A tablet was placed in each tube of 

the basket and the time for complete 

disintegration of the six tablets was recorded
(8)

. 

 

Disintegration Test in the Mouth (in vivo 

test):  

         Five healthy volunteers were subjected to 

the measurement of the disintegration time in 

the mouth of all the prepared orodispersible 

tablets (with and without MTB). Prior to the 

test, all volunteers got a detailed briefing on 

purpose of this test, then they were asked to 

rinse their mouth with water. Then the 

prepared orodispersible tablet was placed on 

the tongue and immediately a stopwatch was 

started. They were allowed to move the 

orodispersible tablet against the upper palate of 

the mouth with their tongue and to cause a 

gentle tumbling action on the tablet without 

biting on it or tumbling it from side to side. 

Immediately after the last noticeable granule or 

fragment had disintegrated, the stopwatch was 

stopped and the time was recorded. The 

swallowing of saliva was prohibited during the 

test, and also saliva was rinsed from the mouth 

after each measurement. To check 

reproducibility, each volunteer repeated the 

test three times 
(9)

. 

Dissolution Test:  

         the basket method was used to determine 

the release profile of the drug from the 

prepared MTB orodispersible tablet. The test 

was carried out in three different dissolution 

media which are 900 ml of D.W, 0.1N HCl 

(pH 1.2) and phosphate buffer (pH 6.5) at 37 ± 

0.5 
0
C

 
with constant stirring speed of 50 r.p.m 

for 30 min. In addition, the release profiles of 

the Meclodin® and Primperan® tablets (as 

references) were also determined using 900 ml 

of D.W at the same test environments. At 

preset time intervals, 5 ml samples were 

withdrawn and the filtrate was refluxed back 

using 5 ml of fresh dissolution medium. 

Samples were filtered through microfilter and 

analyzed spectrophotometrically at the λmax 

of MTB 
(8)

. 

 

Factors Affecting Formulation: 

 Effect of Super Disintegrants Types and 

Concentrations on the Disintegration Time in 

the Mouth of the Prepared Control 

Orodispersible Tablets: 

         Formulas 1-12 (table 1) were utilized to 

study the effect of super disintegrant type 

(SSG, CCS and CP) and concentration (4, 8.5, 

18 and 40 mg/tablet) on the disintegration time 

in the mouth of the prepared control 

orodispersible tablets. Formulas 14-16 were 

prepared to reveal the effect of super 

disintegrants combination at three different 

concentrations (1.65, 4.4 and 9.5 mg/tablet) on 

the disintegration time in the mouth of the 

prepared control tablets. 

 Effect of Diluents Types and Concentrations 

on the Disintegration Time in the Mouth of 

the Prepared Control Orodispersible Tablets: 

         Formulas 17-32 (table 1) were utilized to 

check the effect of diluent type (MCC101, 

MCC102, mannitol, lactose, L-HPC, DPD and 

glycine) alone and as combination of them at 

different concentrations on the disintegration 

time in the mouth of the prepared control 

orodispersible tablets. 

 

 

Table (1): Composition of the Control Orodispersible Formulas 

 

Material 

      (mg) 

 

 

Formula 

S
S

G
 

C
C

S
 

C
P

 

M
C

C
 1

0
1

 

M
C
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 1

0
2
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L
a
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L
 -H

P
C

 

D
P

D
 

G
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cin
e
 

M
g

 S
t 

T
o
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l W

e
ig

h
t 

(m
g

) 

1 
4 

(2.5%) 

  
159 

      
1 164 

2 
8.5 

(5%) 
  159 

      
1 168.5 

Table (1): Continued. 
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 Material 

     (mg) 

 

 

 

 

Formula 

S
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G
 

C
C

S
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M
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 1

0
1
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L
 -H

P
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D
P

D
 

G
ly

cin
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M
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t 

T
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l W

e
ig

h
t 

(m
g

) 

3 
18 

(10%) 
  159 

      
1 178 

4 
40 

(20%) 
  159       1 200 

5  
4 

(2.5%) 
 159 

      
1 164 

6  
8.5 

(5%) 
 159 

      
1 168.5 

7  
18 

(10%) 
 159 

      
1 178 

8  
40 

(20%) 
 159 

      
1 200 

9   
4 

(2.5%) 
159 

      
1 164 

10   
8.5 

(5%) 
159 

      
1 168.5 

11   
18 

(10%) 
159 

      
1 178 

12   
40 

(20%) 
159 

      
1 200 

13   
54 

(25%) 
159 

      
1 214 

14 
1.65 

(1%) 

1.65 

(1%) 

1.65 

(1%) 
159 

      
1 164.95 

15 
4.4 

(2.5%) 

4.4 

(2.5%) 

4.4 

(2.5%) 
159 

      
1 173.2 

16 
9.5 

(5%) 

9.5 

(5%) 

9.5 

(5%) 
159 

      
1 188.5 

17 
  

40  
15

9 

     
1 200 

18 
  

40  
 

159 
    

1 200 

Table (1): Continued 
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 Material 

     (mg) 

 

 

 

 

Formula 
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19 
  

40  
  

159 
   

1 200 

19   40    159    1 200 

20 
 

 40 80 79      1 200 

21 
  

40 80 
 

69 10 
   

1 200 

22 
  

40 80  79     1 200 

23 
  

40 59  100     1 200 

24 
  

40 40  120     1 201 

25 
  

40 20  140     1 201 

26 
  

40 20  140  2   1 203 

27 
  

40 20  140  23   1 224 

28 
  

40 20  140  50   1 251 

29 
  

40 20  140   11  1 212 

30 
  

40 20  140   23  1 224 

31 
  

40 20  140   50  1 251 

32 
  

40 20  140   23 55 1 279 

 

 

 

Effect of pH on Conventional Disintegration 

Time of the Prepared MTB Orodispersible 

Tablet: 

The effect of pH on conventional 

disintegration time of the prepared MTB 

orodispersible tablet was done using Erweka 

disintegration apparatus with 0.1N HCl 

solution (pH 1.2) and phosphate buffer (pH 

6.5) as the disintegration media. 
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Results and Discussion 
Effect of Super Disintegrants Types and 

Concentrations on the Disintegration Time in 

the Mouth of the Prepared Control 

Orodispersible Tablets: 
         Table (2) shows that the best super 

disintegrant type was CP with a concentration 

of 40 mg/tablet. This fact is represented in 

formula 12, which showed the fastest 

disintegration time in the mouth (27 sec). 

Furthermore, to ensure that the super 

disintegrant critical concentration of CP is 40 

mg, another formula (formula 13) was made 

using 54 mg of CP. It was found that formula 

13 disintegrated more slowly than formula 12 

and showed mouth disintegration of 29.5 sec. 

On the other hand, the combination used in 

formulas 14-16 were not effective in lowering 

the disintegration time of the orodispersible 

tablets in the mouth since their disintegration 

time was relatively high and ranged from 40-

60 sec. This may be caused by a competition 

between these super disintegrants on the little 

amount of water that found in the mouth 

knowing that 0.35-1.0 ml/min is the total 

volume of saliva available under normal 

conditions 
(10)

. 

 

 

Table (2): The Effect of Super Disintegrants Types and Concentrations on the Disintegration 

Time in the Mouth of the Prepared Control Orodispersible Tablets * 

 

No 
Composition (mg) Disintegration Time 

in the mouth (sec) SSG CCS CP MCC101 Mg St 

1 4   159 1 44 ± 14 

2 8.5   159 1 53 ± 18 

3 18   159 1 66 ± 19 

4 40   159 1 110 ± 27.3 

5  4  159 1 45 ± 13 

6  8.5  159 1 45 ± 14 

7  18  159 1 42 ± 16 

8  40  159 1 79 ± 24 

9   4 159 1 58 ± 15.3 

10   8.5 159 1 50 ± 20.7 

11   18 159 1 39 ± 14.1 

12   40 159 1 27 ± 5.1 

13   54 159 1 29.5 ± 6.3 

14 1.65 1.65 1.65 159 1 43 ± 7.8 

15 4.4 4.4 4.4 159 1 40 ± 15 

16 9.5 9.5 9.5 159 1 59 ± 18 

        *Results are expressed as mean ± S.D. (n=3) 

 

Effect of Diluents Types and Concentrations 

on the Disintegration Time in the Mouth of 

the Prepared Control Orodispersible Tablets: 

         The super disintegrant concentration of 

CP (40 mg/tablet) was kept constant through 

out this part of the study to find out the best 

diluent that may be used for the preparation of 

control orodispersible tablet as shown in (table 

3).MCC acts as auxiliary tablet disintegrant 

because of its water absorbing capacity 
(11)

. 

The latter advantage gives the reason for the 

necessity for the inclusion of MCC in the 

formulation of orodispersible tablets. 

Practically, no difference was found between 

MCC 101 (formula 12) and MCC102 (formula 

17) and they showed a mouth disintegration of 

27 and 28 sec, respectively. Besides, 

combining two grades of MCC (MCC 101 and 

MCC 102) as in formula 20 gave slower 

disintegration time in the mouth (37 sec) than 

each grade alone.Table (3) also shows that 

mannitol was better than lactose in preparing 
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tablet with shorter disintegration time in the 

mouth. The mouth disintegration time for 

mannitol containing formula (formula 18) and 

lactose containing formula (formula 19) were 

28 and 37 sec, respectively. This difference in 

disintegration time may be due to the fact that 

mannitol has slower dissolution kinetics, that 

is to say; lactose tends usually to dissolve 

rather than disintegrate, forming a viscous 

layer on the surface of the tablet which slows 

down the penetration of water (or saliva) into 

the tablet core 
(12)

. On the other hand, formula 

21 showed slower disintegration time in the 

mouth (39 sec) than both formulas 18 and 19 

indicating that such combination is not 

effective in lowering the disintegration time in 

the mouth.Formulas 22-25 were utilized to 

study the effect of combining MCC 101 and 

mannitol at different concentrations on 

disintegration time in the mouth. Although 

formulas 22, 24 and 25 showed the same 

disintegration time in the mouth (26 sec), 

formula 25 was selected to complete the study 

because it contains the largest amount of 

mannitol which in turn, imparts sweet and cool 

taste on the prepared orodispersible 

tablet.Formulas 26-28 were utilized to study 

the effect of L-HPC on disintegration time in 

the mouth of the prepared control 

orodispersible tablet. It was found that L-HPC 

prolonged the disintegration time in the mouth 

at all concentrations, therefore, it can not be 

used in the preparation of orodispersible 

tablets.Formulas 29-31 were formulated using 

three different concentrations of DPD. 

Formula 30 was disintegrated faster than 

formulas 29 and 31 indicating that the best 

concentration of DPD is that used in the 

preparation of formula 30 (which is 23 

mg/tablet and selected later to compete the 

study).Glycine is used in orodispersible tablet 

because of its effect as disintegration 

accelerator. Thus, the addition of glycine 

decreased the mouth disintegration of the 

tablet from 25 sec (formula 30) to 23 sec 

(formula 32). In addition, glycine has good 

flow and sweet taste, therefore, it was used in 

the past to hide the bitter taste of saccharine 
(13)

.Table (3) shows that the best control 

orodispersible formula (in terms of showing 

the fastest disintegration time in the mouth) 

was formula 32 since its disintegration time in 

the mouth was 23 sec. 

 

Table (3): Effect of Diluents Types and Concentrations on the Disintegration Time in the 

Mouth of the Prepared Control Orodispersible Tablets (with out MTB) * 

 *Results are expressed as mean ± S.D. (n=3) 

F
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Disintegrati

on time in 

the mouth 

(sec) 

17 40  159      1 28 ± 4.9 

18 40   159     1 28 ± 8.5 

19 40    159    1 37 ± 12 

20 40 80 79      1 37 ± 12.9 

21 40 80  69 10    1 39 ± 7.4 

22 40 80  79     1 26 ± 4.9 

23 40 59  100     1 27 ± 6.4 

24 40 40  120     1 26 ± 7.8 

25 40 20  140     1 26 ± 7.0 

26 40 20  140  2   1 34 ± 10.0 

27 40 20  140  23   1 41 ± 9.0 

28 40 20  140  50   1 43 ± 8.0 

29 40 20  140   11  1 38 ± 7.8 

30 40 20  140   23  1 25 ± 9.1 

31 40 20  140   50  1 44 ± 11 

32 40 20  140   23 55 1 23 ± 5.3 
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Formulation of MTB Orodispersible Tablet:  

         Formula 32 was the best control 

orodispersible formula, to which MTB, 

saccharine sodium and flavor were added. 

Table (4) shows the final MTB orodispersible 

formula (formula 33) which was subjected to 

further evaluation tests. 

 

Table (4): Composition of the Selected 

(Final) MTB Orodispersible Tablet 

(formula 33). 

 

Physical Parameters Measurement of the 

Prepared Orodispersible Tablets: 

Content Uniformity: 
         The content uniformity of the prepared 

MTB orodispersible tablet (formula 33) was 

complied with BP criteria. No tablet from ten 

tablets lies out of the range of 85-115% of the 

label claim. These results indicated that the 

dosage form had uniform distribution and 

proper dose of the active ingredient
(8)

.  

 

Hardness: 
         The hardness of all the prepared 

orodispersible tablets (with and without MTB) 

was kept constant at 4 kg by controlling the 

compression force between approximately  4-7 

tone/cm
2
. 

 

Friability: 

         The friability of MTB orodispersible 

tablet (formula 33) was 0.5% which is 

acceptable according to BP criteria 
(8)

. 

Disintegration tests: 

Conventional Disintegration Time of 

the Prepared MTB Orodispersible 

Tablet (in vitro test): 

         The conventional disintegration test of 

the prepared MTB orodispersible tablet 

(formula 33) as well as Meclodin® and 

Primperan® tablets (as references) was 

determined using D.W as disintegration 

medium. The disintegration time of the 

prepared MTB orodispersible tablet was only 

6 sec. In contrast, the disintegration time of 

Meclodin® tablet was 220 sec while that of 

Primperan® tablet was 120 sec as shown in 

figure (1). The disintegration time of the 

prepared MTB orodispersible tablet was also 

shorter than that obtained by other 

researchers
(14)

. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (1): The disintegration time 

(conventional) of the prepared MTB 

orodispersible (formula 33), Meclodin® and 

Primperan® tablets using D.W at 37±0.5 
0
C   

(results are expressed as mean ± SEM, n=3). 

   

 

Disintegration Time of the Prepared MTB 

Orodispersible Tablet in the Mouth (in vivo 

test): 

         The disintegration time of the prepared 

MTB orodispersible tablet (formula 33) in the 

mouth was found to be 23 sec (S.D=7.5, 

n=15). This result is quite satisfactory 

regarding BP criteria, which states that the 

disintegration time of orodispersible tablets in 

the mouth should not exceed 180 sec 
(8)

. Not 

only acceptable in terms of BP, formula 33 

had faster mouth disintegration than 

orodispersible tablets prepared by other 

researchers 
(15)

 and also faster than some of the 

commercialized products. For example, the 

disintegration time in the mouth of Benadryl® 

(USA), DuraSolv® (USA), Nimesulide® 

(Switzerland) and Nippon® (Japan) 

orodispersible tablets are 40, 45, 30 and 30 

sec, respectively 
(16,17)

 as shown in figure (2). 

 

 

 

 

 

 

 

Material Amount (mg/tablet) 

MTB 10 

CP 40 

MCC 101 20 

Mannitol 140 

DPD 23 

Glycine 55 

Saccharine sodium 2 

Flavor 1 

Mg St 1 

Total weight  292 
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Figure (2): The disintegration time in the 

mouth of Benadryl®, DuraSolv®, 

Nimesulide®, Nippon® and the prepared 

MTB orodispersible tablets (formula 33). 

 

Dissolution Test: 

         The dissolution test for the prepared MTB 

orodispersible tablet (formula 33) as well as 

Meclodin® and Primperan® tablets (as 

references) was done using 900 ml of D.W as a 

dissolution medium at 37±0.5 
0
C

 
with constant 

stirring speed of 50 r.p.m for 30 min. Table (5) 

shows the result of the dissolution test. 

Figure (3) indicates that the prepared MTB 

orodispersible tablet showed faster release rate 

than both Meclodin® and Primperan® tablets. 

The release time (T 75%) of the prepared MTB 

orodispersible tablet was 10-fold and 5-fold 

faster than that of Meclodin® and Primperan® 

tablets, respectively.Statistically, there is 

highly significant difference (P<0.05) among 

samples at 1, 2, 5, 10 and 15 min time intervals 

between Meclodin® and the prepared MTB 

orodispersible tablets. In addition, significant 

difference was found between samples at 1 and 

2 min time intervals between Primperan® and 

the prepared MTB orodispersible tablets. 

These facts are clarified in figure (4).To 

accurately confirm the preference of the 

prepared MTB orodispersible tablet (formula 

33) release profile compared to that of 

Meclodin® and Primperan® tablets, 

mathematical expressions had been used. To 

compare the dissolution profiles of two 

formulations (test and reference), the 

difference factor (F1) and similarity factor (F2) 

are useful. The F1 and F2 functions can be 

calculated according to the following 

equations 
(18)

: 
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indicate clearly the high significant difference 

among these three formulations. 

 

 

Table (5): The Percent Release of MTB from the Prepared Orodispersible (formula 33), 

Meclodin® and Primperan® Tablets in D.W at 37±0.5 
0
C * 

Time Interval 

(min) 

% Release of MTB 

from Meclodin® 

Tablet 

% Release of MTB 

from Primperan® 

Tablet 

% Release of MTB from the 

prepared MTB 

Orodispersible Tablet 

1 32 ± 2.1 † 42 ± 3.1 † 77 ± 2.3 

2 43 ± 2.1 † 55 ± 2.8 † 81 ± 2.3 

5 48 ± 0.8 † 84 ± 6.6 88 ± 4.2 

10 78 ± 2.1 † 96 ± 3.0 97 ± 1.9 

15 95 ± 1.1 † 99 ± 0.5 99 ± 0.2 

20 99 ± 0.4 100± 0.0 98 ± 0.8 

30 100 ±0.0 99 ± 0.0 99 ± 1.0 

* Results are expressed as mean ± S.D (n=3). 

† Significant difference (P<0.05) 
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Figure (3): T 75% release of MTB from 

Meclodin®, Primperan® and MTB 

orodispersible tablets (formula 33) in D.W 

at 37±0.5 
0
C 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (4): The release profiles of MTB 

from the prepared MTB orodispersible 

(formula 33), Meclodin® and Primperan® 

tablets in D.W at 37± 0.5 
0
C. 

 
 

Effect of pH on Conventional Disintegration 

Time of the Prepared MTB Orodispersible 

Tablet: 

         Two ways are possible to administer 

orodispersible tablets. The first one is by 

putting the tablet in the mouth and waiting it to 

disintegrate without the aid of water. 

Alternatively, orodispersible tablet can be 

taken as a conventional tablet by using 

drinking water to push it down. Hence, two 

possible pH may face the tablet during its 

disintegration, which are either the neutral pH 

(6.5) in the mouth or the acidic pH (1.2) in the 

stomach 
(19)

. Therefore, conventional 

disintegration test was made at these two pH 

so as to reveal the effect of pH, if any, on 

disintegration time of the prepared MTB 

orodispersible tablet and to ensure that this 

tablet disintegrates rapidly in all pHs. The 

effect of pH on disintegration time of the 

prepared MTB orodispersible tablet was 

undergone using Erweka disintegration 

apparatus with 0.1N HCl (pH 1.2) and 

phosphate buffer (pH 6.5) as the disintegration 

media. The disintegration time of the prepared 

MTB orodispersible tablet was 13 sec in pH 

1.2 and 16 sec in pH 6.5 as shown in figure 

(4).It is obvious from these results that the 

disintegration time of the prepared MTB 

orodispersible tablet was not affected by 

changing the pH of the disintegration medium. 

This fact may be due that the super 

disintegrant (CP) used in the formulation of 

the prepared MTB orodispersible tablet does 

not affect by such change in the pH, therefore, 

tablet disintegration did not affect significantly 

by the shift of the pH 
(19)

. 
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Abstract                                                               
 

         A new method for the determination of the drug cefalexin in some Pharmaceuticals using (UV-

Vis) and  indirect Flame Atomic Absorption Spectrophotometer (FAAS) , Fe III should forms a 

chelating complex with cefalexin (CEX –Fe III) at pH (1-8) and the best pH for the formation of (CEX 

–Fe III) chelating complex was (2) .The complex extracted with Methanol  and  Dimethy-Sulphoxide 

.The mole-ratio method has been used to determine the structure of chelate (CEX - Fe III) and found to 

be 2:1 LM ( Ligand : Metal.) .  

Keywords : Cefalexin , chelating complex. 

 الخلاصة
انًسئُت و انطسَقت -طسَقت حدَثت نخقدَس انسُفانكسٍُ فٍ بعض انعقازاث انصُدلاَُت و ذنك باسخخداو حقُُخٍ الأشعت فىق انبُفسجُت         

 pHغُس انًباشسة نلايخصاص انرزٌ أنههبٍ .حُث وجد أٌ انحدَدَك َسخطُع أٌ َكىٌ يعقد كُهُخٍ يع انسُفانكسٍُ فٍ يدي يٍ قُى 

اسخخهص باسخخداو يزَج و انًعقد انُاحج  ( = ٢pH ) حعطٍ اعهً يًخصُت كاَج عُد pH( و أٌ افضم قًُت نــ ٨ -١ح يا بٍُ )حخساو

 ( عهً انخىانٍ.١:٢( هٍ ) (  CEX-FeIII  انًُثاَىل و ثُائٍ يثُم انسهفىكساَد و كاَج انُسبت انًىنُت نهخعقُد يٍ

 
Introduction 
         

         Cephalosporins are β –lactam antibiotics 

obtained originally From a cephalosporium 

mold.These antibiotics have the same 

mechanism of action as the Pencillins, but 

differ in antibacterial spectrum
1
 . 

Cephalosporins discovered by Bortzu
2
 in 1948. 

Cefalexin is the First  generation  of  

caphalosporins .The chemical names for 

cefalexin are :-7-(D – α -aminophenyl 

acetamido)des-acetoxy cephalosporic acid.
3
 Or  

7-(D-2-Amino-2-phenylacetamido)-3-methyl-

3-cephem-4- carboxylicacid.
4
  The chemical 

formula is C16 H17 N3 O4 S . H2O . And the 

chemical structure for the drug : 

 

 

 

 

 

 

 

 

   

Cefalexin monohydrate Molecular weight: 

365.4 gm Melting point: 326.8 
 0

C Cefalexin is 

a white to faint yellow powder slightly soluble 

in water, insoluble in ethanol , chloroform and 

ether . Anacona et. al 
5
  prepared  complexes 

for β –lactam antibiotics with some metals, and 

they identify it by spectroscopic and physio-

chemical methods ,also they studiedthe 

reaction of  these antibiotics with some  

transitional elements like Mn II , Cu II ,Zn II, 

and confirmed the structures  of products using 

I .R. and N.M.R. spectra. on the other hand, 

different solutions of cephalosporins and 

chloride salts of essential and trace elements 

prepared in a study using different 

temperatures ( 37˚Cand 60 ˚C) in order to 

accomplish the complex formation in molar 

ratio of the drug and metal salts 1:1
6
. Also 

Abdel Gaber et.al 
7
 studied the complexes of 

ions ZnII , CuII, Ca II with cephalosporins 

potentially  they calculated the Molar – Ratio 

for (Liganed- Metal) at 25 ºC (1:1). 
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Lozano and Borras 
8 

studied titrametically the 

complexes of Cefalexin with metals ZnII ,Cd 

II, they analysis the result by Electrical 

methods using  ( Least squares computer. 

program Super quad). They  prepared 

complexes of cefalexin like Zn (CEX)2 , 3H2O 

and Cd (CEX)(OH) H2O , these  complexes 

have been identified by  I.R and N.M.R 

Spectra .   In addition Abo El-Maali et-al 
9 

determined some cephalosporins antibiotic 

with Cd II or Zn II by using  voltimeteric 

mothed which determined the presence of 

(liganed - Metal)1:1 like in complexes 

cefataxime , Cefuroxime and 2:1 like 

ceftazidime. Moreover, Iqbal and Ahmad 
10 

prepared complexes of cephalexin with copper 

II and ZnII these complexes have been 

characterized by microanalysis and by 

magnetic and  spectroscopic analysis. The 

complexes, were found five-coordinate 

monohydrate, and ML 2 .On complexation with 

copper and zinc the antimicrobial activity of 

cephalexin improved Significantly. These 

results suggested that metallic elements should 

be seriously considered during drug design 

.Also, Alekseev et al.
11 

studied the complex 

formation in solutions containing Nickel (Ni
++

) 

cations,glycine anions (Gly - ),and β-lactam 

antibiotics, they found mixed-ligand 

complexes is formed of [ Ni Gly Ampicillin], [ 

Ni Gly Amoxicillin] ,and [Ni Gly Cephalexin]. 

Alekseev 
12

, in another study, found that the 

complex formation of Neodymium III (Nd
3+

) 

ions with Ampicillin, Amoxicillin and 

Cephalexin anions (L) in aqueous solution at 

20˚C and ionic strength of   0.1 (KNO3) by pH 

titration was in form of NdL and Nd(OH)L 

complexes using weak alkaline solution. A 

new study discussed the spectrophotometric 

determination of Cephalexin as intact 

cephalexin or its degradation product, 

cephalexin was determined in the range (1×10
-

5
-18×10

-5
 M) and the limits of detection were 

0.3×10
-5

 M. These results were compared with 

reversed- phase HPLC determination, the UV-

Vis spectrophotometric method was improved 

to be selective and reproducible
 13

.                                                                               

  

Instruments , Materials and 
Method 

A - Instruments  
Shimadzu ( AA- 670 ) Flame Atomic 

Absorption Spectrophotometer .  

1. U.V–Visible Spectrophotometer(CARY 

100)wave length 200 -1100 nm .                                                                                                                    

2. PH meter type 60 A .                                                                                 

B  - Materials       

     All the chemical stock solution were 

prepared from analytical grade BDH,SDI 

,India and Germany .      

C- Method  

Stock solution of Fe III  
         A solution  of  1000  ppm of  Fe 

+3
 was 

prepared by dissolving 0.2896 gm of Fecl 3 in 

small amount of  Water and complete the 

volume to 100 ml by using volumetric flask ,. 

Then 10 ml of the stock solution was diluted to 

100 ml with distilled water to Prepare 100 

PPMsolution .                                                                                                                                                                    

stock solution of cefalexin (CEX)   

         A solution  of  1000  ppm of CEX  was 

prepared by dissolving 0.05 gm of (CEX) in 

water and complete the volume to 50 ml by 

using volumetric flask .Then a stock solution 

of 100 ppm was prepared as above .                                       

Spectral study  

Cefalexin spectrum  
         10 ml of stock solution (CEX) was 

transferred to a volumetric flask 5 ml and 

diluted with  distilled water then the 

Absorbance was measured at 200-600 nm 

wave length using water as blank .                                                                           

Ferric spectrum  

         1ml of stock Ferric solution was 

transferred to a volumetric flask 5ml and 

diluted with distilled water, then the 

Absorbance was measured at 200-1100 nm 

using water as blank.                                                                                                              

Formation complex with Fe III  

         (2-5) ml from stock solution of (CEX) 

1000 PPM was transferred to a volumetric 

flasks 5ml  and 1ml of Fe III 1000 PPM was 

added .The chelating complexes can be 

extracted  by using 2ml mixture of  Methanol + 

Dimethyl sulphoxide (0.5 :1.5) .The formation 

of complex was stutied at room temperature 

The reaction was heated at different  

temperature with different pH . 

 

Results and discussion                                                              
         Drug spectra : measuring (CEX) spectra 

as in figure (1) we see one   Absorption peak  at 

λ g water as blank . Metal 

spectra : figure (2) for Fe III spectra show 

Absorption peak at λ water 

as blank.Chelating complex spectra : CEX- 

FeIII.Figure(3) for chelating complex show two 

new peaks,the first at λ 0) nm and the 

second at (358) nm which indicate the 

Formation of complex between drug and FeIII 

using organic solvent as blank. Table (1) show 

different compounds and the wave length at 

λmax for  each drug and FeIII.   
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Fig(1) The UV absorption spectrum for 

cefalexin 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                                                                                    

 

 

 

Figure(2): The UV absorption spectrum for 

Fe III solution 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (3) :The UV absorption spectrum for 

the complex  CEX-FeIII 

Table(1) Color and λ max for the drug  

FeIII and complex   

 

 

Optimum condition for complex formation                    

         The experimental work showed  that the 

reaction was not proceed at room – 

temperature so heating was necessary, media  

must be acidic, for these reasons we study the 

effect of  pH, reaction time , extraction time, 

concentration of  ion  Fe III , temperature 

effect ,suitable  solvent for  extraction  and  

number of extraction .                                                     

pH Effect:   
         Figure (4)  show the Absorbance of 

(CEX –Fe III ) using different pH (1-8) the 

optimum pH  for the complixation was (pH:2).    

 

 

 

 

 

 

 

 

   

 

 

 

 

 

 

 

 

 

 

Figure(4) : Effect of  pH on the absorbanc of  

CEX-FeIII  by using UV spectrum 

 

 Reaction time    
         It was found that higher Absorbance of 

extracted complex  was happened After 25 

minutes, after that the Absorbance  decrease 

due to dissociation part of complex With  

increase in heating time . Figure (5) , show that 

25 minutes is the best  time  for reaction togive 

maximum Absorption for ( CEX-Fe III) at 

80ºC and pH 2.    
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Figure(5): Effect of reaction time on 

formation of complex CEX-FeIII at  pH 2  

by using UV Spectrum 

Temperature effect:  
         the reaction of drug with metal was 

proceed slowly  it may exceed hours to 

increase the reaction velocity we proceed the 

reaction at different temperature (50-100 ºC
 
), 

it was found that 80
 

ºC is the optimum 

temperature which gave the higher  

absorption as in figure (6) . 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                                                                                                                                                                                                                                                

Figure(6) Complex absorption value at 

different temp. by using UV  spectrum 

 

Effect of Fe III concentration:                                                              
         The best concentration for Fe III ion  is 

80 µg /ml, it gave the maximum Absorbance 

figure (7) show that effect of concentration 

PPM on absorbance .   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure(7): The effect of Fe III  

Concentration on complex formation by 

using UV spectrum 

 

Phase Ratio: 

          it was found 5ml of aqueous layer and 

2ml of organic layer is enough to get  higher 

Absorbance for complex as in figure (8), after 

that it  was decrease as we increase the  

volume of organic layer.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure(8): Effect of phase ratio on 

absorbance of complex  CEX-Fe III at  

pH =2 by using UV spectrum 

 

Suitable solvent  :  

         Different organic solvent were used like 

Benzene, Chloroform ,Acetone  Ethanol , 

Cyclohexanone , Carbon tetrachloride , 

Methanol , Dimethyl sulphoxide , and Diethyl 

ether for extraction of  complex (CEX-FeIII) , 

it was found the mixture of  Methanol and 

Dimethyl sulphoxide were the best solvents .      

                                                                            

Extraction time  : 

         The optimum time for shaking during the 

extraction of the complex was  (4 min.) which 

give maximum Absorption . figure (9) showed 

0 1 2 3 4 5 6 7 8 9 10

0.5

1

1.5

2

2.5

3

A
b

s.

PH

0

1.3

1.8

2.3

2.8

3.3

Time

A
b

s.

5 10 15 20 25 30 35 40 45 50

0.5

1

1.5

2

2.5

3

A
b

s.

40 50 60 70 80 90 100 110

Temperature

3.5

Fig. 4  Effect of PH on the absorbanc of CEX-FeIII

by using UV spectrum

Effect of reaction time on formation of complex CEX-FeIII at PH 2

by using UV spectrum

by using UV spectrum

Fig. 6  Complex absorption value at defferent temp.

Fig. 5

0 1 2 3 4 5 6 7 8 9 10

0.5

1

1.5

2

2.5

3

A
b
s.

PH

0

1.3

1.8

2.3

2.8

3.3

Time

A
b
s.

5 10 15 20 25 30 35 40 45 50

0.5

1

1.5

2

2.5

3

A
b
s.

40 50 60 70 80 90 100 110

Temperature

3.5

Fig. 4  Effect of PH on the absorbanc of CEX-FeIII

by using UV spectrum

Effect of reaction time on formation of complex CEX-FeIII at PH 2

by using UV spectrum

by using UV spectrum

Fig. 6  Complex absorption value at defferent temp.

Fig. 5

0

0.3

0.6

0.9

1.2

1.5

1.8

0 20 40 60 80 100 120 140 160

Conc. PPM

A
b

s
.

1.5

2

2.5

3

3.5

0 1 2 3 4 5 6 7

VL(ml)

A
b

s
.



Iraqi J Pharm Sci , Vol.18 (1)  ,2009                    Chelating complex of cefalexin with Fe III  metal      

 
 

05 

the maximum Absorption in the extraction was 

4 minutes of shaking .      

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure(9) : Effect of shaking time on the 

extraction process by using UV spectrum 

 

                                       

Number of extraction:  
extraction process for once is enough to extract 

the complex ,because the second extraction for 

the remaining  concentration give very small 

Absorbance  less than 0.08 ,so one extraction is 

enough. This illustrate in table (2)     

  

Table(2): Effect of number of extraction on 

absorbance of complex 

A0     Blank 0.005 

A2 (Ex.no.2) 
0.085 

A1 (Ex.no.1) 
2.84 

PH 2 

Fe III Mg/ml 60 

       CEX Mg/ml 800 

 

Mole Ratio of complex: 
determination the mole ratio for complixation 

it means percent of moles of drug to the moles 

of metal , different volumes of CEX between 

(0.5-3.5)ml with constant volume of metal with 

all optimum conditions of complixation , it was 

found  (1:2) (M:L) . Figure 10 show the 

relationship between absorbance . and VL / VM 

.The reaction of FeIII with drug occur in this 

equation :-                     

                         

FeIII +2CEX                         FeIII - 2CEX 

                                                      

The suggested chemical structure for the 

reaction of FeIII with CEX. :      

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig(10) mole ratio of complex CEX-FeIII  

by using UV Spectrum 

 

Calibration curve of the spectrum :   

         For determination of direct calibration 

curve for (CEX-FeIII),a different concentration 

for complex were used  as in figure (11) and 

the relationship between Absorbance  and 

concentration PPM was draw, it was found that 

the maximum concentration which  obey Beer-

Lumbert law 200µg / ml .      

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  Fig(11) : Calibration curve for CEX-Fe III 

by using UV spectrum 
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Determination of the drug concentration in 

pharmaceutical preparation :                                                  

         6 capsules were mixed with each other 

then one capsule was weighted , and the 

Absorbance was measured of  its (CEX-FeIII) 

using optimum condition then from the 

calibration curve determine the concentration , 

we carried the procedure for CEX . (SDI 

,Ajanta, Germany) .Table (3)show the result of 

work .From these result , we suggested that the  

CEX . concentration in Germany capsules is 

less than the real concentration which is 500 

mg while Ajanta and SD Iis O.K.   

     

Table(3):The concentration of Cefalexin 

capsule in 500mg cefalexin of different trade 

marks  

                                                                                               

Determination of drug CEX – FeIII by using 

Flame Atomic Absorption 

Spectrophotometer:   

         To be sure about the result obtained by 

U.V , we used another technical method, 

Flame Atomic Absorption Spectrophotometer 

(FAAS) , by indirect measurement the 

absorbance of  Fe III in the complex to detect 

the cefalexin conc. as in figure (12) . The 

complex CEX-FeIII was prepared by using 

optimum condition of pH , temperature , 

proper solvent etc . (the same conditions 

mentioned previously in U.V spectro -

photometer) except changing the conc.of ferric 

ion and phase ratio, it was found the best conc.  

of  FeIII to give maximum absorbance 8 µg 

/ml , and 5ml of aqueous layer and 3ml of 

organic layer is enough to get higher 

absorbance for complex as in figure (13) and 

(14) .Also we measured the concentration of  

cefalexin in these pharmaceutical preparations 

using calibration curve of indirect (FAAS), we 

got the same result which obtained by U.V 

method 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig(12) : Calibration curve for (CEX) by 

indirect FAAS by using UV spectrum 

 

 

 

 

 

 

 

 

 

Fig(13): Effect of FeIII on complex by using 

FAAS 

 

 

 

 

 

 

 

 

 

 Fig(14): Effect of phase ratio on absorption 

of complex by using FAAS 

Germany Ajanta SDI Capsules 

1.29 1.3 1.4 Abs. 

487 495 502 Conc.PPM 

500 500 500 Standard 

0.00

0.02

0.04

0.06

0.08

0.1

0.12

2 4 6 8 10 12 14

A
b

s.

Conc. PPM

Fig. 13 Effect of FeIII on complex

by using FAAS

2 4 6 8

0.05

0.1

0.15

0.2

0.25

0.3

0

A
b

s.

VL (ml) 

Fig. 14 Effect of phase ratio on Absorption of complex

by using FAAS

0.00

0.02

0.04

0.06

0.08

0.1

0.12

2 4 6 8 10 12 14

A
b

s.

Conc. PPM

Fig. 13 Effect of FeIII on complex

by using FAAS

2 4 6 8

0.05

0.1

0.15

0.2

0.25

0.3

0

A
b

s.

VL (ml) 

Fig. 14 Effect of phase ratio on Absorption of complex

by using FAAS



Iraqi J Pharm Sci , Vol.18 (1)  ,2009                    Chelating complex of cefalexin with Fe III  metal      

 
 

00 

References 

1. Andres Goth , M.D.,(Cephalosporins), 

Medical Pharmacology , 1981 , Tenth 

Edition, p.641. 

2. B.G.Katzung,(The origin of 

cephalosporin),Basic and clinical 

pharmacology ; Medical books, MeGraw-

Hill ; Newyork 2001 , 8
th

 ed; p . 762-766. 

3. Merck and Co ; Whitehouse station. 

N.J.USA; The Merck Index, 2006 , 

Fourteen edition, p.1974. 

4. USP 27 – NF 22, Pharmacopeia, 2004, 

p.393. 

5. J.R.Anacona and I.Rodriguez , (Synthesis 

and antibacterial activity of cephalexin 

metal complexes ),J.Coord . Chen ., 2004 

,57 (15), p. 1263-1269.   

6. Sultana, Najama (N); Arayne, M Saeed 

(MS);(In vito activity of cefadroxil, 

cephalexin,cefatrizine and cefpirome in 

presence of essential and trace 

elements),Pak J Pharm Sci, 2007, 20(4),p. 

305-310. 

7. A.A.Abdel Gaber, Othman A.Farghaly , 

M.A Ghandour and H.S.Al-Said , 

(Potentiometric studies on some 

cephalosporin complexes), Monatshefte 

Fur chemie, 2000,131,  p . 1031 – 1038. 

8. M.J.Lozano and J.Borras , (Antibiotic as 

ligand Coordinating Behavior of the 

cephalexin towards zn II and cd II ions ) , 

J. of Inorganic  Biochemistry , 1987, 

31(3), p.187-195. 

9. N.AboEl-Maali, A.H.Osman , A.A.M.Aly 

and G.A.A.Al- Hazmi ,(Voltametric 

analysis of Cu II , Cd II and Zn II 

complexes and their cyclic voltammetry 

with several cephalosporin antibiotics), 

Bioelectrochemistry , 2005 , 65, issue 2 , 

p.95-104 . 

10. Iqbal M.S.,Ahmad A.R; Sabir M;Asad 

S.M; (Preparation, Characterization and 

Biological evaluation of Cu II and Zn II 

complexes ), J. of pharmacy and 

pharmacology , 1999 , 51 , no.4,P. 371-

375. 

11. V. G. Alekseev and I. S. Samuilova, 

(Complex formation in nickel(II)- glycine-

β-lactam antibiotic systems), Russian J of 

Coordination chemistry, 2007, 33(12),p. 

914-917 

12. V. G. Alekseev, (Neodymium (III) 

complexing with ampicillin, amoxicillin 

and cephalexin), Russian J of Inorganic 

chemistry, 2007, 52(5), p. 698-702. 

13. Campins-Falco P, Sevillano-Cabeza A, 

Gallo-Martinez L, Bosch-Reig F, Monzo-

Mansanet I, (Comparative study on the 

determination of cephalexin in its dosage 

forms  by spectrophotometry and HPLC 

with UV-vis detection), Mikrochimica 

acta, 1997, 126(3-4), p. 207-215. 

 

 

 



Iraqi J Pharm Sci , Vol.18 (1)  ,2009                                              Chloroquine and knee osteoarthritis 

 56 

The Role of Chloroquine Phosphate on Acute Phase Reactant 

Proteins in Patients with Knee Osteoarthritis
# 

Eman S. Saleh
*, 1

    ,    Kismet M.Turki
**

      and    Mohammed H.Al-Osami
***

 

 
*Department of Clinical Laboratory Sciences,College of Pharmacy,University of Baghdad,Baghdad , Iraq.   

** College of Medicine , University of Baghdad , Baghdad , Iraq . 

***Department of Rheumatology and Rehabilitation  . Medical Baghdad City ,Baghdad , Iraq . 

 

 
Abstract 
         The acute phase response is a major pathophysiologic phenomenon that accompanies 

inflammation whether acute or chronic. Complement (C3 and C4) and C - reactive protein (CRP) are 

positive acute phase proteins (+ ve APPs ). Their production takes place in hepatocyte and the blood 

concentration of these parameters are increased in osteoarthritis (OA). Chloroquine (CQ) is a diprotic 

weak base traditionally used to treat malaria. Recently the phosphate salt of CQ is used to decrease this 

type of (+ve APPs) . In this study,  patients who suffered from knee osteoarthritis (KOA) are treated 

with oral dosage form of chloroquine phosphate (CQP) for one month, twice daily. Our results 

demonstrate that CQP improves the patient status by decreasing complement and C-reactive  protein in 

blood. 

Key words: Chloroquine , knee osteoarthritis , acute phase proteins , complement , C-reactive 

protein. 

 الخلاصة
نذٖ انًشضٗ انزيٍ يعإٌَ  CRP, C4, C3نقذ ذًد دساعح دٔس عقاس فٕعفاخ انكهٕساكٕيٍ  عهٗ يغرٕٖ انثشٔذيُاخ انرفاعهيح          

 22اَثٗ ٔ  45يشيضا ) 44ركش(  ٔ  20أَثٗ , 30شخصا يٍ الاصحاء ) 50يٍ انفصال انعظًي نهشكثح.أجشيد ذجشتح عشٕائيح عهٗ 

( ذى ذشخيصٓى يٍ قثم انطثية  2002ُح انطة انعيادج الاعرشاسيح يٍ) شٓش كإٌَ انثاَٗ انٗ ايهٕل ركش( في يغرشفٗ يذي

الاخرصاصي حغة طشيقح انكهيّ الأيشيكيّ نًثحث  انشثيّ حيث ذى ذحشيض  الأعشاض تٕاعطح يؤشش ) كهيكشيٍ ٔنٕسَظ ( نهفصال 

ٔ  C3يع يغرٕٖ كم يٍ أنًرًًيٍ  C -د يغرٕٖ انثشٔذيٍ انرفاعهيانعظًي ،  أخزخ صٕس شعاعيّ أياييّ خهفيّ نًفصم انشكثّ ٔحذ

C4( يشذيٍ تانيٕو ٔنًذج شٓش. عحثد عيُح يٍ دو الاصحاء ٔانًشضٗ  250. ٔصف نٓى حثٕب فٕعفاخ انكهٕساكٕيٍ  ترشكيض )يهغى

نرفاعهيح في انًصم. نٕحظ اَخفاض ألًا ثى عيُح يٍ دو انًشضٗ انزيٍ اعرعًهٕا ْزا انعقاس تعذ شٓش نغشض قياط َغة انثشٔذيُاخ ا

يغرٕياخ ْزِ انعٕايم تصٕسج ٔاضحح ٔيعُٕيح عُذ اعرعًال انعلاج حيث صيادذٓا ذهعة دٔسا يًٓا في ذغشيع ذآكم انغضاسيف ٔذكٕيٍ 

 .يحانُرٕءاخ انعظً

Introduction: 
         

OA is the most common disease in the world 

and a major cause of pain and disability which 

usually develops in distal inter phalangeal ( 

DIP )joints of finger, the weight bearing joints 

of leg and the movable portion of spine
(1)

. It is 

associated with a breakdown of cartilage in 

any joint in the body
(2)

. Pathologically, OA 

was defined as a gradual loss of articular 

cartilage combined with thickening of 

subchondral bone/ bony out growth 

(osteophyte) at joint margins with mild to 

chronic non specific synovial inflammation
(3)

. 

CQ is 4 -aminoquinoline approved for 

treatment and prophylaxis of  malaria. 

Recently CQP is used by some authors in the 

OA as disease modifying anti –rheumatic drug 

( DMARD) 
(4)

, claimed to cause lowering of 

blood level of proinflammatory mediators  
(5)

 . 

Our study shows the effect of CQP on the 

serum concentration of CRP, C3 and C4 in 

patients with KOA.C-reactive protein  is a 

laboratory marker that is important in the 

assessment of inflammation, serve as a 

predictor and indicator of response to therapy 

and overall outcome in various disorders 
(6)

. 

The major function of CRP is to bind 

phosphocholine, this is  by permitting 

recognition   of   foreign   pathogens   and 

 phospholipid  constituents of damaged cells 
(7)

, so the activation of complement system and 

/ or binding to phagocytic cells will take place 

, and to initiate elimination of targeted cells by 

interaction with both humoral and cellular 

affecter system of inflammation , as aresult 

CRP is a component of innate immune 

response 
(8)

,and useful in early detection of low 

grade inflammation
(9)

.  
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C3 and C4 serve proinflammatory roles, 

including chemotaxis, plasma protein 

exudation at the site of inflammation and 

opsonization of infectious agents and damaged 

cells
(10)

.C3 is beta - 2 protein 180 KDa , cleave 

by C3 convertase into C3a and C3b. C3b 

reacts with factor B to produce more C3 

convertase and activate C5, so the serum level 

of C3 is increased in acute inflammation
(11)

. 

C4 is beta -1 protein, 210 KDa cleave by C1s 

to produce C4a and C4b, C4b interact with 

C2b to activate classical pathway C3 

convertase. 
(12)

 

    

Patients and method 
         Fifty healthy people (30 female and 20 

male) as control and seventy - four patients (45 

female and 29 male) are selected randomly 

from the Out Patient Clinic in Baghdad 

Teaching Hospital / Medical City / Baghdad 

from January to September 2008 with  

inflammatory KOA diagnosed according to 

American College of Rheumatology
(13)

. All 

patients were assessed by Kellegren and 

Lawrence grading criteria for radiographic 

severity of knee osteoarthritis with different 

signs and symptoms such as joint pain, 

stiffness, bony enlargement, bony tenderness 

and crepitus
(14)

. Their ages are ranged from ( 

45 to 78 ) years with mean value ± standard 

error of mean ( 55.07 ± 6.18).Chloroquine 

phosphate tablet (Medoquine 250mg/ 

Medochem Company is equivalent to 150mg 

CQ base), was prescribed by Rheumatologist 

as twice daily after meal for one 

month,because CQP is 4-aminoquinoline 

derivative( CQ+phosphate) ,it absorbed 

completely and rapidely from GIT ,its mean 

absorption half –life is four hours with a lag 

time slightly more than 30  minutes 
(15,16)

,and 

its duration of action is extended from sixteen 

to forty five days 
(17)

.The serum analysis of all 

patients and control was done in the General 

Health Laboratory Center / Baghdad, before 

using this drug and one month later in order to 

estimate the level of C3, C4 and CRP.C3 and 

C4 are determined by Radial Immune 

Diffusion
(11)

 while CRP is assessed turbidit-

metrically by antigen antibody reaction 

technique 
(17)

 . Results were analysed by 

statistical package for social science (SPSS).             
 

 

Results 
         The presented data in this study showed 

the comparisons between level of C3,C4 in 

microgram per milliliters (μg/ml) and CRP in 

milligram per liter(mg/ l) in healthy and 

patients before the treatment as well as after 

one month of using chloroquine phosphate are 

depicted in table (1),figures(1,2,3).There were 

a significant decrease in C3,C4 and CRP in 

male,female and total patients compared to 

their level at baseline and control. 

 

Table (1): The serum level of C3,C4 and CRP before using CQP at baseline  and after one month 

of the treatment. 

 

 

Control 
Baseline 

 

P value 

Control, 

Baseline 

After one month 

 

P value 

Pre-,post-

treatment 

 

 

C3 (μg/ml) 

T 

M 

F 

950.1±21.1 

877.3±17.3 

987.4±20.2 

1794.4±34.2 

1788.2±48.8 

1798.4±47.16 

S 

p>0.01 

1504.5±31.1 

1503.4±40.9 

1505.3±41.7 

S 

P<0.05 

 

C4 (μg/ml) 

T 

M 

F 

320.23±12.2 

318.1±15.7 

307.2±13.4 

396.08±14.6 

367.7±20.2 

414.3±19.9 

S 

p>0.01 

325.03±12.7 

288.03±17.1 

323.09±17.9 

S 

P<0.05 

CRP 

(MG/l) 

T 

M 

F 

1.08±0.1 

1.1±0.12 

2.09±0.17 

4.3±0.3 

3.8±0.6 

4.63±0.4 

S 

p>0.01 

 

2.02±0.2 

1.8±0.37 

2.1±0.23 

S 

P<0.05 

SEM: Standard error of mean. 

Significant P value : (P<0.05),(P>0.01). 
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Figure (1): The level of serum C-reactive protein at baseline (pre-treatment), after one month of 

using chloroquine phosphate (post-treatment) and control. 
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Figure (2): The level of serum complement three at baseline and one month later of using 

chloroquine phosphate. 

 

 

0

50

100

150

200

250

300

350

400

450

Total Male Female 

control

pre-treatment

post-treatment

 
Figure (3): The level of serum complement four at baseline and one month later of using 

chloroquine phosphate. 
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Discussion
         C3, C4 and CRP are components of +ve 

APPs , their production are increased by 

hepatocyte 
(18)

. The elevation of these proteins 

are detected in patient with OA which is due to 

releasing of inflammatory molecules 

(cytokines)
(19)

. Jawad et al in 2004
(4)

 

demonstrated that the using of CQP as 

DMARD for three months in patients with 

KOA, lead to decrease the serum CRP level. In 

our study the presented data shows a 

significant decrease in this parameter after one 

month of using CQP (p<0.05), table (1), figure 

(1), so our result is in agreement with all 

explanation and findings. Chloroquine 

phosphate decreases serum level of CRP, C3 

and C4 depending on it's ability to enter 

lysosomes and all acidic compartments of the 

cells (lysosomotropic effect)
(20)

. It interferes 

with intracellular processing, receptor 

recycling
(21)

 and the secretion of proteins 

which lead to decrease the production of 

cytokines and other inflammatory mediators 

decreases lymphocyte proliferation as an 

immune effect
(22)

. Non - lysosomotropic effect 

of CQP includes the inhibition of 

phospholipase, antagonization of prostaglandin 

stabilization of lysosomal membrane in 

synoviocytes 
(23,24,25)

. In 2006 , Numman et al 

used silymarin to treat patients with KOA 

instead of CQP
(26)

. Silymarin is a plant 

(mixture of  flavolignans),isolated from the 

ripe seeds of  Silybum marianum (Milk 

Thistle), it proved to have effective inhibitory 

effects on cyclooxygenase and 5-

lipooxygenase in vitro and experimental 

animals
(27)

. Their results showed that this drug 

when prescribed for two months in KOA, it 

decreases the serum level of C3 and C4 

significantly. Our study shows a significant 

decrease in C3 and C4 at the end of trial ( 

p<0.05)  table (1), figure (2) and (3). All 

findings, trials in addition to the mode of 

action of CQP are supported the results. 

 

Conclusion: 
         CRP, C3 and C4 are decreased after 

using CQP for one month in patients with 

KOA.  

Recommendation 

         Further study is needed to asses other 

parameters in serum and synovial fluid. 
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Abstract 
         Atenolol is one of beta-adrenergic receptor blocking agent. It is widely used for the treatment of 

hypertension as a selective antihypertensive drug. But long term usage of atenolol may cause one of the 

cardiovascular diseases like myocardial infarction. To prove the relationship between atenolol and 

cardiovascular disease, measurement of creatinekinase-MB as a diagnostic indicator in early and long 

term usage of this drug by hypertensive patients is recommended.  A comparative study was conducted 

in Al-Yarmouk Teaching Hospital–Emergency Department- on 30 hypertensive patients using atenolol. 

They were divided into (2) groups A and B according to the duration of the drug usage. Group A- (15) 

patients with a mean age (56+6) years. They used atenolol for a period of (1-5) years. Group B- also 

(15) patients with mean age (60+6) years. They used atenolol for (6-20) years. Both groups were with 

nearly the same number of males and females. All subjects of the study groups were screened to 

exclude evidence of hyper or hypothyroidism, diabetes and chronic renal failure. Venous blood 

samples were taken in first 8 hours after onset symptoms of cardiac attack from each patients and the 

levels of creatine kinase-MB were estimated and compared between the (2) groups. There is a 

significant correlation between levels of serum creatine kinase-MB of group A and group B (P<0.05). 

Atenolol causes increased level of serum CK-MB and this increase was directly proportional to the 

duration of the drug usage. CK-MB is one of cardiac markers that released from heart muscle when it is 

damaged as a result of myocardial infraction. So, atenolol has a significant correlation with 

development of myocardial diseases.  

Key words:  hypertension ,  Atenolol  and  side  effects ,  creatine kinase-MB ,  Atenolol 

antihypertensive.  

: الخلاصة  
التُنىرمُن هى واحد  مدن موعى دلأ ايةوَدلأ التدٍ علعدغ   دً ق دت مظدت، وه  ُتدخد وهدى َظدتع ف  مداغ واطدت ادٍ ملخلودلأ ارع دخ                            

ظغط ال ف ولهذا اإن هذا الل،خر ق  َصنف ك واء اختُخرٌ لت، ُغ ارع خ  ظغط ال ف ولان اطتع اف هذا الل،خر   دً مد ي يىَدغ قد  َظد        

من امزاض الوهخس ال،  ٍ الى خئٍ. ولإث خه اللوقلأ  ُن  ،خر التُندىرمُن وممدزاض الوهدخس ال،  دٍ الى دخئٍ  ىاطدسلأ قُدخص         ح وث واح 

منشَم الازَخعُن كخَنُض ف ب كاخشدف عل ُ دٍ   دً العد ي ال،صدُز وال لُد  مطدتع اف هدذا الل،دخر لد ي مزظدً ارع دخ  ظدغط الد فد ولهدذا                

ٍ مجزَددد ةراطددلأ م،خرنددلأ حددخمه اددٍ م   ( مزَعددخي َلددخنىن مددن ارع ددخ  ظددغط الدد ف    ٠٣  ددً   -قظددم السددىار   -ظتمدد ً الُزمددىت التل ُعدد

وَظددتلع ىن عُنددىرمُن كلددوت وعددم ع،ظددُم هددلمء العزظددً ألددً موعددى تُن  م وب( وا،ددخي ألددً يددىل اتددزي اطددتلعخلهم لل،ددخر التُنددىرمُن.       

( طدنلأ  ١-٥طدتلع ىا التُندىرمُن ل تدزي سمنُدلأ عزاوحدد  دُن        ( طدنلأ وا ٥+١٥( مزَعدخيد ملد ل م عدخرهم     ٥١العوعى لأ  م( وعتألف مدن   

( طدنلأ.  ٠٣-٥( طنلأ اطدتلع ىا التُندىرمُن لعد ي عزاوحدد  دُن       ٥+٥٣( مزَعخيد مل ل م عخرهم  ٥١والعوعى لأ  ب( وعتألف مَعخي من  

ز مصدخ ُن  دأمزاض الغد ي ال رقُدلأ     كو العوعى تُن ع،زَ خي ععم ن ض الل ة من كو الونظُند وكغ العزظً العمدعىلُن  هدذا ال راطدلأ قُد    

وم   اء الظازٌ مو  وش الا ُلأ العشمن. عم مخذ  ُنخه من ةف كدغ مدزَط خدول الظدخ خه اليعخنُدلأ ايولدً  لد  رهدىر م دزاض ايسمدلأ           

َنُض ف ب ادٍ  ال،  ُلأ ل،ُخص مظتىي منشَم الازَخعُن كخَنُض ف ب وععدد م،خرندلأ النتدخئي  دُن العوعدى تُن. كدخن ملد ل ايندشَم كزَدخعُن كدخ          

. ومدن خدول النتدخئي التدٍ عدم اللصدىل   ُهدخ         >P ٣٠٣١    مصىل ةف العوعى لأ  ب( م،خرندلأي  خلعوعى دلأ  م(  خلُدلأ و علنىَدلأ واظدللأ     

ع ُن من  ،خر التُنىرمُن َلةٌ ألدً ارع دخ  وسَدخةي مظدتىي ايندشَم كزَدخعُن كدخَنُض ف ب وهدذا الشَدخةي عتنخطد  يزةَدخي مدت يدىل ال تدزي               

مطتلعخل التُنىرمُن و عدخ من هدذا ايندشَم ملشدز حُدىٌ خدخض يمدزاض الوهدخس ال،  دٍ الى دخئٍد لدذا ادإن  ،دخر التُندىرمُن لد                 الشمنُلأ 

  وقلأ ملنىَلأ  ل وث ممزاض الوهخس ال،  ٍ الى خئٍ وخصىصخي احتمخء اللع لأ ال،  ُلأ.  

Introduction:  

         Atenolol is one of beta blockers acts by 

blocking beta receptors that are found in 

various parts of the body, and prevents the 

action of  nor-adrenaline and adrenaline
(1)

. 

Atenolol is rapidly absorbed from the gut. 

Blood level reached a peak concentration in (2-

3) hours
(2)

.  Metabolism of atenolol is minimal 

and almost the total absorbed drug (85-100)% 

is cleared via excretion in the urine in an 

unaltered manner
(3)

. Although atenolol is the 

drug of choice in different cardiovascular 

diseases as angina pectoris, hypertension, 

arrhythmias and in prevention of heart attack
(4)

. 

The prolong use of this drug as 

antihypertensive may show different side 

effect which may develop to symptoms of 

cardiovascular disease. Creatine Kinase-MB is 

one of the isoenzymes of creatine kinase which 

is mostly found in the heart. I measured 

creatine kinase-MB as an important biological 

marker, when it appears in abnormal 

level>10u/L in serum.  
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This means that there is a myocardial injury. 

CK-MB shows increases above normal in a 

person's blood test about four to six hours after 

the start of a heart attack. It reaches its peak 

level in about 18 hours and returns to normal 

in 24 to 36 hours
(5)

. CK-MB is both a sensitive 

and specific marker for mycocardial infarction, 

most commonly used to confirm the existence 

of heart muscle damage.  

 
Materials and Method:  
         This comparative study was done in the 

Emergency Department in Al-Yarmouk 

Teaching Hospital on (30) hypertensive 

patients (48-68) years who received atenolol 

tablet 100mg as antihypertensive drug for a 

duration of (1-20) years. The patients were 

divided into (2) groups according to the 

duration of drug use:  

Group A: consists of (15) patients with a 

mean age (56+6), they used 

atenolol for a period of (1-5) 

years.  

Group B:    consists of also (15) patients with 

a mean age (60+6), they used 

atenolol for a period of (6-20) 

years. 

         Venous blood samples were obtained 

from each patient of both groups for measuring 

the level of CK-MB.  The method used for 

measuring CK-MB is Immunoinhibition Assay 

(RANDOX) in which an antibody is 

incorporated in the CK reagent. This antibody 

will bind to and inhibit the activity of the M 

subunit of CK-MB. This means that only the 

activity of the B subunit in serum is measured 
(6,7)

. The sample is serum, heparinized or 

EDTA plasma. Haemolysis interferes with the 

assay. Reagents are a mixture of CK-MB 

Buffer/Glucose (Imidazole Buffer, Glucose, 

Mg-Acetate and EDTA) with 

Enzymes/Coenzymes/Substrate/Antibody 

(ADP, AMP, Diadenosine pentaphosphate, 

NADP, HK, G-6-PDH, N-Acetylcysteine, 

Creatine Phosphate and Antibody to CK-M).  

A patient sample is added to the reagent 

mixture read the absorbance directly at 340nm 

(A1), the second reading is after five minutes 

exactly (A2).            A = A2 – A1  

A multiplied by 1651 (kit factor) gives the 

concentration of CK-MB in u/L.  This 

procedure is done at room temperature 25
o
C.  

 

Results:  
         After collection and categorization of 

data from the (30) patients included in the 

study, statistical analysis was done [table 1 and 

Fig.1] which revealed the following:  

1. The correlation between atenolol 

duration 1-5 years and  CK-MB (u/L) 

in patients included in the study  

             ( y = 2.4336x+2.5759, R
2 
= 0.236,       

             r=0.486, P=0.066 (Not significant)).  

2. The correlation between atenolol 

duration 6-20 years and  CK-MB 

(u/L) in patients included in the study 

(y= -0.3751x+24.188 ,  R
2
= 0.277,  

       r= -0.166, P= 0.553 (Not significant)).  

3. The correlation between atenolol 

duration (years) and  CK-MB (u/L) in 

total 30 patients included in the study 

(y=0.9507x+9.3164, R
2
=0.1757, 

r=0.419, P=0.021 (significant direct 

correlation) as shown in Fig. (2). 

 

 

Table(1) : The CK MB(u/L) concentration 

duration of use of atenolol in hypertensive 

included in the study 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure(1) : Correlation between time of 

atenolol usage and serum CK-MB 
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1-5  
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Minimum 1.6 7.1 

Maximum 31.3 36.9 
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Figure(2) : The correlation between the 

duration of atenolol treatment (years) and  

CK-MB (u/L) in total 30 patients included 

in the study  

 

 

Discussion:  
 Atenolol is widely used all over the 

world for the treatment of hypertension. It is 

an efficient antihypertensive but it has many 

side effects which sometimes they might be 

serious. Enzymology is a diagnostic indicator 

for cardiovascular disease in hypertensive 

patients with atenolol treatment
(8)

. CK-MB, the 

primary indicator used to diagnose a heart 

attack because it exists in the highest amount 

in the heart helps in converting creatine to 

creatinine, a reaction that is necessary for 

metabolism and energy production. So, the 

level of CK-MB determines the effectiveness 

of antihypertension drug which provides a 

diagnostic clinical evidence
(8)

. Rise in the level 

of this enzyme (CK-MB) has been reported in 

hypertension with myocardial infarction 

patients
(9,10)

. Enzymes always have been 

identified as a specific and sensitive markers 

of both clinical and subclinical myocardial 

injury
(11)

. Therefore biological marker like 

CK-MB to quantify myocardial injury has 

been widely used in clinical practice. In 

cardiac muscle they are tightly bound to the 

contractile apparatus and therefore plasma 

concentrations is extremely low. With acute 

myocardial injury, there is release of CK-MB 

into the serum, the extent of the elevation in 

serum depends on the severity of the 

myocardial injury. And the entry of this 

enzyme in circulation depends upon the rate of 

passive diffusion of the enzyme from infarct 

myocardium cells
(12)

. One of the most reliable 

and commonly tested cardiac enzyme is CK-

MB which released specifically from injured 

heart muscle
(13)

.Increased serum levels of CK-

MB in hypertensive patients taking atenolol is 

directly proportional to the duration of the 

atenolol usage. Long exposure of cardiac 

muscle to atenolol leads to escape of CK-MB 

to circulation. The mechanism by which 

atenolol causes myocardial injury is not yet 

known and this may be due to cardiac muscle 

which becomes fatigue with prolonged 

exposure to atenolol causing it unable to 

contract efficiently and ending with failure
(14)

.  

 

Conclusion:  
         Atenolol should be used selectively and 

in acute urgent cases for different cardiac 

diseases. For hypertensive patients of long 

term usage checking should be followed 

continuously to make sure if any symptoms of 

cardiac injury appears and in such a case 

terminates using atenolol and other 

antihypertension drug should be described.  
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Abstract 
         This study includes analytical methods for the determination of the drug amoxicillin trihydrate 

(Amox.) in some pharmaceutical preparations using Cobalt ion (Co(II)) as complexing metal. The best 

conditions for complexation were: the reaction time was 20 minutes, pH=1.5 and the best temperature 

of reaction was 70 ˚C. Benzyl alcohol was the best solvent for extraction the complex. 

Keywords: Amoxicillin, Cobalt(II), Complex, Molar ratio. 

 

 الخلاصة
 Amoxicillin)اتالبنما ااايتضمن البحثماالحمتث لرا محلالثة ة مدا  يم قايم المم يحالبنحئم البم سلي اللاثئ  مة  ا   م ا  ي مااااااااااااا         

Trihydrate)ا)اتسذبممباكتيممثي الالممم ابةلمممانالاممواليممث البيثكةممااااا(Co IIح ممااس مم اليضمم اااpH بلنة ممدالبتلم مم ادامم االبممداحالاضمم دااااا

(٥٫١pH=اسل اليض اان داححلنقابلنة دالبتلم  الااك  البلماناسللايث البفة يائانتاكث ساا)ان دالا ثيد,اسليضم املام ابةتفادم ااااااا٠٧

البحا ية اهثاليض الاذي ابلنة داللاحتخ ص.ااالاق مد,ق ا حكتاد قالاذيحاتاح ااس  اإ البيثثا٠٧ث سااييا اك

 

 
Introduction 
         

Amoxicillin is one of the important derivatives 

of semisynthetic penicillin; it is active against 

Gram positive and to less extent Gram 

negative bacteria. Its nomenclature according 

to penicillins is 6-[D(-)-α-Amino-p-

hydroxyphenyl acetamido] penicillanic acid or 

α- amino-p-hydroxy benzyl penicillin
(1)

  ,while 

its systematic (IUPAC) name is
 
7-[2-Amino-2-

(4-hydroxypHenyl)-acetyl]amino-

3,3,dimethyl-6-oxo-2-thia-5- azabicyclo  [3, 2, 

0] heptane-4-carboxylic acid, the chemical 

structure of the drug is 
(1)

 

 

 

 

  

 

 

 

 

  

 

 

         

 

The formula structure of Amoxicillin as 

trihydrate (drug) is C16H19N3O5S.3H2O, its 

molecular weight = 419.45 gm.mole
-1

. It is off 

white or almost white crystalline powder, 

slightly soluble in water and alcohol such as 

methanol and ethanol
 (2)

. It has UV max. 

(ethanol): 230,274 nm and in (0.1N HCl):
 

229,272 nm 
(1)

.Imran et al. prepared complexes 

of amoxicillin with Zn(II), Cu(II), Ni(II)and 

Ag(I), they identify these complexes by (C, H, 

N)elemental analysis and IR Spectra. These 

complexes have increased the biological 

activity of the drug 
(3)

. Jian et al. determined 

amoxicillin in tablets, they used a quick and 

simple method which is (second differential 

derivative) at λmax. 282 nm and the standard 

deviation was less than 1.2% and the standard 

recovery for the drug was 97-100.5 %
 (4)

.Denis 

et al. determined amoxicillin and clavulanic 

acid in blood plasma by HPLC supplied by UV 

detection, and they found the linearity was 

(0.62 – 20 µg.ml
-
) while the detection limit for 

amoxicillin was 0.312 µg.ml
-
 
(5)

. 
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Ashry et al. detected phenolic antibiotic like 

amoxicillin by its reaction with benzocaine in 

the presence of triethylamine at λmax. = 455 nm 

the linearity was (2 – 16 µg.ml
-1

) while the 

detection limit was 0.0034 µg.ml
-1 (6)

.Co(II) 

forms blue-colored complex in the organic 

phase with Cyanex 923, a sensitive analytical 

reagent, the λmax. of the complex was 635 nm 

and the concentration that obeyed Beer’s law 

is (58.9-589.0 µg. ml
-
)

(7)
.Zayed et al. in a new 

study, prepared different complexes of 

amoxicillin with Zn (II), Ni (II), Co (II) and 

Cu (II), these complexes were studied using 

elemental analysis, IR and mass spectra. The 

molar ratio of complexes were found to be 

Metal:Drug =1:1,1:2, and the stability constant 

Kf  of these chelates was(10
7
-10

14
)

 (8)
.In a 

recent study, Alekseev et al.  prepared mixed 

complexes of β-lactam antibiotics (Ampicillin, 

Amoxicillin and Cephalexin) in solutions 

containing Co(II) and glycine anions(Gly). 

These complexes had been investigated using 

pH-metric titration at 20
o
C in alkaline medium 

as mixed ligands complex [Co Gly 

Ampicillin], [Co Gly Amoxicillin], and [Co 

Gly Cephalexin]
 (9)

. 

 

Instruments , Materials and 
Method 

A - Instruments  
1. UV-Visible Spectrophotometer (CARY 

100) wave length 200-1100nm. 

2. Shimadzu (AA-670) Flame Atomic 

Absorption Spectrophotometer (400S). 

3. Mettler, Balance Model 210S, ISO 9001. 

4. pH-meter type 60A, USA.  

5. Water Bath with Thermostat, Memmert.  

B - materials 
All the chemical stock solutions were 

prepared from analytical grade  BDH, 

SDI, and India. 

C- Method 

1.  Stock solution of Co(II) 1000 ppm is 

prepared by dissolving 0.2010 gm  

hydrated cobalt chloride (CoCl2.6H2O) in 

distilled water and complete the volume to 

50 ml. 

2. Stock solution of Amoxicillin 1000 ppm is 

prepared by dissolving 0.1 gm amoxicillin 

in 5 ml. of 1M HCl then complete to 100 

ml with distilled water. 

3. Choosing the optimum conditions for 

complex formation: The experimental 

work showed that the reaction did not 

proceed at room temperature; heating was 

needed, media must be acidic for this 

reason. We studied the effect of pH, 

temperature, reaction time, extraction 

time, and suitable solvent for the 

extraction process. 

4. Spectral study: 

a) Amoxicillin spectrum: transfer 1 ml 

from stock solution of amoxicillin to 

5 ml volumetric flask then dilute with 

distilled water the absorbance is 

measured at (200-1100 nm) using 

acidic water as blank. Table (2) shows 

the proper pH of the solution and 

Figure (1) shows UV spectrum for 

Amoxicillin. 

b) Cobalt spectrum: transfer 1 ml of Co 

(II) stock solution to 5 ml volumetric 

flask then dilute with distilled water 

the absorbance is measured at (200-

1100 nm) using distilled water as 

blank. Figure (2) shows UV spectrum 

for Cobalt. 

c) Amoxicillin-Cobalt(II) [Amox.-

Co(II)] Complex Spectrum: transfer 

(2-5 ml) from the standard of 

Amoxicillin stock solution to 5 ml 

volumetric flask then 1 ml of Cobalt 

stock solution is added. The chelating 

complex was extracted by 5 ml 

benzyl alcohol then measures the 

absorbance at (200-1100 nm) using 

benzyl alcohol as blank. Figure (3) 

Shows UV spectrum for [Amox.-Co 

(II)] Complex. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure(1): UV Spectrum of  amoxicillin 

 

 

 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

Figure 1 : UV Spectrum of Amoxicillin 

Figure 2 : UV Spectrum of the element Co(II) 
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Figure(2) :UV Spectrum of the element 

Co(II) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure(3): UV Spectrum of [Amox-Co(II) ] 

Complex 

 
 
Results and Discussion 
         Amoxicillin spectrum, illustrated at 

Figure (1), consist of 2 bands at λmax. (272 nm) 

and (228 nm), we depend on the band at λmax. 

(228 nm) because the other peak will disappear 

in some experiments also it may interfere with 

benzyl alcohol peak. 

 Co (II) Spectrum gives peak at λmax. (211 

nm) using distilled water as a blank, 

(Figure 2). 

 Chelating complex [Amox.-Co (II)], a 

new peak at λmax. (375 nm) as shown in 

Figure (3) which indicate the formation of 

the complex that extracted by benzyl 

alcohol. Table (1) shows the color and 

λmax. for the amoxicillin, Co (II), and the 

complex.  

 

Table (1): Color and λmax for the drug, 

metal, complex. 

 

 

 Detection the optimum conditions for 

complexation using UV-Visible 

Spectrophotometer: 

1. pH effect: Table (2) shows the 

absorbance of the [Amox.-Co (II)] 

complex using different pH (0.1-3), 

the optimum pH for the complexation 

was (1.5) where the absorbance is 

gradually increased from 0.5 to the 

maximum peak at pH 1.5 and then it 

decreases. Figure (4) shows the effect 

of pH on the absorbance of [Amox.-

Co (II)].  

Table (2): Complex absorption values at 

different pH. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure(4): The effect of  pH on the absorbance  

of the [Amox-Co(II) ] Complex 

 

Compound λmax.  

( nm) 

Color 

Amoxicillin 228 

272 

Off- white 

Co(II) 211 Bluish- white 

[Amox.-Co(II)] 375 White 

pH Absorbance 

0.5 0.69 

1.0 0.98 

1.5 1.28 

2 0.84 

2.5 0.7 

3.0 0.4 

 

 

 

 

 

 

 

  

 

  

Figure 3: UV Spectrum of [ Amox-Co(II)] Complex 

Figure 4 - The Effect of PH on the 

Absorbance of the [Amox.-Co(II)] Complex
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Figure 1 : UV Spectrum of Amoxicillin 

Figure 2 : UV Spectrum of the element Co(II) 
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2. Temperature effect: the reaction of 

the metal and Amoxicillin proceeded 

slowly, to increase the reaction 

velocity we intend to increase the 

temperature of the reaction from 40 

to100 ˚C, then the complex is 

extracted and measured the 

absorbance using UV 

Spectrophotometer. Table (3) gives 

the absorbance of the complex at 

different temperatures at pH 1.5 and 

Figure (5) shows the λmax for the 

complex is at 70 ˚C. 

 

Table (3): Complex absorption values at 

different temperatures at (pH 1.5). 

 

Temp. 
o
C Absorbance 

40 0.85 

50 0..96 

60 1.11 

70 1.38 

80 1.26 

90 1.1 

100 1.1 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure(5) The effect of temperature on the 

[Amox-co(II) ] formation 

 

3. Reaction time: the complex formation 

increased as well as the absorbance 

when the reaction time is increased, 

before the extraction process takes 

place, we used different times (5-30 

min.), Table (4) and Figure (6) 

showed that 20 min. is the best time 

for the reaction and give maximum 

absorbance for the  [Amox.-Co (II)] at 

(70 ˚C and pH 1.5). 

 

 

 

Table (4): Complex absorbance value at 

different reaction time at 70 
o
C 

Time(min.) Absorbance 

5 0.75 

10 0.99 

15 1.16 

20 1.30 

25 1.22 

30 1.13 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (6) The effect of reaction time on 

complex formation 

 

4. Suitable extraction solvent: different 

organic solvents were used like; 

methanol, ethanol, chloroform, benzyl 

alcohol, and ethyl acetate to choose 

the proper solvent that dissolves the 

complex, but can not dissolve the 

metal (Cobalt) and amoxicillin as well 

give the highest absorbance for the 

complex. Table (5) shows the 

solubility of the amoxicillin, metal 

and the complex in different organic 

solvents. 

 

Table (5): The solubility of amoxicillin, 

metal and the complex in different solvents. 

Solvent Amoxicillin 

solubility 

Metal 

solubility 

Complex 

solubility 

Methanol + + − 

Ethanol + + − 

Chloroform − − − 

Benzyl 

alcohol 
− − + 

Ethyl 

acetate 
+ − + 

(+): Soluble. 

(−) :Very slightly soluble or insoluble 

Figure 5 - The Effect of Temperature on the 

[Amox.-Co(II)] Formation
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Figure 6 - The Effect of Reaction Time on 

Complex Formation
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5. Extraction time: the optimum time for 

shaking during the extraction of the 

complex was 6 min. which gives 

maximum absorbance as shown in 

Table (6) and Figure (7). 

 

 

 Table (6): Effect of shaking time on the 

extraction process against the absorbance. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure(7) The effect of the extraction time 

on the absorbance of the complex 

 

6. Solvent phase ratio: it was found that 

4 ml of aqueous phase and 4 ml of 

organic phase is enough to give 

maximum absorption for the complex 

as shown in Figure (8). Table (7) 

showed that the increase in the 

aqueous phase to 6 ml with 4 ml of 

organic phase will decrease the 

absorbance of the complex.  

 

 

 

 

 

 

 

 

Table (7): Absorbance value of the [Amox.-

Co(II)] as the volume of water phase 

increased.  

Note: organic phase volume = 4 ml. 

 

Water phase 

volume (ml.) 

Absorbance 

1 0.8 

2 1.1 

3 1.32 

4 1.41 

5 1.33 

6 1.06 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure(8): The effect of water volume on the 

absorbance of the [Amox.-Co(II)] Complex 

 

 

7. Times of extraction: the first 

extraction process is enough to extract 

the major concentration of the 

complex because the second 

extraction process for the complex 

that remained in aqueous phase gives 

a very weak absorbance less than 0.1.  

 

Calculation of the ligand (Amoxicillin) to 

metal (Cobalt) ratio in the complex [Amox.-

Co (II)]: 

Molar ratio: to detect the ratio of 

complexation i.e. the molar ratio of Ligand (L) 

to the Metal (M) by taking different volumes 

of the Ligand (VL) with constant volume of 

Metal (Vm) at the same concentration for each 

(1.2 X 10 
-3

 M) at the optimum conditions for 

complexation, then drawing the relation 

between absorbance and VL/Vm as in Figure 

(9), and Table (8) shows the absorbance 

against VL/ Vm. The molar ratio about (2:1) for 

the (L: M) and the suggested chemical 

structure for the [Amox.- Co(II)] complex is:  

 

 

Extraction time 

(min) 

Absorbance 

2 0.8 

3 1.08 

4 1.27 

5 1.33 

6 1.44 

7 1.44 

8 1.43 

Figure 7 - The Effect of the Extraction Time 

on the Absorbance of the Complex
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Figure 8 - The effect of Water Volume on the 

Absorbance of the [Amox.-Co(II)] Complex 
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                            pH = 1.5 

Co(II)+2Amox.                      Co(II) –  2Amox. 

 

Imran
 (3)

 and his partners defined the 

Amoxicillin complex form with transition 

elements in M:L is 1:2 ratio, and this was 

identical with proportion of metal with the 

ligand (drug) that we have reached by molar 

ratio. 

Table (8): The values of the absorbance of 

the complex against VL/Vm 

 

VL/Vm Molar 

ratio 

Absorbance 

1/2 0.5 0.3 

2/2 1 0.8 

3/2 1.5 1.24 

4/2 2 1.5 

5/2 2.5 1.75 

6/2 3 1.75 

8/2 4 1.74 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure(9) : Detection the molar ratio for the 

complex formation 

Calibration curve of the UV spectrum: 

         It was carried out through taking 

different concentrations for the complex (ppm) 

and measuring the absorbance, as shown in 

Table (9). Figure (10) shows the calibration 

curve of [Amox.-Co(II)] complex that obeys 

Beer's law for the concentrations (50-500 µg. 

ml 
-
)  at 375 nm. 

 

Table (9): The value of maximum 

absorbance for the [Amox.-Co(II)] at 

different concentrations. 

 

Conc. ppm Absorbance 

50 0.6 

100 0.75 

150 0.98 

200 1.2 

300 1.6 

400 2.0 

500 2.49 

600 2.55 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure(10): The calibration curve for 

detecting  of [Amox.-Co(II)] at 375 nm 

 

Determination of the drug concentration in 

different pharmaceutical preparations: 

         This was done by taking an average 

weight of one capsule from six capsules that 

have been mixed previously then the 

absorbance of the active ingredient 

(Amoxicillin) was measured from calibration 

curve (Figure 10), after complexation process 

takes place at the optimum condition 

mentioned above. 

Note: we carried out the same procedure for 

500 mg. amoxicillin capsules of different 

trademarks (SDI, Julphar and Ajanta). Table 

(10) shows the results of these preparations. 
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Figure 10 - The Calibration Curve for 

Detecting of [Amox.-Co(II)] at 375 nm 

0

0.5

1

1.5

2

2.5

3

0 100 200 300 400 500 600 700

Conc. (ppm)

A
b

s
o

r
b

a
n

c
e



Iraqi J Pharm Sci , Vol.18 (1) , 2009                                   Amoxicillin and cobalt (II) complexation   

 67 

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

0 5 10 15 20 25

Conc. (ppm)

A
b

s
o
r
b

a
n

c
e

Table (10): The concentration of amoxicillin 

in 500 mg amoxicillin capsule of different 

trademarks. 

 

Capsule Absorbance Conc. ppm 

SDI 2.5 501 

JulpHar 2.48 499 

Ajanta 2.42 487 

 

Determination of the [Amox.-Co(II)] by  

Flame Atomic Absorption Spectrophotometer 

(FAAS): 

         The complex was prepared under the 

optimum conditions of pH, temperature, 

proper solvent etc.. and we used the FAAS  to 

detect the amoxicillin concentration by indirect 

measurement the absorbance of the Co(II) in 

the complex as shown in Figure (11), also we 

can measure the concentration of the 

amoxicillin in these pharmaceutical 

preparations using the calibration curve of  

indirect (FAAS). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  Figure(11): The calibration curve for 

detecting  amoxicillin using FAAS 

 

Conclusion 
         The developments of new analytical 

methods to determine the amount of 

amoxicillin, such methods are UV-Visible and 

flame atomic absorption spectrophotometrics, 

are very sensitive and precise. Amoxicillin 

forms chelated complex with Cobalt ions at 

70
o
C and pH: 1.5 and the molar ratio for 

complex formation, Amoxicillin:Cobalt, is 

(1:2). The results of analysis of amoxicillin 

capsules of different trademarks show the 

amount of amoxicillin in SDI and Julphar 

capsules are almost as presented by the 

package, on the other hand the Ajanta capsules 

show some differences.   

  

References 
 

1. Maryadele J.O´ Neil, The Merck Index; 

Encyclopedia of chemicals, drugs and 

Biologicals, 14
th

 edition, Merck Research 

Laboratories, USA, 2006, 92. 

2. Sean C Sweetman, Martindale; The 

Complete Drug Reference, 33
rd

 edition, 

The Pharmaceutical press, UK, 2002, 149. 

3. M. Imran, J. Iqbal and T. Mehmood, 

"Synthesis, characterization and (in vitro) 

Screening of Amoxicillin and its 

complexes with Ag(I), Zn(II), Cu(II) 

,Co(II), Ni(II)” , J.Bio. Sci., 2006, 5, 946 

– 949. 

4. D. Jain and P. Trived, “Simultaneous 

Spectrophotometric Determination of 

Amoxicillin and Probencid in Tablet 

Dosage Form”, Indian Journal of 

Pharmaceutical Sciences, 1998, 60(5), 

318-320. 

5. L. Denis, C. Frances and T. Frenque, 

“Simultaneous Determination of 

Amoxicillin and Clavulanic Acid in 

Human Plasma by HPLC with UV 

Detection”,  J. Pharm. Biomed. Anal., 

2002, 30, 661 – 666.  

6. S.EI.Ashry, F.Belal and D. El-Wasseef, 

“Spectrophotometric Determination of 

Phenolic Antibiotics in Dosage Forms”, 

Microchimica Acta, 2000, 135(3-4), 191-

196. 

7. B. R. Reddy, P. Rathika, J.R. Kumar, D.N. 

Priya, K.Rajgopal, “Extractive 

spectrophotometric determination of 

Cobalt (II) in Synthetic and 

Pharmaceutical Samples Using Cyanex 

923”, Analytical Sciences, 2004, 20(2), 

345-349. 

8.  M. A. Zayed and S.M. Abdallah, 

“Synthesis and structure investigation of 

the antibiotic Amoxicillin complexes of d-

block elements", Spectrochimia Acta Part 

A.Molecular and Biomolecular 

Spectroscopy, 2005, 61(9), 2231-2238. 

9. V. G.  Alekseev and I. S. Sanuilova, 

“Complex Formation in Systems 

Cobalt(II)-Glycine-β-lactam Antibiotics” , 

Russian J. of  Inorganic Chemistry, 2008, 

53(2), 327-329. 

 

 

 



Iraqi J Pharm Sci , Vol.18 (1) , 2009                                                Phenol assay without starch 

                             

 

 72 

Proceeding Bromometric Phenol Assay without Starch Indicator
# 

Maadh Q. Abdulkadir
* , 1

  
 

*Department of pharmaceutical chemistry, College of Pharmacy, University of Baghdad ,Baghdad, Iraq. 

 

Abstract 
         In this research, we exclude starch indicator preparation,that is  used in official phenol assay 

method. The liberated iodine, in presence of chloroform, was acting as indicator and titrated with 

sodium thiosulfate until getting a sharp colorless end point. Similarly, starch was cancelled during both 

blank and standardization of bromine water solution experiments needed in phenol assay. The results 

obtained were the same volumes and weights as that achieved using starch with just about 0.03% 

difference in sample procedure. Finally, this work will enable us to save time, effort, fuel and materials 

spended in laboratory. 

Key word:- Phenol, assay, starch indicator 

 الخلاصة
مىو بخسحٍح انٍىد بىجىد حٍث وم انفٍىىل رسمٍبً عىذ ححهٍانمسخعمم كذنٍم  انىشبمحهىل  هذا انبحث ٌمىو عهى انغبء ححضٍز         

عهى محهىل شفبف وومطت وهبٌت  انكهىروفىرو وانذي ٌعطٍىب نىوبً احمز غبمك مع محهىل انثبٌىسهفبث انصىدٌىو نىحصم فً انىهبٌت

س محهىل انبزوو انهخٍه وحخبجهمب خلال عمهٍت ٍمٌٍضبً عهى حجزبخً اٌجبد انبلاوك وحخعمبل محهىل انىشب وٌىطبك هذا اواضحت بذون اس

نخجزبت  %0... فبرق ضئٍم ٌمذر بحىانً معانخحهٍم. ونمذ اعطخىب هذي انطزٌمت انمخخصزةوخبئج دلٍمت ببنىسبت نخجزبت انخمٍٍس وانبلاوك 

 اد انمصزوفت فً انمخخبز.حىفٍز انىلج، انجهذ، انطبلت وانمى انخحهٍم وبهذا انعمم وسخطٍع

Introduction 
         Phenol or so-called carbolic acid is a 

colorless to pale pink crystalline material with 

a characteristic medicinal odour. It is slightly 

soluble in water but freely soluble in some 

organic solvents and can be present as 

liquefied phenol. It is still used occasionally as 

an antipruritic in phenolated calamine lotion 

exerting local anesthetic effects. It remains the 

standard to which the activity of most 

germicidal substances is compared with phenol 

coefficient of 1.0 
(1)

 Phenol is preserved in 

tight and light-resistant containers with 

suitable stabilizer
 (2a)

. It is identified with ferric 

chloride or bromine solution 
(3a)

.Phenol can be 

thought of as hydroxy derivative of benzene. It 

occurs widely throughout nature mainly 

obtained from coal tar. It is a general 

disinfectant and it serves as intermediate in the 

industrial synthesis of products as diverse as 

adhesives and antiseptics. It was used for 

manufacturing the explosive picric acid. It can 

be used as Bakelite resin and adhesives for 

binding plywood. It is also the starting material 

for the synthesis of chlorinated phenols and the 

food preservative BHT (Butylated 

Hydroxytoluene) & BHA (Butylated 

Hydroxyanisole). Pentachlorophenol is widely 

used as wood preservative. The herbicide 2, 4-

D(2, 4- dichlorophenoxy acetic acid and 

hospital antiseptic hexachlorophene are 

derivatives of phenol.Phenol is oxidized with 

strong oxidizing agents (like Fremy
'
s salt) 

yielding a cyclohexa-2, 5-diene -1, 4-Dione  

 

(Quinone) 
(4)

.This oxidative dearomatization to 

quinones also known as the Teuber reaction 

using oxone as oxidizing reagent 
(5)

.phenol is 

also used in the preparation of cosmetics 

including sunscreens 
(6)

.Phenol can be made 

also by fusing sodium benzene sulfonate with 

NaOH or by heating mono chlorobenzene with 

aqueous NaOH under high pressure 
(7)

.Phenol 

may be formed endogenously from 

metabolism of other xenobiotics,notably 

benzene,and by catabolism of protein and 

other compounds by gut bacteria
(8)

.Under 

laboratory conditions mimicking hydrothermal 

circulation (water,200
o
C,1.9 GPa),phenol is 

found to form from sodium hydrogen 

carbonate and iron powder 
(9)

.The most 

striking chemical property of phenol is as 

extremely high reactivity of its ring toward 

electrophilic substitution as a strong ortho-and 

para-director potentiated with its acidity 
(10)

,and it has been recently shown that only 

about 1\3 of the increased acidity of phenol is 

due to inductive effects,with resonance 

accounting for the rest
 (11)

. Phenol,as oily 

injection,is used to inject haemorrhoids 

particularly when unprolapsed 
(12)

.Simply 

heating a mixture of phenol and formaldehyde 

with aqueous acid leads Bakelite which was 

the first commercially available cross-linked 

three dimensional network polymer molecule 

that is very resistant to solvents, heat and 

electricity and widely used in household 

products 
(13)

. 
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Phenol is incompatible with alkaline salts and 

nonionic surfactants. The antimicrobial 

activity of phenol may be diminished through 

increasing pH or through combination with 

blood and other organic matters. It should not 

be used to preserve preparations that are to be 

freeze-dried 
(14)

.A ten-day,nose-only,phenol 

inhalation toxicity study in Fischer 344 rats did 

not find evidence of adverse effects 
(15)

,in 

addition ,phenol has been evaluated in vivo 

studies using specialized protocols 
(16)

.The 

aromatic C-O bond is difficult to break in 

phenol using strong acids like HBr to form 

bromobenzene. Thus HBr can protonate 

phenol, but no further reaction occurs 
(17)

.Spore proteins of Aspergillus versicolor, as 

an indoor mould, can be purified using phenol 

extraction with subsequent solvent 

precipitation and washing steps. This protein 

was prepared for two-dimensional (2D)-gel 

electrophoresis with sera from patients to study 

about indoor exposure of moulds and their 

influence on the development of allergies by 

screeing sera for IgE antibodies specific for A. 

versicolor and others 
(18)

.Hydroquinone,as a 

member in phenols  family,is assayed with 

volumetric titration unlike  the  bromometric 

method used for phenol 
(2b)

 while resorcinol 

assay followes the later one 
(3b)

.Phenol showes  

a characteristic broad IR absorption at 3500 

Cm
-1

 due to the-OH group, as well as the usual 

1500 and 1600 Cm
-1

 aromatic bands in 

addition to monosubstituted aromatic ring 

peaks at 690 and 760 Cm
-1

 while it possesses 

H NMR absorptions near 7-8 S of aromatic 

ring protons. Phenol-OH protons absorb at 3-8 

S 
(4)

.These spectroscopies are used for 

identification of phenol together with ferric 

chloride or bromine solution chemical tests 

mentioned previously. Accordingly, phenol 

reaction with bromine gives 2, 4, 6-

tribromophenol 
(19)

 as a white chloroform 

soluble precipitate and this is the principle of 

quantitative phenol assay that is officially 

followed in USP and B-P using starch as 

indicator. Therefore we are going to proceed 

the same procedure for assaying phenol with 

the exception of no need to add starch. 

 Materials and method 
         Potassium bromate from BD; Potassium 

bromide, M&B; Phenol, BDH; Sodium 

Thiosulfate, Hopkin & Williams Synchemica, 

England. And Chlorofrom, GCC, United 

Kingdom. England; Potassium iodide, Merck; 

hydro chloric acid, Riedel-De Haen; Starch, 

Merch, Germany;25 ml-bulb pipette,Din,West 

Germany;50 ml- Burette,Permagold,Exelo;500 

ml-volumetric flask,pyrex,USA;500 ml-iodine 

flask,Schott(Witeg),West Germany.The 

method used for assaying phenol here is the 

same as that mentioned in USP or BP  and it 

depends on oxidation-reduction reaction 

steps.First of all, we did standardization for 

bromine (bromide and bromate) solution by 

taking 25 ml  into 500ml- iodine flask and 120 

ml distilled water was added followed by 5 ml 

concentrated HCL, the flask was then 

stoppered and shaken gently, we added 5 ml of 

20% potassium iodide solution and 

restoppered the flask. The mixture was shaken, 

allowed to stand for 5 min. and then titrated 

with 0.1N sodium thiosulfate using starch 

indicator which gave deep blue colour with 

liberated iodine. The end point is indicated 

with colorless solution. We repeated the 

standardization procedure but without starch 

indicator (here we can also add 5ml of 

chloroform to act as co-indicator with iodine) 

and recorded the volumes of sodium 

thiosulfate of both experiments. The equation 

N1V1=N2V2 is  used to find the normality of 

bromine solution and the results are shown in 

table 1. These events are represented with 

equations 1, 3 & 4 
(2c)

.At second stage, we did 

bromometric phenol assay which   includes 

addition of excess (50 ml of 0.1N) bromine  

solution to 25 ml-phenol solution (sample1, 

which was prepared by dissolving 1.1gm 

phenol in 500 ml water to get 0.055gm /25 ml) 

and then liberation of bromine by addition of 5 

ml concentrated HCl. Bromine reacts readily 

with phenol through electrophilic aromatic 

substitution yielding 2, 4, 6-tribromophenol as 

a white precipitate. Stoppering well the iodine 

flask is necessary to prevent escape of bromine 

vapour. The flask was shaken repeatedly for 30 

min., leave to stand for 15min.and 5 ml of 20% 

potassium iodide solution was added with 

contineous shaking and the flask and stopper 

was washed with water and 5 ml chloroform 

was then added to dissolve the precipitate. 

Iodine, released due to potassium iodide 

reaction with bromine, was titrated against 

0.1N sodium thiosulfate solution until pale 

yellow occurred. 1-2 ml starch solution was 

added giving deep blue colored complex with 

iodine and we continued the titration until 

discharging the colour to a clear colorless end 

point. Again, we repeated the same experiment 

above but without adding starch indicator and, 

here, the solution became brown-deep red 

colour due to the presence of iodine itself 

which was then titrated versus sodium 

thiosulfate solution until sharp colorless end 

point. In the same way, we repeated the same 

experiments (with and without starch) on 

second amount of phenol (sample 2), recorded 

the volumes of sodium thiosulfate needed for 
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each pair of samples knowing that each 1ml of 

0.1 N bromine solution is equivalent to 

0.001569 gm of phenol (the chemical factor, 

which is number of gm weight equivalent to 1 

ml of standard solution) and the resultant 

weights were shown on tables 3 and 4. 

equations 1-4 are the principle of phenol 

assay.Finally, we had to do blank without 

phenol twicely (with and without starch too) 

and the volumes of titrant were recorded to be 

employed mathematically. The results were 

shown in table 2 . Equations 1,3 and 4 

represented these reactions.  

Note:- all the volumes, except that of 

standardization, of sodium thiosulfate must be 

corrected to 0.1 N. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Results and Discussion 
         As shown in tables 1,2, 3 and 4 we see 

the followings:-  

- The volume of sodium thiosulfate solution 

for standardization of bromine solution with 

starch experiment was as exact as that 

without starch experiment and therefore the 

normalities of bromine solution for both 

experiments will be exactly the same. 

- Therefore, total bromine solution that must 

be added is the same for blank and assay 

experiments with and without starch 

procedure. 

- The volume of Na2S2O3 of blank experiment 

with starch was nearly exact to that without 

starch experiment and therefore the blank, 

that must be used mathematically, was also 

nearly the same for both experiment (after 

correction). 

- For sample 1 , the volume of Na2S2O3 of 

assay experiment with starch was closely 

related to that of without starch procedure 

and, as a result, the weight of phenol with  

starch was closely the same as that of 

without starch experiment.  

- For sample 2 , on the other hand, the volume 

of Na2S2O3 for assaying phenol with starch 

was also approximately equal to that without  

 

 

starch and the corresponding weights of phenol 

were approximating too. 

Therefore, we see a small difference ranging 

from 0.03-0.04% (as shown on table 5) 

between the resultant weights of phenol assay 

with and without starch procedure  possibly 

due to simple error in technique (may occur in 

measuring phenol samples since capacity of 

bulb pipette is 25±0.03 ml). Starch makes a 

deep blue color complex with iodine and 

should be added when iodine is in a low 

concentration (near the end point) and when all 

iodine is depleted, the solution becomes 

colorless
(19a)

. While in our new experiment, 

this disadvantage will be abolished since there 

is no starch present but, instead, iodine in the 

presence of chloroform will act as indicator 

exhibiting a deep red colour and, at the end 

point, the mixture will be colorless too. This 

resembles ascorbic acid assay procedure that 

runs using chloroform-iodine as 

indicator
(19b)

.At last, starch preparation needs 

weighing, adding water, boiling the solution, 

cooling and then filtration to be ready for use. 

So, our modified experiment will have the 

advantage of saving time, fuel, effort and 

materials owing to similarity in quantitative 

and qualitative results that were obtained.  

 

5KBr+KBrO3+6HCl --- 3Br2+6KCl+3H2O ---------- (1) 

 
 

OH OH

Br

Br

Br

+ 3Br2
+ 3HBr  ------ (2)

 
Phenol 

2,4,6-tribromophenol(White ppt.) 

  

 Br2 + 2KI ----- I2 + 2KBr -------- (3) 

 

 excess (unreacted) 

 

I2 + 2Na2S2O3 ---- 2NaI + Na2S4O6 ------- (4) 

 

Equation (4) represents the end point.  

 

Scheme I: Sequential equations of phenol assay 
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Table (1):- The  results of standardization experiment with and without starch. 

 

 

Table (2):-  The  results of blank experiment with and without starch. 

 

 

 

Table (3) :-  The  results of sample 1  experiment with and without starch. 

 

 

 

Table (4) :- The  results of sample 2  experiment with and without starch. 

 

 

 

 

Experiments Method with starch 
Method without 

starch 

N. of Na2S2O3 must be 0.1N. 

N. of Na2S2O3 prepared & used was 
0.131 N The same 

V. of  Na2S2O3 for standardization of bromine 

solution prepared and used was 
21 ml The same 

Experiments Method with starch Method without starch 

N. of bromine solution prepared and 

used was 
0.11 N The same 

Total bromine  must be used was 45.45 ml of 0.11 N The same 

V. of Na2S2O3 0.131 N needed for 

blank was 
39.2 ml 39.15 ml 

V. of Na2S2O3 0.1 N (after 

correction) needed for blank 

experiment was 

(V blank) 51.352 ml (V blank) 51.287 ml 

Experiments Method with starch Method without starch 

Sample 1:- V. of Na2S2O3 0.131 N 

react with excess bromine solution 

was 

13.45 ml 13.6 ml 

Sample 1:- V. of 0.1 N of Na2S2O3  

react with excess bromine solution 

(after correction) 

17.620 ml (Vexcess) 17.816ml (Vexcess) 

V blank – Vexcess=Vreact with 

phenol= 
33.732 ml 33.471ml 

Vreactwith phenol X Chemical 

factor = weight of phenol in sample1 
0.0529 gm 0.0525 gm 

Experiments Method with starch Method without starch 

Sample 2 :- V. of 0.131 N Na2S2O3 

react with excess bromine solution 

was 

26.7 ml 26.5 ml 

V. of 0.1 N Na2S2O3 react with 

excess bromine solution (after 

correction) Vexcess was 

34.977 ml (Vexcess) 34.715 ml (Vexcess) 

Vblank – Vexcess= V react with 

phenol= 
16.375 ml 16.572ml 

Vreact with phenol X chemical 

factor (0.001569) = weight of phenol 

in  sample 2 

0.0257 gm 0.0260 gm 
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Table (5) :- Weight (gm)  difference between the weight of phenol assayed with and that assayed 

without starch for the two phenol samples. 

 

 

Note:- Chemical factor:- 1 ml 0.1 N bromine=~ 0.001569 gm phenol  

 

 
Conclusion  
         From this research we conclude that 

starch indicator preparation and addition can 

be no further continued whether at 

bromometric assay of phenol or at any 

iodometric titration with sodium thiosulfate as 

in ferric chloride colorimetric solution 
(2d)

. 
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  Abstract 
         Melatonin is a potent scavenger of reactive oxygen species or free radicals like superoxide and 

hydroxyl radicals. The oxidation of hemoglobin to methemoglobin (meth-Hb) by oxidizing compounds 

has been widely studied. The present work was designed to evaluate the ability of different 

concentrations of melatonin to inhibit nitrite–induced oxidation of hemoglobin. Blood samples were 

obtained from apparently healthy individuals from which erythrocyte hemolysate was prepared. 

Different concentrations of melatonin (10
-9

-1.0 mg/ml) were incubated for 10 min with the hemolysate, 

then to the resultant mixture 1 ml of sodium nitrite (final concentration 0.6 mM) was added, and the 

formation of meth-Hb was measured by monitoring absorbance of light at 631 nm each min for 30 

min. Control samples without melatonin were utilized for comparison. Nitrite caused rapid oxidation 

of hemoglobin to meth-Hb in control samples; in the presence of melatonin, the oxidation process was 

delayed in a dose–dependent manner. The effect of melatonin on the time course of nitrite-induced 

oxidation of Hb showed that melatonin has a protective effect initiated early after addition along with 

nitrite. Melatonin also affect the time required for the formation of meth-Hb, the   time required to 

convert 50% of the available Hb to meth-Hb was 4 min in the absence of melatonin, and became  17, 

22, 26, 30, 114 and 383  min with increasing melatonin concentrations (10
-9

, 10
-6

, 0.001, 0.01, 0.1, and 

1.0 mg/ml  respectively). In conclusion, melatonin in a concentration  and time dependent manner can 

protect Hb from oxidation by nitrite; melatonin delays the onset of autocatalytic stage and the 

protective effect extended over long period of time.  

Key words: melatonin, erythrocytes oxidation 

 الخلاصة
توو  رااتوتهب بلووا واتوته وتهودر الدااتوة الحبليوة الوً تريوين هروداة            وغلوىبيي دود  يوغلىبيي وتحىله الً هيتهياى عولية اكسدة اله         

لً هٌت أو تأخير حدوث عولية الأكسدة بوبرة ًبيتراي  الصىريىم. تن الحصوى  علوً عيٌوبم رم هوي     عتراكيز هختلفة هي هبرة الويلاتىًيي 

وعتوودة هوي د وا ايخوريي. تون هوزل هحلوى         وغلوىبيي هوي الوريوبم الوتحللوة وحسور اللور  ال      يأشخبص أصحبء وتحضير هحلوى  هوي اله  

10-1الهيوغلىبيي هت تراكيز هختلفة هي هبرة الويلاتوىًيي   
- 9

ردوبق  تون بعوداب اةوبلة هللتور واحود هوي هوبرة ًوبيترام           10دة وو هلغن/هوا  ل  

ببتوتخدام هليوبر الأشوعة     كا رديرةوغلىبيي الوتوىى يالصىريىم كعبها هؤكسد. تو  هتببعة عولية التأكسد هي خلا  ديبس هستىي الويته

لى  ال ٌفسجية. أظهرم الٌتبقج اى للويلاتىًيي الرداة علً توأخير تأكسود الهيوغلوىبيي بصوىاة تعتوود علوً التركيوز ولتورة الخلو . ويوووي           

 ولترة الوزل. الأتتٌتبل ببى الويلاتىًيي بأهوبًه حوبية الهيوغلىبيي هي التأكسد بىاتلة ًبيترام الصىريىم وبصىاة تعتود علً التركيز

 
 Introduction 

         Recently, many experimental data 

provided unequivocal evidence about the 

formation and role of free radicals in 

biological systems. 
(1)

 Such reactive species 

may bring about oxidative damage to virtually 

all cell compartments, eventually leading to 

various pathologies and aging. 
(2)

 These 

studies prompted research on physiological 

antioxidant systems and molecules, and 

stimulated the development of natural or 

synthetic compounds that prevent oxidative 

stress and damage mediated by an enhanced 

formation of free radicals. 
(3)

 After the 

discovery of its radical-scavenging properties, 

melatonin (N-cetyl-5-methoxytryptamine) has 

been  considered  as  a putative  biological  

antioxidant but it has been questioned to 

whether it may have a real antioxidant 

function under physiological conditions; 
(4)

 its 

molecular mechanisms of action remain to be 

clarified. Interactions  of  melatonin  

contributing  to  its antioxidant effects in vivo 

may be lost during in vitro experiments; when 

it behaves in vitro as an electron donor, many 

electrophilic compounds, such as the hydroxyl 

radical, Fe
+3

, or carbon centered radicals may 

act as acceptors in  one-electron transfer 

reactions, which convert the indolamine to the 

indolyl cation radical. 
(5)

 Reactivity of 

melatonin with oxygen centered radicals, such 

as peroxyl or alkoxyl radicals, as well as a 

moderate activity towards lipoperoxyl 

radicals, has also been demonstrated.
# 
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Although the exact relationship between such 

activity and the concentrations required to 

perform it is not clarified, its ability to 

scavenge a broad spectrum of radicals could 

allow melatonin to behave as an antioxidant in 

various and possibly complex ways. 
(6)

 This 

study was designed to investigate the 

antioxidant activity of melatonin in different 

concentrations using an in vitro model of 

nitrite-induced hemoglobin oxidation. 

 
Material and method  
         Blood samples were obtained from 

apparently healthy individuals, and were 

centrifuged at 2500 rpm and 4°C for 10 min to 

remove plasma and the buffy coat of white 

cells. The erythrocytes obtained were washed 

thrice with phosphate-buffered saline and 

lased by suspending in 20 volumes of 20mM 

phosphate buffer pH 7.4 to yield the required 

hemolysate concentration of 1:20. Different  

concentrations of melatonin were incubated 

for 10 min with the hemolysate starting with 

stock solution (melatonin 1mg/ml) from which 

serial dilutions were made to give 

concentrations of 0.1,  0.01, 0.001, 10
-6

 and 10
-

9
 mg/ml melatonin solution. Then to these 

incubated mixtures 1ml of sodium nitrite (final 

concentration 0.6 mM) were added and the 

formation of methemoglobin was measured by 

monitoring absorbance at 631 nm each min for 

30 min using a spectrophotometer. 
(7)

 In the 

second part of the study, melatonin was added 

either before or at various time intervals (5 

min and 10 min) after the addition of sodium 

nitrite to the hemolysate solution, and the 

formation of methhemoglobin was measured 

by monitoring the absorbance of light at 631 

nm, and the results were compared with 

control samples without melatonin; all 

experiments were performed in triplicate and 

repeated many times. 

 

Results 
         Nitrite causes a rapid oxidation of 

hemoglobin to methemoglobin, as shown in 

control curve (figure 1). In the presence of 

melatonin, the oxidation process was delayed 

in a dose-dependent manner. Figure1 describes 

the effect of different melatonin concentrations 

on the time- course of nitrite oxidation of 

hemoglobin; without melatonin, the time-

course of oxidation shows a characteristic 

pattern of slow initial transformation followed 

by a rapid autocatalytic process; in presence of 

melatonin there is slow increase in absorbance 

related to reduced levels of methemoglobin 

formation in all test samples. Figure 2 showed 

that addition of melatonin to the incubation 

mixture, at different time intervals (after 5 and 

10 min) during the autocatalytic phase, did not 

affect its ability to decrease meth-Hb 

formation. The time required to convert 50% 

of the available hemoglobin to met 

hemoglobin was (4 min) in the absence of 

melatonin, whereas with 1 mg/ml melatonin 

solution the time was increased to 383 min 

(6.4 hr) (table 1). 

 

 
 

Figure 1. Effect of different melatonin concentrations on the time-course of nitrite–induced 

oxidation of hemoglobin. 
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Figure 2. Effect of melatonin on the time course of methhemoglobin formation at various time 

intervals from nitrite addition. 

 

 

Table( 1) : Time to form 50% Meth-Hb in 

presence of different concentrations of 

melatonin. 

 

Melatonin 

concentration 

mg/ml 

% 

formation 

of Meth-

Hb 

Time to form 

50% Meth-

Hb (min) 

Control 100 4.0 

10
-9

 mg/ml 96.1 17.0 

10-6 mg/ml 86.9 22.0 

0.001 mg/ml 50.5 26.0 

0.01 mg/ml 37.9 30.0 

0.1 mg/ml 29.9 114.3 

1.0 mg/ml 16.6 383.0 

 

Discussion 
         The oxidation of Hb to Meth-Hb by 

nitrite has been widely studied, 
(7-9)

 formation 

of Meth-Hb occurs in two stages; there is a 

slow initial stage followed by a rapid 

autocatalytic stage, which carries the reaction 

to completion. 
(10)

 The present study has 

shown that melatonin can protect hemoglobin 

from oxidation by sodium nitrite in 

hemolysate, and there are two suggested 

theories for the mechanism through which 

melatonin produces this protective role; 

erythrocytes are utilized as a traditional target 

for studying oxidative damage, when exposed 

to high oxygen tensions and in presence of 

high iron contents (transition metal promoting 

the formation of oxygen free radicals) 

oxidative damage occur due to both 

endogenous and exogenous insults. Sodium 

nitrite as a prooxidant induces a primary 

extensive methemoglobin formation as a result 

of generation of several free radical species 

like super oxide anion, peroxynitrite, and nitric 

dioxide, which are generated during the course 

of nitrite–induced oxidation of hemoglobin. 
(11)

 

After the discovery of radical-scavenging 

properties of melatonin, it has been considered 

a putative biological antioxidant, but it has 

been questioned whether it may have a real 

antioxidant function under physiological in 

vivo conditions. 
(6)

  The molecular mechanisms 

of actions of melatonin remain to be better 

clarified; it is capable to prevent the onset of 

the autocatalytic stage since superoxide is 

implicated in the autocatalytic stage , and the 

fact that melatonin is a potent scavenger of 

superoxide anion, 
(5)

  the results of the present 

study  suggests that the protective action of 

melatonin might be due to its scavenger effect 

and not due to reduction of methemoglobin to 

hemoglobin, since it fails to reverse the 

oxidation of hemoglobin; additionally,  direct 

interaction between nitrite and melatonin  as a 

reason for protection can be ruled out because 

the concentrations of melatonin  which protect 

erythrocytes is very low. 
(11)

 Kinetic evidence 

indicates that melatonin delays oxidative 

denaturation of Hb through it's reaction with 

Hb-derived oxoferryl radicals, and this may 
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explain the reported antioxidant effects; 

Tesoriere et al (2001) studied the reaction of 

melatonin  with hemoglobin-derived oxoferryl 

radicals and the inhibition the oxidant effects 

of hydroxyl peroxide-induced hemoglobin 

denaturation in red blood cells, they found that  

the basic requirement for oxidative 

denaturation of Hb by hydroperoxides is the 

transient formation of the perferryl-Hb; 
(12)

 

perferryl-Hb, which includes a hypervalent-

iron oxoferryl heme group and a radical 

species, localized in the globin is a strong 

oxidant towards the globin moiety, which 

leads to Hb denaturation with the formation of 

hemichrome and heme release. 
(13)

 The 

perferryl species, generated from met-Hb and 

H2O2, 
(14)

 comprises a radical localized on the 

globin, possibly an aromatic amino acid 

radical   , and an oxoferryl heme group. 
(12)

 

After exhaustion of H2O2, decay of the 

perferryl to the oxoferryl form occurs, and 

then the latter is slowly converted to met-Hb 

by a so-called autoreduction reaction; 
(14)

 this 

process involves intramolecular electron 

transfer and modification of the globin moiety. 
(13)

  Such oxidative modifications of globin on 

exposure to H2O2 may be avoided by the 

presence of certain antioxidant compounds 

such as melatonin, ascorbate or Trolox at the 

time of reaction, suggesting that  rapid 

deactivation of the protein radical in the 

perferryl species is crucial for protection; 
(15)

 

the mentioned mechanisms may prove that 

melatonin acts through its reducing activity 

towards perferryl-Hb,  and this may include 

the reduction of the oxoferryl moiety or the 

unpaired electron electrophile center at the 

globin moiety by melatonin, or both. 
(11)

 

Although in our study we did not investigate 

the reactivity of melatonin as a reducing agent, 

we can not exclude this effect and it needs 

further investigations. In conclusion, 

melatonin protects hemoglobin against nitrite-

induced oxidation and delay the formation of 

meth-Hb in concentration dependent pattern.  
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