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ABSTRACT 

Fisetin, a tetrahydroxy flavone is found to be present in appreciable amounts in strawberries, onion, apple, cucumber and 
persimmon is known for its potential antioxidant properties. Flavonoids are useful in the treatment of free radical mediated as well 
as other diseases. The present study was hypothesized to evaluate the hypoglycemic efficacy of fisetin in streptozotocin (STZ) - 
induced experimental diabetes in rats. The diabetic rats orally treated with fisetin ( 10 mg/kg b.w/day) for 30 days resulted in 
significant ( p < 0.05) decrease in the levels of blood glucose, glycosylated hemoglobin, blood urea, serum uric acid, serum creatinine 
and diminished activities of pathophysiological enzymes such as aspartate transaminase (AST), alanine transaminase (ALT) and 
alkaline phosphatase (ALP). The levels of plasma insulin, C peptide and hemoglobin were increased in diabetic rats treated with 
fisetin. The results are comparable with glyclazide, an oral standard hypoglycemic drug. The present findings indicate that fisetin 
could be considered as an effective therapeutic agent and /or adjunct for the treatment of diabetes mellitus. 
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INTRODUCTION 

Diabetes Mellitus is an endocrine disorder characterized 
by altered glucose homeostasis leading to derangements 
in the carbohydrate metabolism, protein and lipid 
metabolism, resulting from partial or complete deficiency 
in insulin synthesis or due to peripheral resistance to 
insulin action 1. The prevalence of diabetes is strongly 
associated with a sedentary lifestyle and high calorie-
nutrition and obesity 2. Oral hypoglycemic drugs used for 
the treatment of diabetes such as sulfonylureas, 
biguanides, - glucosidase inhibitors, thiazolidenediones 
and insulin leads to undesirable side effects. Hence search 
for alternative drugs from plant origin would be more 
effective and pose no side effects. Plant derived 
phytochemicals such as flavonoids have been reported to 
exert beneficial effects in diseases such as cancer, 
diabetes, cardiovascular diseases and neurogenerative 
disorders. The mechanism through which flavonoids exert 
their effects remains unclear. However, from the earlier 
studies it is evident that their antioxidant activity is 
explanation for cellular response 3, 4. 

Flavonoids are naturally occurring polyphenolic 
phytoconstituents. They are present in fruits, vegetables, 
tea, wine grains5. Flavonoids are a broad class of low 
molecular weight, secondary plant phenolics 
characterized by the flavan nucleus. Flavonoids exhibit a 
multitude of biological activities such as antioxidant, 
antibacterial, antiinflammatory, antiallergic, vasodilatory, 
anticarcinogenic, immune-stimulating, antiviral, and 
estrogenic effects, as well as being inhibitors of several 
enzymes such as phospholipase A2, cyclooxygenase, 
lipoxygenase, glutathione reductase, and xanthine 
oxidase6. Due to their abundance in dietary products and 

their potential beneficial pharmacological and nutritional 
effects, the flavonoids are of considerable interest for 
drug as well as health food supplement. 

Fisetin (3, 3’, 4’, 7 tetrahydroxy flavone), a major plant 
flavonoid7 has been reported to down regulate 
glycogenolysis and gluconeogenesis invitro8. It also exerts 
wide properties such as anticancer9, as well as inhibition 
of angiogenesis10, antiallergic11, antithyroid effects12. 
Many invitro studies have been performed to study the 
activities of fisetin. In the presence of fisetin, the 
formation of glycated hemoglobin is inhibited to certain 
extent13. However, these results were typically based on 
in vitro studies. Very few reports were available on animal 
models. Plant derived flavonoids have better potential to 
be used as a therapeutic agent against diabetes. However 
no systematic studies were found on the effect of fisetin 
on experimental animal models of diabetes. Hence, the 
present study was aimed to evaluate the hypoglycemic 
efficacy of bio-flavonoid fisetin in STZ induced 
experimental diabetes in rats.   

MATERIALS AND METHODS 

Experimental Animals 

Male albino Wistar rats weighing (160-180g) were 
purchased from Tamilnadu Veterinary and Animal 
Sciences University (TANUVAS), Chennai. The rats were 
housed in polypropylene cages lined with husk. The rats 
were fed with commercial pelleted rats chow (Hindustan 
Lever Ltd., Bangalore, India), and had free access to 
water. The experimental rats were maintained in a 
controlled environment (12:12 h light/dark cycle and 
temperature (30 ± 2C). The experiments were designed 
and conducted in strict  accordance with the ethical 
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norms approved by Ministry of Social justices & 
Environment, Government of India and Institutional 
Animal Ethical Committee guidelines [IAEC NO: 
01/079/09]. The rats were acclimatized for one week 
before starting the experiments. 

Acute toxicity studies and dosage fixation studies. 

Acute toxicity studies on fisetin were performed in 
control rats. Graded doses of the fisetin was dissolved in 
10% DMSO were administered orally and the animals 
were observed for 2 weeks following administration. 
Change in body weight gain, food consumption, fluid 
intake and psycho-motor activities were clearly 
monitored.   

Dosage fixation studies were carried out by administering 
graded doses of fisetin (10, 20, and 30 mg/kg body 
weight) to determine the dose-dependent effect in STZ-
induced diabetic rats. We found that 10 mg/kg b.w of 
fisetin significantly (p <0.05) decreased plasma glucose 
levels. It was found that fisetin showed maximum 
hypoglycemic efficacy at a concentration of 10 mg/kg 
body weight administered orally for 30 days. Hence, the 
dosage schedule was fixed as 10 mg/kg body 
weight/rat/day for 30 days. 

Induction of experimental diabetes 

Rats were fasted overnight and experimental diabetes 
was induced by intraperitoneal injection of streptozotocin 
(STZ) with a single dose of 50 mg/kg body weight. STZ was 
dissolved in freshly prepared 0.1 M cold citrate buffer pH 
4.514. Control rats were injected with the 10% DMSO 
alone. Because STZ is capable of inducing fatal 
hypoglycemia as a result of massive pancreatic insulin 
release, STZ-treated rats were provided with 10% glucose 
solution after 6 h for the next 24 h to prevent 
hypoglycemia15. No adverse effects were observed. After 
3 days for development and aggravation of diabetes, rats 
with moderate diabetes (i.e., blood glucose concentration 
>250 mg/dL) that exhibited glycosuria and hyperglycemia 
were selected for the experiment.  

Experimental protocol 

The animals were divided into four groups, comprising a 
minimum of six animals in each group as follows:  

Group 1 - Control rats receiving 10% DMSO orally. 

Group 2 - STZ induced diabetic rats receiving 10% DMSO 
orally. 

Group 3 - Diabetic rats treated with fisetin (10 mg/kg 
b.w/day) dissolved in 10% DMSO orally for 30 days. 

Group 4 - Diabetic rats treated with glyclazide (5 mg /Kg. 
b.w/day) in aqueous solution orally for 30 days. 

The Change in body weight gain in all groups of rats was 
recorded at regular intervals. After 30 days of treatment, 
rats were fasted overnight and sacrificed by cervical 
decapitation. Blood was collected in heparinized tubes. 

 

Oral Glucose Tolerance Test 

At the end of the experimental period, a fasting blood 
sample was collected from all the groups of rats to 
perform oral glucose tolerance test, rats were fasted for 
12 h before the test and 2 g/kg glucose solution was 
administered orally16. Blood samples were taken by 
severing the tip of the tail 1 h before and at 0.5, 1, 1.5 and 
2 h after glucose administration. Blood glucose was 
determined using ortho toluidine reagent. 

Biochemical parameters 

Whole blood was used for glucose 17 and urea18 

estimation. Plasma was separated and used for insulin 
and C-peptide assay using radioimmunoassay (RIA) kit for 
rats (Linco Research, Inc., USA). Levels of hemoglobin and 
glycosylated hemoglobin were estimated according to 
methods of Drabkin and Austin19; Nayak and 
Pattabiraman20 respectively. Plasma was used for protein 
assay21. Urine sugar was detected using urine strip. Serum 
was used for the determination of creatinine22 uric acid23, 
Aspartate transaminase(AST), Alanine transaminase(ALT)  
and Alkaline phosphatase (ALP) were assayed by the 
method of King 24, 25. 

Statistical analysis 

All the grouped data were statistically evaluated with 
SPSS 19.00 software. Hypothesis testing methods 
included one-way analysis of variance followed by least 
significant difference test. A value of p<0.05 was 
considered to indicate statistical significance. All results 
are expressed as mean ± standard deviation (SD) for six 
rats in each group. 

RESULTS 

Acute toxicity studies (data not shown) using graded 
doses of the fisetin revealed no signs and symptoms such 
as restlessness, respiratory distress, diarrhea, 
convulsions, and coma up to the dosage of 50 mg/kg 
b.wt. 

Figure 1: Changes in body weight gain of control and 
experimental groups of rats.  
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Figure 1 shows the changes in body weight in control and 
experimental groups of rats. A concomitant increase in 
body weight was observed in the control group of rats. 
The body weight was significantly (p < 0.05) decreased in 
STZ-induced diabetic rats when compared to control rats. 
Oral administration of fisetin as well as glyclazide to STZ-
induced diabetic rats significantly (p < 0.05) increased the 
body weight to near normalcy. 

Results are expressed as mean ± S.D. [n=6]. One-way 
ANOVA followed by post hoc test LSD.*p<0.05. The 
results were compared with  acontrol;  bDiabetic  control.  
cDiabetic + Glyclazide. 

Figure 2: Effect of fisetin on the blood glucose level in 
control and experimental groups of rats receiving an oral 
glucose challenge. 

 
Figure 2 shows the changes on glucose tolerance curve in 
control and experimental groups of rats. The blood 
glucose level in the control rats increased to a peak value 
at 60 min after glucose intake and decreased to near 
normal level at 120 min. In STZ-induced diabetic rats the 
peak increase in blood glucose concentration was 
observed after 60 min and remained high over the next 
60 min. Oral administration of fisetin as well as glyclazide 
on STZ-induced diabetic rats showed significant (p < 0.05) 
decrease in blood glucose concentration at 60 and 120 
min when compared with diabetic control suggesting the 
glucose lowering properties of fisetin as well as glyclazide.  

Results are expressed as mean ± S.D. [n=6]. One-way 
ANOVA followed by post hoc test LSD.*p<0.05. The 

results were compared with acontrol; bDiabetic control. 
 cDiabetic + Glyclazide. 

Effect of fisetin on the levels of blood glucose, 
hemoglobin, glycosylated hemoglobin, plasma insulin, C 
peptide and urine sugar of control and experimental 
groups of rats 

The levels of blood glucose, hemoglobin, glycosylated 
hemoglobin, plasma insulin and urine sugar of control and 
experimental groups of rats are shown in Table 1. Control 
rats did not show any significant variation in the blood 
glucose throughout the experimental period. 
Administration of STZ led to over 3-fold elevation of blood 
glucose levels, which was maintained over the 
experimental period. In experimental rats there was a 
significant elevation in the levels of blood glucose and 
glycosylated hemoglobin during diabetes, while the levels 
of hemoglobin insulin and c peptide were decreased 
when compared with the control group of rats. Upon oral 
administration of fisetin and glyclazide, these levels were 
found to be similar to those of normal rats and the effect 
was more distinct in the group of rats treated with fisetin. 
Urine sugar present in diabetic rats was found to be 
drastically controlled by the rats treated with fisetin and 
glyclazide. 

Effect of fisetin on the levels of total proteins, blood 
urea, serum uric acid and serum creatinine of control 
and experimental groups of rats 

Table 2 shows the levels of total proteins, blood urea, 
serum uric acid and plasma creatinine of control and 
experimental groups of rats. The level of total protein was 
found to be decreased in STZ induced diabetic rats. The 
levels of blood urea, serum uric acid and serum creatinine 
were found to be elevated in STZ induced diabetic rats. 
These biochemical markers were reverted back to near 
normalcy upon the oral administration of the flavonoid, 
fisetin. 

Effect of fisetin on serum transaminases and alkaline 
phosphatase 

The activities of AST, ALT and ALP in the serum of control 
and experimental groups were presented in Table 3. A 
significant (p<0.05) elevation in the levels of AST and ALT 
were noted in serum of STZ induced diabetic rats.  Oral 
administration of fisetin brought down the activity of AST, 
ALT and ALP to near normal in serum of diabetic rats. 

 
Table 1: Effect of fisetin on the levels of blood glucose, hemoglobin, glycosylated hemoglobin, plasma insulin, C peptide 
and urine sugar of control and experimental groups of rats. 

Groups Blood glucose 
(mg/dl) 

Hemoglobin  
(g/dl) 

Glycosylated  
hemoglobin (% Hb) 

Plasma insulin  
(µU/ml) 

C peptide  
(µU/ml) 

Urine  
sugar 

Control 81.75 ± 3.03 14.40 ± 0.67 6.05 ± 0.55 15.91 ± 0.84 262.96 ± 9.56 Nil 
Diabetic control 285.41 ± 9.45a* 8.71 ± 0.53 a* 13.21 ± 0.56 a* 5.05 ± 0.39 a* 138.93 ± 6.56 a* +++ 
Diabetic+Fisetin 101.51± 4.32b* 12.21 ± 0.48 b* 7.28 ± 0.33 b* 10.98 ± 0.93 b* 205.93 ± 4.48 b* Nil 
Diabetic+Glyclazide 92.85 ± 2.96 b* 12.23 ± 0.49 b* 6.65 ± 0.55 b* 13.23 ± 0.43 b* 232.45 ± 4.28 b* Nil 

+++ indicates more than 2% sugar. Results are expressed as mean ± S.D. [n=6]. One-way ANOVA followed by post hoc test 
LSD.*p<0.05. The results were compared with acontrol; bDiabetic control. cDiabetic + Glyclazide 
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Table 2: Effect of fisetin on the levels of total proteins, blood urea, serum uric acid and serum creatinine of control and 
experimental groups of rats. 

Groups 
Total protein 

(g/dl) 
Blood urea 

(mg/dl) 
Serum uric acid 

(mg/dl) 
Serum creatinine 

(mg/dl) 
Control 8.86 ± 0.56 22.38 ± 2.20 2.61 ± 0.53 0.53 ± 0.07 
Diabetic control 6.33 ± 0.39 a* 45.73 ± 5.16 a* 5.31 ± 0.67 a* 1.20 ± 0.31 a* 
Diabetic + Fisetin 7.25 ± 0.30 b* 29.33 ± 1.82 b* 3.08 ± 0.30 b* 0.66 ± 0.07 b* 
Diabetic + Glyclazide 7.75 ± 0.58 b* 30.65 ± 2.93 b* 2.70 ± 0.22 b* 0.63 ± 0.08b* 

Results are expressed as mean ± S.D. [n=6]. One-way ANOVA followed by post hoc test LSD.*p<0.05. The results were 
compared with  acontrol; bDiabetic control. 
 

Table 3:  Effect of fisetin on serum transaminases and alkaline phosphatase 

Enzyme activities are expressed as: AST and ALT - moles of pyruvate/h/mg of protein;  
ALP - moles of phenol liberated/min/mg of protein.  
Results are expressed as mean ± S.D. [n=6]. One-way ANOVA followed by post hoc test LSD.*p<0.05. The results were 
compared with acontrol; bDiabetic control. 
 

DISCUSSION AND CONCLUSION 

Diabetogens such as alloxan and streptozotocin are 
widely used in the diabetic research to induce diabetes in 
experimental animals. However, STZ induced diabetes is 
similar to humans in many features26. Streptozotocin (N-
nitro derivative of glucosamine) is a cytotoxin specific to 
the pancreatic beta cells in mammals 27. STZ injection 
leads to the degeneration of the beta cells and is 
irreversible when compared to alloxan28. The mechanism 
behind is that STZ is preferentially uptaken by pancreatic 
beta cell via GLUT2 transporter and causes DNA alkylation 
followed by the activation of poly ADP ribosylation 
leading to depletion of  cytosolic concentration of 
NAD+ and ATP. Enhanced ATP dephosporylation after STZ 
treatment supplies substrate for xanthine oxidase 
resulting in the formation of superoxide radicals and also 
NO moiety is liberated from STZ leading to the 
destruction of B cells by necrosis29. 

Induction of diabetes with STZ is associated with the 
characteristic loss of body weight, which is due to 
increased muscle wasting30 and due to catabolism of 
tissue proteins31 leading to significant reduction in the 
body weight gain of diabetic rats, which was observed in 
the present study.  The reduction in body weight of 
diabetic rats might have occurred as a result of 
catabolism of structural proteins due to scarcity of 
carbohydrate as energy source32. Weight loss during 
diabetes is mainly related to urinary glucose excretion 
because cells become unable to utilize glucose. Another 
factor is the osmotic diuresis resulting in hyperosmotic 
dehydration 33. A significant increase in the body weight 
was observed in diabetic rats administered with fisetin 
which could be due to the protective effect of the 
flavonoid in controlling muscle wasting and protein turn 

over and may also be due to the improvement in insulin 
secretion from the pancreatic beta cells and glycemic 
control.  

The oral glucose tolerance test (OGTT) measures 
the body's ability to utilize glucose, the body's main 
source of energy. OGTT is a test of immense value in favor 
of using fasting plasma glucose concentration to facilitate 
the diagnosis of diabetes mellitus. It is a more sensitive 
measure of early abnormalities in glucose regulation than 
fasting plasma glucose or glycosylated hemoglobin34. 
Impaired glucose tolerance reflects hepatic 
gluconeogenesis and reduced uptake of glucose from 
blood by the insulin dependent tissues35. The impaired 
glucose tolerance observed in STZ induced diabetic group 
of rats were altered to near normal by the treatment with 
fisetin which proves the insulin stimulatory effects of 
fisetin from remnant beta cells 36. 

Hyperglycemia is an important factor in the development 
and progression of the complications of diabetes 
mellitus37. STZ induced diabetes leads to beta cell necrosis 
that is caused due to diabetic oxidative stress. As a result 
of beta cell necrosis insulin deficiency predominates 
resulting in repression of glycolytic enzyme and 
expresssion of gluconeogenic enzyme which promotes 
gluconeogenesis in liver, and decreased utilization of 
glucose by the peripheral tissues contributes to 
hyperglycemia38. The elevated blood glucose level 
observed in the diabetic rats was significantly decreased 
in fisetin treated rats suggesting insulin secretory effect of 
fisetin from the remnant b cells. 

Glycosylated hemoglobin is a standard biochemical 
marker in assessment of diabetes. The HbA1c 
concentration reflects the patient's average plasma 
glucose over the previous several weeks making it useful 

ENZYMES Control Diabetic control Diabetic + Fisetin Diabetic + Glyclazide 
Serum AST 75.73 ± 5.57 129.38 ± 7.49 a* 91.51 ± 3.96 b* 83.30 ± 4.04 b* 
Serum ALT 20.03 ± 1.84 42.41 ± 3.01 a* 24.56 ± 2.86 b* 21.93 ± 1.56 b* 
Serum ALP 74.18 ± 3.30 145.98 ± 5.10 a* 84.43 ± 4.28 b* 82.31 ± 2.41 b* 
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in assessing diabetic control39. A high glucose 
concentration has been found to lead to the glycosylation 
of amino groups of lysine residue in proteins. Non-
enzymatic glycosylation of protein occurs by direct 
reaction between reducing sugars and aminogroups in 
protein. This condition favors reduction in the level of 
total hemoglobin and elevation in glycosylated 
hemoglobin, which is directly proportional to blood 
glucose40. Diabetic rats showed higher levels of glycated 
hemoglobin indicating their poor glycemic control. Oral 
administration of fisetin to diabetic rats decreased the 
level of glycosylated hemoglobin and increases the total 
hemoglobin concentration. Since the glycosylation of 
protein is an oxidation reaction, flavonoids should be able 
to prevent this reaction as they are considered as 
effective antioxidants. It has been reported that fisetin 
inhibits glycosylation of hemoglobin in vitro13. Several 
researchers have demonstrated that flavonoids attenuate 
hyperglycemia and there is reduced non-enzymatic 
glycation of proteins in animals41.  

In the present study, we have observed a significant 
decrease in the levels of insulin and C-peptide in 
streptozotocin-induced diabetic rats. C-peptide and 
insulin are the products of the enzymatic cleavage of 
proinsulin and secreted into the circulation in equimolar 
concentrations 42. The measurement of both C-peptide 
and insulin levels have been reported to be a valuable 
index of insulin secretion rather than insulin alone. In 
diabetes mellitus, insulin deficiency is manifested in a 
number of biochemical and physiological alterations. 
Insulin is synthesized from its precursor proinsulin. C-
peptide promotes insulin action at low hormone 
concentration and inhibits it at high hormone levels 
suggesting a modulatory effect by C-peptide on insulin 
signaling43. C-peptide has insulinomimetic effects on its 
own by activating insulin receptor and increases glycogen 
synthesis and amino acid uptake. Oral administration of 
fisetin improves the insulin secretion and C peptide level 
which showed the insulin secretory effect of fisetin. 

Impaired balance of nitrogen coupled with lowered 
protein synthesis leads to increased concentration of urea 
in blood44 and also diabetic oxidative stress induces 
elevation of the levels of urea, uric acid and creatinine, 
which are considered as significant markers of renal 
dysfunction45. Administration of fisetin significantly 
decreased the level of blood urea in STZ induced diabetic 
rats.  

Uric acid is the chief end product of purine catabolism. In 
diabetes, due to the repression of glycolytic enzyme, 
glucose is channeled into pentose phosphate pathway 
resulting in increased availability of ribose 5 phosphate 
which leads to increased production of PRPP ultimately 
resulting in high concentration of uric acid in blood. 
Moreover, protein glycation in diabetes may lead to 
muscle wasting and increased release of purine, the main 
source of uric acid as well as in activity of xanthine 
oxidase46. Oral administration of fisetin decreased the 

level of uric acid which could have been possible due to 
its free radical scavenging activity.  

Serum creatinine concentration is widely interpreted as a 
measure of the glomerular filtration rate (GFR) and is 
used as an index of renal function in clinical practice47. 
Creatinine concentration is the variable used to detect 
treatment related toxic effects of compounds on the 
kidney in experimental rats. In the present investigation 
there is a significant elevation in the levels of creatinine in 
STZ-induced diabetic rats. Oral treatment with fisetin for 
30 days significantly reduced the serum creatinine level. 

Aspartate transaminase (AST) and alanine transaminase 
(ALT) are the enzymes associated with the conversion of 
amino acids to ketoacids. They are pathophysiological 
marker enzymes used to assess tissue damage. The 
observed increase in the activities of ALT, AST, and ALP in 
serum of diabetic rats may primarily be due to leakage of 
these enzymes from liver cytosol into bloodstream as a 
consequence of the hepatotoxic effect of STZ48. The rise 
in serum activities of these enzymes which were formed 
in the liver and released into the bile is a sign of abnormal 
secretory function of the liver. As a result, cytoplasmic 
enzymes such as AST and ALT pass into blood plasma and 
their activities in serum increase. Restoration of normal 
levels of these enzymes after treatment with fisetin 
indicates normal functioning of liver. These results 
indicate the non toxic and tissue protective nature of 
fisetin.  

The results of the present study clearly indicate that 
fisetin normalizes hyperglycemia by improving the plasma 
insulin level thereby maintains the glucose homeostasis. 
Thus it can be concluded that fisetin could be used as a 
therapeutic hypoglycemic agent in the treatment of 
diabetes mellitus. 
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