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Background: To consider new hypoglycaemic, anti-hyperlipidaemic and anti-platelet aggregation 
sources, aqueous methanol extract of Acacia Nilotica (AN) leaves was investigated in streptozotocin 
induced diabetic rats. Methods: Diabetes mellitus was induced in 90 out of 120 male albino rats by 
administering 50 mg/Kg bodyweight (bw) streptozotocin intraperitonealy, and was confirmed by 
measuring fasting blood glucose level >200 mg/dL on 4th post-induction day. The rats were equally 
divided into 4 groups, A (normal control), B (diabetic control), C (diabetics rats treated with plant 
extract) and group D (diabetics rats treated with glyburide). The rats of group C and D were given 
single dose of 300 mg/Kg bw, AN extract, and 900 µg/Kg bw glyburide respectively for 3 weeks. 
Blood glucose levels were measured by glucometer, platelet aggregation by DiaMed method, β-
thromboglobulin and insulin by ELISA technique, and lipid components were measured by enzymatic 
calorimetric method. Results: Significant differences (p<0.05) were noticed in blood glucose, serum 
insulin, platelet aggregation and triglyceride levels in diabetic rats treated with AN extract and 
glyburide as compared to diabetic controlled rats. A significant difference (p<0.05) in β-
thromboglobulin and LDL levels was also noticed in rats treated with glyburide than the diabetic 
controlled rats. The levels of fasting blood glucose, β-thromboglobulin and platelet aggregation were 
significantly reduced (p<0.05) in diabetic rats treated with glyburide than AN extract treated rats. 
Conclusions: Administration of AN leaves extract showed hypoglycaemic and anti-platelet 
aggregation activity in diabetic rats as that of glyburide. 
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INTRODUCTION 
Diabetes mellitus refers to a group of common 
metabolic disorders that share the phenotype of 
hyperglycaemia. Hyperglycaemia results from defect in 
insulin secretion, insulin action or most commonly, the 
both.1 Diabetes is a global problem affecting people of 
all social strata throughout the world and the number of 
those affected is increasing day by day. According to 
WHO, more than 360 million people would likely to be 
affected by diabetes mellitus by the year 2030. In 
Pakistan, the number of diabetic patients is expected to 
increase 2 to 3 folds, from 5.2 million in the year 2000 
to 13.9 million in the year 2030, making it the 4th most 
effected country in rank after China, India and USA.1,2 

Diabetes mellitus is recognised by chronic 
hyperglycaemia and is associated with long term 
damage, dysfunction and failure of various body organs 
by involvement of micro and macro-vasculature.3 The 
micro-vascular involvement mostly effects retina, renal 
glomeruli and peripheral nerves, while macro-vascular 
involvement results in dyslipidemia, formation of 
reactive oxygen species (ROS), advance glycation end 
product (AGEs), platelet hyper-reactivity and 
endothelial dysfunction.4 Disturbance in endothelial 
function and coagulation pathway may lead to platelet 
activation, adhesion and aggregation.5  

A large number of anti-diabetic medicines are 
available in the pharmaceutical market for diabetes and 
its related complications; however, currently no 
effective therapy is available to cure the disease. WHO 
Expert Committee on Diabetes has recommended 
investigating traditional herbal medicines6, and in this 
regard more than 400 medicinal plant species have been 
compiled. These herbal products are gaining popularity 
in developing and developed countries due to their 
lesser side effects and low cost.7 

The aqueous extract of AN pods, fruits, bark 
and seeds have been used traditionally for ailments like 
diarrhoea, leprosy, asthma, skin disease, ulcer, cancers 
of eye and ear, tuberculosis and smallpox8; however, its 
hypoglycaemic, hypolipidaemic and anti-platelets 
aggregation effect in diabetic animal is controversial. 

The present study was designed to determine 
the effect of AN leaves extract on blood glucose, 
insulin, platelet aggregation, ß-thromboglobulin and 
lipid levels (total cholesterol, triglyceride, LDL and 
HDL) in Streptozotocin (STZ) induced diabetic rats. 

MATERIAL AND METHODS 
This study was conducted from November 2008 to 
November 2009 at the Shifa College of Medicine/Shifa 
International Hospital, and National Institute of Health, 
Islamabad on 120 healthy male albino rats weighing 
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225–250 gram. The rats were housed in polypropyelene 
cages with 12 hours dark-light cycle, at a temperature of 
25–30 °C and controlled humidity of 35–60%. The 
animals were on free water access and standard pellet 
diet throughout the experiment. 

In this experimental study, a total of 120 rats 
were divided into 4 equal groups A, B, C, and D. Group 
A consisted of normal rats, group B diabetic control rats, 
group C diabetic rats treated with AN extract and group 
D diabetic rats treated with glyburide.  

The animals were fasted overnight (14–16 
hours) before induction of diabetes by STZ. The animals 
of group B, C, and D were injected 50 mg/Kg 
bodyweight (bw) fresh STZ intra-peritonealy, prepared 
by dissolving in citrate buffer (0.01M, pH 4.5). An equal 
volume of citrate buffer was administered to control 
group A. On 4th post-treatment day, diabetes was 
confirmed by measuring fasting blood glucose levels. 
The rats who did not show fasting blood glucose levels 
>200 mg/dl, or showed any other symptomatic illness 
were excluded from the study.  

Acacia Nilotica leaves were collected from the 
NIH Farms in Islamabad and its species was confirmed 
by Department of Biological Sciences Quaid-e-Azam 
University, Islamabad. Acacia nilotica extract was 
prepared in 80% aqueous methanol after crushing and 
macerating AN leaves, and was suspended in distilled 
water. The rats of group C and group D were given 
single morning dose of 300 mg/Kg bw AN extract and 
900 µg/Kg bw glyburide respectively, by intragastric 
tube for 3 weeks. 

Five ml of blood was drawn after 3 weeks after 
sacrificing the rats. Blood glucose was measured 
immediately by Medisense Optimum Glucometer9. 
Insulin levels were analysed by ELISA method using 
PRG Active Insulin ELISA reagent based on Sandwich 
principle. Twenty-five µL serum was mixed with the 
reagents and the optical density was recorded at 450 ηm 
with micro-titre plate reader. The insulin concentration 
of the samples was determined by a standard curve 
obtained by measuring samples of known insulin 
concentration. 

Platelet aggregation was measured within 
hours by DiaMed Impact-R method using the Impact –R 
test reagent based on Cone and Plate principle. Five 
hundred µL citrated blood was mixed with 10 µL of 
arachidonic acid and aggregation was recorded by 
taking photographs.  

β-thromboglobulin levels were measured 
within an hour by ELSIA technique using the 
Asserchrom BTG-reagent. The blood was mixed with 
anticoagulant (trisodium citrate and theophyline) and 
sample was allowed to cool in an ice bath. Two hundred 
µL of platelet free plasma was obtained by 
centrifugation and mixed with reagents. Optical density 
was read at 500 ηm with a micro-titre plate reader. 

Total cholesterol, triglyceride, LDL and HDL 
levels were measured after mixing plasma with 
respective auto reagents and absorbance was measured 
at 500 ηm by homogeneous Enzymatic Calorimetric 
Test using Hitachi Auto Analyser 911. 

Data was analysed using SPSS-15. Categorical 
variables were expressed as percentage while 
continuous variables were expressed as Mean±SD. 
Difference was considered to be significant if the Null 
hypothesis could be rejected with >95% confidence 
interval, (p<0.05 two tailed). 

RESULTS 
Table-1 shows comparison of fasting blood glucose, 
insulin, β-thromboglobulin levels and platelet 
aggregation between normal and experimental rats. A 
statistically significant elevation (p<0.05) in fasting 
blood glucose, β-thromboglobulin levels and platelet 
aggregation and a significant reduction in serum insulin 
levels was seen in STZ induced diabetic rats (group B) 
as compared to normal controls (group A).  

Administration of AN leaves extract and 
glyburide in diabetic rats (group C and D) caused a 
significant reduction (p<0.05) in their fasting blood 
glucose levels and platelet aggregation and a significant 
increase (p<0.05) in serum insulin levels as compared to 
diabetic control rats (group B). However, a significant 
reduction (p<0.05) in the levels of β-thromboglobulin 
was observed only in rats treated with glyburide as 
compared to diabetic controlled rats. 

When the comparison of diabetic rats treated 
with plant extract (group C) was done with diabetic rats 
treated with glyburide (group D), a significant decrease 
(p<0.05) was seen for fasting blood glucose, platelet 
aggregation and β-thromboglobulin levels, but the 
difference for serum insulin levels was found to be non 
significant (p=0.164); however, the levels in both the 
treatment groups remained significantly high than the 
control group.     

Table-2 shows comparison of lipid profile 
(total cholesterol, triglyceride, high density lipoprotein 
(HDL) and low density lipoprotein (LDL) between the 
normal and experimental rats. Compared with normal 
rats, diabetic rats showed significantly raised levels of 
serum cholesterol and triglyceride but change in HDL 
and LDL levels was found to be non significant 
(p=0.716, 0.052 respectively). Treatment with plant 
extract in diabetic rats resulted significant reduced 
(p<0.05) levels of triglyceride as compared to the 
diabetic controls, while the levels of total cholesterol 
(p=0.274), LDL (p=0.133) and HDL (p=0.705) were 
affected non-significantly. Only the levels of triglyceride 
and LDL in diabetic rats treated with glyburide showed 
a significant difference (p<0.05) from that of the 
diabetic controlled rats. Within the two treatment groups 
(C and D), the difference in the levels of total 
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cholesterol (p=0.437), TG (p=0.084) LDL (p=0.243) 
and HDL (p=0.208) were found to be non significant. 

Figure-1 shows comparison of body weight 
between control and experimental rats. A statistically 
significant reduction in weight (p<0.05) was noticed in 
streptozotocin induced diabetic rats as compared to 

normal controls. The rats treated with AN extract or 
glyburide showed a significant increase in their body 
weight as compared to diabetic control rats. However, 
gain in weight between rats treated with plant extract 
and with glyburide was found to be non-significant 
(p=0.084).

Table-1: Comparison of fasting blood glucose, serum insulin, platelet aggregation and β-thromboglobulin 
levels between normal and experimental groups 

 
Parameters 

Normal control rats 
Group A (n=30) 

Diabetic control rats 
Group B (n=30) 

Diabetic rats treated 
with plant extract  
Group C (n=30) 

Diabetic rats treated 
with glyburide  

Group D (n=30) 
Fasting blood glucose levels (mg/dL) 86.60±11.20 253.43±30.12* 162..90±26.75*† 145±23.46 *†● 
Serum Insulin level (µIU/ml) 12.93±6.25 0.69±0.19* 1.48±0.77*† 1.89±1.40 *† 
β-thromboglobulin level (µg/ml) 6.12±0.79 17.13±2.53* 16.26±2.72* 8.33±2.20 †● 
Platelet aggregation % 2.11 8.76 * 4.35*† 3.41*†● 

*Compared to group-A, †Compared to group-B, =Compared to group C 

Table-2: Comparison of total cholesterol, triglyceride, high and low density lipoprotein levels between normal 
and experimental groups 

 
Parameters 

Normal control rats 
Group A (n=30) 

Diabetic control rats 
Group B (n=30) 

Diabetic rats treated 
with plant extract 
Group C (n=30) 

Diabetic rats treated 
with glyburide 

Group D (n=30) 
Total cholesterol mg/dL 64.80±22.31 78.70±22.50 * 73.10±16.26 * 69.87±15.74 
Triglyceride mg/dL 58.33±11.31 286.00±236.29 * 123.83±18.60 *† 114.40±22.72 *† 
HDL mg/dL 51.20±21.05 55.63±15.05 57.07±14.07 52.50±13.72 
LDL mg/dL 11.63±6.60 8.13±3.85 9.87±4.89 11.40±5.18 † 

*Compared to group A, †Compared to group B 
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Figure-1: Comparison of Body-weight between 

control and experimental rats 

DISCUSSION  
Our study is in consistence with a number of studies10–12 
who reported that a significant increase in fasting blood 
glucose, β-thromboglobulin and platelet aggregation 
levels and a decrease in their serum insulin levels in 
STZ induced diabetic rats as compared to normal 
controls.  

Streptozotocin induces diabetes/ 
hyperglycaemia by changes in DNA of the pancreatic 
beta cells comprising its fragmentation or alkylation’s.13 
Streptozotocin generates reactive oxygen species, 
inhibits Krebs cycle, activates poly ADP-ribose 
synthetase and thus depletes the intracellular NAD+ and 

NADP+ levels which inhibits pro-insulin synthesis and 
induces diabetes in a variety of animal species.14  

In our study STZ induced diabetic rats 
receiving AN leaves extract and glyburide showed a 
significant reduction of their fasting blood glucose and 
an increase in serum insulin levels in comparison to 
diabetic control rats. The results are in consistent with 
Maqsood et al15 who reported that AN extract 
significantly decreases the elevated blood glucose levels 
in diabetic rabbits. The results are also in corroboration 
with Xueqing et al. and Caster et al16,17 who reported 
hypoglycemic effects of AN extract in diabetic induced 
animals. 

More than 400 plants have been reported that 
effectively reduce the blood glucose levels in 
streptozotocin induced diabetic rats. Recent Phyto-
chemical studies have shown that the hypoglycaemic 
effect of these plants is due to presence of tannins and 
polyphenols having anti-oxidant property.18 Tannic acid 
possesses glucose transport-stimulatory and adipocyte 
differentiation–inhibitory activity and induces GLUT 4 
translocation19, while polyphenols inhibit α-glucosidase 
enzyme from the intestine and initiate release of insulin 
from the beta cells of pancreas20,21. Based on increased 
insulin levels in rats treated with AN extract and 
glyburide, it can be suggested that the possible 
mechanism of action of aqueous extract from AN could 
be related to anti-oxidant activity that aids to recovery 
from impaired glucose metabolism through release of 
insulin from the pancreas. 
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However, a study done by Wadood et al22 is 
contradictory to our study; who showed hypoglycaemic 
effect of AN extract in normal rabbits but not on alloxen 
induced diabetic rabbits. The possible reasons may be 
the use of different experimental animal model and the 
use of Acacia seeds extract instead of Acacia leaves 
extract. 

The hydrophilic compounds of AN, the 
tannins and polypherols, which are responsible for 
hypoglycaemic effects, are present 30–60% in the AN 
leaves as compared to other parts of the plant.23   

We have shown anti-platelet aggregation effect 
of aqueous extract of AN leaves on the diabetic rats as 
compared to diabetic control rats. The results are in 
consistent with Gilani et al24 and Rashid et al25 who 
demonstrated anti-platelet aggregation effect of AN 
extract in the human subjects.   

The first step in the response of platelets to 
vascular injury is their irreversible attachment to the 
altered surfaces followed by platelet aggregation. 
Agonists that interact with phosphoinositidase C-linked 
G-proteins (Gq/11) generate second messengers, inisitol 
tri-phosphate (IP3) and diacyl glycerol (DAG).26 IP3 
causes release of Ca+2 from intracellular stores (dense 
tubular system), and DAG activates protein kinase-C; 
both of these processes play a vital role in platelet 
aggregation in humans. The extract of Acacia nilotica 
inhibits platelet aggregation, produced through the 
blockage of Ca+2 influx.27  

A number of studies28–30 had shown 
significantly increased β-thromboglobulin levels in 
diabetic rats than the normal controls as seen in this 
study. The β-thromboglobulin, a low-affinity anti-
heparin protein, binds to endothelial cell membrane and 
inhibits prostacyclin secretion. It is also regarded as 
useful indicator for platelet release reaction and in 
judging efficiency of anti-platelet therapies and 
prognosis.29  

A significant increase in triglyceride (TG) 
levels and an increasing trend towards levels of total 
cholesterol in diabetic rats as compared to normal 
controls was shown in the present study. The results are 
consistent with Sochar et al31 and Arkkila et al32 who 
showed significant changes in lipid metabolism in the 
serum of diabetics. The increase in TG and total 
cholesterol levels in STZ induced diabetic rats may be 
due to lack of insulin under diabetic conditions.  

The administration of glyburide and aqueous 
extract from AN effectively reduced TG levels in STZ 
induced diabetic rats. The results are in corroboration 
with Maqsood et al15 who showed decreased TG levels 
by administration of AN extract to the diabetic animals. 
The decrease in TG level may be due to increased insulin 
release from the beta cells of pancreas that activates 
lipoprotein-lipase enzyme that hydrolysis TG33   

Our study showed an increase in HDL and a 
decrease in LDL levels, protecting the diabetics from 
atherosclerotic disease probably due to control of 
diabetes by the AN extract as seen in a study done by 
Maciejewski et al.34 Although abnormalities in cellular 
cholesterol metabolism could be partly responsible for 
the changes in plasma cholesterol level in diabetics, the 
precise mechanism underlying these enzymatic changes 
are yet to be elucidated.35  

STZ is associated with a significant loss of 
body weight as compared to normal controls. The 
muscle wasting with loss and degradation of the 
structural proteins is probably due to hyperglycemia.36 
When these diabetic rats were treated with AN extract or 
glyburide, a significant gain in body weight was noticed 
as compared to diabetic control rats. The increase in 
body weight is probably due to protein anabolic effect 
and reversal of gluconeogenesis and glycogenolysis by 
the improvement of insulin secretion as a result of 
insulinotropic effect of AN extract and glyburide.37 
Another possible reason of increase in body weight may 
be the presence of 30–60% of tannins and polyphenols 
in the AN leaves.23 

CONCLUSION 
Acacia nilotica leaves extract produces 
hypoglycaemic, hypolipidemic and anti-platelet 
aggregation activity in streptozotocin induced 
diabetic rats and the effects were comparable to 
glyburide. Further studies are needed to investigate 
the active ingredients and mechanism of action of 
Acacia nilotica leaves extract for producing 
hypoglycaemia and anti-platelet aggregate activity.          

ACKNOWLEDGMENT 
We thankfully acknowledge National Institute of 
Health (NIH) Islamabad for provision of access to the 
animals. We also acknowledge partial funding by 
Shifa College of Medicine Islamabad. 

REFERENCES 
1. Alvin CP. Diabetes Mellitus. In: Fauci AS, Braunwald E, Kasper 

DL, Hauser SL, Longo DL, Jameson JL, Loscalzo J. Harrison’s 
Principles of Internal Medicine. 17th ed. New York: McGraw Hill 
2008; p. 2275–304. 

2. Wild S, Roglic G, Green A, Sicree R, King H. Global prevalence 
of diabetes, estimates for the year 2000 and projections for 2030. 
Diabetes Care 2004;27:1047–53. 

3. Hink U, Li H, Mollnau H, Oelze M, Matheis E, Hartmann M, et 
al. Mechanisms underlying endothelial dysfunction in diabetes 
mellitus. Circ Res 2001;88:14–22. 

4. Cosentino F, Eto M, Paolis PD, Loo B, Bachschmid M, Ullrich 
V, et al. High glucose causes upregulation of cyclooxygenase 2 
and alters prostanoid profile in human endothelial cells, Role of 
protein kinase C and reactive oxygen species. Circulation 
2003;107:1017–23. 

5. Halliwell B, Gutteridge JMC. Lipid peroxidation oxygen radicals, 
cell damage, and antioxidant therapy. Lancet 1994;1:1396–7. 

6. WHO Expert Committee on Diabetes Mellitus Second Report 
Series 646, Geneva; 1981;p. 61. 



J Ayub Med Coll Abbottabad 2011;23(2) 

http://www.ayubmed.edu.pk/JAMC/23-2/Munazza.pdf 7 

7. Roman-Ramos R, Flores-Saenz JL, Alarcon-Aguilar FJ. Anti-
hyperglycemic effect of some edible plants. J Ethnopharmacol 
1995;48:25–32. 

8. Sundaram R, Mitra SK. Antioxidant activity of ethyl acetate 
soluble fraction of Acacia Arabica barks in rats. Indian J 
Pharmacol 2007;39:33–8. 

9. Jones J, Sharma A, Hasen KW, Iikova H, Patane G, Laybutt R, et 
al. Chronic hyperglycemia triggers loss of pancreatic beta cell 
differentiation in an animal model of diabetes. J Biol Chem 
1999;274:14112–21. 

10. Paul W, Queen LR, Page CP, Ferro A. Increased platelet 
aggregation in vivo in the Zucker diabetic fatty rat: differences 
from the streptozotocin diabetic rat. Br J Pharmacol 
2007;150:105–11. 

11. Ganda OP, Rossi AA, Like AA. Studies on streptozotocin 
diabetes. Diabetes 1976;25:595–603. 

12. Natarajan A, Zaman AG, Marshall SM. Platelet hyperactivity in 
type 2 diabetes: role of anti-platelet agents. Diabetes Vasc Dis 
Res 2008;5:138–44. 

13. Takasu N, Komiya I, Asawa T, Nagasawa Y, Yamada T. 
Streptozotocin and alloxan induced H2O2 generation and DNA 
fragmentation in pancreatic islets. Diabetes 1991;40:1141–5. 

14. Nukatsuka M, Yoshimura Y, Nishida M, Kawada J. Importance 
of the concentration of ATP in rat pancreatic beta cells in the 
mechanism of streptozotocin-induced cytotoxicity. J Endocrinol 
1990;127:161–5. 

15. Maqsood A, Fatima Z, Tanveer S, Zabta M. Anti-diabetic and 
hypolipidemic effects of aqueous methanolic extract of acacia 
nilotica pods in alloxen induced diabetic rats. Scand J Lab Anim 
2008;35:29–34. 

16. Nukatsuka M, Yoshimura Y, Nishida M, Kawada J. Importance 
of the concentration of ATP in rat pancreatic beta cells in the 
mechanism of streptozotocin-induced cytotoxicity. J Endocrinol 
1990;127:161–5. 

17. Scheen AJ, Lefebvre PJ. Oral anti-diabetic agents: A guide to 
selection. Drugs 1998;55:225–36.  

18. Kumar R. Chemical and biochemical nature of fodder tree 
tannins. J Agriculture Food Chem 1983;31:1346–66. 

19. Hirosh T, Mitsuy I, Mi T, Jin Ew, Tosiyasu S, Ikuko K. Effect of 
green tea on blood glucose levels and serum proteomics patterns 
in diabetic mice and on glucose metabolism in healthy humans. 
BMC Pharma 2004;4:18–30. 

20. Liu X, Kim JK, Li Y, Li J, Liu F, Chen X. Tannic acid stimulates 
glucose transport and inhibits adipocyte differentiation in 3T3-L1 
cells. Am J Clin Nutr 2005;135:165–71. 

21. Tiwari AK, Madhusudana RJ. Diabetes mellitus and multiple 
therapeutic approaches of Phyto-chemicals: present status and 
future prospects. Curr Sci 2002;83:30–8. 

22. Wadood A, Wadood N, Shah SA. Effects of Acacia Arabica and 
Caralluma edulis on blood glucose levels of normal and alloxan 
diabetic rabbits. J Pak Med Assoc 1989;39:208–12.  

23. Pande MB, Talpada PM, Patel ZN, Purohit LP, Shukla PC. Note 

on processed babul feeding to mature Kankrej bullocks. Indian J 
Animal Sci 1980;52:798–9. 

24. Gilani AH, Molla N, Atta-ur-Rehman, Shah BH. Role of natural 
products in modern medicine. J Pharm Med 1992;2:111–8. 

25. Rasheed H, Tirmizi AH, Salahuddin F, Rizvi NB, Arshad M, 
Farooq SZ, et al. Calcium signaling in human platelet 
aggregation mediated by platelet activating factor and calcium 
ionophre, A23187. J Biol Sci 2004;4:117–21. 

26. Shah BH, Milligan G. The gonadotrophic releasing hormone 
receptor of αT3-1 cells regulates cellular levels of both of the 
phosphoionositidase C-linked G proteins, Gqα and G11α, 
equally. Mol Pharmac 1994;46:1–7. 

27. Bretschneider E, Glusa E, Schror K. ADP, PAF, and adrenaline-
induced platelet aggregation and thromboxane formation are not 
affected by a thromboxane receptor antagonist at physiological 
external Ca+2 concentrations. Thromb Res 1994;5:233–42.  

28. Fritschi J, Christe M, Lammle B, Marbet GA, Berger W, Duckert 
F. Platelet aggregation, beta-thromboglobulin and platelet factor 
4 in diabetes mellitus and in patients with vasculopathy. Thromb 
Haemost 1984;52:236–9. 

29. Yamada K, Mori K, Goto Y. Platelet aggregation and plasma 
levels of beta-thromboglobulin in diabetes mellitus. Tohoku J 
Exp Med 1981;135:423–9.  

30. Taomoto K, Asada M, Kanazawa Y, Matsumoto S. Usefulness of 
the measurement of plasma beta-thromboglobulin (beta-TG) in 
cerebrovascular disease. Stroke 1983;14:518–24.  

31. Socher M, Baquer NZ, Mclean P. Glucose under utilization in 
diabetes: comparative studies on the changes in the activities of 
enzymes of glucose metabolism in the rat kidney and liver. Mol 
Physiol 1985;7:51–68.   

32. Arkkila PE, Koskinen PJ, Kantola IM, Ronnemma T, Seppanen 
E, Vikari JS. Diabetic complications are associated with liver 
enzyme activities in people with type 1 diabetes mellitus. 
Diabetes Res Clin Pract 2001;52:113–8. 

33. Lee KT, Shon IC, Kim DH, Choi JW, Kwon SH, Park HJ. 
Hypoglycemic and hypolipidemic effect of tectorigenin and 
kaikasaponin III in streptozotocin induced diabetic rats and their 
antioxidant activity in-vitro.  Arch Pharm Res 2000;23:461–6. 

34.  Maciejewski R, Rusinski P, Burski K, Figura T. Changes in 
glucose, cholesterol and serum lipid function levels in 
experimental diabetes. Ann Univ Mariae Curie Sklodowska 
2001;56:363–8. 

35. Bopanna KN, Kannan J, Sushma G, Balaraman R, Rathod SP. 
Antidiabetic and antihyperlipidemic effect of neem seed, kernel 
powder on alloxen diabetic rabbits. Ind J Pharmacol 
1997;29:162–7. 

36. Rajkumar L, Govidarajulu P. Increased degradation of dermal 
collagen in diabetic rats. Ind J Exp Biol 1991;29:1081–3. 

37. Kim JS, Jung BJ, Choi CW, Kim SC. Hypoglycemic and 
antihyperlipidemic effect of four Korean Medicinal plants in 
alloxen induced diabetic rats. Am J Biochem Biotechnol 
2006;2:154–60.

Address for Correspondence: 
Dr. Munazza Asad, Department of Physiology, Al-Nafees Medical College, Isra University, Islamabad Campus, Firash 
Town Islamabad, Pakistan. Tel: +92-51-843-9901-10, Cell: +92-333-5500566 
Email: munazza_wah@yahoo.com  


