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INTRODUCTION 
Diabetes mellitus is a metabolic disorder in the 
endocrine system causing hyperglycemia. 
Diabetes affects about 5% of the global 
population1 and management of diabetes 
without any side effects is still a challenge to the 
medical system2. In India, the prevalence rate of 
diabetes is estimated to be 1-5%. Diabetes is 
becoming the third “killer” of the health of 
mankind along with cancer, cardiovascular and 
cerebrovascular diseases because of its high 
prevalence, morbidity and mortality. The cause 
of diabetes is a mystery, although both genetic 
and patient related factors such as obesity and 
lack of exercise appear to play a role. Ethnic and 
racial differences have been found in 
heterogeneous populations within the same 
area. As a rule, incidence is highest in 
Scandinavian countries, intermediate in the US, 
Spain, and Israel, and lowest in Asian and most 
Latin American countries. Most researchers 
believe that, in the presence of agenetic 
predisposition, something in the environment 
triggers the development of diabetes. With a 

long course and serious complications often 
resulting in high death rate, the treatment of this 
disorder takes three main forms: (I) Diet and 
exercise (II) Insulin replacement therapy and 
(III) the use of oral hypoglycemic agents. 
Currently available synthetic antidiabetic agents 
like sulfonylureas, biguanides, α-glucosidase 
inhibitors etc.besides being expensive produce 
serious side effects. Further their use is not safe 
during pregnancy. Apart from currently 
available therapy, herbal medicines 
recommended for treatment of diabetes 
throughout the world. Herbal drugs are 
prescribed widely because of their effectiveness, 
less side effects and relatively low cost3. Thus 
due to an increase in demand by patients to use 
natural products with antidiabetic activity, 
investigations on hypoglycemic agents derived 
from medicinal plants have gained popularity in 
recent years. Laboratories are conducting 
research on these medicinal plants in a scientific 
manner for the development of alternative 
drugs and strategies for better management of 
diabetes. Bioflavonoids are the polyphenolic 
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ABSTRACT 
This study was conducted to find out the effect of Quercetin on normal as well as diabetic (Type 
I & Type II) rats.Wistar strain rats of either sex weighing 150 g -250 g were used for the study. 
Quercetin was given to normal as well as diabetic (Type I & Type II) rats by oral and 
intraperitoneal route of administration. Streptozotocin (40 mg/kg IV) was used to induce type I 
diabetes while Streptozotocin (65 mg/kg IV) and Nicotinamide (150 mg/kg IP ten min prior to 
dose of Streptozotocin) were used to induce type II diabetes in rats. Rats were fasted for 12 hrs 
and test (Quercetin) drug was administered by 25 mg/kg oral as well as 10 mg/kg 
intraperitoneal route and blood glucose levels were estimated by GOD POD method using 
semi-autoanalyser (Screen Master 3000) at 0 hr, 2nd hr, 4th hr, 6thhr, 8thhr, & 12th hr time 
intervals. Quercetin has shown significant blood glucose level reduction in normal as well as 
diabetic (Type I & Type II) rats. The peak reduction in blood glucose level was observed at 8th 
hr. Hence it was concluded that the Quercetin is having the potential to use in the field of 
diabetes. 
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compounds that are widely found in plants, 
fruits and vegetables4. These are well known 
antioxidants having various therapeutic 
activities such as anti-inflammatory, 
antioxidant, antiallergic, anticarcinogenic, 
antiviral, antibacterial and antifungal effects5. 
Some bioflavonoids has shown 
antihyperglycemic activity for example 
procyanidin a bioflavonod has insulin like 
effects in insulin sensitive cells that could help 
to explain their antihyperglycemic effect in 
vivo6.Ipomoea batatas leaf which contains 
flavone, is used as antidiabetic drug in 
streptozotocin induced diabetic rats7. Ginkgo 
bilobais used as antidiabetic drug in 
streptozotocin induced diabetic rats, ginkgo 
biloba contains bioflavonoids such as quercetin8. 
Quercetin is one of the most important 
bioflavonoid having great therapeutic potential. 
Quercetin scavenges oxygen radicals,9 inhibits 
xanthine oxidase and inhibits lipid peroxidation 
invitro10,11. As another indicator of its 
antioxidant effects, quercetin inhibits oxidation 
of LDL cholesterol invitro, probably by 
inhibiting LDL oxidation itself, by de protecting 
vitamin E in LDL from being oxidized or by 
regenerating oxidized vitamin E12. By itself and 
paired with ascorbic acid, quercetin reduced the 
incidence of oxidative damage to 
neurovasculature structure in skin, and 
inhibited damage to neurons caused by 
experimental glutathione depletion13. Animal 
studies have shown quercetin to be protective of 
gastric ulcer, action caused by ethanol, probably 
by inhibiting lipid peroxidation of gastric cells 
and/or by inhibition of gastric acid 
secretion14,15. Quercetin has been investigated in 
a number of animal models and human cancer 
cell lines and has been found to have anti 
proliferative effects. It may also increase the 
effectiveness of chemotherapeutic agents16. The 
previous studies shown that the quercetin is 
having the antidiabeticactivityin streptozotocin 
induced diabetic rats.  It is concluded that 
quercetin, a flavonoid with antioxidant 
properties brings about the regeneration of the 
pancreatic islets and probably increases insulin 
release in streptozocin-induced diabetic rats; 
thus exerting its beneficial antidiabetic effects17. 
Asmentioned above some bioflavonoids are 
useful in the diabetes mellitus and quercetin a 
bioflavonoid has good therapeutic potential in 
many pathological conditions, our interest is to 
evaluate the effect of quercetin on blood glucose 
levels in normal and diabetic (Type I & Type II) 
rats. With this objective, in the present study, 
experimental protocol, results and discussion 
are presented as follows; 
 

MATERIALS AND METHODS 
Animals used in study 
Wistar albino rats of either sex were procured 
from Mahaveer Enterprises, Hyderabad, India. 
The animals were maintained on a 12 hour light 
and 12hour dark cycle. They were fed, ad 
libitum regular grain chow (Rayans 
Biotechnologies Pvt. Ltd., Hyderabad). Diet 
containing 56% grain derived carbohydrate, 
21% protein, 6.7% moisture, 3.58% total oil, 
2.58% dietary fiber, 5.5% cellulose, 0.8% 
calcium, 0.6% phosphrous, 0.3 % sodium 
chloride. The animal housing and handling were 
in accordance with CPCSCA guidelines. The prior 
permission for the study was obtained from our 
Institutional Animal Ethics Committee (IAEC).  
 
Chemicals used in study 
Quercetin (Sigma chemicals Ltd., 
USA),Streptozotocin (Sigma chemicals Ltd., 
USA),Nicotinamide (Sigma chemicals Ltd., 
USA),Citrate buffer pH 4.5 (I.P). Unless 
otherwise specified all the chemicals and 
reagents used are of analytical grade. 
 
Method of induction of diabetes 
Streptozotocin was dissolved in freshly 
prepared citrate buffer with PH 4.5 and then the 
solution was injected within 5 min. For 
induction of type I diabetes, 40 mg/kg of STZ 
was given through tail vein of the rat. For 
induction of type II diabetes, 150 mg/kg 
Nicotinamide IP, then 65 mg/kg STZ was given 
through tail vein of the rat. Blood sample was 
collected from the retro orbital plexus of rats 
after 48 hrs and glucose levels were 
estimated.Rats with glucose level above 200 
mg/dl were used for the study. 
 
Estimation of blood glucose level in rats  
In this study the enzymatic; glucose oxidase-
perixodase (GOD – POD) method18 was used. 
 
Preparation of drug solution 
The quercetin was suspended in the 1% sodium 
carboxy methyl cellulose (CMC) mucilage with 
continuous trituration.  
 
Procedure (Experimental protocol) 
Albino Wistar strain rats of either sex weighing 
150g-250g were used for the study. The rats 
were kept on fasting for 12 hours before the 
experiment. The test drug (quercetin) was 
administered by oral (25 mg/kg) as well as 
intraperitoneal (10 mg/kg) route, in following 
groups; (each group consist of 6 animals). 
Group I: Normal control rats treated with 1% 
sodium CMC 1ml orally. 
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GroupII:Normal control rats treated with 1% 
sodium CMC 1ml IP. 
Group III: Normal rats treated with quercetin 
25mg/kg orally. 
 Group IV: Normal rats treated with quercetin 
10 mg/kg IP. 
Group V: Type I diabetic control rats treated 
with 1% sodium CMC 1ml orally. 
Group VI: Type I diabetic control rats treated 
with 1% sodium CMC 1ml IP. 
Group VII: Type I diabetic rats treated with 
quercetin 25mg/kg orally. 
Group VIII: Type I diabetic rats treated with 
quercetin 10 mg/kg IP. 
Group IX: Type II diabetic control rats treated 
with 1% sodium CMC 1ml orally. 
Group X: Type II diabetic control rats treated 
with 1% Sodium CMC 1ml IP. 
Group XI: Type II diabetic rats treated with 
Quercetin 25mg/kg orally. 
Group XII: Type II Diabetic rats treated with 
Quercetin 10 mg/kg IP 
The rats were kept on fasting for 12 hours 
before the experiment. The blood samples were 
collected from the retro orbital plexus of rats at 
0 hr, 2nd hr, 4th hr, 6thhr, 8thhr, & 12th hr time 
intervals. After collection of blood sample, the 
serum was separated by centrifuge at 3000 rpm 
for 10 min.  The serum glucose estimation was 
done with the Screen Master 3000 (Auto 
Analyzer for Biochemical parameters).  
 
Statistical analysis 
The data was statistically analyzed by one-
wayANOVA followed by Dunnett multiple 
comparisontest with equal sample size. The 
difference wasconsidered significant when 
p<0.001. All the values were expressed as mean 
± standard error (SE). 
 
RESULTS AND DISCUSSION 
As per the observations in normal rats, 
quercetin significantly reduced the serum 
glucose levels with both oral (25 mg/kg) as well 
asintraperitoneal (10mg/kg)administration. 
This indicates that quercetin has produced 
hypoglycemic activity. This finding was a 
contradictory to the previous study17 in which 
quercetin had no effect on plasma glucose levels 
in normal rats. However, the probable 
mechanism for hypoglycemic activity is 
uncertain. Oxidative stress is one of the 
important causative factors in the pathogenesis 
of diabetes mellitus. Implication of free radicals 
was well established theory in the development 
of diabetes mellitus and the agents that 
scavenge free radicals may have great potential 
in ameliorating disorders like diabetes 
mellitus19.  Increased oxidative stress has been 

postulated in the diabetic state20. Oxidative 
stress in diabetes coexists with a reduction in 
the anti-oxidant status21. In Type I diabetic rats, 
quercetin significantly reduced the serum 
glucose levels with both oral (25 mg/kg) as well 
as intraperitoneal (10mg/kg)administration. 
This implies that quercetin was found to have 
anti-hyperglycemic activity. This finding was in 
accordance with the previous study17 and 
another study demonstrated that Ginkgo biloba 
containing bioflavonoids like quercetin, has 
shown a significant reduction in fasting blood 
glucose levels22. In type II diabetic rats, 
quercetin significantly reduced the serum 
glucose levels with both oral (25 mg/kg) as well 
as intraperitoneal (10mg/kg) administration. 
Quercetin probably acting either by the 
insulinomimetic activity or increasing the 
insulin secretion. This assumption was 
supported by the earlier study, grape seed 
derived procyanidins,a bioflavonoid produced 
the anti-hyperglycemic effect in streptozotocin 
induced diabetic rats by insulinomimetic 
activity in insulin sensitive cell lines. 
Furthermore, it has reported that quercetin has 
the ability to facilitate insulin secretion in 
diabetic rats17. It was suggested that the 
stimulatory compounds such as quercetin and  
(-) epicatechin may, at least in part, exert their 
effects on insulin release via changes in Ca2+ 
metabolism.Moreover in normal as well as 
diabetic (TypeI & TypeII) rats quercetin 
10mg/kg ip.was produced the same extent of 
hypoglycemic and antihyperglycemic activity 
respectively, as that of effect produced by 
quercetin 25mg/kg orally, though 
intraperitoneal dose of quercetin is less than 
that of oral dose. In all the three groups i.e. 
Normal, Type I & Type II Diabetic rats, 
statistically significant percent glucose 
reduction was observed. Quercetin is exhibiting 
significant hypoglycemic as well as 
antihyperglycemic activity. Moreover 
antihyperglycemic activity was observed in both 
Type I and Type II Diabetic rats. From these 
results we can assume that activity might be due 
to enhanced insulin secretion or quercetin’s 
insulinomimetic activity. The probable 
mechanism of action of quercetin is to be further 
established. Quercetin, a well known 
bioflavonoid with promising antioxidant 
property, it might have reduced the oxidative 
stress and improved the antioxidant defense 
status in diabetic rats. This may be the reason 
for more degree of observed blood glucose 
reduction in diabetic rats compared to normal 
rats. This is to be further confirmed by 
measuring lipid per oxidation and antioxidant 
enzyme levels. It was assumed that quercetin, a 
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bioflavonoid with antioxidant properties 
increases insulin release in Streptozotocin-
induced diabetic rats; thus exerting its beneficial 
antidiabetic effects. 
 
CONCLUSION 
In Normal rats, quercetin has produced the 
significant peak reduction in serum glucose level 
at 8th hour with 25mg/kg orally as well as 10 
mg/kg intraperitoneally. These results 
demonstrate that thequercetin has 
hypoglycemic activity. Similarly, in Type I &Type 
II diabetic rats, quercetin has produced the 
significant peakreduction in serum glucose level 
at 8thhour with 25mg/kg orally as well as 10 
mg/kg intraperitoneally. It shows the anti-
hyperglycemic activity of quercetin. From the 
results mentioned above, we can conclude that 
quercetin probably shows its effect either by the 
insulinomimetic activity or increasing the 
insulin secretion. Quercetin was found to have 
anti-hyperglycemic activity in both Type I and 
Type II diabetic rats. It was speculated that 
quercetin is probably acting by different 
mechanisms in Type I and Type II diabetic rats. 
The studies has clearly demonstrated a 
beneficial role of a dietary antioxidant such as 
quercetin on diabetic status. However, the 
mechanisms and probable mode of action need 

to be studied in detail. The effects of quercetin 
on antioxidant defense in streptozotocin 
induced diabetic rats have recently been 
reported23. Quercetin treatment may protect 
pancreatic cells in diabetes by decreasing 
oxidative stress. Bioflavonoids have received an 
added impulse owing to the presence of their 
wide variety of biological activities. Numerous 
studies reported the anti-hyperglycemic activity 
of antioxidants explains about the involvement 
of oxidative stress in the pathobiology of 
diabetes mellitus. There is scarce information 
with regard to the mechanism of action of 
quercetin as an anti-diabetic drug. However, 
Anti-oxidant supplements like ascorbic acid 
were found to have beneficial effects along with 
the standard anti-diabetic drugs24. As an anti-
oxidant, quercetin has great potential to 
alleviate the oxidative stress. Apart from its anti-
oxidant activity, it can also be a promising drug 
in the treatment of diabetes mellitus. This is to 
be established by further studies. 
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Table I: The blood glucose levels in normal as well as diabetic (Type-I & Type-II) rats after oral 
administration of Quercetin at the dose of 25mg/kg 

 

 

 

 

 

Time 
(hr) 

Normal Rats Type I Diabetic Rats Type II Diabetic Rats 

Vehicle 
(1%sodim 
CMC) mean 

± SEM 
mg/dl 

% 
Red 

quercetin 
(25mg/kg) 

mean ± 
SEM mg/dl 

% 
Red 

Vehicle 
(1%sodim 
CMC) mean 

± SEM 
mg/dl 

% 
Red 

quercetin 
(25mg/kg) 

mean ± SEM 
mg/dl 

% 
Red 

Vehicle 
(1%sodim 
CMC) mean 

± SEM mg/dl 

% 
Red 

quercetin 
(25mg/kg) 

mean ± 
SEM mg/dl 

% 
Red 

0 85.66±2.66 0 84±3.76 0 480±5.02 0 453.6±7.86 0 329.6±5.12 0 279.8±4,64 0 
2 80.16±2.73 6.42 60.16±2.08 28.38 474.5±4.87 1.14 487.3±9.59 14.62 321.5±4.11 2.42 241.6±4.57 13.64 
4 78.16±3.12 8.75 48.66±1.08 42.07 467.3±4.04 2.64 343±26.57 24.39 314.3±4.95 4.65 146.3±5.89 47.7 
6 76.83±3.21 10.3 46.83±1.19 44.25 461.6±3.64 3.83 212.3±18.96 53.19 291.8±15.20 11.47 115.1±2.89 58.84 
8 76.33±3.09 10.89 42.16±0.87 44.84 456.3±3.46 4.9 137.6±6.95 69.65 287.3±15.10 12.84 77.5±2.45 72.3 

12 74.83±3.00 12.6 53.66±1.40 36.11 452,8±3.6 5.6 158.5±5.82 65.05 280.6±14.83 14.86 95.3±2.55 65.93 



IJPCBS 2014, 4(3),  613-619                           Ketan Hatware et al.                     ISSN: 2249-9504 
 

617 

 

Table II: The blood glucose levels in normal as well as diabetic (Type-I & Type-II) rats after 
Intraperitoneal administration of Quercetin at the dose of 10mg/kg 

Time 
(hr) 

Normal Rats Type I Diabetic Rats Type II Diabetic Rats 
Vehicle 

(1%sodim 
CMC) 

mean ± 
SEM 

mg/dl 

% 
Red 

quercetin 
(10mg/kg) 

mean ± 
SEM mg/dl 

% 
Red 

Vehicle 
(1%sodim 
CMC) mean 

± SEM 
mg/dl 

% 
Red 

quercetin 
(10mg/kg) 

mean ± 
SEM mg/dl 

% 
Red 

Vehicle 
(1%sodim 

CMC) 
mean ± 

SEM 
mg/dl 

% 
Red 

quercetin 
(10mg/kg) 

mean ± 
SEM mg/dl 

% 
Red 

0 86.16±3.87 0 92.66±2.26 0 444.3±5.67 0 449.1±5.24 0 330.8±4.31 0 337±14.58 0 
2 81.16±3.15 5.8 73.5±1.11 20.67 435.83±6.50 1.91 390.6±5.03 13.02 323.8±4.36 2.1 257.5±10.36 23.59 
4 8.5±2.48 6.56 60.83±2.15 34.35 429±6.24 3.45 334.1±6.44 25.60 314.8±4,58 4.8 149.1±3.36 55.73 
6 77.66±2.99 9.86 51.5±1.05 44.42 426.3±5.88 4.05 265.3±9.06 40.92 306.0±4.61 7.5 113.6±4.04 66.27 
8 75.16±3.16 12.76 46.16±1.07 50.18 421.5±5.57 5.13 174.1±10.87 61.22 298.1±4.31 9.8 77.1±4.96 77.10 

12 75.5±3.88 12.37 55±1.65 40.46 416.6±5.55 6.22 195±7.32 56.58 290.5±4.66 12.1 95.6±3.87 71.61 
 

 

 

 
Table III: The % blood glucose level reduction in normal as well as diabetic (Type-I & Type-II) rats  

 
 

 
Graph. I: Effect of 1% sodium cmc on blood glucose level of normal and  

diabetic (Type I & Type II) rats 
 
 

Time 
(hr) 

% Reduction in Normal Rats % Reduction in Type I Diabetic Rats % Reduction in Type II Diabetic Rats 

Vehicle 
(1%sod. 

CMC) 
Orally 

(A) 

Vehicle 
(1%sod. 
CMC) IP       

(B) 

querc
etin 

(25mg
/kg) 

Orally   
(C) 

quercetin 
(10mg/kg)  
IP           (D) 

Vehicle 
(1%sod
. CMC) 
Orally    

(E) 

Vehicle 
(1%sod
. CMC) 

IP       
(F) 

quercetin 
(25mg/kg) 

Orally      
(G) 

quercetin 
(10mg/kg

) IP           
(H) 

Vehicl
e 

(1%so
d. 

CMC) 
Orally 

(I) 

Vehic
le 

(1%s
od. 

CMC) 
IP (J) 

quercetin 
(25mg/kg) 
Orally   (K) 

quercet
in 

(10mg/
kg) IP           

(L) 

0 0 0 0 0 0 0 0 0 0 0 0 0 
2 6.42 5.80 28.38 20.67 1.14 1.91 14.62 13.02 2.42 2.1 13.64 23.59 
4 8.75 6.56 42.07 34.35 2.64 3.45 24.39 25.60 4.65 4.8 47.70 55.73 
6 10.3 9.86 44.25 44.42 3.83 4.05 53.19 40.92 11.47 7.5 58.84 66.27 
8 10.89 12.76 44.84 50.18 4.9 5.13 69.65 61.22 12.84 9.8 72.30 77.10 

12 12.6 12.37 36.11 40.64 5.6 6.22 65.05 56.58 14.86 12.1 65.93 71.61 
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Graph. II: Effect of Quercetin on blood glucose level of normal  

and diabetic (Type I & Type II) rats 
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