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Abstract

Nephrotoxicity is substantial side effect for 30% of patients undergoing cancer therapy with cisplatin and may force them to
change or even abandon the treatment. Studies regarding aerobic exercise have shown its efficacy for the treatment of
many types of diseases and its capacity to reduce tumors. However, little is known about the impact of physical exercise on
cisplatin-induced acute kidney injury (AKI). In the present study, our aim was to investigate the role of physical exercise in
AKI induced by cisplatin. We submitted C57BI6 male mice to seven weeks of chronic exercise on a training treadmill and
treated them with single i.p. injection of cisplatin (20 mg/kg) in the last week. Exercise efficacy was confirmed by an
increased capillary-to-fiber ratio in the gastrocnemius muscle of exercised groups (EX and CIS-EX). The group submitted to
exercise before cisplatin administration (CIS-EX) exhibited less weight loss and decreased serum urea levels compared to the
cisplatin group (CIS). Exercise also showed a protective role against cisplatin-induced cell death in the kidney. The CIS-EX
group showed a lower inflammatory response, with less TNF and IL-10 expression in the kidney and serum. In the same
group, we observed an increase of IL-6 and HO-1 expression in the kidney. Taken together, our results indicate that chronic
aerobic exercise is able to attenuate AKI by inducing IL-6 and HO-1 production, which results in lower inflalmmatory and
apoptotic profiles in the kidney.
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it involves reactive oxygen species (ROS)-mediated oxidative
stress, extrinsic and intrinsic apoptosis pathways, inflammation
and fibrogenesis. These factors lead to tubular damage, sodium

Introduction

Cisplatin is a potent chemotherapy drug widely used for the
treatment of many types of cancers, including ovarian, head and
neck cancers, and is especially effective for testicular cancer, with a
cure rate greater than 90% [1,2]. It is believed that cisplatin
crosses through the plasma membrane, mostly through passive
diffusion, and that once the chlorine atoms are hydrolyzed, the
molecule becomes very reactive and binds to the DNA, blocking
the replication of cancer cells and leading to cell death [I].
Nevertheless, cisplatin use is limited by cisplatin-acquired resis-
tance and side effects such as acute kidney injury (AKI) [1,3] and
cachexia [4]. The latter is a catabolic syndrome that results in the
involuntary weight loss involving the loss of muscle mass and of
adipose tissue [5].

and potassium dysfunction, and magnesium wasting [6,7]. The
inflammation process is orchestrated by tumor necrosis factor
alpha (TNF), which binds to the TNFR1 and TNFR2 receptors
and leads to the recruitment of two complexes. Complex 1
activates the transcription of nuclear factor-kB (NF-kB) and
several inflammation and survival-related genes, while complex 2
promotes the activation of caspase-8 and -10, resulting in the
induction of apoptosis [6]. TNF, normally undetectable in healthy
kidneys, is produced by most renal cells in response to stimuli such
as cisplatin [8,9]. To restrain TNF damage, regulatory molecules
are also produced under stress conditions. IL-10 has been
described as an anti-inflammatory cytokine and plays an

Unbound cisplatin molecules are filtered and actively trans-
ported, primarily by proximal tubular epithelial cells [6]. The
mechanisms of its nephrotoxic remain unclear, but it is known that
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important role in AKI protection [10,11]. Cisplatin treatment
induces IL-10 and IL-10 receptor expression, and this endogenous

October 2014 | Volume 9 | Issue 10 | e108543

CrossMark

click for updates


http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0108543&domain=pdf

production is essential for preventing damage to the renal tissue
[10].

In response to endurance exercise, skeletal muscle releases
cytokines such as IL-6, that promote the release of other anti-
inflammatory cytokines such as IL-10 and IL-1 receptor antagonist
(IL-1ra) and inhibit IL-1b and TNF production [12]. IL-6 has also
been shown to protect against cisplatin-induced AKI [13-15].

The enzyme heme oxygenase (HO)-1 is a known regulator of
the inflammatory response. It catalyzes heme degradation, thus
releasing biliverdin, iron and carbon monoxide. HO-1 is
associated with cytoprotection in several kidney diseases, including
AKI induced by drugs [16]. Skeletal muscle cells are able to
express HO-1 [17] and endurance training induces HO-1
expression in multiple immune cells [18]. Although physical
exercise is able to induce HO-1, thus far, the correlation between
exercise and the prevention of kidney diseases has not been
established.

Physical exercise has been always recognized for its health
benefits. Only in recent decades has a better understanding
developed of the health benefits of physical exercise regarding the
immune system and the alleviation of disability from various
diseases, including obesity, diabetes mellitus, cardiovascular
disease and cancer [19,20]. Recently, the favorable effects of
exercise on the efficacy of oncologic therapies and the role of
exercise in the palliative care of patients with cancer have been
investigated most intensively [19].

Because physical exercise contributes to a decreased inflamma-
tory response and improves cachexia symptoms, we intended to
verify whether physical exercise in mice could diminish cisplatin-
induced AKI. This study could suggest new approaches for
patients under cisplatin treatment.

Objectives

Our aim was to investigate whether physical exercise was able to
diminish cisplatin-induced AKI and to elucidate the possible
mechanisms involved in this protection.

Methods

Aerobic exercise and cisplatin administration

C57Bl6 male mice, provided by UNIFESP-CEDEME, between
6 and 8 weeks of age were kept in individual cages in a vivarium
with a light/dark cycle of 12/12 hours at 25+2°C, with food and
water ad libitum. The experimental procedures were carried out
according to the ethical principles for animal experimentation
adopted by the Guide for the Care and Use of Laboratory Animals
of the National Institutes of Health. Protocols were approved by
The Ethics Committee of The Institute of Biomedical Sciences of
the University of Sao Paulo — “Comissio de Etica no Uso de
Animais” (CEUA) (number 046 over sheet 102 of the book 02, on
April 20™, 2011). All efforts were made to minimize suffering. The
aerobic exercise was performed on a training treadmill adapted for
mice at the Laboratory of Cancer Metabolism, at the Institute of
Biomedical Sciences of the University of Sao Paulo. All animals
participated in exercise training for one week and were divided
into four groups. Animals with best performances during the first
week were selected to exercised groups. Cisplatin groups were
picked randomly. These groups were: a sedentary control group
(CT, n=9), an exercised group (EX, n = 10), a cisplatin sedentary
group (CIS, n=8) and a cisplatin exercised group (CIS-EX,
n=11) according to their training. To evaluate the effects of
chronic exercise, we adapted the protocol from Bacurau el al.
[21], as shown in Table 1.
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Cisplatin treatment

Acute kidney injury and cachexia are known side effects of
cisplatin treatment. To analyze the effects of chronic exercise in
this model, a single intraperitoneal (i.p.) dose of cisplatin (20 mg/
kg — “Citoplax” Bergamo®) was administered. Mice were weighed
and sacrificed 96 hours after drug administration by 1.p. anesthesia
of ketamine-xylazine and cervical dislocation. Immediately after
sacrifice, blood, muscle and kidney were collected, frozen in liquid
nitrogen, and stored at —80°C until subsequent measurements.
Urea levels in the blood were verified using colorimetric assay
(Labtest, Brazil) read with a Synegy microplate reader (BioTkek,
USA).

Muscle capillarity

After deparaffinization, slides of gastrocnemius muscle were
washed in water for 10 min and then oxidized with 0.5% periodic
acid for 10 min. They were washed second time, treated with the
Schiff reagent and incubated for 15 min. A third wash was
performed, and the sections then were stained with hematoxylin.
Briefly, capillary-to-fiber ratio was quantified by a 10x10 grid
optically superimposed on each of 5 nonoverlapping fields at x400
magnification, distributed in a random manner using a computer-
assisted morphometric system (Quantimet 500; Leica, Cambridge,
UK). For calculating capillary-to-fiber ratio, the total number of
capillaries was divided by the total number of fibers counted in the
same field. Only vessels with a diameter <10 um were counted,
which would largely comprise capillaries but might also include
terminal arterioles or venules. All analyses were conducted by a
single observer blinded to mouse identity.

RNA extraction and quantitative PCR (qPCR)

The gene expressions of Bcl2, Bax, TNF, IL-6, IL-10 and HO-1
were analyzed by qPCR. RNA was isolated with TRIzol Reagent
(LifeTechnologies, USA) according to the manufacturer’s proto-
col, and RNA concentrations were determined by NanoDrop
(Thermo Scientific, USA). cDNA synthesis was performed using a
SuperScript III RT (Life Technologies). PCR was performed in
triplicate on each sample, using a TagMan PCR assay (Life-
Technologies), with a ABI Prism 7300 sequence detection system
(Life Technologies). Gene expression of each molecule was
normalized to HPRT.

Cytometric Bead Array — CBA

CBA was performed with Mouse, Th1/Th2/Th17 BD Biosci-
ences CBA Kit, following the manufacturer’s instructions. We
used a BD FACSCanto II flow-cytometer (BD Biosciences, USA)
for cell acquisition, and FCAP array software was utilized for the
data analysis.

Western Blot

Kidney cells were lysed in RIPA buffer, quantified, run on a
10% SDS-polyacrylamide electrophoresis gel and transferred onto
a nitrocellulose membrane, which was incubated with primary
rabbit anti-mouse Nrf2 (Santa Cruz Biotechnology, USA), HO-1
(Abcam, USA) or f-actin (Sigma-Aldrich, USA) antibodies
overnight, followed by a secondary goat anti-rabbit antibody.
For each molecule, the membrane was stripped and probed with
the aforementioned antibodies. The bands were analyzed with the
software GeneSnap (Syngene, USA) and Gene Tools (Syngene,
USA).
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TUNEL assay

After deparaffinization and rehydration, kidney sections were
incubated with 20 pg/mL proteinase K (Life Technologies), and
washed in PBS. They were incubated with labeling solution for 1 h
at 37°C. After washing, the sections were covered with 2 drops of
slow fade. Image capture was performed with a Nikon ECLIPSE
Ti microscope, and the analysis was performed with NS-Elements
AR software.

Immunohistochemistry

Tissue section slides were deparaffinized and were incubated in
a 95°C water bath for 30 min in a 0.01 M citrate solution. After
drying, we added HyO, for 15 min and the slides were washed
twice with Tris Buffered Saline with Tween 20 (TBS-T). After
blocking with non-fat dry milk 5% for 30 min, anti-HO-1 (Abcam)
1:1200 was added, and they were incubated overnight at 4°C. We
washed the slides and then incubated them with secondary
antibody conjugated with peroxidase (Evision-DAKO) for 30 min.
They were then treated with 3-3' diaminobenzidine tetrahy-
drochloride (DAB) 1:100 (DAKO) for 40 s. Image capture was
performed with a Nikon ECLIPSE Ti microscope, and the
analysis was performed with NS-Elements AR software.

Statistical analysis

One-way analysis of variance (ANOVA) with the Bonferroni
post-test was used to analyze the statistical significance of the
results with GraphPad Prism 5 software.

Results

Chronic exercise protected against renal dysfunction and
cachexia

Because chronic exercise training causes physiological and
metabolic stress, it is a strong proangiogenic stimulus in skeletal
muscle [22]. We therefore evaluated the exercise efficiency by
muscle capillary growth in gastrocnemius muscle (Figure 1A and
B), and we observed an increase of capillary-muscle fiber ratio in
animals submitted to exercise (EX and CIS-EX, n=10 and 11,
respectively). We then analyzed the influence of exercise training
against the side effects of cisplatin, such as cachexia and
nephrotoxicity. As depicted in Figure 1C, we observed that
aerobic exercise could attenuate cisplatin-induced body weight
loss, the most prominent symptom of cachexia. CIS-EX showed a
lower percentage of weight loss compared to CIS (n =8). After
96 h of cisplatin injection, blood was collected to evaluate renal
function by determining the serum urea levels. As shown in
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Table 1. Chronic training.

Monday Tuesday Wednesday Thursday Friday
Speed 10 m/min 10 m/min 15 m/min 15 m/min 20 m/min
Adaptation week - 30 min 35 min 30 min
1°* week 30 min 45 min 50 min 55 min 60 min
2" week 60 min 60 min 60 min 60 min 60 min
3" week 50 min 55 min 60 min 60 min 60 min
4th week 60 min 60 min 60 min 60 min 60 min
5t week 50 min 55 min 60 min 60 min 60 min
6" week 60 min* 60 min - harvest
*Cisplatin administration.
doi:10.1371/journal.pone.0108543.t001

Figure 1C, the serum urea levels increased approximately seven-
fold in cisplatin-treated animals (CIS), while exercise attenuated
renal dysfunction, decreasing urea levels 1.6-fold compared to CIS
group. Groups not treated with cisplatin (C'T and EX, n =9 and
10, respectively) did not show cachexia-related weight loss or
nephrotoxicity under both the sedentary and exercised conditions
(Figure 1C and D).

Exercise reduced cell death in the kidney

To determine if aerobic exercise also had an impact on
cisplatin-induced cell death, we analyzed apoptosis in the kidney.
As shown in Figure 2 (A and B), cisplatin induced kidney cells
apoptosis in the sedentary CIS group, while exercised mice (CIS-
EX) were protected from this cell death in the kidney, as no
difference was observed when compared to control groups (CT or
EX). In the attempt to better understand the mechanism of this
protection, we analyzed gene expression of the anti-apoptotic
molecule Bcl2 and of the pro-apoptotic molecule Bax. But we
found no difference among the groups (Figure 2C) by evaluating
the ratios of these molecules.

Exercise attenuated inflammation by down-modulation
of TNF

To determine that exercise was able to modulate inflammation,
we analyzed the gene expression of TNF (Figure 3A) and IL-10
(Figure 3B) in the kidney as well as the levels of these two cytokines
in serum (Figures 3C and D). Cisplatin increased the levels of both
cytokines in the kidney and in the serum. Moreover, animals
previously exposed to exercise showed decreased levels of these
cytokines, indicating lower level of inflammation (Figure 3A and
Q). Also, a reduced need to control inflammation was observed,
represented by the low levels of IL-10 (Figure 3B and D), a known
regulatory cytokine.

Exercise increased IL-6 gene expression after cisplatin
administration

IL-6 is usually associated with inflammatory response and
promotes inflammation. In acute kidney injury induced by
cisplatin, this cytokine seems to reduce inflammation. It was
demonstrated that IL-6 plays a protective role in this model [13—
15]. We investigated whether IL-6 plays a role in exercise-induced
protection. We observed that IL-6 was expressed to a greater
extent in muscle cells in the presence of cisplatin (Figure 4A),
although no difference was observed between the CIS to CIS-EX
groups. When we analyzed the expression of this cytokine in the
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Figure 1. Aerobic exercise minimizes cisplatin-induced cachexia and renal damage. Exercise efficacy was confirmed by an increase in
muscle angiogenesis in the exercised (EX) and exercised with cisplatin injection (CIS-EX) groups (A and B). Decreased weight loss (C) and lower levels
of serum urea (D) in the CIS-EX group compared to the sedentary goup injected with cisplatin (CIS) indicate the protective effect of exercise. The
sedentary group without cisplatin injection was used as the control (CT). *P<<0.05; **P<0.01; ***P<<0.001.

doi:10.1371/journal.pone.0108543.g001

kidney, we noticed that IL-6 was expressed to a greater extent in However, the CIS-EX group showed even higher expression of IL-
the CIS groups compared to the sedentary groups (CT and EX). 6 compared to sedentary groups (Figure 4B). This result suggests

a
.
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Figure 2. Aerobic exercise reduces cell death in the kidney. Representative TUNEL staining (A) and quantification (B) showed a significantly
reduced percentage of TUNEL-positive cells (dead cells) in the CIS-EX group. The expression of Bcl2 and Bax genes was evaluated by qPCR and is
represented by the ratio of the pro- to the anti-apoptotic molecule (Bax/Bcl2) (C) the CIS group was more likely to exhibit a pro-apoptotic profile,
confirming the protective role of exercise. ***P<<0.001.

doi:10.1371/journal.pone.0108543.g002
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Figure 3. Exercise attenuates inflammation. gPCR analysis revealed that the CIS group showed higher expressions of TNF (A) and IL-10 (B) in
the kidney, while CIS-EX did not exhibit significant differences compared to CT. The serum concentrations of TNF (C) and IL-10 (D), determined by
CBA, appeared to decrease in the CIS-EX group. *P<<0.05; **P<<0.01; ***P<<0.001; N.D. - non detected cytokine.

doi:10.1371/journal.pone.0108543.g003

that exercised animals could result in higher levels of IL-6 in the
kidney under stress conditions, promoting protection of the organ.

Exercise increases HO-1 mRNA and protein expression in
the kidney

Because we observed less apoptosis and inflammation in the
kidney of exercised animals, we questioned whether the enzyme
HO-1 could be involved in the reported protective effect of
chronic exercise. We first analyzed the nuclear factor erythroid-2-
like 2 (Nrf2), which is a transcription factor that regulates the
antioxidant response elements genes and shows effects in several
inflammatory models. Nrf2 is known to induce both IL-6 [23] and
HO-1 [24]. We analyzed Nrf2 production in kidney of exercised
groups (Figure 5A), but no statistical significance was observed.
We expected to find an increase of HO-1 in the CIS group
because this enzyme is expressed during oxidative stress responses
[25]. We observed increased gene expression and protein levels of

& & & g

Muscle

HO-1 in the CIS group (Figure 5B and C). However, the
exercised group (CIS-EX) showed even higher levels of HO-1 in
the kidney (Figure 5A—-C). Thus, we may suggest that HO-1 plays
an important role in the protection induced by aerobic exercise
training, by diminishing cell death and the inflammatory response
in the kidney.

Discussion

Nephrotoxicity is the primary toxic side effect of cisplatin
administration, and approximately 20-30% of patients develop
renal dysfunction following a single dose of cisplatin, necessitating
a reduction in the dose or the treatment to be abandoned [26].
Herein, we showed that exercise in mice resulted in less
chemotherapy-induced cachexia (comprising weight loss and local
and systemic inflammation), a frequent consequence of cisplatin
treatment, and protected the kidneys from AKI (Figure 1). These
results suggest that long-term aerobic exercise might be a good

Kidney

Figure 4. IL-6 contributes to kidney protection induced by exercise. The expression of the cytokine IL-6 was determined by qPCR in the
muscle (A) and the kidney (B). The CIS group showed increased levels of IL-6 in both tissues compared to sedentary groups (CT and EX). However,
CIS-EX showed increased IL-6 expression in the kidney, which indicates the protective role of IL-6 in this model. *P<<0.05; **P<<0.01.

doi:10.1371/journal.pone.0108543.9g004
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Figure 5. Exercise promotes increased HO-1 expression. Nrf2 and HO-1 expression in the kidney were evaluated by Western Blot (left —
representative image and right - quantification). Exercise induced HO-1 gene expression, as confirmed by qPCR (B), and the levels of HO-1 in the
renal tissue were analyzed by immunohistochemistry (C, left — representative image and right — quantification). *P<<0.05; **P<<0.01; ***P<<0.001.

doi:10.1371/journal.pone.0108543.9g005

strategy to improve the quality of life for chemotherapy-treated
patients. Other groups have demonstrated that moderate-intensity
regular exercise can efficiently attenuate fatigue in women
receiving chemotherapy [17] and that resistance and aerobic
exercise in patients with gastrointestinal cancer undergoing
chemotherapy resulted in low scores for pain and fatigue [18].
Although studies have shown the beneficial influence of physical
exercise in several diseases, the mechanisms involved are not clear,
which shows the need for further study in this field.

To clarify how exercise could be contributing to kidney
protection, we analyzed cell death in the renal tissue of exercised
mice given cisplatin. Apoptosis in cisplatin-induced AKI occurs
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mainly in tubular cells as a result of ERK-dependent signalization
[20]. The intrinsic pathway of apoptosis activation involves
molecules such as Bax and Bad, whereas Bcl2 is an anti-apoptotic
component [27]. Analyzing TUNEL staining (Figure 2A and B),
we observed that CIS-EX exhibited a dramatically decreased
percentage of apoptotic cells in the kidney, which contributes to
decreased compromising of renal function following cisplatin
treatment. The diminished cell death could be due to an increased
expression of anti-apoptotic Bcl2 compared with the pro-apoptotic
Bax, but in this case we found no difference on the expression of
these molecules (Figure 2C), suggesting another mechanism
involved.
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One key protein associated with cisplatin-induced AKI is TNF,
which induces apoptosis and is also a well-known pro-inflamma-
tory cytokine [28]. TNF is produced in the kidney by many types
of cells, including parenchymal cells [8], or by infiltrating cells
such as T lymphocytes [29]. TNF can also be produced in
response to various stimuli and binds to TNFR1 and TNFR2, thus
promoting the expression of a variety of chemokines and cytokines
[6]. In the present study, we observed that exercise significantly
reduced TNF levels locally in the kidney as well as systemically, as
observed in the serum (Figures 3A and C). We believe that this
contributes to a reduction in apoptosis and a decreased
inflammatory response, which also correlates with decreased
weight loss due to cachexia.

IL-10 is an anti-inflammatory cytokine that shows increased
levels after cisplatin injection and controls AKI progression
[10,11]. Although IL-10 is produced by adipocytes under treadmill
training conditions [30] and the increased IL-10/TNF ratio
indicates attenuated inflammation in cancer associated cachexia
[31], no difference in IL-10 serum levels between the sedentary
and exercised groups was observed. Kidneys from exercised mice
did not show increased IL-10 expression (Figures 3B and D),
whereas cisplatin did induce IL-10 expression in the sedentary
group. Therefore, the control mechanism involved in exercised-
induced protection in AKI is not associated with the IL-10 levels.
We believe that the control of AKI in exercised animals occurs
before the classical inflammatory response in this model, which
explains the lower levels of TNF and, consequently, the decreased
need for controlling the inflammation characterized by IL-10
production. These results inspired us to look for other possible
mechanisms involved in this protection.

Primarily known as a pro-inflammatory cytokine, IL-6 is involved
in several inflammatory disorders [32]. In acquired immunity, it
plays a major role in Th17 polarization, which contributes to
autoimmune diseases [33]. Although unexpected, Mitazaki et al.
have demonstrated that IL-6 is essential for the control of cisplatin-
induced injury [13-15]. In one study, they showed that IL-6 levels
were increased in proximal tubular cells after cisplatin treatment and
that IL-6 knockout (IL-6 /) mice presented more severe AKI with
Bax followed by an increase in Bcl-2 and Bel-xL [15]. This same
group demonstrated that IL-6""" mice showed more oxidative
stress with increased cox-2 expression and ERK phosphorylation,
while superoxide dismutase activity was decreased [14]. More
recently, the use of dimethylthiourea (DMTU), a hydroxyl radical
scavenger, was shown to protect mice from cisplatin-induced AKI
by increasing IL-6, Bcl-xL and Nrf2 [13]. Thus, these data indicate
that IL-6 is involved in AKI protection by controlling cell death and
through upregulation of anti-oxidative stress factors. Our results
support this mechanism, as elevated IL-6 expression is observed in
the kidneys of the exercised group (CIS-EX), as shown in Figure 4B.
Cisplatin seems to induce IL-6 on its own, which may be acting as
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negative feedback for the inflammatory response, and exercised
mice express even greater levels of IL-6 (Figure 4B), as if they were
more prone to produce this cytokine. In the liver, IL-6 is responsible
for liver regeneration, hepatoprotection, antiapoptosis and anti-
necrosis via STAT3 [34]. This cytokine is also produced by skeletal
muscle fibers in response to physical exercise and associated with the
anti-inflammatory response [35]. It has been reported that an
increase in IL-6 levels depends on the intensity and duration of
exercise [36] and is more pronounced in animals exposed to an
overtraining protocol than to a moderate training protocol. Here,
we did not notice any difference in IL-6 expression in muscle cells
(Figure 4A) from exercised animals. This could be explained by the
fact that samples were harvested three days after the cessation of
training. According to Gholamnezhad et al., aslight decrease in IL-6
is observed even 24 hours after exercise [37]. Therefore, it is very
likely that local IL-6 production is responsible for the AKI
protection.

We then decided to investigate Nrf2, the most potent inducer of
antioxidant responsive element (ARE). This transcription factor is
also able to induce IL-6 via ARE within its promoter [23]. In this
study, we noticed no difference of Nrf2 level in the kidneys from
exercised mice (Figure 5A). Nevertheless, another antioxidant
enzyme that also contains ARE in its promoter, HO-1, was shown
to be overexpressed in the kidneys of exercised mice compared to
sedentary groups (Figures 5B, C and D). Several studies have
demonstrated the importance of HO-1 in kidney protection. HO-
1-deficient mice were shown to be more susceptible to renal injury
caused by cisplatin [38], while metalloporphyrins and other
inducers of HO-1 induced an anti-apoptotic response, protecting
kidneys from cisplatin-induced injury [39-42]. Accordingly, our
data suggest that exercise increases HO-1 expression in the kidney,
possibly contributing to the protective phenotype.

Conclusions

In summary, we showed that aerobic exercise was able to
diminish cisplatin-induced AKI by promoting IL-6 and HO-1
expression in the kidney, which decreases inflammation and cell
death in that organ. This study suggests that the introduction of
physical exercise before and during chemotherapy could attenuate
the side effects caused by the drug and improve quality of life for
patients.
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