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Abstract 
 

Present study was designed to evaluate the hypoglycemic effect and antioxidant potential of 
polyherbal formulation in streptozotocin (STZ) induced diabetic rats. Five different groups 
were made including 10 rats in each group. An aqueous suspension of herbal mixture con-
taining 5 ingredients of equal amounts– leaves of Azadirachta indica (Margosa), leaves of 
Gymnema sylvestre (Gurmar), fruits of Momordica charantia (Bitter gourd), seeds of 
Syzigium cumini (Black plum) and seeds of Trigonella foenum (Fenugreek) was adminis-
tered orally once a day at a dose of 500 mg/kg body weight for a period of 4 weeks. In these 
groups lipid peroxidation (LPO), reduced glutathione (GSH) , glutathione S -transferase 
(GST), proteins, urea & cholesterol was estimated in liver and kidney as bioindicators of 
oxidative stress. The antidiabetic effect of herbal formulation was compared with antidia-
betic drug ‘Glibenclamide’.  Our observations showed that herbal treatment restored the 
elevated blood glucose level to normal range in diabetic rats. The formulation also pre-
vented the diabetes-induced decrease in the body weight of rats.   Results showed an in-
creased level of GSH and GST and significant decline in LPO with herbal treatment in the 
tissues of normal and diabetic animals, while no significant change was observed in GSH & 
GST level with glibenclamide treated diabetic group. Level of serum urea increased to al-
most two fold in diabetic rats as compared with the values observed in the control group. 
The urea level restored to normal range in diabetic rats after receiving the herbal mixture.  
Serum cholesterol was significantly lower in diabetic rats as compared to control.  The com-
bination of these five herbal drugs appeared more effective in low dose as an antidiabetic 
and antioxidant agent than the individual herbal drug, when used alone. This herbal formu-
lation also appeared to be devoid of any significant toxic effect in animals.   
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Introduction  

 
Polyherbal drugs are considered to be more effective for 
the management of diabetes with Ayruvedic medicines. 
Diabetes mellitus represents a syndrome of metabolic 
disorder and complex pathophysiological interactions 
between hyperglycemia, insulin resistance and dysfunc-
tion of the β cells of pancreas. The available antidiabetic 
measures such as oral hypoglycemic agents and insulin, 
do not effectively control the delayed diabetic complica-
tions like nephropathy, neuropathy, retinopathy and car-
diovascular diseases [1]. Streptozotocin (STZ), a β-
cytotoxin, induces ‘chemical diabetes’ in a wide variety 
of animal species including rat by selectively damaging 
the  insulin-secreting β-cells of  the pancreas.  Intraperito- 

 
neal injection of STZ produces fragmentation of DNA of 
β-cells of pancreas which stimulates poly (ADP-ribose) 
and depletes NAD ultimately leading to destruction of β-
cells and it is evidenced by clinical symptoms of hyper-
glycemia and hypoinsulinaemia [2,3]. Oxidative tissue 
injury has been suggested to play an important role in the 
pathogenesis of diabetes and associated complications [4]. 
However, much less information is available on the 
mechanism of action of plant products and their hypogly-
cemic potential when used in combination. Herbal prod-
ucts are generally considered to be least toxic and free 
from side effects when compared with their synthetic 
counterparts [5]. Studies have been undertaken in the past 
to assess herbal formulations containing several plant 
products for their cumulative hypoglycemic potential and 
their metabolic effects. 
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The serum glucose, lipid and cholesterol values for the 
rats are in agreement with those expected for streptozoto-
cin diabetic rats [6]. In India there is no report of this 
herbal formulation when used in diabetic rats in low dose, 
therefore the present study was planned to assess the anti-
oxidant potential and hypoglycemic effect of the herbal 
formulation in diabetic rats. Antioxidant potential of the 
herbal formulation was evaluated to understand its possi-
ble beneficial role in the pathogenesis of diabetes and 
associated tissue-damaging complications.   
  
The results of the study can serve as a step toward the 
development of an antihyperlipidemic herbal therapy for 
diabetes. 
 
Study design 
 
Preparation of polyherbal formulation  
Fresh fruits of M. cherantia (Karela), leaves of A. indica 
(Neem) and seeds of S. cumini (Jamun) were collected, 
cleaned and dried under shade. Dried leaves of G. syl-
vestre (Gurmar) and seeds of T. foenum (Methi) were 
purchased. The plants were botanically authenticated. 
Herbal ingredients were powdered separately and stored. 
Herbal preparation was made fresh before use by mixing 
the five ingredients in equal ratio (w/w) and homogeniz-
ing in water with the help of a pestle and mortar.  
 
Experimental design 
Diabetic rats having fasting blood glucose in the range of 
>200 mg/dl were selected for the study. This work has 
been approved by ethical committee of C.S.M.M.U. Rats of 
either sex were divided into the following five equally 
sized groups (10 rats) for 4 weeks of study 
 
Group I.  Control: Without any treatment 
Group II. Diabetic: Diabetic rats without any treatment 
Group III. Herbal treated-control: Non- diabetic rats given 
herbal treatment 
Group IV.  Herbal treated-diabetic: Diabetic rats given 
herbal treatment Group  
V. Diabetic treated Glibenclamide: Diabetic rats given 
Glibenclamide treatment 
  
Induction of diabetes 
Albino rats (100-150 g) maintained under standard labo-
ratory conditions, were fasted overnight prior to STZ ad-
ministration (Sigma, USA). Rats were injected with STZ 
at a dose of 70 mg/kg of body weight (BW) (in cold 0.9% 
NaCl) via intraperitoneal (IP) route. The induction of dia-
betes was confirmed by determination of high fasting 
blood glucose level with polydipsia and polyuria on the 
fifth day of STZ administration. Control animals were 
treated with normal saline. Rats with fasting blood glu-
cose level >200 mg/dl were selected for experimentation. 
All the animals were sacrificed after recording the final 

body weight. Blood glucose was again estimated at the 
end of herbal treatment before sacrificing the rats.  
 
Sample collection 
At the end of fourth week blood was collected by heart 
puncture in an EDTA vial (2 mg EDTA/ml blood) for 
glucose estimation and plain vial for blood urea and cho-
lesterol estimation. Immediately afterwards, the rats were 
sacrificed by decapitation and liver and kidney were taken 
out by dissection. Tissues were washed with ice-cold 
KCl-Tris buffer (1.15% KCl buffered with Tris-HCl, 
0.01M, pH 7.4) and homogenized with the help of Potter-
Elvehjem homogenizer in ice-cold KCl-Tris buffer con-
taining 0.001M EDTA for GSH estimation and without 
EDTA for estimation of lipid peroxide and GST. 
 
Determination of blood glucose [7] 
Fasting blood glucose level of animals was estimated by 
glucometer (Accuchek Instant, Germany) using a drop of 
blood taken from the tail vein. At the end of herbal treat-
ment blood collected in EDTA vial and blood glucose 
was determined spectrophotometrically by glucose oxi-
dase method using commercially available kit (Accurex 
Biochemical Pvt. Ltd. India). 
 
Determination of reduced glutathione and lipid peroxi-
dation [8] 
The level of GSH in the homogenates of liver and kidney 
was estimated as protein free sulfhydryl content using 
Ellman’s reagent Malonyldialdehyde (MDA), a product 
of unsaturated fatty acid peroxidation, was estimated in 
tissue homogenate as a measure of thiobarbituric acid 
reactive substances (TBARS) formed from LPO.  
 
Estimation of glutathione S-transferase [9]  
The activity of glutathione S-transferase (GST) in 2000g 
x 10 min supernatant of tissues was determined using 1-
chloro 2, 4- dinitrobenzine (CDNB) as the substrate  
 
Determination of urea and cholesterol [10] 
Blood urea and serum cholesterol were estimated spectro-
photometrically using commercially available kits (Ac-
curex Biochemical Pvt. Ltd. India) by enzymatic methods  
 
Protein content [11] 
Protein contents in liver and kidney were estimated by 
using bovine serum albumin as the standard. 
 
Statistical analysis  
The data was statistically evaluated and the significance 
of treatment in different group of rats was calculated us-
ing student’s t-test. All the results were expressed as 
mean +SE. 
 
Results 
 
We evaluate the antidiebetic and antioxidative potential of 
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polyherbal formulation containing leaves of Azadirachta 
indica & Gymnema sylvestre, fruits of Momordica cha-
rantia and seeds of Syzigium cumini  & Trigonella foe-
num (Table1 ). Each of these plants has been reported to 
have antidiebetic and antioxidative activities. Our find-
ings showed 15% increase in the body weight of control 
(normal) rats in 28 days. The weight of diabetic rats re-
duced significantly (12%) but treatment with herbal mix-
ture restored the weight of diabetic animals. Remarkably, 
the body weight gain (25%) in the control (normal) group 
of rats receiving herbal mixture was more than that ob-
served in the control animals, while no gain in body 
weight was observed in glibenclamide treated group (Ta-
ble II).  
 

An increase of 2-3 folds in the fasting blood glucose level 
was observed 5 days after STZ administration, which per-
sisted for another 4 weeks of the study period. Herbal and 
glibenclamide treated groups showed returned to normal 
value of blood glucose. Herbal treatment did not elicit any 
significant change in the glucose level in the control 
group of rats (Table III). Results of different biomarkers 
were shown in Table IV. The levels of TBARS measured 
as MDA, resulting from lipid peroxidation in the liver and 
kidney of control (normal) rats were 229, 230.  There was 
a significant increase of 56 and 80 % in LPO in the liver 
and kidney respectively of diabetic animals as compared 
to control rats. Herbal treatment significantly reduced the 

level of TBARS to below control values in the liver and 
kidney of normal animals. Enhanced LPO observed in the 
tissues of diabetic rats was restored to control or below 
control values following treatment with the herbal formu-
lation and glibenclamide. 
 

The basal level of GSH in the liver and kidney of control 
rats were 9.62, and 4.10 µmole/g tissue respectively. The 
level of GSH in liver and kidney of diabetic animals de-
creased by 20, 48% respectively, when compared with 
their respective control values. Herbal treatment of dia-
betic animals restored the GSH level to control or below 
the control values in the tissues investigated while no in-
crease in GSH level was observed in glibenclamide 
treated group.  Herbal treatment also raised the GSH con-
tent in the kidney of control rats without affecting the he-
patic level.  STZ induced diabetes caused a mild decrease 
in the hepatic and renal GST level. Chronic treatment 
with the herbal formulation resulted in significant rise of 
GST levels in all the tissues of diabetic rats. Herbal treat-
ment also increased the GST levels in liver (40%), and 
kidney (38%) as compared to respective values in control 
rats. Total protein contents of liver and kidney were sig-
nificantly decreased by 21%  and 17 % respectively in 
diabetic rats as compared to control animals. Herbal and 
glibenclamide treatment increased the proteins of liver 
and kidney to control values. 

 
Table 1. Composition of ingredient(s) present in polyherbal formulation 
 

Botanical name Common name           Family       Part used Ingredients Used
(mg) 

 

Azadirachta indica Margosa(Neem) Meliaceae, leaves 100 
Gymnema sylvestre Gudmar Asclepiadaceae. leaves 100 
Momordica charantia Bitter gourd Cucurbitaceae fruits 100 
Syzigium cumini Black plum Myrtaceae  seeds 100 
Trigonella foenum Fenugreek Fabaceae) seeds 100 

 
Table 2. Effects of herbal formulation on body weight in different groups  
 

Groups S.  
No. 

Body Weight 
 Control  Diabetic herbal treated 

control 
herbal treated 

diabetic 
Glibenclamide 
treated diabetic 

 

1 Before herbal treatment 129 + 5.9 135 + 4.5 117 + 5.2 131 + 5.1   128 +  5.6 
2 After herbal treatment  147 + 7.1 118 + 3.9*      146 + 8.3*           145 + 7.3                   135 + 4.6 
* p<0.01 as compared with initial weights of the same group of the rats 
 

Table 3. Effect of herbal formulation on blood glucose in normal (control) and diabetic rats. 
 
 

Groups S.  
No. 

Fasting blood glucose 
(mg/100ml) 

 
Control  Diabetic herbal treated 

control 
herbal treated 

diabetic 
Glibenclamide 
treated diabetic 

 

1 Before herbal treatment 73 + 3.4 211 + 17.7 78 +2.3 227 +23.6 237 +16.3 
2 After herbal treatment  80 +4.4 182 + 25.1 81 + 3.5 95 + 7.1* 98 + 8.7* 
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Table 4. Effect of biochemical parameters in different groups 
 

Groups S. 
No. 

Biochemical 
parameters 

 

Tissues 
Control  Diabetic herbal treated 

control 
herbal treated 

diabetic 
Glibenclamide 
treated diabetic 

1 Lipid peroxida-
tion 

 Liver  
Kidney 

229±9.0 
230±9.7 

359±15.6* 
415±12.6* 

147±3.5* 
147±11.3* 

192±7.4** 
225±4.7** 

184 ±6.5** 
211 ±7.1** 

2 GSH Liver  
Kidney 

9.62 + 0.26 
4.10 + 0.20 

7.62 + 0.19*** 
2.10 + 0.13*** 

9.14 + 0.15 
6.37 + 0.22*** 

8.66 + 0.24** 
4.80 + 0.88** 

9.12 ±.22 
5.2  ±.20 

3 GST Liver 
Kidney 

367 + 16 
 50.3 + 0.9 

342 + 19 
41.7 + 0.9*** 

514 + 14*** 
69.9 + 4.9*** 

505 + 30**** 
82.7 + 5.5**** 

390 ± 16 
55.2 ± 1.6 

4 Protein Liver 
Kidney 

208 + 2.9 
210 +  5.9 

163 + 7.2* 
173 + 5.3* 

273 + 6.4* 
213 + 6.3 

242 + 8.0** 

200 + 4.6**  
260 + 7.2** 
240 + 5.6** 

* P<0.01 as compared with control rats  
** P <0.01, as compared with diabetic rats. 
*** P <0.001 as compared with control rats  
**** P <0.001, as compared with diabetic rats. 
 
Table 5. Effect of herbal formulation on serum urea and cholesterol levels in different groups 
 

Groups S. 
No.  

Parameters 
 Control  Diabetic herbal treated 

control 
herbal treated 

diabetic 
Diabetic treated 
Glibenclamide 

1. Serum urea (mg %)  31.4 + 2.4      67.2 + 6.5      35.0 + 3.3             32.0 + 3.0****        33.2 + 2.8****             

2. Serum Cholesterol (mg %) 66.4 + 5.4     69.9 + 9.7         68.3 + 7.9            41.0 + 4.7**               56 + 4.6                   
** P < 0.001, as compared with diabetic rats.  
**** P <0.01, as compared with diabetic rats. 
 
Discussion  
 
 Diabetes mellitus (DM) is characterized by hyperglyce-
mia associated with impairment in insulin secretion 
and/or insulin action as well as alteration in intermediary 
metabolism of carbohydrates, proteins and lipids. In fu-
ture annual incidence rate of DM will increase worldwide, 
especially in India. It has been proposed that approxi-
mately 57 million Indians will be affected by DM by the 
year 2025 [12]. 
 
The present study was conducted to determine the 
antidiabetic as well as antioxidative effects of a poly-
herbal formulation, in streptozotocin induced diabetic 
rats. This study selected the streptozotocin  induced dia-
betic rat as an experimental model because it is com-
monly used model to study the effects of antidiabetogenic 
agents [13].  In present study the doses of five herbal 
drugs used in the herbal formulation were significantly 
less than the individual doses used by  other workers. 
 
Previous studies [14, 15] have reported antidiebetic effect 
of the extracts of these plants portions at remarkably 
higher doses in experimental animals. Our results showed 
that oral treatment of diabetic rats with a crude herbal 
formulation (500mg powder /kg) containing equal 
amounts of A. indica, G. sylvestre, M. charantia, S. 
cumini, and T. foenum restored the elevated blood glucose 
levels to normal range indicating marked antidiabetic ac-
tivity of the formulation. In another study [16] no signifi-

cant changes were noticed in blood glucose, serum lipid 
levels and kidney parameters in normal rats treated with 
‘Glyoherb’ suspension alone. Daily oral administration of 
‘Glyoherb’ suspension in 200, 400 and 600 mg/kg doses 
for 28 days produced a dose-dependant decrease in blood 
glucose levels. It also produced a significant decrease in 
elevated serum triglyceride, cholesterol, VLDL, LDL, 
serum urea, creatinine and in antioxidant parameters in a 
dose dependant manner.  
 
Tushar [17]  observed that treatment with ‘Diashis’  in 
STZ-induced diabetic rats resulted in a significant (P < 
0.01) recovery in the activities of hepatic hexokinase, glu-
cose-6-phosphate dehydrogenase, and glucose-6-phos-
phatase along with correction in the levels of fasting 
blood glucose, glycated hemoglobin, and liver and skele-
tal muscle glycogen.  Decrease in the activities of hexo-
kinase and glucose-6-phosphate dehydrogenase in diabe-
tes may be due to diabetes induced-oxidative injury as 
free radicals are scavengers of structural and functional 
protein including enzyme in cells [18]. Significant de-
crease in antioxidant enzymes like catalase (CAT), per-
oxidase (Px), and glutathione-S-transferase (GST) [19].  
in diabetes may be due to low levels of insulin or due to 
high levels of advanced glycated end products [20,21]. 
 
A decrease in GST levels in liver and kidney has been 
reported in diabetic rats[22]. In our study, mild decreased 
activity of GST in liver and significant decreased activity 
in kidney tissue was found. In the present study the herbal 
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formulation significantly increased GST level in all tis-
sues suggesting insulin like role of these herbal drugs. 
Reduced GST activity in diabetic rats could be due to de-
creased availability of GSH and /or loss of catalytic effi-
ciency of the enzyme resulting from oxidation of sulfhy-
dryl and other group by ROS [23]. 
 
Our findings are in agreement with Patel SS [24] that 
polyherbal formulation (Dihar) produced significant de-
crease in serum creatinine and urea levels in diabetic rats. 
Administration of Dihar to diabetic rats significantly re-
duced the levels of lipid paroxidation and increased the 
activities of antioxidant enzymes. They also observed 
significant decrease in reduced glutathione, superoxide 
dismutase, catalase levels and increase in thiobarbituric 
acid reactive species levels in the liver of STZ-induced 
diabetic rats.  
 
Treatment with Garlip and tolbutamide resulted in a sig-
nificant reduction of blood glucose and increase in plasma 
insulin. Garlip also resulted in a significant decrease in 
tissue lipids and lipid peroxide formation. The decreased 
lipid peroxides and tissue lipids clearly showed the anti-
hyperlipidemic and antiperoxidative effect of Garlip apart 
from its antidiabetic effect [25]. Treatment with Diasulin 
and Glibenclamide resulted in a significant reduction of 
blood glucose and increase in plasma insulin. Diasulin 
also resulted in a significant decrease in tissue lipids and 
lipid peroxide formation[26]. 
 
Chattopadhyay [27] showed complete reversal of elevated 
blood glucose level and relatively greater efficacy of A. 
indica,   after 2 h an oral dose of ethanolic extracts of A. 
indica and G. sylvestre leaves to STZ- diabetic rats.  
 
The hypoglycemic activity of the herbal formulation used 
in the present study may be due to presence of several 
compounds having hypoglycemic activity and their mul-
tiple sites of action. This polyherbal formulation has no 
general toxic effect as body weights remain similar to 
those in the control. In oxidative injury lipid per oxidation 
increased as an indicator of tissue injury [28]. Decreased 
GSH levels in liver and kidney tissue of diabetic rats re-
corded in the current study is in agreement with previous 
reports[29]. Based on the findings of the present study, it 
may be concluded that an increase in oxidative stress oc-
curs in diabetes as an increased level of LPO and de-
creased level of antioxidants (GSH & GST). 
 
The herbal formulation demonstrated pharmacological 
activity in reversing the altered parameters due to diabetes 
mellitus. Combination of five herbal drugs in low doses 
appeared to be more effective as antidiabetic and antioxi-
dant agents than the individual herbal drug when used 
alone. The herbal formulation reinforces the constitutive 
cellular defense system by mimicking the endogenous 

LPO and enhancing the levels of antioxidant tissue de-
fenses, GSH and GST. 
 
Halim [30]  reported  a significant reduction in serum lip-
ids when  water extract of dried powder of root and leaves 
(200 mg/kg body wt) of A. augusta and A. indica respec-
tively was administered orally to alloxan diabetic rats 
once a day for 8 weeks.. Aqueous extract also decreased 
the formation of lipid peroxides estimated as thiobarbi-
turic acid reactive substance, (TBARS), and increased 
antioxidants (superoxide dismutase, catalase, and glu-
tathione peroxidase and glutathione transferase) in eryth-
rocytes. There was reduction in LPO as TBARS in liver 
and, kidney. It also prevented decrease in body weight.  
They concluded that Abroma Augusta roots and A. indica 
leaves when given together as water extract had hypogly-
caemic action and had better effect than given alone. 
 
This formulation did not exert any toxic effects in STZ-
induced impaired kidney and liver functions. It was rather 
found to be improving kidney and liver functions. It pos-
sesses potential antioxidant activity as it decreases lipid 
peroxidation and enhances antioxidant status in diabetic 
rats. The antidiebetic activity of formulation may be at-
tributed to its antioxidant properties also. Thus, data from 
the present study indicate antidiebetic and antioxidant 
properties of a poly herbal formulation against STZ-
induced diabetes in albino rats. 
 
References 
 
1. Mallick C, Mandal S, Barik BR, Bhattacharya A, 

Ghosh D. Protection of testicular dysfunctions by M-
TEC, a formulated herbal drug, in streptozotocin in-
duced diabetic rat. Biol Pharm Bull 2007; 30 : 84–90 

2. Rodrigues B, McNeill JH. Cardiac function in sponta-
neously hypertensive diabetic rats. Am J Physiol 1986; 
251: 571–580  

3. Hofteizer B, Carpenter  IS. Comparison of STZ in-
duced diabetes in rats, including volumetric quantiza-
tion of pancreatic islet cells. Diabetologia. 1973; 9: 
178-184.  

4. Baynes J.W. Role of oxidative stress in development of 
complications in diabetes. Diabetes. 1991 ; 40 :  405-
412 

5. Perl Meir. The biochemical basis of the hypoglycemic 
effect of some plant extracts. In herbs, spices and me-
dicinal plants; Recent advances in botany, horticulture 
and pharmacology. Vol. 3 (Eds. Craker L.E. and Simon 
J.E.) Oxy press, USA. 1988.    

6. Babu V, Gangadevi T, Subramoniam A. Antidiabetic 
activity of ethanol extract of Cassia Kleinii leaf in 
streptozotocin induced diabetic rats and isolation of an 
active fraction and toxicity evaluation of the extract. 
Indian J Pharmacol. 2003; 35: 290–296. 

7. Trinder P. Enzymatic determination of blood glucose. 
Ann. Clin. Biochem 1969; 6: 24-28  



Effect of polyherbal formulation in rats 
 

Biomedical Research 2012 Volume 23 Issue 3                                                                                                                            449 

8. Ohkawa H., Ohishi N. and Yagi K. Assay for lipid per-
oxides in animal tissues by thiobarbituric acid reaction. 
Anal. Biochem. 1979; 95: 351-358. 

9. Al-Ghais SM, Ali B. Inhibition of glutathione S-
Transferase catalyzed xenobiotic detoxication by or-
ganotin compound in tropical marine fish tissues. Bull. 
Environ. Contam. Toxicol. 1999; 62: 107-213.  

10. Varley H. Practical Clin.  Biochem. 1980; 1: 457. 
11. Lowry O.H. Rosebrough N.J. and Randall R.J. Protein 

measurment with the Folin phenol reagent. J. Biol. 
Chem. 1951; 193: 265-275. 

12. King H, Aubert RE, Herman WH. Global burden of 
diabetes 1995-2025. Diabetes Care. 1998; 21: 1414–
1431.  

13. Mallick C, Maiti R, Ghosh D. Comparative study on 
antihyperglycemic and antihyperlipidemic effect of 
separate and composite extract of seed of Eugenia jam-
bolana and root of Musa paradisiaca in streptozotocin 
induced diabetic male albino rat. Ir J Pharmacol Therap 
2006; 5: 27–33. 

14. Prince PSM, Menon VP, Pari L. Hypoglycaemic activ-
ity of Syzygium cuminii seeds: Effect on lipid peroxida-
tion in alloxan diabetic rats. J Ethnopharmacol 1998; 
61: 1-7 

15. Mandal S, Barik B, Mallick C, De D, Ghosh D. Thera-
peutic effect of ferulic acid, an ethereal fraction of 
ethanolic extract of seed of Syzygium cumini against 
streptozotocin induced diabetes in male rats. Methods 
Find Exp Clin Pharmacol. 2008;  30: 121–128.  

16. Nima V. Thakkar and Jagruti A. Patel Pharmacological 
evaluation of “Glyoherb”: A polyherbal formulation on 
streptozotocin-induced diabetic rats. Int J Diabetes Dev 
Ctries. 2010 Jan-Mar; 30 (1): 1–7.  

17. Tushar K. Bera, Debasis De, Kausik Chatterjee, Kazi 
M. Ali, and Debidas Ghosh  Effect of Diashis, a poly-
herbal formulation, in streptozotocin-induced diabetic 
male albino rats Int J Ayurveda Res. 2010 ; 1(1): 18–
24. 

18. Slave A, Carrupt PA, Tillement JP, Testa B. Structural 
damage to protein caused by free radicals: Assessment, 
protection of antioxidant influence of protein binding. 
Biochem Pharmacol. 2001; 61: 1237–1242. 

19. 20 Prakasam A, Subramaniam S, Pugalendi KV. Effect 
of Caseria esculenta on blood glucose and plasma anti-
oxidant status in Stretozotocin diabetic rats. Polish J 
Pharmacol. 2003; 55: 43-49. 

20. Ferber S, Halkin A, Cohan H, Ber I, Einav Y, Goldberg 
I. Pancreatic and duodenum homeobox gene-1 induces 
expression of insulin gene in liver and ameliorates 
streptozotocin induced hyperglycemia. Nature Med. 
2000; 6: 568–572. 

 
 
 
 
 
 
 
 
 

21. Rabichandram R, Susan JV, Shirley SD, Kevan H, Shi 
FY, Ann MS. Advanced glycation end products and 
RAGE: A common thread in aging, diabetes, neuroda 
generation and inflammation. Glyco Biol. 2005; 15:16–
28. 

22. Aniya Y., Oziri Y., Sinagawa R., Murakami K., Zhen-
zhong G., Mimura G. and Sakanashi M. Japan. J. 
Pharmacol. 1989; 50: 236-269.  

23. Raza H., Ahmed I., Lakhani M.S., Sharma A.K., Pallot 
D. and Montague W. Effect of bitter melon (Mo-
mordica charantia) fruit juice on the hepatic cyto-
chrome P450 dependent monooxygenases and glu-
tathione S-transferase in STZ-induced diabetic rats. 
Biochem. Pharmacol. 1996; 52: 1639-1642. 

24. Patel SS, Shah RS, Goyal RK. Antihyperglycemic, 
antihyperlipidemic and antioxidant effects of Dihar, a 
polyherbal ayurvedic formulation in streptozotocin in-
duced diabetic rats. Indian J Exp Biol. 2009 Jul; 
47(7):564-570. 

25. Sharmila Banu G, Kumar G, Murugesan AG. Anti-
hyperlipidemic effect of Garlip, a polyherbal formula-
tion in streptozotocin induced diabetic rats. Food Chem 
Toxicol. 2009 Sep; 47(9) : 2361-2365. 

26. Ramalingam Saravanan and Leelavinothan Pari Anti-
hyperlipidemic and antiperoxidative effect of Diasulin, 
a polyherbal formulation in alloxan induced hypergly-
cemic rats BMC Complement Altern Med. 2005; 5: 14. 

27. Chattopadhyay et al. A comparative evaluation of some 
blood sugar-lowering agents of plant origin. J. Ethno-
pharmacology. 1999; 67: 367-372. 

28. Halliwell B., John M.C., Gutteridge and Carroll E. 
Cross. Free radicals, antioxidant and human disease. J. 
Lab. Clin. Med. 1992; 11 (6): 598-620. 

29. Prince P.S.M., Menon V.P. and Pari L. Hypoglycemic 
activity of Syzigium cumini seeds, effect on lipid per-
oxidation in alloxan-diabetic rats. J. Ethnopharmacol-
ogy. 1998; 61: 1-7.  

30. Halim EM. Lowering of blood sugar by water extract 
of Azadirachta indica and Abroma augusta in diabetes 
rats, Indian J Exp Biol. 2003 Jun;41(6):636-40. 

 

 
 
 
Corresponding author  
 
D. K. Katiyar   
St. Joseph’s Hospital Campus 
Vishal khand 5, Gomti Nagar 
Lucknow-226010, India 


