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Abstract: The present work is aimed to investigate some of the physiological changes in streptozotocin-

induced experimental diabetic rat model with nephropathy. Animals were divided into control and 

experimental groups. The experimental group was rendered diabetic by intraperitoneal injection of a single 

dose of 50 mg/kg body weight streptozotocin. Rats with serum glucose levels >200 mg/dl considered as 

diabetics. Animals of the control group were injected with physiological saline. Streptozotocin-induced 

diabetic rats showed hypoinsulinemia and hyperglycemia compared to controls. Strong negative correlation 

(r=-0.8) was found between serum glucose and insulin levels in diabetic rats. Triglycerides and cholesterol 

levels were significantly increased in diabetic animals. Urea concentrations were also elevated markedly 

compared to controls. In contrast, uric acid and creatinine concentrations showed significant decrease. The 

activities of serum aspatate aminotransferase, alanine aminotransferase and alkaline phosphatase were 

significantly increased in streptozotocin-induced diabetic rats compared to controls. These findings 

demonstrate the utility of mouse models for identifying and testing novel therapeutic strategies which could 

translate into better protection against the human disease. 
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Introduction: Diabetes mellitus is a group of 

syndromes characterized by hyperglycemia, altered 

metabolism of lipids, carbohydrates and protein and 

an increased risk of complication of vascular 

diseases (1). The experimental diabetes induced by 

streptozotocin. Streptozotocin is widely used for 

inducing experimental diabetes in animals. High 

doses of β cell toxins like streptozotocin induce 

insulin deficiency and type 1 diabetes mellitus with 

ketosis. However, doses calculated to cause a partial 

destruction of β cell mass can be used to produce a 

mild insulin deficient state of type 2 diabetes 

mellitus, without a tendency to cause ketosis (2).  

Kidney function is impaired in diabetes mellitus. 

Diabetic nephropathy is the leading cause of end-

stage renal disease (3). The hepatorenal dysfunction 

and hyperlipdemia are considered the most common 

pathognomonic factors including the main 

complications in diabetes mellitus (4). 

Liver is an insulin dependant tissue, which plays a 

provital role in glucose and lipid homeostasis and 

severely affected during diabetes (5). Decreased 

glycolysis, impeded glycogenesis and increased 

gluconeogenesis are some of the changes of glucose 

metabolism in the diabetic liver (6).    

The current work was undertaken to assess the some 

of the physiological changes in streptozotocin-

induced experimental diabetic rat model with 

nephropathy. The experimental diabetes induced by 

streptozotocin in the present study seems to be a 

model of incipient diabetic nephropathy. The 

findings could open a new avenue of research in 

identifying and testing novel therapeutic strategies 

which could translate into better protection against 

the human disease. 

Materials and methods 

Experimental animals 

Male Sprague-Dawley rats weighting 170±30 gm 

were used throughout the study.  Animals were 

maintained under the ambient conditions in the 

animal house in the Department of Biology, The 

Islamic University of Gaza.  They were fed on a 

commercial balanced diet and water was provided 

ad Libitum with fresh supply daily allover the 

experimental period. 

Animals were divided into two major groups: 

control and experimental groups. The experimental 

group of animals was fasted for 24 hours and then 

intraperitoneally injected with a single dose of 50 

mg/kg body weight of freshly prepared 

streptozotocin dissolved in citrate buffer pH 4.5.  

Streptozotocin is a mixture of  and β anomers; 2-

Deoxy-2-[[(methyl-nitrosoamino)carbomyl] amino]-

D-glucopyranose,  that produces a selective toxic 

effect on β cells and induces diabetes mellitus in 

most laboratory animals (7). Streptozotocin was 

purchased from Himedia Laboratory Limited, 

Mumbai, India. Rats with glucose levels >200 mg/dl 

considered as diabetics.  

 

Physiological studies  

At each sampling date, 9 rats were taken from 

control groups and 11 rats from experimental/week. 

Animals were decapitated and blood samples were 

then collected into centrifuge tubes after the 

termination of 1,2,3 and 4 weeks, respectively. Clear 

serum were subjected to bioassay including serum 

insulin using Abbott IMx Insulin assay (8), glucose 

(9), triglyceride (10), cholesterol (11), urea (12), uric 

acid (13), creatinine (14), aspartate aminotransferase 
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and alanine aminotransferase activities (15) and 

alkaline phosphatase activity (16) using DiaSys 

reagent kits. 

Statistical analysis 

Data were statistically analyzed by computer using 

SPSS 11.0 for windows (Statistical Package for the 

Social Sciences Inc, Chicago, Illinois).  Means were 

compared by independent-samples t-test.  A 

probability level less than 0.05 were taken as 

significant.  Percentage change was also calculated.  

Graphs and correlations between different 

parameters were plotted using Microsoft excel 

program. 

Results 

Serum insulin and glucose levels 

Streptozotocin-induced diabetic rats showed 

significant decrease in insulin levels along the whole 

experimental intervals examined recording a 

maximum percentage decrease of 33.3% at the end 

of the third week of the experiment compared to 

control levels (Table 1).  In contrast, serum glucose 

levels were markedly increased in diabetic rats 

allover the experimental periods studied recording a 

maximum percentage increase of 231.1%.  The 

maximum change in glucose level was concurrent 

with that of insulin level at the end of the third week 

of the experiment (Table 1). Strong negative 

correlation (r= -0.8) was found between glucose and 

insulin levels in streptozotocin-induced diabetic rats 

allover the experimental periods studied. 

 

Table 1: Serum insulin level (µU/ml) and serum glucose levels (mg/dl) in control, streptozotocin-diabetic 

albino rats at different time intervals. 

Parameter 
Experimental period (Week) 

1 2 3 4 

Insulin (µU/ml) 

Control 1.33±0.05 1.28±0.05 1.38±0.06 1.35 ±0.04 

Diabetic 

% change 

P 

1.0±0.09 

-24.8 

<0.01 

0.88±0.07 

-31.3 

<0.001 

0.92±0.09 

-33.3 

<0.01 

0.95±0.07 

-29.6 

<0.01 

Glucose (mg/dl) 

Control 101.3±6.4 107.8±7.1 103.5±5.7 104.6 ±5.2 

Diabetic 

% change 

P 

301.2±11.3 

197.3 

<0.001 

331.4±13.1 

207.4 

<0.001 

342.7±12.7 

231.1 

<0.001 

328.2±11.0 

213.8 

<0.001 

               All values are expressed as means ± Std. Error Mean.  

 

 

 

Serum triglyceride and cholesterol levels 

Serum triglycerides and cholesterol levels were 

found to be increased in diabetic rats recording 

percentage increases of 27.3 and 25.6%, respectively 

at the end of the experiment (Table 2). 

 

Table 2: Serum triglyceride and cholesterol level (mg/dl) in control, streptozotocin-diabetic albino rats at 

different time intervals. 

Parameter 
Experimental period (Week) 

1 2 3 4 

Triglyceride (µU/ml) 

Control 65.4±3.1 59.8±3.2 66.7±2.7 68.2±3.0 

Diabetic 

% change 

P 

73.1±3.7 

11.8 

>0.05 

70.3±2.8 

17.6 

<0.05 

83.4±3.3 

25.0 

<0.01 

86.8±3.6 

27.3 

<0.01 

Cholesterol (mg/dl) 

Control 80.3±3.2 82.1±2.8 83.8±2.9 78.6±3.1 

Diabetic 

% change 

P 

88.4±2.9 

10.1 

>0.05 

93.8±3.1 

14.3 

<0.05 

101.5±3.2 

21.1 

<0.01 

98.7±3.0 

25.6 

<0.01 

                           All values are expressed as means ± Std. Error Mean.  

 
 

 

 

 

Kidney Parameters  
Diabetic animal showed significant increase in 

serum urea concentrations with a percentage 

increase of 33.0% at the end of the experiment. In 

contrast, uric acid and creatinine showed significant 

decreases with percentage of 17.5 and 23.7%, 

respectively (Table 3). 
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Table 3: Serum urea, uric acid and creatinine concentrations (mg/dl), and serum level (mg/dl) in control, 

streptozotocin-diabetic albino rats at different time intervals. 

Parameter 
Experimental period (Week) 

1 2 3 4 

Urea (mg/dl) 

Control 33.6±1.6 37.4±1.9 34.8±1.8 35.1±1.7 

Diabetic 

% change 

P 

41.5±2.2 

23.5 

<0.05 

51.8±2.7 

38.5 

<0.01 

47.1±2.5 

35.3 

<0.01 

46.7±2.1 

33.0 

<0.01 

 Uric acid (mg/dl) 

Control 1.72±0.08 1.76±0.07 1.69±0.06 1.77±0.08 

Diabetic 

% change 

P 

1.65±0.10 

-4.1 

>0.05 

1.57±0.09 

-10.8 

>0.05 

1.44±0.08 

-14.8 

<0.05 

1.46±0.10 

-17.5 

<0.05 

Creatinine (mg/dl) 

Control 0.62±0.02 0.58±0.03 0.61±0.02 0.59±0.02 

Diabetic 

% change 

P 

0.60±0.03 

-3.2 

>0.05 

0.50±0.02 

-13.8 

<0.05 

0.48±0.02 

-21.3 

<0.01 

0.45±0.03 

-23.7 

<0.01 

                                            All values are expressed as means ± Std. Error Mean.  

 

Liver enzymes 

Serum aspartate aminotransferase and alanine 

aminotransferase exhibited significant increases with 

percentage increases of 20.4 and 26.5%, respectively 

in diabetic rats at the end of experimental periods 

studied compared to controls (Tables 4).  However, 

the increment in alanine aminotransferase activity 

was more pronounced than that observed for 

aspartate aminotransferase.   

Table 4 shows serum alkaline phosphatase activity 

in control, streptozotocin-induced diabetic rats at 

different time intervals.  The enzyme activity was 

significantly elevated in diabetic rats compared to 

controls.   

 

Table 4: Serum AST, ALT and ALP activities (U/L) in control, streptozotocin-diabetic albino rats at 

different time intervals. 

Parameter 
Experimental period (Week) 

1 2 3 4 

 AST (U/L) 

Control 83.3±3.6 87.9±3.8 86.1±4.2 88.2 ±2.9 

Diabetic 

% change 

P 

92.6±4.3 

11.2 

>0.05 

104.9±4.6 

19.3 

<0.05 

105.7±5.2 

22.8 

<0.05 

106.2±5.5 

20.4 

<0.05 

ALT (U/L) 

Control 35.4±1.3 38.5±1.5 36.7±1.4 39.2 ±1.5 

Diabetic 

% change 

P 

41.8±2.1 

18.1 

<0.05 

49.4±2.3 

28.3 

<0.01 

45.8±1.9 

24.8 

<0.01 

49.6±2.5 

26.5 

<0.01 

ALP (U/L) 

Control 59.5±2.4 58.0±2.6 59.3±2.1 54.8 ±1.8 

Diabetic 

% change 

P 

66.2±3.2 

11.3 

>0.05 

75.3±3.5 

29.8 

<0.01 

81.3±3.4 

36.8 

<0.001 

69.7±3.0 

27.2 

<0.01 

                                               All values are expressed as means ± Std. Error Mean.  

 

Discussion and Conclusion 

Most of rats developed hypoinsulinemia and 

hyperglycemia following streptozotocin injection 

and it persisted throughout the whole experimental 

duration.  Strong negative correlation (r=-0.8) was 

found between insulin and glucose levels. Similar 

results were reported (17, 18).   

Serum triglycerides and cholesterol levels were 

found to be increased in streptozotocin-induced 

diabetic rats allover the experimental periods 

studied. This result is in accord with other studies 

(19, 20). The abnormal high concentrations of serum 

lipids in the diabetic subject is due, mainly to 

increase in the mobilization of free fatty acids from 
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the peripheral fat depots, since insulin inhibits the 

hormone sensitive lipase (21). These effects may be 

due to low activity of cholesterol biosynthesis 

enzymes and or low level of lipolysis which are 

under the control of insulin. Hypercholesterolemia 

and hypertriglyceridemia have been reported to 

occur in streptozotocin diabetic rats (21). 

Kidney function is impaired in diabetes mellitus. 

Diabetic nephropathy is the leading cause of end-

stage renal disease. The experimental diabetes 

induced by streptozotocin in the present study seems 

to be a model of incipient diabetic nephropathy. This 

observation is in agreement with several authors (22, 

23). 

Data revealed marked elevation in serum urea 

concentrations in streptozotocin-induced diabetic 

rats. Similar effect was recorded (24). The increase 

serum urea concentrations may be due to depletion 

of serum protein, increase in the rate of circulating 

amino acids and deamination takes place that 

eventually converted to urea. The breakdown of 

amino acids during gluconeogenesis in the liver 

results in increased production of urea, fostering 

negative nitrogen balance (25). 

In contrast, serum uric acid and creatinine 

concentrations were decreased in diabetic animals. 

The decrease in serum uric acid concentrations may 

be due to either a decrease in uric acid production or 

an increase in its excretion and due to defects in 

tubular absorption caused by the nephrotoxic effect 

of streptozotocin. Serum uric acid has been recently 

associated with insulin resistance (26). 

Creatinine is an anhydride of creatine (an end 

product of protein metabolism). It appears in serum 

in amounts proportional to the body's muscle mass 

and easily excreted by the kidneys (27). 

Creatininuria occurs in any condition associated 

with extensive muscle breakdown as in starvation 

and poorly controlled diabetes mellitus (25). The 

decrease in serum creatinine concentrations may be 

due to streptozotocin nephrotoxicty. 

Serum transaminases and alkaline phosphatase 

activities were generally increased in streptozotocin-

induced diabetic rats during the experimental 

periods studied. Similar data were recorded (28, 29). 

Increase in the activities of liver enzymes may be 

due to streptozotocin toxicity, extensive tissue 

destructions, disturbances in the 

transphosphorylation and in the general metabolism 

of the different cells and tissues of diabetic rats (30). 

It is known that elevation of transaminases could be 

a common sign of impairment in liver function.   

In conclusion, administration of streptozotocin to 

albino rats caused damage to pancreatic β cells 

resulting in hypoinsulinemia and hyperglycemia. In 

diabetic animals triglycerides and cholesterol levels 

were elevated; urea concentrations were increased. 

In contrast, uric acid and creatinine concentration 

were decreased. Also, transaminases and alkaline 

phosphatase were elevated In diabetic animals 

indicating impairment of liver function. The 

streptozotocin model can be considered as one of the 

suitable animal models with diabetes mellitus with 

nephropathy. These findings could open a new 

avenue of research in the treatment of human 

disease. 

 

References 

1. Keen H, Ng Tang Fui S. The definition and classification of diabetes mellitus. Clin Endocrinol Metab 

1982; 11: 279-305. 

2. George M, Ayuso E, Castllas A, Costa C, Devedjian JC and Bosch F. β cell expression of IGF-I leads to 

recovery from type 1 diabetes. J Clin Invest 2002; 109: 1153-1163. 

3. Omachi R. The pathogenesis and prevention of diabetic nephropathy. J Med 1986; 145: 222-227. 

4. El-Agouza IM, Rawy AM, Saad AM, Lashin SS and El-Sisi SF. Effect of sulfur containing amino acids 

and insulin injection on streptozotocin diabetic rats. J Drug Res Egypt 2000; 23: 213-224. 

5. Seifrer S and England S Energy metabolism, In: Arias, I.; Propper, H.; Schacter, D., et al (Eds.). The 

liver: Biology and Pathology, Rauen Press, New York. pp. 1982 p 219-249. 

6. Baquer NZ. Glucose over utilization and under utilization in diabetes and effects of antidiabetic 

compounds. Ann Real Farm 1998; 64: 147-180.     

7. Wimhurst JM and Manchester KL. A comparison of effects of diabetes induced with either alloxan or 

streptozotocin and starvation on the activities in rat liver of key enzymes gluconeogenesis. Biochem J 1970; 

120: 95-103. 

8. National Committee for Clinical Laboratory Standards, NCCLS. Protection of Laboratory Workers from 

Occupationally Acquired Infection: Approved Guideline – Second Edition. NCCLS Document M29-A2. 

Wayne, PA: NCCLS 2001.  

9. Trinder P. Glucose GOD-PAP enzymatic and colorimetric method. Ann clin Biochem 1969; 6: 24.  

10. Fossati P, Principe L. Triglycerides enzymatic colorimetric test. Clin Chem 1982; 28: 2077. 

11. Richmond W. Preparation and properties of cholesterol oxidase from Nocarddia sp. and its application to 

the enzymatic assay of total cholesterol in serum. Clin Chem 1973; 19: 1350-1356. 

12. Fawcett JK, Scott JE. A rapid and precise method for the determination of urea. J Clin Pathol 1960; 13: 

156-159.  



 ---------------------------------------------------------------------------  Saleh. N. Mwafy & Maged.M. Yassin 

 __________________Journal of Al Azhar University–Gaza (ICBAS Special Issue), 2010, Vol. 12  24 

13. Fossati P, Prencipe L, Berti G. Use of 3,5-dichloro-2-hydroxy-benzenesulfonic acid/ 4-aminophenazone 

chromogenic system in direct enzymatic assay of uric acid in serum and urine. Clin Chem 1980; 26: 227-231. 

14. Bartels H, Bohmer M,  Heierli C. Serum creatinine determination without protein precipitation. Clin 

Chem Acta 1972; 37: 193-197. 

15. Thomas L. Alanine aminotransferase (ALT), Aspartate aminotransferase (AST). in: L, Thomas, editor, 

Clinical Laboratory Diagnostics. 1
st
 ed. Frankfort: TH-Books Verlagsgesellschaft. 1998, pp. 55-56. 

16. Bessey OA, Lowry DH, Brock JM. A method for the rapid determination of alkaline phosphatase with 

five cubic millimeters of serum. J Biol Chem 1946; 146: 321-329. 

17. West E, Simon OR, Morrison EY. Streptozotocin alters pancreatic β -cell responsiveness to glucose 

within six hours of injection into rats. West Indian Med J 1996; 45: 60-62. 

18. Bogardus C, Lillioja S, Howard V, Reaven G, Mott D. Relationships between insulin secretion, insulin 

action, and fasting plasma glucose concentration in nondiabetic and noninsulin-dependant diabetic subjects. J 

Clin Invest 1984; 74: 1238-1246. 

19. Annida B,  Stanely Mainzen Prince P. Supplementation of fenugreek leaves lower lipid profile in 

streptozotocin-induced diabetic rats. J Med Food 2004; 7: 153-156.  

20. Adaeova A, Kuzelova M, Faberova V,  Svec P. The hypolipemic effect of a new ACAT inhibitors, 

VULM 1457, in diabetic-hypercholesterolaemic rats. Pharmazie 2005; 60: 714-715. 

21. Pushparaj P, Tan CH, Tan BKH. Effects of Averrhoe bilimli leaf extract on blood glucose and lipids in 

streptozotocin diabetic rats. J Ethnopharmacol 2000; 72: 69-76. 

22. Omachi R. The pathogenesis and prevention of diabetic nephropathy. J Med 1986; 145: 222-227. 

23. Octem F, Ozguner F, Yilmaz HR, Uz E, Dundar B. Melatonin reduces urinary excretion of N-Acetyl-

beta-d-Glucoseaminase, Albumin and renal oxidative markers in diabetic rats. Clin Exp Pharmacol Physiol 

2006; 33: 95-101. 

24. Yassin M, Ashour A,  Elyazji N. Alterations in body weight, protein profile, non-protein nitrogen 

constituents and kidney structure in diabetic rats under glibenclamide treatment. J Islam Univ Gaza 2004; 12: 

65-82. 

25. Ganong WF. Review of Medical Physiology, 17
th

 ed., Lange Med Public, Chapter, 19, 1995 pp. 306-326. 

26. Facchini F, Chen YDI, Hollenbeck CB, Reaven GM. Relationship between resistance to insulin-

mediated glucose uptake, urinary uric acid clearance, and plasma uric acid concentration, JAMA 1991; 266: 

3008-3011. 

27. Stryer L. Biochemistry, 4
th

 ed., W.H. Freeman and Company, New York, United States of America, 

Chapter 24, 1995 pp. 607-610. 

28. El-Agouza IM, Rawy AM, Saad AM, Lashin SS, El-Sisi SF. Effect of sulfur containing amino acids and 

insulin injection on streptozotocin diabetic rats. J Drug Res, Egypt 2000;  23: 213-224. 

29. Yanardag R, Ozsoy-Sacan O, Orak H, Ozgey Y. Protective effects of glurenorm (gliquidone) treatment 

on the liver injury of experimental diabetes. Drug Chem Toxicol 2005; 28: 483-497. 

30. Tanaka K, Nanbara S, Tanaka T, Koide H, Hayashi T. Aminotransferase activity in the liver of diabetic 

mice. Diabetes Res Clin Pract 1998; 19: 71-75. 




