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Aerobic exercise and unripe grape extract as antioxidant do not
protect the kidney against cisplatin induced nephrotoxicity
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Background: Nephrotoxicity is the cisplatin therapy side effect due to stress oxidative formation and
lack of antioxidants.
Objectives: The role of aerobic exercise and three different doses of unripe grape extract as an
antioxidant on cisplatin-induced nephrotoxicity were studied
Materials and Method: Seventy male Wistar rats were randomly divided into groups of control,
cisplatin (2.5 mg/kg/d for 7 days), aerobic exercise + cisplatin and unripe grape extract and also
aerobic exercise + unripe grape extract. Aerobic exercise was administered in period of 7 weeks (5
days/week, 1 h/d), and unripe grape extract was used in three different doses of 20, 100, 200 mg/
kg/d for period of 7 weeks.
Results: Cisplatin elevated the serum levels of blood urea nitrogen (BUN), creatinine and
malondialdehyde (MDA), and also kidney weight and kidney tissue damage score and decreased
body weight and the kidney tissue levels of nitrite significantly (P < 0.05), but aerobic exercise or
unripe grape extract did not alter the parameters toward normal levels.
Conclusions: Based on these findings, aerobic exercise and antioxidant such as unripe grape extract
may not protect the kidney against cisplatin-induced nephrotoxicity during anti-cancer therapy.
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Implication for health policy/practice/research/medical education:
To avoid using aerobatic exercise and unripe grape as antioxidants to expect the prevention of cisplain induced nephrotoxicity.
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1. Background
Chemotherapy is recommended for most of cancer to
limit the mortality rate. Cisplatin is a drug which is used
for chemotherapy (1). However it is accompanied by side
effects of ototoxicity, gastrointestinal disturbance, bone
marrow suppression, allergic reactions, or nephrotoxicity
(2,3). Cisplatin increases serum level of creatinine and
blood urea nitrogen (BUN) and decreases serum level of
magnesium (4-6). It also causes inflammation, apoptosis

and cell death (2). To reduce the side effect of cisplatin
during chemotherapy, administration of antioxidants is
suggested. Antioxidant agents such as l-arginine (7) and
vitamin E (8) decrease cisplatin-induced nephrotoxicity.
As a medical plant agent, pomegranate extract reduces
cisplatin-induced nephrotoxicity in animal models (9).
Unripe grape juice has a protectieve role on lipid
profile (10), and its juice has a sour taste and texture
similar to grape and is rich in polyphenol compound
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as an antioxidant mixture (11). Aerobic exercise is also
considered as an antioxidant, and plays an important role
in lifestyle. Aerobic exercise improves muscle strength
and function of the heart in cancer patients who were
subjected to chemotherapy (12). Aerobic exercise also
increases superoxide dismutase (SOD) activity (13) while
it did not protect the kidney against cisplatin induced
nephrotoxicity in female animal (14).

was obtained. Finally, based on Folin-Ciocalteu method,
total polyphenolic compounds were evaluated.
Groups 7, 8 and 9 (named aerobic exercise +U20, aerobic
exercise +U100, aerobic exercise + U200); the rats run on
a treadmill for period of 7 weeks (5 days/week, 1 h/d)
accompanied with orally gavage of unripe grape extract
(20, 100, 200 mg/kg/d) and received cisplatin (2.5 mg/
kg, i.p, daily) during the last week.

2. Objectives
In this study the effects of aerobic exercise and
administration of unripe grape extract on cisplatin
induced
nephrotoxicity
were
investigated.

3.3. Measurements
At the end, the rats were anesthetized with chloral
hydrate (450 mg/kg; IP). Blood samples were obtained
by heart puncture. The kidneys were excised and
weighed immediately. The left kidney fixed in 10%
formalin solution for the staining (H&E) and pathology
investigation. The injury severity named kidney tissue
damage score (KTDS), and it was graded by a pathologist
(who was blinded to the study) from 1 to 4 while zero
score was assigned to normal tissue. The right kidney
was homogenized and centrifuged. The serum levels of
creatinine and BUN were determined using quantitative
diagnostic (Pars Azmoon, Iran) by Technicon, RA1000
Model. The serum and kidney levels of nitrite (stable
NO metabolite) were measured using a colorimetric
assay that involves the Griess reaction. The serum and
renal levels of malondialdehyde (MDA) were measured
manually as described before (14).

3. Material and Methods
Seventy adult male (203 ± 3 g) Wistar rats (Animal
Centre, Isfahan University of Medical Sciences, Isfahan,
Iran) were used.
3.1. Aerobic exercise protocol
The animals were placed on the rodent’s treadmill for a
week of compatibility, and the animals forced to run at
the speed of 16 m/min/d for 15 minutes. The aerobic
exercise protocol was designed for seven weeks (5 days
a week, 1 h/d). In first two weeks, the treadmill velocity
was adjusted to 20 m/min, and it was increased to 23 m/
min during weeks 3 and 4, 25 m/min during week 6, and
28 m/min during last week (14).
3.2. Study design
The rats were divided into nine groups as follows:
Group 1 (named control); the rats placed on a treadmill
without running and they received vehicle (Tween 80,
Sigma, Missouri USA) by orally gavage during the study,
and also received saline during the last week.
Group 2 (named cisplatin); the rat received similar
regimen as group 1 except cisplatin (2.5 mg/kg/d, IP;
intraperitoneal) during the last week instead of saline.
Group 3 (named aerobic exercise + cisplatin): the animals
run on a treadmill for period of 7 weeks (5 days/week, 1
h/d) and received cisplatin (2.5 mg/kg/d, IP) during the
last week.
Groups 4, 5 and 6 (named U20, U100, and U200); the
animals received unripe grape extract orally gavage (20,
100, 200 mg/kg/d, for period of 7 weeks), respectively,
and received cisplatin (2.5 mg/kg/d, IP) during the last
week. unripe grape extract was prepared as described
before (15). Briefly, fresh unripe grapes (Vitis vinifera
L. CV Shiraz) were dried, powdered and then extracted
based on percolation method using 70% ethanol. The
extract was subjected to concentrate and dry powder
2

3.4. Ethical issues
This project was approved by Ethics Committee of
Isfahan University of Medical. Prior to the experiment,
the protocols were confirmed to be in accordance with
the guidelines of Animal Ethics Committee of Isfahan
University of Medical Sciences (#ir.mui.rec.1394.2.241)
3.5. Statistical analysis
Data were expressed as mean ± SEM. One-way ANOVA
followed by Fisher’s least significant difference (LSD)
was applied to compare the BUN, creatinine, nitrite,
and MDA plasma levels, and kidney weight (KW) and
body weight (BW) between the groups. To compare the
KTDS between the groups, Kruskal-Wallis and MannWhitney U tests were applied. Additionally, P ≤ 0.05 was
considered statistically signiﬁcant.
4. Results
Cisplatin administration increased the serum
concentrations of BUN and creatinine, and KTDS and
KW and decreased the body weight significantly when
compared with control group (P < 0.05) (Figure 1).
However, aerobic exercise, different doses of unripe grape

Journal of Nephropathology, Vol 8, No 1, January 2019

www.nephropathol.com

Unripe and cisplatin nephrotoxicity
Unripe and cisplatin nephrotoxicity

Cr (mg/dl)

150

*

50
0

SMDA (µmole/l)

16

P =0.004

12
8
4
0
20

SNitrite (µmole/l)

16

#

#

#

#

#

*

2

8
4

Group

*

0

Group

20

Group

1.5

16

*

12

P < 0.0001

8
4
0
Group

1.2

0.4

P = 0.001

0.9

*

0.6
0.3
0

0.5
P = 0.89

P < 0.0001

3
1

Group

12

0

#

TMDA (nmole/l/g tissue)

Group

20

4

Group

60

*

40

P < 0.0001

0.3

∆Weight (g)

100

5
P = 0.021

KW (g/100 g BW)

200

KTDS

12
10
8
6
4
2
0

P = 0.002

250

TNitrite (nmole/l/g tissue)

BUN (mg/dl)

300

0.2

20

*

P < 0.0001

0

-20
-40

0.1

-60

0

Group

-80

Group

Figure
1. The
serum
levels
BUN,
MDAand
andnitrite,
nitrite,and
and KTDS,
KTDS, KW, kidney tissue
and
body
weight
changes in
Figure
1. The
serum
levels
of of
BUN,
Cr,Cr,MDA
tissue levels
levels of
ofnitrite
nitriteand
andMDA,
MDA,
and
body
weight
9 experimental
groups.
CP: cisplatin;
EX: aerobic
exercise;
U20, U100,U200;
unripeunripe
grape grape
extractextract
20,100,100
mg/kg.
* indicates
significant
changes
in 9 experimental
groups.
CP: cisplatin;
EX: aerobic
exercise;
U20, U100,U200;
20, 100,
200 mg/kg.
* indicates
significant differences from other groups (P < 0.05), and # stands for significant differences from groups CP, EX+CP or EX+U200+CP
(P < 0.05). n= 6 in control group and n=8 in each others groups. See the text for group information.

extract alone or unripe grape extract combined with
EX did not alter these parameters toward normal level
(Figure 1). Cisplatin alone or combined with aerobic
exercise, also increased the serum concentration of MDA
significantly (P < 0.05), however, the increased serum
MDA concentration was reduced toward normal level by
unripe grape extract alone. The kidney tissue levels of
MDA and nitrite in the control group were significantly
greater than other groups (P < 0.05). No significant
differences were observed in serum nitrite levels between
the groups. Based on tubule dilatation, debris or
inflammation, the histopathology data demonstrated
the higher injury severity in all cisplatin treated groups
compared to the control group (P < 0.05). The sample
tissue staining images are shown in Figure 2.
5. Discussion
Anti-cancer drugs usually accompanied with stress
oxidative formation and serious side effects that need
to be controlled with special cares. Physical movement
and some herbal drugs as antioxidant agents against
stress oxidative formation are candidate for such
purpose. Cisplatin is a famous anti-cancer drug which
is accompanied with nephrotoxicity. The aim of this
study was to investigate the effect of aerobic exercise and
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unripe grape extract on cisplatin-induced nephrotoxicity.
Our results showed that administration of cisplatin
increased the BUN, creatinine and MDA concentration
in serum as well as KTDS and KW as expected (7,16).
However, aerobic exercise and unripe grape extract either
alone or combined did not attenuate cisplatin-induced
nephrotoxicity. The effects of eight weeks aerobic exercise
on cisplatin-induced nephrotoxicity has been reported
(17,18). Eight weeks of aerobic exercise did not attenuate
vanadyl sulphate induced nephrotoxicity (18). However,
it may have a protective effect against cisplatin-induced
nephrotoxicity (18). It is reported that aerobic exercise
elevates glutathione erythrocyte peroxidase enzyme
(GSH) activity and SOD activity (13). In addition,
aerobic exercise reduces fatigue, anxiety, and depression
(19). In agreement with this study, it is revealed that
aerobic exercise training could not affect kidney function
against chronic renal failure (20), and aerobic exercise
exacerbated the overall damage in animals with chronic
nitric oxide synthase (NOS) inhibition (21). Sport also
has a negative effect on the immune complex mediated
glomerulonephritis (22).
Previous studies have reported that administration of
unripe grape extract had a protective effect on blood
pressure (15,23), and polyphenolic compounds in
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Figure 2. The sample images (×100) from all the experimental groups. The staining was performed by H&E method. The group name is
shown on each picture (see the text for group information). CP: cisplatin; EX: aerobic exercise; U20, U100, U200; unripe grape extract 20,
100, 200 mg/kg.

unripe grape extract increased its antioxidants effect. It
is also reported that exercise activity changes antioxidant
content (24,25) and decreased MDA level (26).
6. Conclusions
It is concluded that aerobic exercise or unripe grape extract
as antioxidants are expected to protect the kidney against
cisplatin-induced stress oxidative and nephrotoxicity.
However this expectation was failed in this study. It
seems that special attention should be made to choose
the right aerobic exercise protocol and antioxidant agents
to obtain protective effect against, cisplatin side effect of
nephrotoxicity.
Authors’ contribution
SK and BM conducted the experimental procedures
and prepared the first draft of the manuscript. SK
helped in study design and supervised. BZ helped
in study design and in preparation of herbal extract.
AT analyzed the pathology data, and MN designed,
supervised and analyzed the data research and completed
the manuscript. All authors read and signed the paper.
Conflicts of interest
The authors declare no competing interests.
Ethical considerations
Ethical issues (including plagiarism, data fabrication,
double publication) have been completely observed by
the authors.
Funding/Support
This research was supported by Isfahan University of
Medical Sciences (# 294241).
4

References
1.

2.

3.

4.

5.
6.

7.

8.

9.

Journal of Nephropathology, Vol 8, No 1, January 2019

Ishida S, Lee J, Thiele DJ, Herskowitz I. Uptake of the
anticancer drug cisplatin mediated by the copper transporter
Ctr1 in yeast and mammals. Proc Natl Acad Sci U S A.
2002;99(22):14298-302. doi: 10.1073/pnas.162491399.
Miller RP, Tadagavadi RK, Ramesh G, Reeves WB.
Mechanisms of cisplatin nephrotoxicity. Toxins (Basel).
2010;2(11):2490-518.
doi:
10.3390/toxins2112490.
Sastry J, Kellie SJ. Severe neurotoxicity, ototoxicity
and nephrotoxicity following high-dose cisplatin and
amifostine. Pediatr Hematol Oncol. 2005;22(5):441-5. doi:
10.1080/08880010590964381.
de Jongh FE, van Veen RN, Veltman SJ, de Wit R, van der
Burg ME, van den Bent MJ, et al. Weekly high-dose cisplatin
is a feasible treatment option: analysis on prognostic factors
for toxicity in 400 patients. Br J Cancer. 2003;88(8):1199206. doi: 10.1038/sj.bjc.6600884.
Madias NE, Harrington JT. Platinum nephrotoxicity. Am J
Med. 1978;65(2):307-14.
Santoso JT, Lucci JA 3rd, Coleman RL, Schafer I, Hannigan
EV. Saline, mannitol, and furosemide hydration in acute
cisplatin nephrotoxicity: a randomized trial. Cancer
Chemother Pharmacol. 2003;52(1):13-8. doi: 10.1007/
s00280-003-0620-1.
Eshraghi-Jazi F, Nematbakhsh M, Nasri H, Talebi A,
Haghighi M, Pezeshki Z, et al. The protective role of
endogenous nitric oxide donor (L-arginine) in cisplatininduced nephrotoxicity: Gender related differences in rat
model. J Res Med Sci. 2011;16(11):1389-96.
Jilanchi S, Nematbakhsh M, Bahadorani M, Talebi
A, Eshraghi-Jazi F, Mansouri A, et al. Vitamin E is a
nephroprotectant agent in male but not in female in a
model of cisplatin-induced nephrotoxicity. ISRN Nephrol.
2013;2013:280395. doi: 10.5402/2013/280395.
Jilanchi S, Nematbakhsh M, Mazaheri S, Talebi A, Zolfaghari
B, Pezeshki Z, et al. Pomegranate flower extract does not
prevent cisplatin-induced nephrotoxicity in female rats. Int

www.nephropathol.com

Unripe and cisplatin nephrotoxicity

J Prev Med. 2014;5(12):1621-5.
10. Zibaeenezhad MJ, Mohammadi E, Babaie Beigi MA,
Mirzamohammadi F, Salehi O. The effects of unripe
grape juice on lipid profile improvement. Cholesterol.
2012;2012:890262.
doi:
10.1155/2012/890262.
11. Braidot E, Zancani M, Petrussa E, Peresson C, Bertolini
A, Patui S, et al. Transport and accumulation of flavonoids
in grapevine (Vitis vinifera L.). Plant Signal Behav.
2008;3(9):626-32.
12. Knutsen L, Quist M, Midtgaard J, Rorth M, Adamsen
L. Maximum physical capacity testing in cancer patients
undergoing chemotherapy: qualitative findings from an
exercise program. Scand J Med Sci Sports. 2006;16(6):40311. doi: 10.1111/j.1600-0838.2005.00515.x.
13. Shin YA, Lee JH, Song W, Jun TW. Exercise training
improves the antioxidant enzyme activity with no changes
of telomere length. Mech Ageing Dev. 2008;129(5):254-60.
doi: 10.1016/j.mad.2008.01.001.
14. Noroozi J, Zeynali F, Nematbakhsh M, Pezeshki Z, Talebi
A. Nonpreventive role of aerobic exercise against cisplatininduced nephrotoxicity in female rats. Int J Prev Med.
2015;6:58. doi: 10.4103/2008-7802.160333.
15. Zolfaghari B, Kazemi M, Nematbakhsh M. The effects
of unripe grape extract on systemic blood pressure and
serum levels of superoxide dismutase, malondialdehyde
and nitric oxide in rat. Adv Biomed Res. 2015;4:109. doi:
10.4103/2277-9175.157822.
16. Nematbakhsh M, Ashrafi F, Nasri H, Talebi A, Pezeshki Z,
Eshraghi F, et al. A model for prediction of cisplatin induced
nephrotoxicity by kidney weight in experimental rats. J Res
Med Sci. 2013;18(5):370-3.
17. Zeynali F, Nematbakhsh M, Mojtahedi H, Poorshahnazari A,
Talebi A, Pezeshki Z, et al. Protective role of aerobic exercise
against cisplatin-induced nephrotoxicity in rats. Asian J
Sports Med. 2015;6(3):e24901. doi: 10.5812/asjsm.24901.

18. Ahmadi F, Nematbakhsh M, Kargarfard M, Eshraghi-Jazi
F, Talebi A, Shirdavani S. Effect of aerobic exercise against
vanadyl sulphate-induced nephrotoxicity and hepatotoxicity
in rats. J Renal Inj Prev. 2016;5(4):183-7. doi: 10.15171/
jrip.2016.39.
19. Courneya KS. Exercise in cancer survivors: an overview of
research. Med Sci Sports Exerc. 2003;35(11):1846-52.
20. Eidemak I, Haaber AB, Feldt-Rasmussen B, Kanstrup IL,
Strandgaard S. Exercise training and the progression of
chronic renal failure. Nephron. 1997;75(1):36-40.
21. Kuru O, Şentürk ÜK, Gülkesen H, Demir N, Gündüz F.
Physical training increases renal injury in rats with chronic
NOS inhibition. Ren Fail. 2005;27(4):459-63.
22. Cornacoff JB, Hebert LA, Sharma HM, Bay WH, Young
DC. Adverse effect of exercise on immune complex-mediated
glomerulonephritis. Nephron. 1985;40(3):292-6.
23. Nematbakhsh M, Zolfaghari B, Eshraghi F, Safari T, Pezeshki
Z, Sorooshzadeh SM. The effects of unripe grape extract
on systemic blood pressure, nitric oxide production, and
response to angiotensin II administration. Pharmacognosy
Res. 2013;5(2):60-4. doi: 10.4103/0974-8490.110511.
24. Duthie GG, Robertson JD, Maughan RJ, Morrice PC.
Blood antioxidant status and erythrocyte lipid peroxidation
following distance running. Arch Biochem Biophys.
1990;282(1):78–83.
25. Berzosa C, Cebrian I, Fuentes-Broto L, Gomez-Trullen
E, Piedrafita E, Martinez-Ballarin E, et al. Acute exercise
increases plasma total antioxidant status and antioxidant
enzyme activities in untrained men. J Biomed Biotechnol.
2011;2011:540458. doi: 10.1155/2011/540458.
26. Naziroglu M, Simsek M, Kutlu M. Moderate exercise with
a dietary vitamin C and E combination protects against
streptozotocin-induced oxidative damage to the blood and
improves fetal outcomes in pregnant rats. Clin Chem Lab
Med. 2004;42(5):511–7.

Copyright © 2019 The Author(s); Published by Society of Diabetic Nephropathy Prevention. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted
use, distribution, and reproduction in any medium, provided the original work is properly cited.

www.nephropathol.com

Journal of Nephropathology, Vol 8, No 1, January 2019

5

