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The results showed that the 
hydrolysis at basic pH were faster than 
acidic pH, so it mean that the most 
hydrolysis will obtain at intestine not 
at stomach.

Conclusions
Inhibitory effect in (G3 and G4) 

groups compared with the control 
group, and more strongly inhibition 
than the parent drugs. A significant 
decrease in the activity of  levels 
of liver enzymes of ALP, AST and 
ALT compared with the control 
group. significant increase in the 
concentration of Insulin compared with 
the control group. significant decrease 
in the concentration of GLU, Urea, 
creatinine, sodium, and potassium 
compared with the control group. The 
release of the drug associated in the 
basic medium faster than the release 
in the acidic medium, which that mean 
the prepared derivatives reduce the 
side effects of aspirin and metformin 
and their toxicity at stomach.   
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( B )

Fig.(4):- Releasing of prodrugs derivatives(AM) at different pH 
for: (A): Aspirin ,(B): Metformin 
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hyponatremia even in people with 
diabetes(40). We note the high sodium 
level in the second group infected, there 
is a study between the high sodium, due 
to diabetes, which is poorly controlled 
in the development of increased sodium 
blood(41).

The ratio of drug releasing has been 
calculated by using spectrophotometric 
methods, the releasing of drug follow 
up by UV-Visible at λ  max =265 
nm for aspirin and λ max = 232 nm 
for metformin , figure(4) show the 
percentage hydrolysis at different pH

( A )
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The potassium results of table(4) 
shows the values for G1,G2,G3,G4, 
(5.22 ± 0.62), (6.52  ± 0.70), (5.21± 
0.55), (5.71 ± 0.33) mg\dL, respectively. 
We found a significant decrease in the 
potassium level in the third group G3 
that dose the prepared derivative(AM) 
and this ratio is similar to the G4 
dosed with the drug separately because 
there was no significant difference for 
both groups(37). In the second group 
with diabetes, we notice a slight 
increase in the level of potassium, 
A study investigated the effect of 
alloxan induced diabetes on the role 

of potassium channels in diabetes(38). 
Insulin deficiency is involved in the 
development of hyperkalemia(39).

The sodium results of table(4) 
shows the values for G1,G2,G3,G4 
(136.00 ± 5.12) , (155.13  ± 14.22) , 
(144.75 ± 7.08), (144.00 ± 16.86) mg\
dL  respectively. We find a significant 
decrease in the level of sodium in 
the group G3 which the dose of the 
prepared derivative(AM) and this 
ratio is similar G4 dosed with the 
drug separately because there was no 
significant difference for both groups, 
Medications are a common cause of 

Table (4):- Groups, mean ± SD, of Potassium, and Sodium

Mean ± SDNGroupParameters

5.22±0.62b8G1

  K +

mmol\L  
6.52±0.70a8G2

5.21±0.55b8G3

 5.71±0.33b8G4

136.00±5.12b8G1

      Na+  
 mmol\L 

155.13±14.22a8G2

144.75±7.08ab8G3

144.00±16.86ab8G4

Difference letters vertically means that there is significant difference 
between the groups, P≤0.05
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The Urea results of table(3) shows 
the values for G1,G2,G3,G4, (42.12 ± 
6.26) ,(75.12 ± 27.31) , (45.68 ± 4.60) 
,(50.06 ± 1.78) mg\dL respectively. We 
note that the results of G3 were better 
in lower urea level than G4 and the 
concentration of urea in the third group 
was almost the same as normal level 
in G1 due to the use of the prepared 
derivative(AM). We note the high 
concentration of urea in the infected 
G2(34).

The Creatinine results of table(3) 
shows the values for G1,G2,G3,G4, 
(1.013 ± 0.203) , (2.125 ± 0.580) , 

(1.181 ± 0.226), (1.331 ± 0.088) mg\
dL respectively. It was noted that G3 
results were better in lower creatinine 
level than in group G4 and creatinine 
concentration in G3 was close to the 
normal level in G1 due to the use of 
the prepared derivative(AM)  About 
the original medicine. This finding 
is consistent with (Firas)(35). Note the 
high concentration of creatinine in the 
infected G2(36).

Table(3) show the effect of 
derivatives on Potassium and Sodium:

Table (3):- Groups, mean ± SD, of Urea, and Creatinine

Mean ± SDNGroupparameters

 42.12±6.26b8G1

  Urea  
mg\dL

 75.12±27.31a8G2

 45.68±4.60b8G3

 50.06±1.78b8G4

 1.013±0.203b8G1

Creatinine
mg\dL

 2.125±0.580a8G2

 1.181±0.226b8G3

1.331±0.088b8G4

Difference letters vertically means that there is significant difference 
between the groups, P≤0.05 .
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The AST results of table(2) shows 
the values for G1,G2,G3,G4, (41.61 ± 
5.93), (52.51 ± 5.93), (44.41 ± 4.83),  
(48.66 ± 3.89) U/L respectively. It was 
noted that the G3 group was better in 
the inhibition of the enzyme (AST) 
than the group G4, which represents the 
original drugs separate and may indicate 
that the prepared derivative(AM) with 
the proposed less harmful heart muscle 
or liver cells. As for the second group 
infected we note the rise of the enzyme 
(AST) due to insulin deficiency and thus 
affect the liver tissue causing damage 
in the liver cells due to the essential 
role of the hormone insulin from the 
control of many metabolic processes 
within the liver cells such as building 
fat and proteins and decomposition 
of Glycogen so the liver function 
can be affected When a defect in the 
proportion of insulin in the blood(30).

The ALT results of table(2) shows 
the values for G1,G2,G3,G4, (38.65 ± 
4.36), (51.76 ± 4.41),(40.49 ± 3.46), 
(46.52 ± 3.54) U/L respectively. An 
increase in the level of ALT was 
observed in the diabetic G2, mainly 
due to the breakdown of hepatocytes, 
usually accompanied by high enzyme 
levels(31). It was noted that the G3 
group was better in the inhibition of 

the enzyme (ALT) than the group G4, 
which represents the original drugs 
separate and may indicate that the 
prepared derivative(AM) with the 
proposed less harmful heart muscle or 
liver cells(32).

The ALT results of table(2) shows 
the values for G1,G2,G3,G4, (178.25 
± 22.73), (283.87 ± 27.17), (187.18 
± 33.16), (204.50 ± 42.78) U/L 
respectively. It was observed that the 
results of the fourth group G4 less 
enzyme inhibition (ALP) than the third 
group G3, which led to the inhibition 
of the enzyme (ALP) at the level of 
effectiveness of the group G1, which 
shows less side effects of the prepared 
derivative(AM) with the original drug. 
The second group G2, where diabetes 
leads to changes and complications on 
the liver(33).  

Table(3) show the effect of 
derivatives on Urea and Creatinine:
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The Insulin results of table(1) shows 
the values for G1,G2,G3,G4, (11.10 ± 
1.45), (7.06 ± 0.91), (12.43 ± 1.37), 
(9.80 ± 1.27) µU/mL respectively. We 
note that insulin levels in the second 
group with diabetes significantly 
decreased when compared with 
the controlled group G1, which is 
consistent with (Kohei) study, which 
concluded through his study that 
insulin hormone decreases in patients 
with type 2 diabetes due to high glucose 

Fats negatively affect beta-pancreatic 
cells as they gradually begin to 
fibrosis and thus decrease their insulin 
secretion(28), While these significantly 
altered levels were improved in the 
diabetic G3 treated with the prepared 
derivative(AM), This proved the 
effectiveness of the derivative prepared 
from metformin, This corresponds to 
the results of a previous study(29).

Table(2) show the effect of 
derivatives on AST, ALT and ALP:

Table (2):- Groups, mean ± SD, of AST, ALT and ALP

Mean ± SDNGroupparameters

41.61 ± 5.93c8G1

AST
U/L    

52.51 ± 5.93a8G2

44.41 ± 4.83bc8G3

48.66 ± 3.89ab8G4

38.65 ± 4.36c 8G1

ALT    
U/L

 51.76 ± 4.41a8G2

40.49 ± 3.46c 8G3

 46.52 ± 3.54b8G4

 178.25 ± 22.73b8G1

ALP

U/L

 283.87 ± 27.17a8G2

187.18 ± 33.16b8G3

204.50 ± 42.78b 8G4

Difference letters vertically means that there is significant difference 
between the groups, P≤0.05
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2- Biochemistry part
After the preparation of derivatives , 

and gave the written doses as shown at 
the used animals and samples collection 
part, the effect of these derivatives on 

the measured parameters were shown 
at the table (1,2,3,4) :

Table(1) show the effect of 
derivatives on Glucose (Glu) ,and 
Insulin (Ins): 

Table (1):- Groups, mean ± SD of GLU ,and Insulin

Mean  ±  SDNGroupparameters

114.75 ± 23.26b8G1

 GLU
mg\dL

180.63 ± 15.43a8G2

89.00 ± 32.37c8G3

131.00 ± 20.68b8G4

11.10 ± 1.45b 8G1

Insulin
µU/mL

7.06 ± 0.91c 8G2

 12.43 ± 1.37a8G3

 9.80 ± 1.27b8G4

Difference letters vertically means that there is significant difference between 
the groups, P≤0.05

The Glucose results of table(1) 
shows the values for G1,G2,G3,G4, 
(114.75 ± 23.26), (180.63 ± 15.43), 
(89.00 ± 32.37), (131.00 ± 20.68)mg\
dL respectively. It was noted that the 
level of glucose in (G3) was lower than 
the level of glucose in (G4) This is an 
indication that the prepared derivative 
(AM) G3 worked to reduce the level of 
glucose more than G4 with the control 

groups G1 and G2, This corresponds to 
the results of other studies on rabbits 
in the effectiveness of the preparation 
of a Prodrug with metformin with 
aspirin(25). The results of the study 
showed that metformin reduced blood 
glucose level and this is consistent 
with the results of previous studies  
(Shatha)(26) and the results (Sazan  
et al)(27).
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Fig. (2): - FT- IR spectrum for Prodrug (AM)

Fig (3) H1NMR of Prodrug (AM)
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Estimation of  Sodium  Concentration 
in serum

Used kit equipped by the German 
company Human where sodium is 
deposited with the magnesium-uranyle 
acetate compound, uranyl ions remain 
stuck in the filtrate and form a yellow 
complex with thiocyclic acid.

Estimation of  Potassium  Concentration 
in Serum

Used kit equipped by the German 
company Human Where the potassium 
ion reacts with sodium tetraphenylboron 
(TPB-Na) in an alkaline medium to 
form potassium tetraphenylboron 
(TPB-K)  which is foggy.

Results and Discussion
1- Organic part: 

Preparation of prodrug derivative
The synthesis of the  derivative  has 

been obtained  according to the reaction 
below:

The derivative was purified by Thin 
layer chromatography (aluminum 
coated silica gel as stationary phase and 
mixture of benzene and ethyl acetate as 
a mobile phase) and follow up by TLC. 
The characterization of the derivative 
(prodrug) was accomplished by 
measuring spectral data FT-IR, which 

showed the presence of the absorbance 
band at, while the results of 1HNMR:

TLC ,Rf (0.693) ( Benzen : Ethyl 
acetate) (1:1); IR(Film) ( cm-1), 
1251 (C-O), 1489 (C=C) aromatic, 
1641(C=N) azomethene, 1714 (C=O) 
ester,1751 (C=O) ester, 2841 - 2929 
(C- H) aliphatic, 3084 (C-H) aromatic, 
1HNMR ,(2.10)ppm (s, H, NH), (2.5)
ppm (H,solvent), (3.02) (d ,6H ,2CH3), 
(3.39) (d ,6H ,2CH3), (4.50)ppm (s, 
CH2), (6.72) ppm (CH), (6.81)ppm 
(d, CH), (7.50) ppm (m, 4H ,aromatic) 
,(9.69)ppm (s,1H,C=NH) .
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Estimation of alanine aminotransferase 
activity 

It was used Kit by the Spanish 
company Linear Chemicals. 

Colorimetric method for estimating the 
enzyme ALT activity. According to the 
following reactions:

Estimation of Creatinine in serum                                        
Serum creatinine concentration 

was measured using a diagnostic kit 
manufactured by the Spanish company 

Linear by Colorimetric reaction (Jaffe 
reaction). According to the following 
reaction:

	

L-Alanine+ 2-Oxoglutarate Pyruvate + L-Glutamate
ALT

Pyruvate 2,4-D.N.P.H        	              Pyruvate + 2,4 DNPH

Estimation of Aspartate amino 
transferase activity

It was used Kit by the Spanish 
company Linear Chemicals. The kit 
was used by the Spanish company 

Linear Chemicals. Based on the 
Colorimetric method to estimate the 
effectiveness of the activity of the 
amino transfusion AST. According to 
the following reactions:

α-ketoglutarate + L-Aspartate                  L-Glutamate + Oxaloacetate

Oxaloacetate    +    2,4-d.n.Ph                         Oxaloacetate Dinitrophenylhydrazone

Estimation of Urea in serum
The urea concentration was 

measured by the diagnostic kit 
manufactured by the Spanish company 

Linear by enzymatic Colorimetric 
reaction . According to the following 
reactions:

Urea + H2o       urease         2NH3 + CO2

NH4+ + Salycilate + NaClO     NITROPRUSSIDE     indophenol + NaCl
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2- Biochemistry part 
 In this study, (32) rabbits proximate 

in the weight and divided into four 
groups, every group  contain (8) 
rabbits. the first  group used as a control 
group and the second group Diabetes 
Mellitus group (deals with alloxan 
150 mg/kg), the third group  treated 
with synthesized compound (AM) at a 
concentration of (68.431 mg / ml) ,and 
the fourth group  dosed with metformin 
at a concentration of (160.71 mg / 
ml),and aspirin at a concentration of 
(42.85 mg / ml) and glyceraldehyde 
at a concentration of (111.9 mg / ml), 
separately, for  five days.  After 2  hours, 
blood was taken from all groups, the 

serum was separated, Keeped at (-20 
C) for the purpose of conducting its 
own enzymatic biochemical tests.     

Estimation of biochemical parameters 
in serum

 Measuring the hormone insulin
Measuring the hormone insulin 

by  ELISA Kit From company Labor 
Diagnostika Nord (LDN) Germany, 
Based on the principle of sandwich.

Determination of serum glucose 
It was used Kit by the Spanish 

company Linear Chemicals. Serum 
glucose concentration was determined 
by the use of the Enzymatic 
Colorimetric method. According to the 
following reactions:

Glucose + O2 +H2O        		        Gluconate   + H2O2

2H2O2  + phenol + 4AAP        		       Quinoneimine  + H2O

GOD

POD

 Estimation of alkaline phosphatase 
activity

It was used Kit by the Spanish 
company Linear Chemicals. Depends 

on the Colorimetric method to 
estimate the effectiveness of alkaline 
phosphatase ALP.  According to the 
following reaction:

Phenylphosphate
ALP

Phenol + phosphate
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clear solution to a reddish and leaving 
the mixture stirring for 24 hours to 
complete the reaction. gelatinous  
deposition was obtained after dissolving 
it with absolute ethanol, precipitite it 
with water several times, then leaving 
the precipitate to dry and obtaining 
bright crystals that were slanted to the 
dark brown of the resulting composite                                                                        

Preparation of  3- ((N- (N, N- 
dimethylcarbamimidoyl) carbamimidoyl) 
imino) propane -1, 2-diyl bis (2- 
acetoxybenzoate) (AM)

In a round bottomed  flask (0.3748 
gm) of ester was dissolved at 10 ml 
of absolute ethanol, and( 0.149 gm) 
of metformin (dissolved in 10 ml 
of absolute ethanol) was added, the 
mixture refluxed  in a water bath with 
stirring for 12 hours.                                                                                         

Fig. (1): Synthesis of the prodrugs (AM) 
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particular, people who are overweight 
and obese and who have abnormal 
renal function(13,14). Metformin is an 
important major drug, which reduces 
the high blood glucose by lowering 
glucose production in the liver(15). 
Its chemical composition (N, N - 
dimethyl biguanide hydrochloride)(16), 
and molecular formula (C4H11N5.
HCl). The metformin crystals are 
white and easily soluble in water, 
and practically in-soluble in acetone, 
ether, chloroform(17). Al-Jubouri(18) 

confirmed that metformine was the 
most beneficial drug to reduce the risk 
of arteriosclerosis when compared with 
(rosemmitazone and acarbose), when 
the three properties were studied for 
their effect on blood levels of blood.                                            

Aspirin
Aspirin is [2-(acetyloxy) benzoic 

acid](19), German pharmacists on 
acetylsalicylic acid first called aspirin 
for the first time in 1899(20), is one of 
the most famous drugs in the world 
that has saved millions of people from 
fever, arterial blockage, heart attacks, 
brain and rheumatic pain. It is still a 
distinct alternative treatment for blood 
clotting(21) and its effects on cancer(22),  
The molecular formula of the aspirin is 

C9H8O4 and  It is in the form of white 
crystalline powder, which dissolves 
easily in water, alcohol, ether, glycerol, 
and also in acetic acid(23). Al-Jumaili(24) 

said that taking aspirin tablets before 
bedtime benefit patients with diabetes 
because it activates the pancreas to 
secrete insulin, which converts sugar to 
energy and reduces resistance to cells 
and increase its sensitivity to insulin.                                                                                                       

Materials and Method
1- Organic part:

Preparation of acid chloride (acetyl 
salicylic acid)

 (5.9 gm) from thionyl chloride was 
added to  (4 gm) of aspirin, then the 
mixture was refluxed for two hours 
by a water bath. The excess of thionyl 
chloride was decreased by using the 
Excessive pressure. A yellow material 
was obtained.

Preparation of 3-oxopropane-1,2-
diyl bis (2-acetoxybenzoate) (A)

Dissolve (1.1538 gm) of 
glyceraldehyde in 2 ml of DMF with 
a little heating and add 2.5 ml of 
triethylamine, then The acid chloride 
solution was added (5.088gm) to 
glyceraldehyde solution drop by drop 
with vigorous stirring by  a separating 
funnel until the color changed from a 
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INTRODUCTION:
Prodrug:

Generally, a drug is characterized 
by its biological and physicochemical 
properties. Some of the used drugs 
have undesirable properties that result 
in an inefficient delivery and unwanted 
side effects. The physicochemical, 
biological and organoleptic properties 
of these drugs should be improved in 
order to increase their usefulness and 
their utilization in clinical practice(1,2), 
utilizing the prodrug approach 
might improve the physicochemical 
properties of a drug and hence increase 
its bioavailability and therapeutic 
efficiency(3,4). The prodrug have been 
extensively and successfully used as 
a chemical tool for modification of 
the physicochemical, pharmacokinetic 
as well as pharmacodynamic 
characteristics of commonly used 
drugs and new drugs(5). In most 
cases, prodrugs contain a promoiety 
(linker) that is removed by enzymatic 
or chemical reactions, while other 
prodrugs release their active drugs 
after molecular modification, such as 
an oxidation or reduction reactions(6), 
Most drugs have some certain 
unwanted physical, chemical and 

biologic properties, so the drug can be 
improved and increased drug efficiency 
by eliminating or reducing undesirable 
traits while maintaining desired traits(7), 
the concept of prodrug includes a 
powerful, effective and multi-use drug 
design(8). 

Diabetes mellitus
Diabetes mellitus is a chronic 

metabolic disease characterized by high 
blood sugar levels, caused by defects in 
the secretion of pancreatic insulin and / 
or insulin action on target tissues, which 
over time leads to serious damage to 
the heart, blood vessels, eyes, kidneys 
and nerves. Blood to the death of 
about 4 million people every year (9,10), 
Diabetes is a common health problem 
worldwide, with around 1.2 million 
cases in Iraq in 2015(11). According to 
the current classification, there are two 
main types: Type I (T1DM) insulin-
dependent diabetes mellitus and Type 
II (T2DM) non - insulin - dependent 
diabetes mellitus(12).

Metformin
Is a topical anti - diabetic drug 

(Biguanide) given orally, and is the 
first line of choice prescribed for 
the treatment of type 2 diabetes, in 
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Abstract:

This study included  synthesis of 3-((N-(N,N-dimethylcarbamimidoyl)carbamim-
idoyl)imino) propane-1,2-diyl bis(2-acetoxybenzoate) (AM)  afforded  by reaction 
of  glyceraldehyde as an alcohol carrier of aspirin and metformin drug by reactive 
esterification, and Schiff bases respectively . The purification of the synthesized 
derivative was established by (TLC), while the structure suggesting was confirmed 
by ( FTIR, 1H-NMR), and the result obtained given good evidence for structure pro-
posed to their compound and using through the study groups , and take (32) rab-
bits proximate in the weight and divided into four groups  contain of  (8) rabbits 
. the first  group used as a control group and the second group Diabetes Mellitus 
group,  the third group  dosed with synthesized compound (AM) at a concentra-
tion of (68.431 mg / ml) ,and the fourth group  dosed with metformin at a con-
centration of (160.71 mg / ml),and aspirin at a concentration of (42.85 mg / ml) 
and glyceraldehyde at a concentration of (111.9 mg / ml), separately, for  five days.  
After 2  hours, blood was taken from all groups, the serum was prepared to study 
it with biochemical and enzymatic Parameters , Statistical data analysis revealed 
significant decreases in the levels of: Alkaline phosphatase (ALP), Aspartate Ami-
notransferase (AST), Alanine Aminotransferase (ALT) And a significant increase 
in the hormone insulin (INS) by effect of the prepared compound and significant 
decreases in the concentration of Glucose (GLU), creatinine, urea, potassium and 
sodium,by effect of the prepared compound as compared with the Infected con-
trol group, and this study included the hydrolysis of  compound at different pH (pH 
2,4,9,10) and the results showed that the compound hydrolyzed  at basic  medium  
faster than  acidic medium.

Keywords:  Prodrug, Diabetic, Metformin, Aspirin 

خـلاصـة : 
N-(N,N-dimethylcarbamimidoyl)carbamimidoyl)imino)((3-[ تضمنــت الدراســة تحضــر المركــب
ــول  ــل للكح ــد كحام ــر الديهادي ــة الكليس ــال مفاعل ــن خ propane-1,2-diyl bis(2-acetoxybenzoate)] (AM( م
ــطة  ــر بواس ــب المح ــة المرك ــم تنقي ــوالي. إذ ت ــى الت ــف ع ــد ش ــره وقواع ــل الاس ــطة تفاع ــن  بواس ــرين والميتفورم ــع دواء الاس م
ــت  ــد دل ــة )FTIR, 1H-NMR(  وق ــرق المتاح ــتخدام الط ــة باس ــة المقترح ــة التركيبي ــن الصيغ ــد م ــم التأك ــة TLC(( ، وت تقني
النتائــج المســتحصلة عــى صحــة التركيــب المقــرح. تــم أخــذ )32( أرنبــا متســاوية تقريبــا في الــوزن وقُســمت الى اربــع مجموعــات، 
كل مجموعــة تحتــوي عــى )8( أرانــب، المجموعــة الاولى مجموعــة الســيطرة، المجموعــة الثانيــة مجموعــة الســيطرة المصابــة، المجموعــة 
الثالثــة جُرعــت بالمركــب المحــر AM(( بتركيــز  )mg / ml 68.431( والمجموعــة الرابعــة جُرعــت بــدواء المتفورمــن بتركيــز 
ــوالي  ــز)mg / ml 111.9( عــى الت ــد بتركي ــز )mg / ml 42.85(، والكليــر الديهادي )mg / ml 160.71( الاســرين بتركي
ــب وفصــل المصــل منهــا وأجريــت عليهــا  ــدم مــن كل أرن ــة ال ــم ســحب عين ــام، بعــد مــرور ســاعتين مــن تجريعهــا ت ــدة خمســة اي لم
ــم  ــن انزي ــة كل م ــوي في فعالي ــاض معن ــي انخف ــل الإحصائ ــج التحلي ــرت نتائ ــة. أظه ــة والانزيمي ــرات الكيموحيوي ــة للمتغ دراس
الفوســفاتيز القاعــدي )ALP(، اســبارتيت  امينوترانســفيريز )AST(، الانــن امينوترانســفيريز)ALT( و ارتفــاع معنــوي في 
هرمــون الانســولين INS(( بتأثــر المركــب المحــر، وكذلــك اظهــرت الدراســة وجــود انخفــاض معنــوي بتركيــز كل مــن الكلوكوز 
)GLU(، كرياتنــن، يوريــا، البوتاســيوم والصوديــوم، بتأثــر المركــب المحــر وبالمقارنــة مــع الســيطرة المصابــة. تــم دراســة تأثــر 
الاس الحامــي عــى تحلــل الــدواء في المركــب المحــر في أوســاط حامضيــة مختلفــة )pH=2,4,9,10( حيــث لوحــظ ان الوســط 

القاعــدي يســبب تحــرر الــدواء اسرع مــن الوســط الحامــي.
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