
INTRODUCTION

he new consensus term for acute Trenal failure (ARF) is acute kidney 
1injury (AKI).  It is a multifactorial and 

multi-phasic clinical syndrome. AKI is a 
sudden occurrence of kidney damage or 

fai lure that causes not only the 
reduction of renal function, but also the 
build-up of metabolic wastes, such as 
creatinine and urea in the blood. This 
makes it hard for kidneys to keep the 
right balance of fluid within a body and 
can thus cause abnormal or reduced 

2urine output.  In addition, some other 
common clinical symptoms include 
reduced output of urine leading to a 
disturbance in the concentration of not 
only metabolic acids, but also in the 
levels of important ions such as 

3phosphate and potassium.

Although incidence rates vary from 
population to population, in United 
States of America, taking a population of 
1 million people, more than 5000 
cases/year are reported that do not 
require dialysis and approximately 295 
cases/year that require this mode of 

4treatment.  AKI is highly prevalent in 
patients that are critically ill. The 
frequency of AKI in hospital inpatients is 

51.9%,  however this frequency is seen 
to rise almost above 40% when the 
patient is admitted to the ICU and is 

6concomitantly suffering from sepsis.  
One out of 5 people suffer from AKI 
during their stay in the hospital which is 
directly related to an increased risk of 
morbidity and mortality (up to 30%), 
particularly when dialysis becomes 

7necessary.  Mild to moderate decrease 
in renal function is also related to longer 
stay in hospital, higher treatment 
expense and considerably higher 
chance of developing chronic renal 

8disease.

Although the underlying cause of AKI, in 
most cases, is multi-factorial such as 
hypoperfusion / ischemia, sepsis etc., 
data from recent epidemiological 
studies has shown that nephrotoxic 
drugs, such as chemotherapy agents like 
cisplatin, are responsible for 19-25% of 

9AKI cases.  Despite being one of the 
most efficacious anti-cancer drugs used 
against a wide variety of solid tumors, 
cisplatin therapy is limited owing to the 
fact that it is notoriously toxic to the 
kidneys, causing AKI in 25-35% of 
patients after administration of a single 
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ABSTRACT

OBJECTIVE: To investigate the anti-oxidative and anti-nephrotoxic effects of 
resveratrol in cisplatin induced nephrotoxic albino Wistar rats.

METHODS: This quasi-experimental study was performed at Isra University, 
Hyderabad, Pakistan. Thirty male albino Wistar rats were divided into three 
groups :  g roup-A (contro l ) ,  g roup-B  (c i sp l a t in )  and  group- C 
(cisplatin+resveratrol). Biochemical [serum urea, creatinine and glutathione 
peroxidase (GPX)] and renal histomorphology was performed in all groups 
after 21 days of treatment.

RESULTS: Difference in mean pre- and post-experimental body weight was 
observed in all three groups. Mean body weight decreased from 241.7±8.5 gm 
to 196.50±9.34 gm and from 237±7.4 gm to 207.2±6.56 gm in group-B and 
group-C respectively. In group-A; mean serum urea was 22.7±2.66 mg/dl, 
serum creatinine was 0.45±0.05 mg/dl and serum GPX was 1.44±0.13 ηg/ml. 
In group-B; mean serum urea level was 51±3.65 mg/dl, mean serum creatinine 
was 0.78±0.05 mg/dl and serum GPX was 0.85±0.11 ηg/ml. In group-C, mean 
serum urea level was 32.8±1.45 mg/dl, serum creatinine level was 0.41±0.09 
mg/dl and serum GPX was 1.53±0.08 ηg/ml. In group-A, renal structure was 
intact, marked changes were observed in renal histology of group-B while 
group-C displayed less glomerular damage. The mean distance between 
visceral and parietal layers of Bowman's capsule was 69.34±0.87 µm in group-
A, 216.5±1.32 µm in group-B while 102.22±1.65 µm in group-C. Areas of 
peritubular fibrosis and congestion were observed in groups B and C but less 
prominent in group-C compared with group-B.

CONCLUSION: Resveratrol therapy is a potent anti-nephrotoxic regime 
showing promising results in chemotherapy induced nephrotoxicity and 
oxidative stress.

KEY WORDS: Resveratrol (MeSH); Cisplatin (MeSH); Oxidative Stress 
(MeSH); Antioxidants (MeSH); Glutathione Peroxidase (MeSH).
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15Figure 1: Targets and actions of resveratrol
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to determine the anti-nephrotoxic and 
cyto-protective effects of resveratrol on 
renal-cell physiology in cisplatin induced 
nephrotoxic rat model.

METHODS

Thirty healthy male albino Wistar rats 
were selected by purposive sampling. 
The inclusion criteria was set as, rats 
having body weight of 200 to 300gm, 
free from any co-morbidities and male 
rats, whereas exclusion criteria was set 
as rats having body weight less than 200 
or more than 300 gm, female rats and 
moribund rats. After allowing the 
animals to acclimatize for one week, 
they were divided into 3 groups (10 rats 
per group) by simple random method; 
Group A (control rats), Group B (single 
dose of cisplatin 20mg/kg body weight 
intraperitoneally), Group C (single dose 
of cisplatin 20mg/kg body weight 
intraperitoneally + resveratrol 10 
mg/kg body weight orally), and kept in 
stainless steel cages under standard 
conditions of illumination with a 12-
hours light-dark cycle at 25±1ºC. They 
were provided with normal chow diet 
and water ad libitum. Nephrotoxicity 
was induced by single intraperitoneal 
dose of cisplatin 20mg/kg body weight. 
RSV was crushed into powder and 

10dose.  The nephrotoxic nature of 
cisplatin is due to its reactive oxygen 
species (ROS) generating capability that 
causes depletion of glutathione levels 
and inhibition of renal antioxidant 
enzymes, causing AKI even with 
plausible reno-protective strategies 
such as  co -admin is trat ion with 

11hydration.  Therefore, the prediction 
and prevention of cisplatin induced AKI 
remains a challenge. 

R e s v e r a t r o l  ( t r a n s - 3 , 4 ' , 5 -
t r i hydroxys t i l bene )  (RSV)  i s  a 
po lyhydroxypheno l  p l ant  tox in 
(phytoalexin) present in several eatable 
plants, including grapes, raspberries and 

12plums etc.  Due to its potent anti-
inflammatory as well as antioxidant 
potential, in recent years, there has 
been a general consensus regarding the 
positive effects of RSV, leading the usage 
of this drug for the prevention and 
t r e a t m e n t  o f  v a r i o u s  d i s e a s e 

13conditions.  Endothelial nitric oxide 
synthase (eNOS) has been proposed as 
one of the possible targets responsible 

14for the actions of RSV.  RSV has also 
been found to simultaneously restrain 
production of ROS. The targets and 
actions of RSV are summarized in Figure 
1.

The main objective of present study was 

mixed into the diet which was fed to the 
animals orally for 21 days (3 weeks).The 
level of the orally administered dosage 
of RSV (10 mg/kg body weight) and 
intraperitoneal dose of cisplatin 
(c isplat in 20mg/kg body weight 
intraperitoneally) was based on the 

16,17previous works.  Experimental work 
was conducted as per rules maintained 
by Ethical Committee of Isra University, 
Hyderabad, Pakistan. Body weights of 
all group rats were recorded before and 
after the experiment.

The experimental  animals were 
anesthetized by placing them in an 
inverted glass jar containing cotton 
pieces soaked in chloroform. Blood 
samples were collected by cardiac 
puncture and transferred to gel tubes 
where they were allowed to stand for 
half an hour and then centrifuged at 
3000 rpm for 15 min at 4ºC to separate 
serum which was stored for the 
different biochemical measurements. 
The animals of all groups were sacrificed 
by cervical dislocation. Skin incision was 
given from suprasternal notch to the 
lower half of abdomen. The kidneys 
w e r e  d i s s e c t e d  o u t  a n d  f i x e d 
immediately in 10% neutral formalin. 
Tissue was embedded in paraffin wax 
and 4-micron thick sections were 
obtained by microtome and stained 
with Hemtoxylin and Eosin (H & E) 
staining for histopathological analysis.

Serum urea and creatinine were 
analyzed on Hitachi Roche automated 
analyzer (Cobas c311) whereas serum 
glutathione peroxidase (GPX) was 
analyzed using bioassay technology 
ELISA kit (catalogue no: E1242Ra) on 
D i aSource  EL ISA  p l a te  reader 
(RT0931117DIA)  a t  D iagnost i c 
Laboratory, Isra University, Hyderabad. 

SPSS (Statistical Packages for Social 
Sciences) version 22.0 was used for data 
analysis. The statistical analysis of the 
differences of various quantitative 
variables between the experimental and 
control groups was evaluated by one 
way analysis of variance (ANOVA) 
followed by post hoc Tukey's test. P 
value ≤0.05 was taken as statistically 
significant.

RESULTS

Pre-exper imenta l  body  we igh t 



creatinine level was 0.41±0.09 and 
serum GPX was 1.53±0.08ηg/ml. Post 
hoc analysis revealed that serum urea 
and creatinine levels were significantly 
high in cisplatin group (group B) 
compared to control (group A) and 
resveratrol group (group C) (Table II). 
Similarly, statistically significant decline 
in serum GPX levels in group B 
compared to group A and C (Table III).

Histopathological alterations in renal 
sections are shown in Figure 2. The 
distances between the visceral and 
parietal layers of Bowman's capsule 
were observed. In control group (group 
A), renal structure was intact and no 
change in renal histology was found. The 
mean distance between visceral and 
parietal layers of Bowman's capsule was 
69.34±0.87µm whereas; in group B 
(cisplatin) marked changes in renal 
histology were observed. Glomerular 
structure shrinkage was prominent with 
the mean distance between the visceral 
and parietal layers of Bowman's capsule 
216.5±1.32µm. However, resveratrol 
receiving (group C) displayed less 
glomerular damage with the mean 
distance between the visceral and 
parietal layers of Bowman's capsule 

102.22±1.65µm as compared with 
cisplatin group (group B).

In addition, areas of peritubular fibrosis 
and congestion were observed in B and 
C group but less prominent in group-C 
compared with group-B.

DISCUSSION

The present study sought to investigate 
whether resveratrol exerted a reno-
protective effect on cisplatin-induced 
AKI in a rat model by investigating 
various blood and histopathological 
parameters associated with renal 
function of nephrotoxic and treated 
rats. Our results revealed considerable 
decline in renal function as well as 
a l terat ions in  renal  h isto logica l 
a r c h i t e c t u r e  a f t e r  c i s p l a t i n 
administration. However, resveratrol 
co-treatment was associated with 
marked improvement of renal function 
causing significant reduction in serum 
creatinine and urea levels, increased 
glutathione peroxidase levels as well as 
improving the renal histological 
architecture. These findings show that 
resveratrol caused amelioration of 
nephrotoxicity produced by cisplatin 
administration by enhancing plasma 
anti-oxidant levels. 

Being the waste disposal plants of the 
body, the kidneys are exposed to high 
quantities of toxic substances that make 
them prone to release substantial 
amounts of ROS. These free radicals 
ultimately lead to oxidative stress that 
has been attributed to the pathogenesis 

18of renal damage.  Cisplatin is known to 
deplete plasma level of endogenous 
antioxidants such as cysteine-rich 
p r o t e i n s ,  g l u t a t h i o n e  a n d / o r 
methionine, weakening the body's 
antioxidant defense machinery and 

19ultimately leading to oxidative stress.  

As  a  po lyphenol ic  phytoa lex in , 
resveratrol has been reported to be 
beneficial  for the prevention of 
numerous types of kidney diseases such 

20as those caused by diabetes , various 
21harmful drugs, sepsis  and ischemia-

22,23reperfusion renal injuries.  Consistent 
with these observations, the results of 
this current study show the positive 
effects of resveratrol in the prevention 
of renal damage and dysfunction as 
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(mean±SD) of group A, B and C was 
239.3±5.7 gm, 241.7±8.5 gm and 
237±7.4 gm respectively. At the end of 
the study duration, the body weights of 
group A, B and C were again measured. 
Significant difference in mean post 
exper imenta l  body weight  was 
observed in all three groups i.e. in group 
A there was a rise in body weight 
(249.30±6.27 gm) while in group B 
significant decline in mean body weight 
(196.50±9.34 gm) and in group C a 
similar decline was also observed 
(207.2±6.56 gm), however, the weight 
loss was not as much as seen in group B. 
There was a statistically significant 
difference (p-value <0.05) between the 
experimental groups (Table I).  

Post experimental biochemical analysis 
of all three groups was performed. In 
group A the mean level of serum urea 
was 22.7±2.66 mg/dl, serum creatinine 
was 0.45±0.05 mg/dl and serum GPX 
was 1.44±0.13ηg/ml. In group B the 
m e a n  s e r u m  u r e a  l e v e l  w a s 
51±3.65mg/dl, mean serum creatinine 
level was 0.78±0.05mg/dl and serum 
GPX was 0.85±0.11ηg/ml. In group C 
the mean serum urea level was 
32 .8±1.45  mg/d l ,  mean serum 

TABLE 1: DIFFERENCE IN BODY WEIGHT BETWEEN EXPERIMENTAL 
GROUPS BY POST-HOC TUKEY TEST

Mean diff. P-ValueGroups

Group B

Group C

Group C

-52.8

-42.1

10.7

0.0001

0.0001

0.001

Group A

Group B

TABLE II: MULTIPLE COMPARISON OF SERUM UREA AND SERUM 
CREATININE LEVELS BETWEEN GROUPS BY POST-HOC TUKEY TEST

Group B

Group B

Mean diff. P-Value
Group B

Group C

Group C

Group B

Group C

Group C

28.3

10.1

18.2

0.33

0.04

0.37

0.005

0.0001

0.0001

0.0001

0.502

0.0001

Serum Urea

Serum 

Creatinine

Group A

Group A

Parameter Groups

TABLE III: MULTIPLE COMPARISON OF SERUM GLUTATHIONE 
PEROXIDASE BETWEEN GROUPS BY POST-HOC TUKEY TEST

Mean diff. P-ValueGroups

Group B

Group C

Group C

0.59

0.09

0.68

0.0001

 0.172

0.0001

Group A

Group B
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which certain laboratory tests such as 
urine analysis, plasma albumin levels and 
plasma levels of inflammatory markers 
could not be performed. Therefore, 
further studies are recommended to 
assess the various effects of resveratrol 
on other blood and urine parameters as 
well as on other organs and to explore 
the effects of resveratrol in combination 
with other anti-nephrotoxic agents such 
as L-arginine and ascorbic acid etc.

CONCLUSION

This study showed a protective effect of 
resveratrol against cisplatin induced 
renal damage. Reduction of oxidative 
stress may be considered as one of the 
main pathways of action.
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