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ABSTRACT: Metformin and glimepiride have been marked as potential hypoglycemic agents for the 

treatment of type 2 diabetes. The purpose of this study was to investigate the effect of daily oral 
administration of metformin (500 mg/kg) or glimepiride (0.5 mg/kg) alone or in combination for 28 
days on some physiological parameters and histological alterations in liver and kidney of the diabetic 
rats. Diabetes was induced by a single intraperitoneal dose of alloxan (150 mg/kg) Data showed that 
metformin and glimepiride alone or in combination induced a significant decrease in serum glucose 
levels in the diabetic rats. Treating the diabetic rats with glimepiride increased the AST activity 
significantly. Meanwhile, administration of glimepiride or metformin had no significant effect on the 
activity of ALT. On the other hand, the combination of both drugs exhibited a significant reduction in 
the activities of AST and ALT as compared to that in the diabetic control rats. Glimepiride treatment 
revealed that total protein and globulin levels were increased, while metformin or the combined drug 
resulted in a significant decrease in albumin level which almost reached the normal value and an 
increase in the globulin than that of the diabetic rats. Creatinine level improved significantly in all the 
treated groups in comparison to that of the diabetic group and reached the normal values. On the 
other hand, no sign of improvement in the levels of urea was observed in the rats treated with 
metformin or the combined drug, while treatment with glimepiride decreased urea levels significantly. 
Histological examination of liver in the diabetic rats showed extensive necrosis of hepatocytes, 
cytoplasmic vacuolation, distended sinusoids with massive congestion. In addition, the kidney 
glomeruli increased in size and the renal tubules degenerated. The treatment with metformin or 
glimepiride ameliorated the hepatic injury, at the same time; the combined drug caused severe 
destruction in the liver cells. The treated rats also exhibited shrinking in the glomerular capillaries 
with widening of Bowman’s space, mesangial matrix expansion, necrosis and vacuolation of renal 
tubules. In conclusion, the combination of biochemical and histological biomarkers provides useful 
and sensitive tools in the investigation of chronic effects induced by diabetes and anti-diabetic drugs.  
Key words: Diabetes, Alloxan, Glimepiride, Metformin, Rats, Histopathological studies, Liver and 

Kidney. 
 

INTRODUCTION 

Diabetes is a hereditary, chronic 

metabolic disease characterized by 

hyperglycaemia and eventual glycosuria.
(1)

 

The prevalence of diabetes in Egypt is high  

 

and suggests that it is a major emerging 

clinical and public health problem.
(2)

 Type 2 

diabetes mellitus is an increasingly 

prevalent condition worldwide. The 
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complications of this disease are known to 

significantly increase the morbidity and 

mortality of those affected, resulting in 

substantial direct and indirect costs.
(3)

 

       Much effort has been devoted to the 

development of optimal therapeutic 

regimens for the management of type 2 

diabetes. Various pharmacologic agents 

are available for the management of type 2 

diabetes, including first-and second 

generation sulfonylureas (glimepiride, 

gliclazide, glipizide, glyburide and 

glibenclamide), biguanides (metformin), α-

glucosidase inhibitors (acarbose and 

miglitol), thiazolidinediones (pioglitazone 

and rosiglitazone), meglitinide analogues 

(repaglinide), amino acid D-phenylalanine 

derivatives (nateglinide), and insulin. 

Sulfonylureas work primarily by stimulating 

pancreatic insulin secretion, which in turn 

reduce hepatic glucose output and 

increase peripheral glucose disposal.
(4)

 

      Glimepiride is effective, well-tolerated, 

and well-established drug widely used in 

the management of Type 2 diabetes. The 

unique properties of glimepiride may 

provide advantages over other currently 

available insulin secretagogues.
(5)

 Therapy 

with glimepiride improves the relative 

insulin secretory deficit found in type 2 

diabetes mellitus (T2DM), has 

antihyperglycemic efficacy equal to other 

secretagogues with reduced potential for 

hypoglycemia and may have additional 

actions contributing to glycemic control in 

type 2 diabetes mellitus.
(6)

 Glimepiride may 

cause prolonged hypoglycemia in patients 

with renal dysfunction, so the drug should 

be used cautiously, and the dose of this 

drug must be reduced in patients with a 

reduced glomerular filtration rate.
(7) 

 

       Clinical studies have shown 

glimepiride to be safe and effective in 

reducing fasting and postprandial glucose 

levels, with dosages of 1-8 mg/day.
(8)

 Also, 

oral administration of glimepiride (0.1 mg / 

kg body weight/day) for four weeks brought 

back transaminases  activities  to  near  the 
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control values.
(9)

 

Metformin (N,N-dimethyl biguanide) is 

one of the oral drugs used for more than 40 

years to treat patients with type 2 diabetes 

mellitus without causing over 

hypoglycaemia.
(10)

 It has recently been 

recommended that metformin therapy be 

initiated at the time of diagnosis of type 2 

diabetes, in conjunction with lifestyle 

modification.
(11)

  Pharmacological studies 

have indicated that metformin acts by 

improving peripheral sensitivity to insulin 

inhibiting gastrointestinal absorption of 

glucose.
(12)

 and decreasing hepatic glucose 

production.
(13)

 Renal function must be 

assessed prior to and periodically during 

metformin therapy, particularly in the 

elderly in whom it is recommended that 

creatinine clearance be assessed in order 

to detect accurately any significant degree 

of renal dysfunction.
(14) 

 

      Administration of metformin (100 

mg/kg/day) for one month to the diabetic 

male albino rats showed a significant 

decrease in blood glucose level.
(15)

 A case 

of serious hepatotoxicity possibly 

associated with metformin use at a dose of 

500 mg/day for 3 weeks in an elderly 

patient with poorly controlled type 2 

diabetes mellitus was reported.
(11) 

The 

laboratory analysis showed elevation of 

AST and ALT, alkaline phosphatase, and 

total bilirubin concentrations. In this case, 

metformin appeared to cause a mixed-type 

(hepatocellular and cholestatic) hepatic 

damage. 

    Concerning the effect of hypoglycemic 

agent on protein levels, it was reported that 

administration of metformin (100 mg/kg/day) 

for one month caused no significant effect on 

serum protein levels. The serum protein levels 

were also insignificantly changed after the 

administration of gliclazide (7.2 mg/kg/ day) for 

4 weeks as compared to that of the normal 

and diabetic control rats.
(15)

 

    Many reports have been recorded to 

study the effects of some oral anti-diabetic 

drugs on blood urea and creatinine as a 

http://www.ncbi.nlm.nih.gov/pubmed/18165348


285                                                             Bull High Inst Public Health Vol.41 No.2 [2011] 

 

significant marker in diabetic renal 

dysfunction. Impairment of kidney functions is 

a prominent feature of diabetes. Elevated 

levels of urea and decreased concentrations 

of uric acid and creatinine were shown in 

diabetes.
(16)

 It was stated that oral 

administration of metformin (500 mg/kg) for 21 

days significantly reduces plasma urea and 

glucose levels in male diabetic rats as 

compared with that in the diabetic control 

group.
(17) 

Also, serum creatinine exhibited 

significant decreases in streptozotocin-

induced diabetic rats as compared to the 

control.
(18)

 

           Many studies to date suggest that 

combinations of different classes of oral 

antidiabetic drugs are more effective than the 

maximum doses of a single drug. In fact, 

many authors (19 - 22) now suggest the use 

of combination therapy early – if not initially – 

in the disease process. Combination therapy, 

in addition to being more effective than 

monotherapy, will often permit the utilization of 

submaximal doses of the agents used. 

Therefore, patients will derive the benefits of 

all drugs used, while minimizing the likelihood 

of intolerable side effects from any one 

class.
(23)

 Several combination tablets are now 

available which help to defray the cost of 

diabetes management, and may improve 

adherence to prescribed therapy. Metformin 

and glimepiride seem to be particularly well 

suited for use in combination because of their 

different mechanisms of action. These drugs 

appear to have complementary effects in 

improving glycemic control, as well as 

beneficial effects on lipids and body weight.
(24)

 

         Several histological studies have been 

carried out in order to determine the 

histological changes in liver. In the liver of 

diabetic control rats there were a portal 

inflammation, focal necrosis, microvesicular 

flattening, apparent granular degeneration and 

hydropic swelling of hepatocytes.
(25)

 Studies 

have also shown that hepatobiliary disorders, 

such as inflammation, necrosis or fibrosis of 

non-alcoholic fatty liver disease, cirrhosis, 

hepatocellular carcinoma, hepatitis C, acute 

http://www.ncbi.nlm.nih.gov/pubmed/10454950
http://www.ncbi.nlm.nih.gov/pubmed/15752923
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liver failure, and cholelithiasis could follow 

diabetes.
(26) 

 

     Many authors reported histological 

abnormalities in kidney of rats that were 

injected with alloxan or streptozotocin (STZ). 

In glomeruli of diabetic animals, mesangial 

matrix expansion and compressed capillaries 

were observed.
(27)

 Diabetic nephropathy is 

characterized  histopathologically by 

thickening of the glomerular basement 

membrane and expansion of the mesangial 

area.
(28)

 They also reported that periodic acid 

schiff (PAS) stained section of kidney showed 

no extracellular matrix (ECM) expansion in 

control rats, but a clear expansion of 

mesangial area was noted in diabetic rats at 

24 weeks. Glomerular size was significantly 

greater in diabetic rats than in control rats at 

12 and 24 weeks. The extent of mesangial 

expansion correlates well with the progression 

of glomerulosclerosis and renal dysfunction.
(29)

 

Also, the kidney section of STZ-diabetic 

control rats showed marked microscopic 

changes like tubular multifocal clarification and 

vacuolation compared to kidney of non-

diabetic control rats.
(30)

 

The aim of the present work is to study 

the effect of the oral anti-diabetic drugs 

represented by glimepiride and metformin 

individually and in combination on some 

physiological serum parameters (glucose, 

AST, ALT, total protein, albumin, globulin, 

urea and creatinine levels) and histological 

alterations in liver and kidney of the diabetic 

rats. 

MATERIAL AND METHODS 

Experimental animals 

Male albino rats with body weight of 120-

160 g. were fed with a standard diet of bread, 

tap water, milk and wheat grains ad libitum. 

After randomization into groups, rats were 

acclimatized for a period of 14 days in the new 

environment before initiation of the 

experiment.  Rats   were   housed in   clean 

cages at room temperature.   

Chemicals 

Alloxan monohydrate was used as an agent to 

produce hyperglycemia.   Glimepiride (Amaryl) 
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and Metformin (Glucophage) as potential 

hypoglycemic agents for the treatment of 

diabetic rats. 

Induction of diabetes 

Alloxan was dissolved in sterile normal 

saline and injected immediately within few 

minutes to avoid degradation. Fasted rats 

were injected with alloxan in a dose of 150 

mg/kg body weight intraperitoneally.
(31)

 On the 

14
th
 day after alloxan administration, fasting 

blood samples were collected from the eye 

(venous pool) under ether anaesthesia for 

blood glucose estimation.
(32)

 

The survived animals were considered 

diabetic when their blood glucose level was 

higher  than  11  mmol/L.
(33)

 Only  uniformly 

diabetic rats were included in the study. 

Experimental design 

Rats were divided into five groups, 10 rats 

were used in each group as follows: 

Group 1: Normal control rats were injected 

with normal sterile saline solution (the solvent 

of alloxan) then after 14 days they received 1 

ml sterile saline solution / day for 28 days 

using an intragastric tube. 

Group 2: Diabetic control rats received only 1 

ml normal sterile saline solution / day for 28 

days using an intragastric tube. 

Group 3: Diabetic rats received glimepiride 

(0.5 mg/kg body weight) in 1 ml of sterile 

normal saline solution / day for 28 days using 

an intragastric tube.
(34)

 

Group 4: Diabetic rats received metformin 

(500 mg/kg body weight) in 1 ml of sterile 

normal saline solution / day for 28 days using 

an intragastric tube.
(17)

 

Group 5: Diabetic rats received a combined 

drug [ glimepiride (0.5 mg/kg body weight) and 

metformin (500 mg/kg body weight) ] in 1 ml of 

normal sterile saline solution / day for 28 days 

using an intragastric tube.  

Blood sampling and Biochemical 

parameters measurements in serum 

 At  the  end of the 28
th
 day, the  animals 

were fasted overnight. Blood samples were 

collected from the abdominal vein after ether 

anaethesia .The blood was allowed to clot at 

room temperature; serum was separated by 
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centrifugation at 3000 xg for 15 minutes. 

Serum samples were used for biochemical 

determinations.  

 Glucose was estimated by enzymatic 

colorimetric method
 (35)

. 

 AST and ALT levels were determined 

according to Schmidt and Schmidt
 (36)

. 

 Total protein level was estimated according 

to Biuret reaction
 (37)

 

 Albumin was estimated by Bromocersol 

Green (BCG) colorimetric method 
(38)

. 

 Globulin was determined according to 

Tietz 
(39)

. 

 Urea  was  estimated  according  to  the 

urease-modified Berthelot reaction 
(40)

. 

 Creatinine   was estimated by kinetic 

method
 (41)

. 

Microscopical techniques 

Kidney and liver were removed promptly 

and fixed in Bouin's fluid for 24 hours. After 

fixation, the organs were then dehydrated 

through ascending grades of ethyl alcohol until 

they reached the absolute alcohol (1 hour) 

then they were transferred to xylol (3 changes, 

5 minutes each). The organs were then 

placed in a mixture of melted wax and xylol 

(1:1) for about 10 minutes and then 

transferred to a paraffin wax (56
o
C) for about 2 

hours and then embedded. Sections were cut 

(3 micra thick) and stained with haematoxylin 

and eosin; (H and E).
(42)

 for microscopic 

examination . 

Statistical analysis: 

Data are expressed as mean of six 

individual samples ± SD. The results were 

computed statistically (SPSS software 

package, Version 15) using one–way analysis 

of variance.
(43)

 Values of p < 0.05 were 

considered statistically significant. 

RESULTS 

Biochemical parameters 

Effect of the used antidiabetic drugs on the 

levels of: 

1- Glucose: 

  Data of the present study show that the 

administration of glimepiride, metformin and 

the combination of them for 28 days 

decreased the levels of serum glucose 
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significantly as compared to that of the 

diabetic control group (Fig.1). On the other 

hand, the values were still more than that of 

the normal control rats in case of 

administration of both metformin and the 

combined drugs. Also, the present study 

shows that glimepiride was more effective 

than either metformin or the combined drug in 

the treatment of the diabetic rats. The mean 

values were 77.20±7.66, 162.20±75.28 and 

124.20±42.79 mg/dl for treatment with 

glimepiride, metformin and the combined 

drug, respectively while the normal value of 

serum glucose level was 87.00±29.06 mg/dl.  

 

 

Fig. (1): Effect of the used antidiabetic drugs (glimepiride, metformin and the 

combined drugs) on the levels of glucose (mg/dl) in serum of the diabetic rats 28 

days after treatments. 

 Different  letters  differ significantly (p<0.05), while similar letters differ insignificantly.          

  Letters indicate the significance between groups at a same day. 

  Asterisk indicates the significance between the same group at day 0 and day 28. 
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2-AST and ALT: 

Table (1) shows that the administration 

of alloxan to rats of diabetic control caused 

a significant increase in the activity of both 

serum AST and ALT as compared to that 

of the normal control group. 

At the same time the obtained data 

showed that treatment with glimepiride 

induced a significant increase in serum AST 

levels in comparison to that of the diabetic 

control group. Contrary to glimepiride group, 

administration of the combined drug 

significantly decreases the levels of AST. 

 

Table1: Mean ±S.D. of serum AST and ALT (U/L), total protein, albumin and globulin 

levels (gm/dl) 28 days after treatment of the diabetic rats. 

Globulin Albumin Total protein ALT AST Treatment 

2.85
a
±

 
0.37 2.43

a
±

 
0.10 5.28

a
±

 
0.30 37.6

a 
±3.36 66.8

a
±

 
10.92 Normal control 

0.68
b
±0.16 4.54

b
±

 
0.21 5.22

a 
± 0.30 72.6

b 
±13.18 115.8

b
±32.71 Diabetic control  

1.44
c 
±

 
0.74 4.64

b
±

 
0.94 6.08

b
± 0.33 84.6

 b
±9.45 168.4

c 
±9.45 Glimepiride  

1.97
c 
±1.16 3.57

c 
±1.54 5.54

a
±

 
0.50 77.4

b 
±7.99 123.8

b 
±36.81 Metformin 

3.19
d 

±0.39 2.13
a
±

 
0.08 5.32

a 
±0.38 56.2

c 
±7.53 89.4

a 
±4.67 Glimepiride+metformin 

Tabulated values are the average of six individual samples. 
Different superscripts (a,b,c,d) differ significantly (p<0.05), while similar superscripts differ insignificantly. 
 Letters indicate the significance between treatments at the same day. 

 

On the other hand, treatment with 

metformin exert no significant effect on the 

serum AST levels in comparison to the 

diabetic control group, while the value still 

significantly increased than that of the normal 

control rats. The mean values were 

66.80±10.92, 115.8±32.71, 168.4±9.45, 

123.8±36.81 and 89.4±4.67 (U/L) for the 

normal control, diabetic control, glimepiride, 

metformin and the combined drug, 

respectively. 

Serum ALT levels of diabetic rats 

increased, as compared to that in the control 

group. While results of the present work did 

not show any significant alterations in serum 

ALT levels for glimepiride as well as for the 

metformin group in comparison to the diabetic 

control group. At the same time, an apparent 
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significant decrease in serum ALT levels was 

observed after administration of the combined 

drug in comparison to the diabetic control 

group but the value is still significantly higher 

than that of the normal control rats. The mean 

values were 37.6±3.36, 72.6±13.18, 

84.6±9.45, 77.4±7.99 and 56.2±7.53 (U/L) for 

the normal control, diabetic control, 

glimepiride, metformin and the combined 

drug, respectively. 

3 -Total protein, albumin, and globulin:  

Table (1) shows that serum total protein 

levels remained unaffected in the diabetic rats 

as compared to that of the control rats. Also, 

administration of metformin or the combined 

drug caused no significant effect in serum 

protein levels as compared to diabetic control 

rats. On the other hand, administration of 

glimepiride induced a significant increase in 

serum protein level as compared to that of the 

diabetic control rats. The mean values were 

5.28±0.30, 5.22±0.30, 6.08±0.33, 5.54±0.50 

and 5.32±0.38 (gm/dl) for the normal control, 

diabetic control, glimepiride, metformin and 

the combined drug, respectively. 

Data also show that there is a significant 

elevation in serum albumin level in the diabetic 

control rats when compared with the normal 

rats. While, no significant change was 

observed in serum albumin levels after 

treatment with glimepiride when compared to 

that of the diabetic control group. Moreover, a 

significant decrease in the mean values of 

serum albumin was observed after 

administration of metformin for 28 days as 

compared to the diabetic control group, but 

the value is still higher than that of the normal 

control group, while administration of the 

combined drug tend to bring levels 

significantly towards the normal value as 

shown in table (1). 

Data of the current study indicate that 

there is a sudden significant decrease in 

mean serum globulin levels of diabetic 

control rats when compared with that in the 

normal control rats. Data also reveal that 

there is an obvious significant increase in 

serum globulin levels after treatment with 
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glimepiride, metformin and the combined 

drug in comparison to that in the diabetic 

control group. It is clear also that serum 

globulin levels in the combined drug 

treatment are found to be significantly 

higher in comparison to that of glimepiride 

and metformin groups and even in 

comparison to that of the control group. 

The mean values were 2.85±0.37, 

0.68±0.16, 1.44±0.74, 1.97±1.16 and 

3.19±0.39 (gm/dl) for normal control, 

diabetic control, glimepiride, metformin and 

the combined drug, respectively (Table 1). 

4 – Urea and creatinine: 

Fig. (2) reveals that the mean levels of 

serum urea increased significantly in the 

diabetic rats as compared to that of the 

normal rats. Concerning the treatment with 

glimepiride, data show that there is a 

significant decrease in the levels of serum 

urea as compared to that of the diabetic 

control group. While the treatment with the 

combined drug significantly increased the 

levels of serum urea as compared to that of 

the diabetic control group. Data also show 

that there is no significant change in the 

levels of urea in serum of rats after 

administration of metformin to the diabetic 

rats. The mean values were 33.2±3.83, 

44.6±8.65, 38.4±4.51, 41.01±5.15 and 

56.4±5.22 (mg/dl) for the control, diabetic 

control, glimepiride, metformin and the 

combined drug, respectively. 

The data obtained indicate that mean 

serum creatinine levels of the diabetic rats 

are significantly increased when compared 

with that of the control rats. In contrast, 

single or combined administration of 

glimepiride, and / or metformin significantly 

decreased serum creatinine levels as 

compared to that of the diabetic rats and 

brought the levels toward the normal 

values. The mean values were 0.39±0.07, 

0.73±0.22, 0.43±0.23, 0.59±0.17 and 

0.52±0.05 (mg/dl)  for  the  control, diabetic  

control, glimepiride, metformin and the 

combined drug, respectively (Fig.3). 
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Fig. (2): Effect of the used antidiabetic drugs (glimepiride, metformin and the combined 

drugs) on serum urea levels (mg/dl) 28 days after treatment of diabetic rats. 

 

-    Different letters differ significantly (p<0.05), 

while similar letters differ insignificantly.  

-   Letters indicate the significance between 

groups at the same day. 

 
Fig. (3): Effect of the used antidiabetic drugs (glimepiride, metformin and the combined 

drugs) on serum   creatinine levels (mg/dl) 28 days after treatment of diabetic rats. 

Different letters differ significantly (p<0.05), while similar letters differ insignificantly.  
-    Letters indicate the significance between groups at the same day. 
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Histopathological findings: 

Liver 

Rat liver of the control group generally 

exhibited a normal mural architecture. 

Hepatocytes showed a homogenous 

cytoplasm and a large spherical nucleus 

containing one or more nuclei and variable 

amounts of dispersed and peripheral 

heterochromatin. Hepatocytes are located 

among blood capillaries called sinusoids (s) 

forming cord like structure known as hepatic 

cell cords. The lumens of sinusoids contain 

mainly erythrocytes and white blood cells. 

Kupffer cells (k) are found to rest on the 

luminal surface of the sinusoids 

endothelium. In addition, blood vessels 

(BV) contain erythrocyte in normal shape 

as shown in fig. (4). 

 

 

 

 

 

 

 

 

 
 
Fig.4: Light micrograph of transverse section in the liver of the albino rat, control group. 
Hepatocyte (arrows), S: Sinusoids, BV: Blood vessel, N: Spherical nucleus, K: Kupffer 
cells. HE Stain. X 400. 

 

 

Light microscopic study of the liver of 

albino rat treated with alloxan 150 mg/kg body 

weight (fig.5) shows several changes. The 

liver cells are degenerated (double arrows). 

Vacuolation increased and some cells are 

completely filled with large vacuoles 



295                                                             Bull High Inst Public Health Vol.41 No.2 [2011] 

 

presenting balloon like appearance (arrow 

heads). In addition, there is disorganization of 

hepatocytes with lysis of cytoplasm. 

Furthermore, there is dilation and congestion 

of blood sinusoids (s). Moreover, there are 

numerous hypertrophied kupffer cells (k) in 

sinusoids.  

 

 

 

 

 

 

 

 

Fig.5: Light micrograph of transverse section in the liver of the albino rat, diabetic control 

group. Arrows point to swelling of hepatocytes, degenerated hepatocytes (double 

arrows), large vacuole (arrow heads), S: dilation and congestion of blood sinusoids, 

hypertrophied kupffer cells (k). HE Stain. X 400. 

 

In glimepiride treated diabetic rats (fig 

6), there is an apparent decrease in 

hepatocyte degeneration and vacuolation. 

Hepatocytes show some pyknosis of nuclei 

(Pyn) and they are still swollen. In addition, 

there is extensive dilation of sinusoids (S). 

The liver shows moderate disorganization 

of the hepatic cords. 

The liver tissues of the albino rats 

treated with metformin (500mg/kg) body 

weight (fig.7) exhibited an apparent 

decrease in hepatocyte degeneration, 

vacuolation and pyknosis of nuclei as 

compared to diabetic control group. 

Furthermore, the liver cords arrangement 

appears normal. 
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Fig.6: Light micrograph of transverse section in the liver of the diabetic albino rat 
after treatment with glimepiride (0.5 mg/kg. b.wt.) S: point to dilatation of blood 
sinusoids, pycnotic nuclei (Pyn), numerous kupffer cells (k). HE stain. X 400.  

 

 

 

 

 

 

 

 

 

 
Fig.7: Light micrograph of transverse section in the liver of the diabetic albino rat 
after treatment with metformin (500 mg/kg. b.wt.) Arrows point to degenerated 
hepatocytes, swelling of hepatocytes (arrow heads), numerous kupffer cells (k). HE 
stain. X 400 

 

Histological analyses demonstrate 

wide range of alteration in liver of diabetic 

albino rat treated with the combined drug 

for 28 days (figs. 8 and 9). The 
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hepatocytes are highly vacuolated and 

hypertrophied (arrows). Cytoplasmic 

vacuolation is the most obvious 

pathological alteration. The degenerative 

hepatocytes having lysed cytoplasm and 

deformed nuclei. Furthermore, the liver 

cord arrangement is highly disrupted and 

the hepatocytes could be distinguished 

only by the degenerated nuclei surrounded 

by small masses of cytoplasm (N). 

Sinusoids in most cases are distend with 

massive congestion (S). 

 

 

 

 

 

 

 

 

 

Fig.8: Light micrograph of transverse section in the liver of the diabetic albino rat 
treated with the combined drug (glimepiride 0.5 mg/kg. b.wt.) and (metformin 500 
mg/kg. b.wt.) . Arrows point to hepatocyte swelling and vacuolation, dilation of 
blood sinusoids (S), kupffer cells (K), pycnotic nuclei (Pyn). HE stain. X 400. 
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Fig.9: Light micrograph of transverse section in the liver of the diabetic rat treated 
with the combined drug (glimepiride 0.5 mg/kg. b.wt.) and (metformin 500 mg/kg. 
b.wt.). Arrows point to hepatocyte swelling and vacuolation, necrotic hepatocyte 
(double arrows), and deformed nuclei (N). HE stain. X 1000. 
 

Kidney 

       The normal kidney (fig. 10) has a 

number of nephrons, the nephrons is made 

up of renal tubules (double arrow heads) 

and renal corpuscles. The renal corpuscles 

consist of a cluster of capillaries 

(glomerulus: G) surrounded by the 

Bowman's capsule (Bc). The microscopic 

picture of the glomerulus showed capillary 

space covered by endothelial cells on the  

 

 

 

inner side, which in their lumen contained 

nucleated blood cells. The space between 

capillaries is filled with mesangial cells. On 

the inner side of the Bowman's capsule, 

epithelial cells are found. The convoluted 

renal tubules are covered by tall columnar 

cells with a weak eosinophilic cytoplasm 

and apical microvilli or brush border 

towards the lumen. 
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Fig.10: Light micrograph of transverse section in kidney of the albino rat, control 
group. G: Glomerulus, Gc: Glomerular Capillaries, Er: Erythrocytes, Bc: Bowman's 
capsule, Bs: Bowman's space, renal tubules (double arrow heads). HE stain. X 400. 
 

  Kidney sections of alloxan-diabetic control 

rats (fig. 11) show glomerular alterations. 

The glomerular size is significantly great 

(G) in diabetic rats resulting in a reduction 

in Bowman's space to the glomerulus 

(double arrows). Moreover, mesangial  

 

matrix expansion is noticed (arrow heads). 

Furthermore, degeneration of renal tubules 

(double arrow heads) including 

intracytoplasmic vacuoles in the epithelial 

cells of these tubules is frequently 

observed.  

 

 

 

 

 

 

 
Fig.11: Light micrograph of transverse section in kidney of the diabetic albino rat. G: 
Glomerulus, arrow heads point to mesangial area expansion, double arrows point to 
adhesion of the glomerulus to Bowman's capsule (Bc) , renal tubule degeneration 
(double arrow heads). HE stain. X 400.  
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  After 28 days of glimepiride treatment (0.5 

mg/kg body weight), degenerative changes 

of renal corpuscles are noticed (figs. 12 

and 13). It is presented by atrophy of 

glomerular capillaries (Gc) causing 

Bowman's space dilatation (Bs). Moreover, 

the glomerular network shows expansion of 

mesangial tissue (arrow heads) with some 

adhesion of Bowman's capsule to the 

glomerulus (double arrows). The 

degeneration of renal tubules is still 

observed in the kidney including complete 

lysis of cytoplasm and vacuolation (double 

arrow heads).     

   

 

 

 

 

 

 

 

 

 

Fig.12: Light micrograph of transverse section in the kidney of the diabetic albino 
rat after treatment with glimepiride (0.5 mg/kg. b.wt.). The atrophy of glomerular 
capillaries (Gc) with bowman's space dilatation (Bs), mesangial area expansion 
(arrow heads), double arrow heads indicate degeneration of renal tubules. HE stain. 
X 400. 
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Fig.13: Light micrograph of transverse section in kidney of the diabetic albino rat 
after treatment with glimepiride (0.5 mg/kg. b.wt. ). Arrow heads point to expansion 
of mesangial area, double arrows point to adhesion of the glomerulus to Bowman's 
capsule, degeneration of renal tubules (double arrow heads). HE stain. X 1000. 
 

  The intensity of the damage is still severe in 

diabetic rats treated with metformin (fig.14). 

The glomerular shows frequent shrinkage 

(arrow) and destruction increase of mesangial 

tissue (arrow heads) and widening of the 

Bowman's space consequently Bowman's 

space is enlarged (arrow). In addition, severe 

damage of the renal tubules displaying 

multifocal clarification and vacuolation (double 

arrow heads).  

 

 

 

 

 

 

 
Fig.14: Light micrograph of transverse section in kidney of the diabetic albino rat 
after treatment with metformin (500 mg/kg. b.wt.). Arrow heads point to mesangial 
matrix expansion, arrow points to shrinkage of the glomerular capillaries and 
increased space with in the Bowman's space, double arrow heads point to complete 
degeneration of renal tubules. HE stain. X 400. 



Khadre et al.,                                                                                                                     302 

 

     Treatment with the combined drug for 

28 days shows glomerular alterations (fig. 

15). The glomeruli of this group shows 

mesangial matrix expansion (arrow head), 

and compressed capillaries are observed 

(arrow). Furthermore, degeneration and 

necrosis of renal tubules are evident. Some 

tubules appear empty (double arrow 

heads); others show separation of the 

epithelial cells from its membrane causing 

a wide space in between the renal tubules 

(double arrow heads).    

 

 

 

 

 

 

.  

 

 

 
 
 
 
 
 
 
Fig.15: Light micrograph of transverse section in kidney of the diabetic albino rat 
after treatment with the combined drugs (glimepiride 0.5 mg/kg. b.wt. and metformin 
500 mg/kg. b.wt.). Arrow head points to mesangial area expansion, arrow points to 
dilation of glomerular capillaries, degeneration and sparation of renal tubules from 
its basement membrane (double arrow heads). HE stain. X 400. 
 

DISCUSSION  

Administration of alloxan to rats, as 

expected, resulted in hyperglycemia, through 

the destruction of -   cells of the islets of 

Langerhans. The mechanism of alloxan action 

was   fully   described     elsewhere.
(44) 

 The 

 

 

present data demonstrated that the 

administration of glimepiride, metformin 

and the combined drug for 28 days to 

diabetic rats induced a significant decrease 

in serum glucose levels. These findings run 
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paralleled with that obtained previously by 

many authors (17,34,45,).The antidiabetic 

effect of glimepiride may be due to that 

sulfonylurea drugs act on pancreatic  -

cells, in which membrane ATP-sensitive K
+
 

channels are inhibited, to promote the 

release of insulin and thereby reduce the 

blood glucose level.
(46)

 Also, it is well 

established that metformin reduces fasting 

blood glucose concentration by reducing 

rates of hepatic glucose production
(47)

, its 

effect on the relative contribution of hepatic 

glycogenolysis.
(48)

 and gluconeogenesis 

;
(49)

. Moreover, the antihyperglycemic effect 

of metformin could be linked to more than 

one mechanism. These mechanisms 

include the: a - improving peripheral 

sensitivity to insulin, b - inhibiting 

gastrointestinal absorption of glucose (12) 

and c - decreasing hepatic glucose 

production.
(13)

 In addition, glimepiride and 

metformin seem to be particularly well 

suited for use in combination because of 

their different mechanism of action 
(50)

 

Enzymes directly associated with the 

conversion of amino acids to keto acids are 

ALT and AST .In our study, increases in 

the activities of serum AST and ALT in the 

diabetic as well as antidiabetic treated rats 

relative to their normal levels induce 

hepatic dysfunction and show severe 

hepatotoxicity. Our results are in 

agreement with those previously reported 

by Nathan et al.
(11)

 It has been concluded 

that higher ALT is a risk factor for type 2 

diabetes and indicates a potential role of 

increased hepatic gluconeogenesis and / 

or inflammation in the pathogenesis of type 

2 diabetes.
(51)

 The increase of the activities 

of AST and ALT in serum may be mainly 

due to the leakage of these enzymes from 

the liver cytosol into the blood stream 

which give an indication on the hepatotoxic 

effect of alloxan.
(52)

 Histological 

examination of diabetic liver in the present 

study revealed dilatation and congestion of 

blood sinusoids between the hepatic cells 

with numerous hypertrophied kupffer cells. 
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Similarly, sinusoidal dilatation with increase 

in kupffer cells between the hepatic cells 

was shown.
(53)

 sinusoidal fibrosis in 

diabetic patients was also observed.
(54)

 In 

the present study, hepatocytes were 

swollen with marked cytoplasmic 

vacuolation and nuclei of many cells 

revealed clear signs of necrosis. Same 

results were also reported using 

streptozotocin (STZ) – induced diabetic 

rats.
(53)

 In agreement with the present 

work, severe destruction of hepatic cells 

after streptozotocin injection in rats as focal 

necrosis, vacuolation, granular 

degeneration and swelling of hepatocytes 

were noted.
(25)

 Also, cellular damage of 

liver cells and increase in serum 

aminotransferase that proves the damage 

were reported in alloxan-treated mice.
(55)

 

The present results demonstrate that 

normoglycaemia with glimepiride or 

metformin treatment could ameliorate 

histological hepatic lesions, metformin is 

more potent than glimepiride. The 

improvement of liver histology associated 

with glimepiride or metformin in the present 

investigation could be attributed to its 

antidiabetic action resulting in alleviation of 

altered metabolic status in animals. 

Similarly, remarkable improvement in the 

histological alterations of liver was noticed 

in STZ-diabetic rats after treating with 

metformin (25mg/kg) for 28 days.
(56) 

  

Data show also that treatment of the 

diabetic rats with the combined drug 

caused a significant reduction in the activity 

of AST and ALT enzymes in serum as 

compared to that in the diabetic rats, but 

the readings didn't reach to the normal 

value. This result may be due to that 

metformin has been proven effective in 

both monotherapy and in combination with 

sulfonylureas.
(12)

 As insulin sensitizer, 

metformin acts predominantly on the liver, 

where it suppresses glucose release.
(57)

 

Metformin has also been shown to inhibit 

intestinal absorption of glucose, while 

glimepiride stimulates insulin secretion.
(58)
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In addition, the present study also 

demonstrates the severe destruction in 

liver of diabetic rats treated with the 

combined drug (glimepirid and metformin) 

although the glucose and liver enzymes 

decreased significantly. 

It was also evident from the results of the 

present work that only glimepiride group 

increases the total protein levels in alloxan 

induced diabetic rats. At the same, time 

serum albumin levels were found to be 

increased in both diabetic control rats and 

rats treated with either glimepiride or 

metformin. This increase may be ascribed 

to the renal damage. patients with early 

renal insufficiency and early renal damage 

had a significantly higher concentration of 

serum albumin.
(59)

 The presence of 

abnormal amount of protein in the urine 

reflects systemic disease that result in an 

inability of the kidneys to normally reabsorb 

the proteins through the renal tubules.
(60)

 In 

the present work, the presence of different 

amounts of serum globulin in the treated 

groups could be due to the challenge 

response towards the increase or decrease 

noticed in the concentration of albumin in 

these groups.   

Diabetic hyperglycemia induces elevation 

of the plasma levels of urea and creatinine 

which are considered as significant 

markers of renal dysfunction.
(61)

 The results 

of the current work show a significant 

increase in the levels of serum urea and 

creatinine in the diabetic group. After the 

treatment of alloxan diabetic rats with 

glimepiride, metformin or the combined 

drug, the level of creatinine was decreased 

significantly in the serum as compared with 

that of the diabetic group. Also, the results 

of the present work show that only with 

glimepiride treatment, the elevation of 

serum urea levels caused by diabetes is 

reduced. These findings may be due to that 

the main effect of the sulfonylureas in 

enhancement of insulin secretion and 

improvement of metabolism by both 

pancreatic and extrapancreatic 
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mechanisms.
(18)

 On the other hand, 

treatment with metformin or the combined 

drug didn't bring urea levels to the normal 

values.  

    Histologically, the kidney sections of 

alloxan diabetic control rats of the present 

study show marked increase in the 

glomerular size, mesangial matrix 

expansion, necrosis and vacuolation of 

renal tubules. The glomerular enlargement 

is not due to the increase in the size of the 

mesangium or in the width of the basement 

membrane, but to enlargement of the 

intercapillary volume. Same results 

associated with increase in filtration 

surface were reported.
(62)

 Studying 

normoglycaemia with glimepiride, 

metformin and the combination of both in 

the present investigation couldn't 

ameliorate the glomerular and tubular 

lesions that characterize diabetic 

nephropathy. Moreover, there is atrophy in 

the glomerular capillaries with widening of 

the Bowman's space as well as increase of 

serum albumin in the groups treated with 

glimepiride and metformin separately when 

compared with the normal group. This 

increase in the albumin level means that 

there is inability of the kidneys to reabsorb 

the produced protein through renal tubules 

as normally happened. This also proofs the 

inability of protein with intermediate 

molecular weight to enter the Bowman 

space (60). In the group treated with the 

combined drug, increased serum urea level 

indicates kidney failure. However, with 

prolonged diabetes, diabetic nephropathy 

will develop and characterized by 

proteinuria, a loss of renal function and a 

rapid progression to end-stage renal 

failure
(63)

. 

In conclusion, the combination of 

biochemical and histological biomarkers 

provides useful and sensitive tools in the 

investigation of chronic effects induced by 

diabetes and anti-diabetic drugs. 

Accordingly, frequent biochemical and 

laboratory analysis  is  important  to  check 
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occurrence   of   complications  during   the 

course of treatment.  

REFERENCES 
 

1. Aguwa, C. N. and Omole, O. K. (1998): 
Diabetes mellitus. In: Aguwa C.N. editor. 
Therapeutic basis of clinical pharmacy in 
the tropics, 2

nd
 ed. Enugu, Nigeria: Snaap 

Press (Nig) Ltd., 231-48. 
2. Herman, W. H.; Ali, M. A.; Aubert, R. E.; 

Engelgau, M. M.; Kenny, S. J. and 
Gunter W. W.; (1995): Diabetes mellitus in 
Egypt: risk factors and prevalence. Diab 
Med., 12:1126-1131.  

3. Jennifer ,G. and Mark F. (2008): New 
combination treatments in the 
management of diabetes: focus on 
sitagliptin – metformin.  Vasc Health Risk 
Manag. 4 (4): 743–751. 

4. DeFronzo, R. (1997): Current therapy of 
diabetes mellitus, (1

st
 ed). St. Louis, MS: 

Mosby-Year Book. 
5. Stephen, N. D. (2004) : The role of 

glimepiride in the effective management 
of Type 2 diabetes.  Journal of Diabetes 
and Its Complications. 18 (6) :367- 376. 

6. VJ Griffith M.L, and Davis S.N.(2010) : 
The role of glimepiride in the treatment 
of type 2 diabetes mellitus. Expert Opin 
Drug Metab Toxicol. 6 (2): 225-235. 

7. Ch Sampanis (2008) :  Management of 
hyperglycemia in patients with diabetes 
mellitus and chronic renal failure. 
Hippokratia. 12(1): 22–27. 

8. Korytkowski , MT.( 2004) : Sulfonylurea 
treatment of type 2 diabetes mellitus: 
focus on glimepiride. 
Pharmacotherapy. 24 (5): 606-620. 

9. Saleh, N. M. and Maged M. Y. (2011): 
Antidiabetic Activity Evaluation of 
Glimepiride and Nerium oleander Extract 
on Insulin, Glucose Levels and Some Liver 
Enzymes Activities in Experimental 
Diabetic Rat Model. Pakistan Journal of 
Biological Sciences. 14: 984-990. 

10. Wiernsperger, N. F. and Bailey, C. J. 
(1999): The antihyperglycaemic effect of 
meformin: therapeutic and cellular 
mechanisms. Drugs, 58: 31-39. 

11. Nathan, D.M, Holman, R.R, Buse, J.B., 
et al. (2008): Management of 
hyperglycemia in type 2 diabetes: a 
consensus algorithm for the initiation and 
adjustment of therapy. Diabetes Care. 
31:173–175. 

12. Davidson, M. B. and Peters, A. L. 
(1997): An overview of metformin in the 
treatment of type 2 diabetes mellitus. Am 
J Med.,102:99-110  

13. Fulgencio, J. P.; Kohl, C.; Girard, J. and 
Pegorier, J. P. (2001): Effect of 
metformin on fatty acid and glucose 
metabolism in freshly isolated 
hepatocytes and on specific gene 
expression in cultured hepatocytes. 
Biochem. Pharmacol., 62:439-46.  

14. Bailey C.J. (2005):  Treating insulin 
resistance in type 2 diabetes with 
metformin and thiazolidinediones. 
Diabetes Obes Metab. 7: 675–691. 

15. El-Batran, S. A.; Abdel-Salam, O. M. E.; 
Nofal, S. M. and Baiuomy, A. R. (2006): 
Effect of rosiglitazone and nateglinide on 
serum glucose and lipid profile alone or in 
combination with the biguanide metformin 
in diabetic rats. Pharmacological 
Research. 53:69-74. 

16. Gawronska–Szklarz, B.; Musial, D. H. 
and Pawlik, A. (2003): Effect of 
experimental diabetes on 
pharmacokinetic parameters of lidocaine 
and MEGX in rats. POI J phamacol., 
55:619-24.  

17. Dimo, T.; Rakotonirina, S. V.; Tan, P. 
V.; Azay, J.; Dongo, E.; Kamtchouing, 
P. and Gros, G. (2007): Effect of 
Sclerocarya birrea (Anacardia ceae) Stem 
bark methylene chloride/methanol extract 
on streptozotocin-diabetic rats. Journal of 
Ethnopharmacology, 110:434-438. 

18. Yassin, M. M. and Mwafy, S. N. (2007): 
Protective potential of Glimepiride and 
Nerium oleander extract on lipid profile, 

http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=search&db=PubMed&term=%20Green%2BJ%5bauth%5d
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=search&db=PubMed&term=%20Feinglos%2BM%5bauth%5d
http://www.jdcjournal.com/article/S1056-8727%2804%2900078-9/abstract
http://www.ncbi.nlm.nih.gov/pubmed?term=Briscoe%20VJ%5BAuthor%5D&cauthor=true&cauthor_uid=20055691
http://www.ncbi.nlm.nih.gov/pubmed?term=Griffith%20ML%5BAuthor%5D&cauthor=true&cauthor_uid=20055691
http://www.ncbi.nlm.nih.gov/pubmed?term=Davis%20SN%5BAuthor%5D&cauthor=true&cauthor_uid=20055691
http://www.ncbi.nlm.nih.gov/pubmed/20055691
http://www.ncbi.nlm.nih.gov/pubmed/20055691
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=search&db=PubMed&term=%20Sampanis%2BC%5bauth%5d
http://www.ncbi.nlm.nih.gov/pubmed?term=Korytkowski%20MT%5BAuthor%5D&cauthor=true&cauthor_uid=15162895
http://www.ncbi.nlm.nih.gov/pubmed/15162895


Khadre et al.,                                                                                                                     308 

 

body growth rate, and renal function in 
streptozotocin induced diabetic rats. Turk 
J Biol., 31:95-102 

19. DeFronzo RA. (1999): Pharmacologic 
therapy for type 2 diabetes mellitus. Ann 
Intern Med., 131:281–303 

20. Inzucchi SE. (2002): Oral 
antihyperglycemic therapy for type 2 
diabetes. JAMA.,287:360–372. 

21. Charpentier G.( 2002): Oral combination 
therapy for type 2 diabetes. Diabetes 
Metab Res Rev. 18:S70–S76.  

22. Riddle MC. (2005): Glycemic 
management of type 2 diabetes: an 
emerging strategy with oral agents, 
insulins, and combinations. Endocrinol 
Metab Clin North Am.,34:77–98. 

23. Bell DS. (2004): Practical considerations 
and guidelines for dosing sulfonylureas as 
monotherapy or combination therapy. Clin 
Ther.,26:1714–1727. 

24. DeFronzo, R. A. and Goodman, A. M. 
(1995): Efficacy of metformin in patients 
with non-insulin dependent diabetes 
mellitus. New England Journal of 
Medicine, 333:541-549.  

25. Guven, A.; Yavuz, O.; Cam, M.; Ercan, 
F.; Bukan, N.; Comunoglu, C. and 
Gokce, F. (2006): Effects of melatonin on 
streptozotocin-induced diabetic liver injury 
in rats. Acta Histochemica, 108:85-93.  

26. Tolman, K. G.; Fonseca, V.; Tan, M. H. 
and Dalpiaz, A. (2004): Narrative review: 
Hepatobiliary disease in type 2 diabetes 
mellitus. Ann Intern Med., 141:946-956.  

27. Kiersztan, A.; Baranska, A.; Hapka, M.; 
Lebiedzinska, M.; Winiarska, K.; 
Dudziak, M. and Bryla, J. (2009): 
Differential action of methylselenocysteine 
in control and alloxan-diabetic rabbits: 
Chemico-Biological Interaction, 177:161-
171.  

28. Kenichi, M.; Masanobu, M.; Takehiko, 
K.; Shoko, T.; Akira, F.; Katsushige, A.; 
Takashi, H.; Yoshiyuki, O. and Shigeru, 
K. (2004): Renal synthesis of urokinase 
type-Plasminogen activator, its receptor, 
and plasminogen activator inhibitor-1 in 

diabetic nephropathy  in rats: Modulation 
by angiotensin- converting-enzyme 
inhibitor. J Lab Clin Med., 144 (2):69-77. 

29. Anderson, S.; Rennke, H. G.; Garcia D. 
L. and Brenner, B. M. (1989): Short and 
long term effects of antihypertensive 
therapy in the diabetic rats. Kidney Int., 
36:526-536. 

30. Tedong, L.; Dimo, T.; Dzeufiet, P. D. D.; 
Asongalem, A. E.; Sokeng, D. S.; 
Callard, P.; Flejou, J. F. and 
Kamtchouing,P.(2006): 
Antihyperglycemic and renal protective 
activities of Anacardium occidental 
(Anacardiaceae) Leaves in streptozotocin 
induced diabetic rats. Afr. J. Trad 
(CAM),3(1):23-35. 

31. El-Batran, S. A.; EL-Gengaibi, S. E. and 
EL-Shabrawy, O. A. (2006): Some 
toxicological studies of Momordica 
charantia L. On albino rats in normal and 
alloxan diabetic rats. Journal of 
opharmacology, 108:236-242. 

32. Waynforth, B. H. (1980): Injection 
techniques, Experimental and Surgical 
Techniques in the Rat. Academic press, 
London, P. 3-61 

33. Zhang, J.T. (1998): Modern Experimental 
methods in pharmacology. Beijing 
medical university, Beijing, P. 982 

34. Takada, Y.; Takata, Y.; Iwanishi, M.; 
Imamura, T.; Sawa, T.; Morioka, H.; 
Ishihara, H.; Ishiki, M.; Usui, I.; Temaru, 
R.; Urakaze, M.; Satoh, Y.; Inami, T.; 
Tsuda, S. and Kobayashi, M. (1996): 
Effect of glimepiride (HOE 490) on insulin 
receptors of skeletal muscles from 
genetically diabetic Kk-Ay mouse. 
European Journal of pharmacology, 
308:205-210. 

35. Trinder, P. (1969): Determination of 
glucose in blood using glucose oxidase 
with alternative oxygen acceptor. Annals 
clinical Biochemistry, 6:24.  

36. Schmidt, E. and Schmidt, F.W. (1963): 
Determination of serum GOT and GPT 
.Biol.Clin. 

37. Young, D.S. (1990): Effect of drugs on 



309                                                             Bull High Inst Public Health Vol.41 No.2 [2011] 

 

clinical laboratory tests.( 3
rd 

ed.) AACC 
Press Washington, DC. 

38. Doumas, B. T.; Watson, W. A. and 
Biggs, H. G. (1971): Albumin standards 
and the measurement of serum albumin 
with Bromocresol Green. Clin. Chem. 
Acta., 31:87-96. 

39. Tietz N.W. (1995):Clinical guide to 
laboratory tests (3

rd
 ed.) W.B. Saunders, 

Philadelphia. 
40. Patton, C. J. and Crouch, S. R. (1977): 

Spectrophotometric and kinetics 
investigation of the Berthelot reaction for 
the determination of ammonia. Analytical 
Chemistry, 49:464-469. 

41. Henry, R. J. (1974): Clinical chemistry, 
principles and technics, 2

nd
 Edition, 

Harper and Row, P.525. 
42. Culling, C. F. A. (1974): Handbook of 

Histopathological and Histochemical 
techniques (3

rd
 ed). Troubridge and 

Escher publishers Redwood Burn limited. 
43. Snedecor, G. W. and Cochran, W. G. 

(1969): Statistical Methods 6
th
 ed. The 

Lowa State University Press. Ames. 
Lowa. U.S       

44. Colca, J. R.; Kotagel, N.; Brooks, C. L.; 
Lacy, P. E.; Landt, M. M. C. and Danield 
M. L. (1983): Alloxan inhibition of a Ca

2+
 

and calmodulin-dependent protein kinase 
in pancreatic islets. J. Biol. Chem., 
25:7260-7263.  

45. Pari, L. and Satheesh, M. A. (2006): 
Effect of pterostilbene on hepatic key 
enzymes of glucose metabolism in 
streptozotocin and nicotinamide-induced 
diabetic rats. life sciences, 79:641-645. 

46. Panten, U.; Schwanstecher, M. and 
Schwanstecher, C. (1992): Pancreatic 
and extropancreatic sulfonylurea 
reseptors, Horm. Metab. Res., 24:549. 

47. Cusi, K. and Defronzo R. A. (1998): 
Metformin: a review of its metabolic 
effects. Diabetic Review, 6:98-131. 

48. Christiansen, M. P.; Linfoot, P. A. 
Neese, R. A. and Hellerstein, M. (1997): 
Metformin effects upon post absorptive 

intra hepatic carbohydrate fluxes. 
Diabetes, 46:244A.  

49. Stumvoll, M.; Nurjhan, N.; Periello, G.; 
Dailey, G. and Gerich, J. E. (1995): 
Metabolic effects of metformin in non-
insulin dependent diabetes mellitus. New 
England Journal of Medicine, 333:550-
554.  

50. Davis, S. N. (2004): The role of 
glimepiride in the effective management 
of type 2 diabetes. Journal of Diabetes 
and its complications, 18:367-376. 

51. Elizabeth, H. and Harris, M. D. (2005): 
Elevated liver function tests in type 2 
diabetes. Clinical diabetes, 23(3),115-119. 

52. Navarro, C. M.; Montilla, P. M.; Martin, 
A.; Jimenez, J. and Utrilla, P. M. (1993): 
Free radicals scavenger and 
antihepatotoxic activity of Rosmarinus. 
Plant Med., 59:312-314. 

53. AL-Rawi, M.M. (2007): Effect of trifolium 
sp. Flowers extracts on the status of liver 
histology of streptozotocin-induced dia 
Briscoe betic rats. Saudi journal of 
biological Sciences, 14(1):21-28. 

54. Caldwell, S. H.; Oelsner, D. H.; Lezzoni 
L. E.; Hespenheide, E. E.; Battle, E. H. 
and Driscoll, C.I. (1999): Cryptogenic 
cirrhosis: clinical characterization and risk 
factors for underlying disease. 
Hepatology, 29(3):664-669.  

55. Zhang, X.; Liang, W.; Mao, Y.; Li, H.; 
Yang, Y. and Tan, H. (2007): Hepatic 
glucokinase activity is the primary defect 
in alloxan–induced diabetes of mice. 
Biomedicine and Pharmacotherapy, P.1-
7.  

56. Yanardag, R. (2005): Protective effects of 
metformin treatment on the liver injury of 
streptozotocin-diabetic rats. Human and 
Experimental toxicology, 24(3):129-135. 

57. Goldfine, A. (2001): Type 2 diabetes: 
new drugs, new perspectives. Journal of 
Clinical Endocrinology and Metabolism, 
86: 280. 

58. Campbell, R. K. (1998): Glimepiride: role 
of a new sulfonylurea in the treatment of 



Khadre et al.,                                                                                                                     310 

 

type 2 diabetes mellitus. Annals of 
pharmacotherapy, 32:1044-1052. 

59. Viswanathan, V.; Snehalatha, C.; 
Kumutha, R.; Jayaraman, M. and 
Ramachandran, A. (2004): Serum 
albumin levels in different stages of type 2 
diabetic nephropathy patients. Indian J. 
Nephrol., 14:89-92.  

60. Lerma, E. V. and Mclaughlin, K. (2009): 
Proteinuria. Available at: http://www. 
medscape.com.  

61. Almadal, T.P. and Vilstrup, H. (1988): 
Strict insulin  treatment  normalizes  the 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

organic nitrogen contents and the 
capacity of urea-N synthesis in 
experimental diabetes in rats. 
Diabetologica, 31:114-118. 

62. Kroustrup, J. P.; Gundersen, H. J. G. 
and Sterby, R. (1977): glomerular Size 
and structure in diabetes mellitus. III. 
Early enlargement of the capillary surface. 
Ibid., 207.  

63. Tesch, G. H. and Nikolic-Paterson, D. J. 
(2006): Recent Insights into Experimental 
Mouse Models of Diabetic Nephropathy. 
Nephron Exp Nephrol, 104:57-62. 


