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ABSTRACT
Aim: In our study, the therapeutic effect of resveratrol against the toxicity of cisplatin in rats with experimental diabetes 
mellitus with streptozotocin was investigated.
Material and Method: 64 rats were used in the study. 8 groups were randomly formed, with 8 rats in each group. Group 1 
was determined as the control group. Group 2 (STZ) was injected with 60 mg/kg streptozotocin intraperitoneally (ip) on the 
first day to induce diabetes. Group 3 (RES) was given 100 mg/kg of resveratrol orally every day. Group 4 (SIS), a single dose of 
cisplatin 7 mg/kg (ip) was administered 3 days later. Group 5 (STZ+RES), group 6 (STZ+SIS), group 7 (RES+SIS) and group 8 
(STZ+SIS+RES) were determined.
Results: While there was weight gain in the control and RES groups during the experiment, the STZ and STZ + SIS groups 
showed a significant decrease in body weights of the rats. In the groups given streptozotocin and cisplatin together with 
resveratrol, there was no decrease in body weight, but a small increase was observed. In groups with increased blood glucose 
values with streptozotocin, these values were found to have dropped significantly with resveratrol. The TAS level has increased 
significantly in groups RES, STZ+RES, SIS+RES and STZ+SIS+RES according to the control group; no significant difference 
has been found in the other groups compared to the control group. While the AST level was significantly higher in the STZ, 
SIS and STZ+SIS groups compared to the control group, the ALT level was found to be significantly higher in the STZ and 
STZ+SIS groups compared to the control group. Creatinine was found to be significantly higher in SIS, STZ+SIS, RES+SIS and 
STZ+SIS+RES groups compared to the control group. The SIS group and RES+SIS and STZ+SIS+RES groups were compared, 
the decrease in the RES+SIS and STZ+SIS+RES groups was statistically significant. QT (ms) values increased significantly 
in the STZ and STZ+SIS groups compared to the control group, but there was no significant difference in the other groups. 
According to the control group, the heart rate per minute was found to be significantly lower in the STZ and STZ+SIS groups.
Conclusion: As a result, it was seen that the use of resveratrol would be effective in reducing the increased glucose levels in the 
treatment of diabetes and in the treatment of possible complications.
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INTRODUCTION 
Diabetes is a lifelong disease that develops when the 
pancreas does not produce enough insulin hormone or the 
insulin hormone it produces cannot be used effectively. 
In recent years, the prevalence of diabetes mellitus has 
increased considerably all over the world. For this reason, 
many studies are carried out in this area (1).

Resveratrol is a flavonoid polyphenolic phytoalexin 
synthesized by plants against traumatic injury or fungal 
attack. Phytoalexin; It is an antibiotic produced by plants 

as a result of any external stress or pathogenic (fungal) 
attack (2).

Cisplatin is a chemotherapeutic drug used in the treatment 
of cancer. Unlike other antineoplastic drugs, cisplatin is a 
platinum derivative. It can accumulate in tissues and cause 
toxicity. It accumulates 5 times more in kidney tissue 
compared to other tissues and causes death in tubule cells 
(3). The most important side effect that can be encountered 
in the use of cisplatin is nephrotoxicity (4).
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In our study, the therapeutic effect of resveratrol against 
the toxicity of cisplatin in rats with experimental diabetes 
mellitus with streptozotocin was investigated.

MATERIAL AND METHOD
The study was carried out with the permission of Van 
Yüzüncüyıl University Animal Experiments Local Ethics 
Committee (Date: 25.06.2015, Decision 2015/08). All 
procedures were carried out in accordance with the 
ethical rules and the principles of the Declaration of 
Helsinki.

Material
In the study, 64 healthy rats obtained from Yüzüncü Yıl 
University Faculty of Medicine Experimental Research 
Unit were used. Before the experiment, the rats were 
adapted to the ambience for 7 days. Experimental 
applications in the study were carried out in accordance 
with the maintenance conditions of laboratory animals 
(12 hours of light, 12 hours of darkness and 22±1°C and 
60% humidity).  During the experimental applications, 
standard commercial rat food (pellet feed) and drinking 
water were given to the rats ad libitum. 8 random group 
was created with 8 rat in each group. The rats' weights 
were recorded at the beginning of the study, and rats 
that died during the experiment and that did not have 
diabetes were not included in the study.  

Method
1. Group (Control): The control group was given normal 

pellet rat food and drinking water throughout the 
experiment.

2. Group (STZ): To induce diabetes, rats in this 
group were injected with 60 mg/kg streptozotocin 
(intraperitoneally) on the first day. After 3 days, blood 
sugars were determined with blood taken from the tail.

3. Group (RES): The rats in this group were daily 
administered 100 mg/kg resveratrol by oral gavage 
method.

4. Group (SIS): A single dose of cisplatin 7 mg/kg 
(intraperitoneally) was administered to the rats in this 
group at the end of the 3rd day.

5. Group (STZ+RES): To induce diabetes, rats in this 
group were injected with 60 mg/kg streptozotocin 
(intraperitoneally) on the first day.100 mg/kg 
resveratrol was given daily by oral gavage method

6. Group (STZ+SIS): To induce diabetes, rats in this 
group were injected with 60 mg/kg streptozotocin 
(intraperitoneally) on the first day. Then, a single 
dose of cisplatin 7 mg/kg (intraperitoneally) was 
administered.

7. Group (RES+SIS): The rats in this group were daily 
administered 100 mg/kg resveratrol by oral gavage 
method.. Then, at the end of the 3rd day, a single 
dose of cisplatin 7 mg/kg (intraperitoneally) was 
administered.

8. Group (STZ+SIS+RES): To induce diabetes, rats in 
this group were injected with 60 mg/kg streptozotocin 
(intraperitoneally) on the first day. The rats in this 
group were given 100 mg/kg resveratrol daily by oral 
gavage method. A single dose of cisplatin 7 mg/kg 
(intraperitoneally) was administered 3 days later.

Streptozotocin was suspended in sodium citrate 
buffer (pH: 4.5) and resveratrol was suspended in 
dimethylsulfoxide and administered to experimental 
animals. In the STZ treated groups, blood glucose levels 
were determined 3 days later by blood taken from the 
tail. Rats with blood glucose of 250 mg/dl and above were 
accepted as diabetes (5,6).  The study took 14 days.

Electrocardiography (ECG) Shot
After the experimental applications, the rats were 
anesthetized with 50 (mg/kg) ketamine (ip). The rats were 
placed on the table in the right lateral position for ECG 
recording. The hairs on the upper parts of the elbow and 
knee joints of the rats were removed and cleaned with 
alcohol. Electrode gel was applied to the upper part of 
the elbow and knee joint to facilitate current flow. Then, 
crocodile-mouth electrodes were placed over the elbow 
joint in the forelimbs and over the knee joint in the hind 
limbs. The ECG device was adjusted to be 1 mV=10 mm 
and printing speed 50 mm/sec (7).

Taking Blood Samples
After ECG recordings, the rats were placed on the 
table in the dorso-ventral position. The right hand was 
grasped by the neck of the rat, and the thumb and index 
fingers and front legs were held tightly and stretched. 
The hairs on the thorax were shaved, the skin was wiped 
with alcohol, the heartbeat point was determined with a 
finger, the cannula was inserted vertically at a distance of 
2-3 mm from the left edge of the sternum in the 2nd and 
3rd intercostal space, and the blood was taken with an 
injector. The collected blood was transferred to the tubes 
and centrifuged and serum and plasma were collected.

Statistical Analysis
Descriptive statistics for continuous variables in our 
study; Expressed as Median, Mean, Standard Deviation, 
Minimum and Maximum values. The Kruskal Wallis test 
was used to compare group means in terms of continuous 
variables. Duncan test was used to identify different 
groups. The statistical significance level was taken as 
5% in the calculations and the SPSS (ver.23) statistical 
package program was used for the calculations.
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RESULTS 
In this study, which was conducted to investigate the 
therapeutic effects of resveratrol in rats with experimental 
diabetes, the experimental animals used during the 14-day 
trial period were weighed on the 1st and 14th days. While 
weight gain was found in the control and RES groups 
during the 14 day experiment, it was determined that there 
was a significant decrease in the body weights of the rats in 
the STZ and STZ+SIS applied groups. In the groups given 
resveratrol together with STZ, there was no decrease in 
body weights, but a small increase was observed.

The blood values and ECG findings of the experimental 
animals are given in Figure 1. While the TAS level 
increased significantly in the RES, STZ+RES, SIS+RES 
and STZ+SIS+RES groups compared to the control group, 
no significant difference was found in the other groups 
compared to the control group. Considering the TOS 
values in the study, no statistically significant difference 
was found between the group averages. However, TOS 
values in all STZ applied groups increased compared to 
the values in the control group. Considering only the STZ 
applied group and the STZ+RES group, a decrease was 
observed in the STZ+RES group, although not statistically 
significant. While the AST level was significantly higher in 
the STZ, SIS and STZ+SIS groups compared to the control 
group, the difference was insignificant in all other groups 
compared to the control group. According to the ALT level 
control group, the difference between STZ and STZ+SIS 
groups was found to be meaningless, compared to control 
in all other groups. Creatinine increased significantly in SIS, 
STZ+SIS, RES+SIS and STZ+SIS+RES groups compared 
to the control group. When only the SIS group and the 
RES+SIS and STZ+SIS+RES groups were compared, the 
decrease in the RES+SIS and STZ+SIS+RES groups was 
statistically significant. Considering the glucose values, the 
increase in the STZ and STZ+SIS groups was found to be 
significant compared to the other groups. 

QT (ms) values increased significantly in the STZ and 
STZ+SIS groups compared to the control group, but there 
was no significant difference in the other groups. Compared 
to the control group, the heart rate per minute was found 
to be significantly lower in the STZ and STZ+SIS groups. 
While cisplatin alone did not cause a decrease, a significant 
decrease was observed when administered with STZ no 
significant difference was found in the other groups.

DISCUSSION
It is estimated that 4 out of every 100 people in the 
world will have diabetes in the next 10 years due to 
the unhealthy diet, sedentary life and the resulting 
excess weight brought about by city life in recent years. 
Diabetes mellitus, which is caused by a combination 

of hereditary and environmental factors and results 
in an increase in blood glucose level, is a lifelong 
metabolic disease that causes carbohydrate, fat and 
protein metabolism disorders that occur as a result of 
the deficiency or ineffectiveness of the insulin hormone 
(8). Diabetes is known to damage various organs and 
tissues. The most important complications of diabetes 
are retinopathy, neuropathy and nephropathy (9). In the 
later stages of diabetes, glomerular and renal vascular 
lesions as well as acute and chronic pyelonephritis can 
be observed (10). Diabetes is a risk factor for heart 
failure. It can reveal ischemia and arrhythmias in the 
heart (11). The very common streptozotocin (STZ) was 
used to create a diabetes model in experimental animals 
(12). In the study of Green et al. (13), a single dose 
of 60 mg/kg (ip) STZ was administered in our study, 
since it was reported that a single dose of 40-60 mg/
kg STZ in rats would be sufficient to create a diabetes 
model. As it is known, nephropathy and cardiopathy 

Figure 1. The results of TAS, TOS, AST, ALT, Creatinine and glucose 
analysis in blood samples taken from rats and QT and heart rate 
values according to groups in terms of ECG values.

  Creatinine Glucose

Heart rate
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are chronic complications of diabetes. Our work was 
concluded in a short period of 14 days. It was thought 
in our study the toxic effect of cisplatin  could be   
benefited from  in order to see the long-term damage 
of diabetes. The effect of resveratrol against the toxicity 
of both STZ and cisplatin was determined. In this 
study, in accordance with the literature, it was found 
that body weight decreased statistically significantly 
in the groups with diabetes (STZ, STZ+SIS) (14,15). 
Resveratrol administration is known to slow down 
weight loss caused by diabetes. It is thought that body 
weights of rats with diabetes decreased as a result of 
polyuria, increased protein and lipid breakdown. It 
was determined that body weights that decreased with 
diabetes in rats did not decrease in resveratrol given 
treatment groups (STZ+RES and STZ+SIS+RES). 
In our study, the fact that RES application prevented 
weight loss in diabetic rats is in parallel with other 
studies (16,17).

In the diabetic groups who received RES for treatment, 
the decreased glucose level was statistically significant. 
When the blood glucose level in the STZ+RES group at 
the beginning of the study was compared with the blood 
glucose level at the end of the study, a significant decrease 
was detected. The therapeutic effect of resveratrol has 
also been shown in similar studies (18,19). Nihei et al., 
in 2001 in their study in rats  caused the phosphorylation 
of GLUT4, one of the glucose transporters, by affecting 
the insulin receptors of resveratrol; reported that 
blood glucose level decreased by increasing glucose 
uptake into the cell (20). In another study, they stated 
that resveratrol decreased the plasma glucose level in 
diabetic rats (21). In our study, we think that resveratrol 
normalizes the high blood glucose level by affecting the 
transport systems involved in glucose transport. As a 
result of certain reactions in the body, harmful wastes 
called oxidants occur. The biological damage caused 
by these harmful wastes in the organism is known as 
oxidative stress. There are endogenous and exogenous 
antioxidant molecules that prevent the oxidative effects 
of free radicals, that is, oxidative stress in the organism. 
They protect cells from the damaging effects of oxidant 
agents. It is necessary to measure total oxidant (TOS) 
to determine the amount of oxidant in the body, and 
total antioxidant (TAS) measurement to determine the 
amount of antioxidant (22).  In our study, TAS and TOS 
levels were measured in the sera obtained. While the 
TAS level was found to be significantly higher in the 
RES, STZ+RES, SIS+RES and STZ+SIS+RES groups, 
that is, in all groups given resveratrol, compared to the 
control group, no significant difference was found in 
the other groups compared to the control group. In a 
study by Rodrigo and Bosco in 2006, they reported that 
resveratrol has a protective effect against kidney damage 

due to its free radical scavenger and enzyme regulatory 
effect (23). In another study, it was determined that 
resveratrol has a protective effect against oxidative 
damage caused by ethanol in different organs (24). 
Similar studies support the antioxidant property of 
resveratrol in our study (25,26,27). In our study, it was 
found that resveratrol increased TAS levels. Resveratrol 
is thought to protect the body against oxidative stress 
by eliminating the harmful effects of free radicals. 
Resveratrol is known to be a phytoalexin. Resveratrol 
is known to increase the resistance of vessels against 
oxidative stress by protecting endothelial cells in 
apoptotic cell death caused by hydrogen peroxide. 
It is thought that resveratrol is a natural antioxidant, 
inhibiting the superoxide radical that occurs in 
mitochondria, reducing the oxidative chain complex 
and inhibiting lipid peroxidation  (28,29,30). It has 
been observed that the antioxidant aspect of resveratrol 
is also effective in conditions that cause great biological 
damage to the organism, such as diabetes and cisplatin. 
Considering the TOS values in the study, no statistically 
significant difference was found between the group 
averages. However, TOS values in the STZ and cisplatin 
applied groups were higher than the values in the 
control group. When only the STZ applied group and 
the STZ + RES group were examined, it was observed 
that although it was not statistically significant in the 
STZ + RES group, a decrease was observed, and at the 
same time, a result closer to the control group. The 
higher TOS value in the STZ+SIS group compared to 
the STZ+SIS+RES group is thought to protect the body 
against oxidant damage by resveratrol. Resveratrol is 
thought to be a powerful antioxidant by stimulating 
antioxidant enzymes, and stabilizes radical derivatives 
due to its hydroxylated structure and prevents oxidative 
damage (31).

Aminotransferases (AST and ALT) are particularly 
known as markers of liver damage. But they are also 
found in the heart and skeletal muscle, as well as in 
the brain, pancreas, kidney, lung, and erythrocytes. 
While the AST level was significantly higher in the 
STZ, SIS and STZ+SIS groups compared to the control 
group, the difference was insignificant in all other 
groups compared to the control group.  While ALT 
level increased significantly in the STZ and STZ+SIS 
groups compared to the control group, the difference 
was insignificant in all other groups compared to the 
control group. It was determined that AST and ALT 
levels increased significantly in the groups given STZ 
and SIS, while these rates decreased in the groups given 
RES. This showed us that resveratrol has a preventive 
effect on the toxic effects caused by STZ and SIS. In 
similar studies with resveratrol, the same effect was 
found (32-34).  In a study by Juan et al. (35) in 2002, 
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Sprague-Dawley administered resveratrol orally 20 
mg/kg per day for about a month in rats. At the end of 
the study, they reported that there was no significant 
change in ALT and AST enzyme levels. Ghosh et al. 
(36) in their study in 2014, reported that 60 mg/kg STZ 
administration increased AST and ALT values, which 
are markers of hepatic dysfunction. They have proven 
that STZ causes liver damage.  Yousef et al. (37) in their 
study in rats in 2009, showed that cisplatin caused liver 
damage and increased liver enzymes. In our study, we 
think that the administration of STZ and SIS caused 
liver damage, therefore the transport functions were 
impaired, membrane permeability changed, thus the 
levels of enzymes changed.

In this study, we found that resveratrol alone did not 
cause a change in AST and ALT values. The therapeutic 
effect of resveratrol was thought to be due to its 
regulation of the formation of inflammatory mediators 
by providing the oxidant and antioxidant balance. 
Creatinine increased significantly in SIS, STZ+SIS, 
RES+SIS and STZ+SIS+RES groups compared to the 
control group. In 2011, Alhaider et al. (38) reported 
that there was a significant increase in serum creatinine 
levels after 8 weeks in rats that they created a diabetes 
model with STZ. We have seen this situation in our own 
study.  When only the SIS group and the RES+SIS and 
STZ+SIS+RES groups were compared, the decrease in 
the RES+SIS and STZ+SIS+RES groups was statistically 
significant. After cisplatin use, increased creatinine 
level, decreased clearance and electrolyte imbalance 
are indicators of nephrotoxicity (3,39). It shows that 
resveratrol is effective against nephrotoxicity caused by 
electrolyte imbalance by regulating creatinine level.

ECG, which is a frequently used and important 
diagnostic method in the evaluation of heart diseases, 
is the process of recording the action currents that 
occur during the operation of the heart and are 
distributed over the body surface (40). The QT interval 
is the total time indicative of the depolarization and 
repolarization of the ventricles. It is determined by 
measuring the portion from the beginning of the QRS 
complex to the end of the T wave. Long QT syndrome 
with syncope and sudden cardiac death is a risk factor 
for fatal ventricular arrhythmias. Prolongation of 
the QT interval may cause “torsade de pointes” type 
ventricular arrhythmias in bradycardia and electrolyte 
imbalances (hypopotashemia, hypomagnesemia) (41). 
The prolongation of the QT interval is usually due to 
the prolongation in the repolarization section of the 
ventricles (42). In studies conducted in rats, long QT 
values have been reported as a sign of hypokalemia and 
myocardial infarction (43,44). During this study, rats 
were anesthetized with 50 (mg/kg) ketamine (ip).  The 

averages of QT values in this study show similarities 
with the studies performed in rats under anesthesia 
(45,46). In our study, QT (ms) values increased 
significantly in the STZ and STZ+SIS groups compared 
to the control group, but no significant difference was 
found in the other groups. Resveratrol corrected QT 
prolongation caused by streptozotocin and cisplatin. 
Li-Man Hung et al. (2) reported that resveratrol has 
a therapeutic effect in arrhythmias after ischemia. In 
addition, the similarity of QT values in the group given 
only resveratrol compared to the control group may 
also be an indication that resveratrol does not cause 
any arrhythmia. Hashemzaei et al. (47) reported that 
resveratrol alone had no effect on ECG parameters 
and they did not find a significant result compared to 
the control group, confirming this information. In our 
study, it is thought that resveratrol has cardioprotective 
and arrhythmia regulating effectsThis can be explained 
by the fact that resveratrol reduces the amount of free 
radicals formed during cardiotoxicity. The results we 
found are similar to the literature (2,48-51).               

Electrocardiogram R-R interval gives information 
about the heart rate. The values in the studies on heart 
rate in rats under anesthesia show parallelism with the 
values in our study (52,53). In the statistical analysis, 
the difference of the R-R interval between the group 
averages in the study was found to be significant. It was 
determined that the R-R (sec) interval was prolonged in 
the STZ and STZ+SIS groups compared to the control 
group. Compared to the control group, the heart rate 
per minute was found to be significantly lower in the 
STZ and STZ+SIS groups. While cisplatin alone did not 
cause a decrease, a significant decrease was observed 
when administered with STZ. Vilar-Pereira et al. 
(54) reported in their study that resveratrol reduces 
prolonged PR and QTc intervals, increases heart rates 
and improves cardiac output. In our study, we found 
that resveratrol increased the low heart rate caused by 
STZ and SIS application and shortened the prolonged 
R-R intervals, that is, brought them closer to the control 
group values. In a study on resveratrol, it was reported 
that it increased the amount of adenosine in the heart 
tissue (55). Adenosine is known as a cardiac protector 
with its effects such as normalization of cardiac functions 
and suppression of arrhythmias. The rhythm-regulating 
effect of resveratrol can be explained by increasing 
the amount of adenosine. In the literature review, no 
information was given about how it would affect the 
heart rate in rats  given  administered streptozotocin 
and cisplatin. More studies on the subject need to be 
done.
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CONCLUSION 
The therapeutic effect of resveratrol on STZ and 
cisplatin-induced biological damage was examined.It 
was determined that resveratrol played a regulatory role 
on biochemical parameters and cardiac arrhythmias.As 
a result; we concluded that resveratrol prevents diabetes-
induced weight loss, lowers elevated blood sugar levels, 
has antioxidant properties and a therapeutic effect on 
liver damage, lowers prolonged QT times, and regulates 
heart rate.We think that the use of resveratrol will be 
beneficial in the treatment of diabetes and tissue damage 
caused by cisplatin.
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