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ABSTRACT — Cisplatin (CP) is one of important tumour chemotherapeutic agents in humans. Previous reports claim that CP can cause testicular toxicity. The aim of this study was to evaluate the potential effects of CP in the testes of rats. Male Wistar rats were intraperitoneally administered CP at 1.0, 2.5,
and 5.0 mg/kg for three consecutive days. After exposure, CP significantly inhibited the testicular activities of succinate dehydrogenase (SDH) and malate dehydrogenase (MDH), but it significantly elevated
the activities of acid phosphatase (ACP), alkaline phosphatase (AKP), and lactate dehydrogenase (LDH)
in the 5.0 mg/kg group. The decreased levels of superoxide dismutase (SOD), total antioxidant capacity (T-AOC), and metallothionein-1 (MT-1) mRNA as well as the increased levels of malondialdehyde
(MDA) and haemoxygenase-1 (HO-1) mRNA showed that CP could increase oxidative stress in rat testes.
Western blot analysis showed that the levels of transferrin, vimentin, androgen binding protein (ABP) and
inhibinβ-B decreased significantly in the CP 2.5 and 5.0 mg/kg groups compared with the control group.
These findings indicated that the inhibited enzymes, oxidative stress, and the down-regulation of Sertoli
cell function-related proteins play pivotal roles in CP-induced testicular damage.
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INTRODUCTION
Cisplatin (CP) is an anticancer agent that plays an important role in the treatment of human tumours (Hatanaka
et al., 2014). CP has been successfully used to treat lung
cancer, squamous cell cancer of the head and neck, and
especially testicular cancer (Bae et al., 2013; Hotta et
al., 2013). However, CP has some side effects. High dosage of CP can lead to nephrotoxicity and hepatotoxicity (Ozkol et al., 2012). CP can induce placental hypoplasia and pass through the placental barrier in pregnant
rats (Furukawa et al., 2013). Moreover, CP can cause
haemodynamic changes and lesions to myocardial cell
mitochondria through oxidative stress, inflammation, and
apoptosis in rats (El-Sawalhi and Ahmed, 2014).
The activity of malate dehydrogenase (MDH), an
important enzyme in the mitochondrial tricarboxylic acid
cycle, decreased after CP (7.5 mg/kg) intraperitoneal
injection as a result of cellular mitochondrial dysfunction
in the kidneys of rats (Ozaki et al., 2013). Additionally,
the activity of succinate dehydrogenase (SDH), a pivotal mitochondrial enzyme in oxidative phosphorylation,

also decreased after CP treatment, and this response combined with an increased level of lipid peroxidation in kidney mitochondria could play an important role in CP-induced nephrotoxicity in mice (Martha et al., 2013).
CP can induce germ cell loss in the seminiferous
tubules, increase the number of dead cells, decrease
sperm counts, and lead to a reduction in testis weight
after intraperitoneal treatment with a single 10 mg/kg
dose in mice (Cherry et al., 2004). The apoptosis of germ
and Leydig cells was discovered after CP (5.0 mg/kg,
single dose) administration (Anand et al., 2014). Another paper explored the function of reactive oxygen species (ROS) in the mechanism of CP-induced testicular
toxicity in rats (Salem et al., 2012). An elevation of testicular malondialdehyde (MDA) and a reduction of testicular superoxide dismutase (SOD) were found after CP
(10 mg/kg, single dose) treatment in male rats (Amin and
Hamza, 2006). Generally, metallothionein-1 (MT-1) andhaemoxygenase-1 (HO-1) show a protective role against
free radicals produced by oxidative stress in animal testicular tissue when exposed to 4-nitrophenol (Mi et al.,
2013; Piotrkowski et al., 2009). Therefore, we hypothe-
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sized that MT-1 and HO-1 could play an important role in
CP-induced oxidative damage in rat testes.
Researchers have demonstrated that Sertoli cells play
a critical role in spermatogenesis (Costa et al., 2014; Das
et al., 2012). Studies have shown that testicular transferrin, inhibinβ-B, and androgen binding protein (ABP)
are vital products secreted by Sertoli cells (Huang et al.,
1990; Skinner and Griswold, 1980). Decreased transferrin
expression was found in the testicular tissue of rats after
CCl4 exposure, which could induce disruption in the bloodtestis barrier and harm Sertoli cells (Castilla-Cortazar
et al., 2004). The decreased serum levels of inhibinβ-B
induced by atrazine suggested that atrazine could first
damage Sertoli cells and subsequently inhibit inhibinβ-B
secretion from Sertoli cells (Song et al., 2014). The levels of inhibinβ-B and transferrin were down-regulated in
rat testes upon CP exposure (Kilarkaje et al., 2013). One
study found that Aroclor 1254 can lead to a decrease of
ABP in rat Sertoli cells (Senthil Kumar et al., 2004). One
type of intermediate filament for contacting neighbouring
Sertoli cells, vimentin protein expression is dysregulated by nitrogen mustards in Sertoli cells (He et al., 2007).
However, until now, few studies have clarified the testicular toxicity induced by cisplatin.
In this study, we examined the levels of testicular
enzymes, indicators of oxidative stress, and parameters of
Sertoli cell function, which were used to identify testicular damage caused by CP exposure. We also examined the
changes of MT-1 and HO-1 mRNA expression induced
by CP in the testes. Our findings will supply some evidences for exploring the mechanism of CP-induced testicular damages in rats and humans.
MATERIALS AND METHODS
Chemicals
Cisplatin (CP, lyophilized powder, purity in 99%) was
purchased from Qilu Pharmaceutical Company (Hainan,
China). The kits to assay acid phosphatase (ACP), alkaline phosphatase (AKP), lactate dehydrogenase (LDH),
succinate dehydrogenase (SDH), malate dehydrogenase (MDH), superoxide dismutase (SOD), total antioxidant capacity (T-AOC), and malondialdehyde (MDA)
were obtained from Nanjing Jiancheng Bioengineering
Institute (Nanjing, China). The reverse transcription and
real-time quantitative PCR kits were from TaKaRa Company
(Dalian, China). The primers for β-actin, MT-1, and
HO-1 were from Generay Biotechnology (Shanghai,
China). Goat anti-rat primary antibodies to β-actin, transferrin, inhibinβ-B, ABP, and vimentin and horseradish
peroxidase (HRP)-conjugated rabbit anti-goat secondary
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antibody were purchased from Santa Cruz Biotechnology
(Santa Cruz, USA).
Animals
A total of 40 Male Wistar rats (190-230 g) of clean
grade were provided by the Experimental Animal
Centre of Lanzhou University (Lanzhou, China). They were
maintained in individual ventilated cages from Fengshi
Laboratory Animal Equipment Company (Suzhou,
China) with a 12-hr light/dark cycle at room temperature
(22 ± 2°C) and free access to food and water. They were
acclimated to this environment for one week prior to treatment. In addition, all animal experiments were performed
following the institution criteria for the Care and Use of
Laboratory Animals as adopted by the Ethics Committee
of Lanzhou University and the National Research Council
of the National Academies.
Experimental design
Rats were randomly divided into four groups of ten
rats each: CP 1.0, 2.5, and 5.0 mg/kg groups and the control group. CP was dissolved in sterile normal saline.
Rats were treated intraperitoneally with equal volumes
(0.5 mL/100 g body weight) of sterile normal saline or
CP at different dosages once per day for three consecutive
days. The dosage of CP was selected based on previous rat
experiments (Anand et al., 2014; Nambu and Kumamoto,
1995). Also the determination of dose of CP is according to dead rate of rats in the preexperimental period. The
body weights of rats were measured before treatment every day. All animals were sacrificed for further analysis on
the fourth day.
Sample collection and histopathological
preparation
Rats were sacrificed after evaluating the body weight,
and then the testes were quickly removed and weighed to
evaluate the testis index (ratio of testes weight to body
weight, g/100g). A standard protocol was used for preparing and sectioning the testes and performing periodic acid-Schiff staining. The five right testes of each
group were fixed in Bouin’s solution for 24 hr, dehydrated through baths of progressively more concentrated ethanol, and finally dipped in xylene to remove the ethanol.
The tissue was then infiltrated with molten paraffin wax,
and the embedded sample was cut into 4-μm sections.
The sections were rehydrated and stained using periodic
acid-Schiff staining. The remaining testicular tissues were
stored at -80°C for further analysis.
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Biochemical assay
Approximately 0.2 g left testicular tissue of every rat
was obtained and homogenized with ice-cold sterile normal saline. The w/v ratio was 1:9 between the tissue
and the homogenization buffer. The mixture was centrifuged at 1,000 g for 20 min at 4°C. The supernatant of
each sample was collected to measure the concentration
of total protein and the levels of ACP, AKP, LDH, SDH,
MDH, SOD, MDA, and T-AOC according to the kit manufacturers’ instructions.
Real-time quantitative PCR
Approximately 90 mg of tissues from the five right testes of each group was used to analyse the levels of MT-1
and HO-1 mRNA by real-time quantitative PCR. Total
RNA was extracted from testicular tissues using TRIzol reagent (Invitrogen Life Technologies, Paisley, UK)
according to the manufacturer’s protocol. The quantity and quality of isolated RNA were evaluated using
absorbance measurements at 260 and 280 nm, and RNA
with an A260/A280 ratio between 1.8 and 2.2 was used in
the next steps. Complementary DNA (cDNA) was synthesized with a First Strand cDNA Synthesis Kit for RTPCR according to the manufacturer’s instructions; the
specific reaction steps were 37°C for 15 min, 85°C for
5 sec, and 4°C for 5 min. All gene primers are presented in
Table 1. After cDNA synthesis, the PCR was performed
with SYBR Premix Ex Tap II (TaKaRa Co., Shanghai,
China) using 40 cycles of the following: 95°C for 30 sec,
95°C for 5 sec, and 60°C for 30 sec. The relative expression levels of mRNA were analysed by using the Pfaffl
method (Pfaffl, 2001).
Western blot analysis
Western blots were performed to assay the levels of
transferrin, vimentin, ABP, and inhibinβ-B in rat testis
tissues. Approximately 130 mg of the right testicular tissues of each rat in each group was obtained and homogenized in 1.0 mL RIPA containing 10 μL phenylmethylsul-

fonyl fluoride (PMSF) on ice. Then the homogenate was
centrifuged at 12,000 g for 40 min at 4°C. After 5 min,
the supernatant was harvested to measure the total protein concentration using the BCA Protein Assay Kit. The
supernatant was mixed with 5 × SDS-PAGE loading buffer, and the PCR instrument was used to denature protein
at 99°C for 5 min. Finally, the mixtures were frozen at
-20°C for further procedures.
Equal quantities of proteins (40 μg) were added to
each well of 10% polyacrylamide gels for separating
proteins in running buffer, and then proteins were transferred onto Immobilon-P transfer membranes (Millipore,
MA, USA) in transfer buffer at 90 V for 2 hr. Membranes
were then blocked with 5% nonfat milk in TBS-Tween 20
(TBST) overnight at 4°C and then rinsed in TBST buffer for 10 min three times. The membranes were incubated
with goat anti-rat transferrin, vimentin, ABP, inhibinβ-B
and β-actin antibodies diluted by blocking buffer (1:250
dilution) for 2 hr at room temperature. After the membranes were washed three times in TBST for 10 min, the
membranes were incubated with HRP-conjugated rabbit anti-goat secondary antibody (1:5000 dilution) for
2 hr at room temperature and then washed three times
in TBST for 10 min. The protein bands were visualized
by using a super enhanced chemiluminescence detection
kit (Applygen Technologies Inc., Beijing, China) according to the manufacturer’s instructions and exposed in a
Molecular Imager ChemiDoc XRS System (Bio-Rad,
USA). The signals of proteins were calculated by measuring the integrated optical density (IOD) of each band
with Ipwin32 (Media Cybernetics Inc., China). The relative expression levels of transferrin, vimentin, ABP, and
inhibinβ-B were analysed by the band intensities of each
target protein relative to β-actin.
Statistical analysis
Data were analysed using SPSS 16.0 software and are
expressed as the means and standard errors. Statistically
significant differences between groups were determined

Table 1. Primers used in RT-PCR analysis.
Gene

Primer

Sequences (5'- 3')

β-actin

sense

CCTGGAGAAGAGCTATGAG

antisense

AGAGGTCTTTACGGATGTC

MT-1

sense

TTTTCACCTTCCCGAGCATC

antisense

CGGTCTTAGCCTCTTCTGTCAC

HO-1

sense

GCCTGAAGTGACGAACAGTGCT

antisense

TTATTCACATGCTCGGTAGAAAACG

PCR product (bp)
176
120
122

MT-1: metallothionein-1, HO-1: haemoxygenases-1
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by one-way analysis of variance (ANOVA), and least significant difference (LSD) used for multiple comparison
test. Significance was accepted when p < 0.05.
RESULTS AND DISCUSSION
As shown in Fig. 1, periodic acid-Schiff staining indicated a normal seminiferous epithelium of the testes in the
control group (Fig. 1A). CP-treated rats displayed the loss
of a few germ cells in the seminiferous epithelium layer
in the 1.0 mg/kg CP group (Fig. 1B, arrow). In addition,
the sparse cellular arrangement appeared in the seminiferous epithelium layer, and detached germ cells appeared
inside the lumen of seminiferous tubules in the 2.5 and
5.0 mg/kg CP groups (Figs. 1C and D, arrows). These histological observations indicated increased spermatogenic
epithelial cell shedding in the CP exposure groups, which
agrees with a previous report in rats (Amin et al., 2012).
These histopathological lesions showed that the severity
of CP-induced damage to rat testes increases with dose.

Fig. 1.

As shown in Figs. 2 and 3, the body weight loss of rats
increased in the 2.5 and 5.0 mg/kg CP groups (p < 0.01),
and the average weight of the testes decreased in the
5.0 mg/kg CP group (p < 0.05).The testis indices are higher than control group in the 2.5 and 5.0 mg/kg CP groups
(p < 0.05). The reduction of weight and the testis index
could imply cisplatin toxicity to rat testes.
The levels of testicular enzymes are shown in Figs. 4
and 5. Compared with the control group, ACP, AKP, and
LDH activity increased significantly in the 5.0 mg/kg CP
group (p < 0.05). After treatment, CP decreased SDH
activity of all exposure groups and MDH activity in the
5.0 mg/kg group (p < 0.01). In the testis, AKP is associated with the division of spermatogenic cells and the transportation of glucose to spermatogenic cells, and ACP is
one of the markers of dyszoospermia, which is associated with the denaturation of the seminiferous epithelium
and the phagocytosis of Sertoli cells (Yang et al., 2010).
In the present study, the activities of ACP and AKP were
significantly increased by CP treatment in rat testes. The

Pathology of CP-induced rat testes (× 400). n = 5. A: control group that received saline. B-D: Animals were treated with
1.0, 2.5, and 5.0 mg/kg CP for three days, respectively. B: Arrow indicates that some germ cells have disappeared from the
seminiferous epithelium layer. C: The left arrow indicates the thickening interstitial vessel wall, and the right arrow indicates germ cells detached from the epithelium. D: Arrow points to the germ cells shedding from the epithelium.
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Fig. 2.

Effect of CP on body weight in rats. Animals treated
with 1.0, 2.5, and 5.0 mg/kg CP for three consecutive
days. Data presented are expressed as the means and
standard errors (n = 10). *p < 0.05 and **p < 0.01 versus control group.

Fig. 4.

Changes of LDH, ACP, and AKP activity in the testes after CP treatment. Enzyme activities were detected in the testes of rats subjected to CP treatment at
5.0 mg/kg. Data presented are expressed as the means
and standard errors (n = 10).*p < 0.05 versus control
group.

Fig. 3.

CP-induced weights changes of testis. Data presented are expressed as the means and standard errors
(n = 10). *p < 0.05 and **p < 0.01 versus control
group.

Fig. 5.

Treatment with CP inhibits activities of testicular SDH
and MDH. Data presented are expressed as the means
and standard errors (n = 10). **p < 0.01 versus control
group.

results indicate that CP could play an important role in
spermatogenesis by impacting the energy metabolism and
the spermatogenic cell division in the testis. LDH, SDH,
and MDH, testicular enzyme biomarkers, are correlated
with the energy metabolism of spermatozoa (Das et al.,
2012; Song et al., 2014). Furthermore, LDH and MDH
are distributed primarily in seminiferous tubules and germ
cells, and they are associated with the maturation of the

germinal epithelial layer of seminiferous tubules (Sinha et
al., 1997; Song et al., 2014). The present data show that
the levels of testicular LDH, SDH, and MDH significantly increased or decreased in the CP groups, which indicates that CP could influence the energy metabolism of
sperm cells and the maturation of the seminiferous epithelial layer.
Figs. 6 and 7 illustrated the response of oxidative stress
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Fig. 6.

Effects of CP on levels of MDA, SOD and T-AOC in
rat testes. Data presented are expressed as the means
and standard errors (n = 10). *p < 0.05 and **p < 0.01
versus control group.

Fig. 7.

The relative expression levels of MT-1 and HO-1
mRNA after CP treatment. Data presented are expressed as the means and standard errors (n = 5).
*p < 0.05 versus control group. HO-1: haemoxygenases-1, MT-1: metallothionein-1.

indicators. After CP treatment, a significant increase of
MDA was observed, but the SOD activity decreased in
the 5.0 mg/kg CP group (Fig. 6; p < 0.05). The level of
T-AOC dropped in all exposure groups (Fig. 6; p < 0.05).
Compared with the control group, CP significantly induced the down-regulation of MT-1 mRNA in all
CP groups and the up-regulation of HO-1 mRNA in the
5.0 mg/kg CP group (Fig. 7; p < 0.05). SOD is the first
Vol. 2 No. 4

defensive step of the anti-oxidative stress system, and
MDA is an oxidative stress by product. According to our
results, the decreased levels of SOD and increased levels of MDA imply that the 5.0 mg/kg dose of CP may be
a turning point in clearing away excessive free radicals.
Salem et al. (2012) also found similar results in rat testicular tissues i.p. administered a single-dose of 10.0 mg/kg
CP. The level of T-AOC is a general index of antioxidant
capacity. The decreased level of T-AOC was also found
in CP-induced oxidative damage to renal tissue in rats
(Shalby et al., 2011). As a low molecular weight metalbinding protein, MT-1 has an important function in protecting cells from free radicals. After exposure to Cd or
Zn, MT-1 mRNA expression was down-regulated in rat
testes (Messaoudi et al., 2010; Ren et al., 2011). In this
study, we found that the CP-induced down-regulation of
MT-1 mRNA showed a similar trend in oxidative stress
response. Moreover, HO-1 is another protective marker
of oxidative stress response (Mi et al., 2013; Piotrkowski
et al., 2009). The up-regulated expression of HO-1 was
found in CP-induced renal injury in animals (Jung et al.,
2014; Mitazaki et al., 2013). In our study, the increased
HO-1 mRNA level in the 5.0 mg/kg CP group indicated that HO-1 was a cellular defence mechanism against
CP-induced oxidative stress in the testes. Therefore, our
findings suggest that the 5.0 mg/kg or higher doses of CP
could induce oxidative stress in rat testes, and the male
reproductive toxicity induced by CP could be related to
antioxidant imbalance because of the abnormal changes
of MT-1, HO-1, and other antioxidant biochemical indicators. Furthermore, this is the first evaluation of the cisplatin-induced oxidative stress of rat testes performed by
investigating the changes of T-AOC, HO-1, and MT-1
mRNA levels.
As shown in Fig. 8A, four types of proteins in the testes of rats showed differences between CP groups and
the control group. In Fig. 8B, when compared with the
control group, the levels of transferrin and ABP proteins
decreased in the 2.5 and 5.0 mg/kg CP groups (p < 0.05),
whereas the levels of vimentin and inhibinβ-B decreased
significantly in all CP groups (p < 0.01). Studies have
confirmed that Sertoli cells play important roles in the
regulation of spermatogenesis. Sertoli cells are the only
cells in the seminiferous epithelium of mammalian testes that synthesize and secrete several functional proteins,
such as transferrin, androgen-binding protein (ABP), and
inhibin (Xiong et al., 2006). Furthermore, a dose-dependent relationship between CP dosage and the expression of
transferrin, ABP, and inhibinβ-B protein implies the some
important characteristics of CP induced the abnormal status of testicular Sertoli cell function. Thus far, few stud-
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Fig. 8.

Western blot analysis of testicular levels of transferrin, vimentin, inhibinβ-B, and ABP in rats. (A) Lane 1 is control group;
Lane 2 is 1.0 mg/kg CP; Lane 3 is 2.5 mg/kg CP; Lane 4 is 5.0 mg/kg CP. (B) The protein levels of transferrin, vimentin,
inhibinβ-B, and ABP were measured with densitometric analysis. Data presented are expressed as the means and standard
errors (n = 5). *p < 0.05 and **p < 0.01 versus control group. ABP: androgen binding protein.

ies have found the effects of CP on transferrin, vimentin,
and ABP of testicular tissue by Western blotting in rats.
Yamaguchi et al. (2008) reported that cisplatin could lead
to abnormal secretion and inflammatory-like changes of
rat Sertoli cells in vitro. Kilarkaje et al. (2013) found that
the level of transferrin in testicular tissues decreased after
combined exposure of rats to bleomycin, etoposide, and
CP. In our study, the declined expression of transferrin
showed that CP could affect the function of Sertoli cells.
In addition, as the major sex steroid-binding protein, ABP
was also secreted by Sertoli cells and is reported to have a
high affinity for sex hormones in rats (Liska et al., 2004).
Decreased ABP expression can have an impact on the
secretory functions of Sertoli cells (Grover et al., 2004).
In this study, ABP level was significantly decreased in the
2.5 and 5.0 mg/kg CP groups, which suggested that CP
could cause the dysfunction of Sertoli cells in rats. Similarly, inhibinβ-B, which is primarily secreted from Sertoli cells, plays important roles in Sertoli cells and spermatogenesis functions (Song et al., 2014). The significantly
reduced the level of inhibinβ-B in our study indicated that
CP could impact Sertoli cell functions, which is consistent
with previous findings (Monsees et al., 2000). Vimentin,
one type of intermediate filament, plays an important role
in mediating tight junction contacts between eighbouring
Sertoli cells (He et al., 2007). Some studies have found
that vimentin intermediate filaments can anchor germ
cells to the seminiferous epithelium (Amlani and Vogl,
1988). In our experiment, CP dramatically decreased the
expression of vimentin, which indirectly suggested that
the detached germ cells in Fig. 1 may be associated with
the reduced expression of vimentin in rat testes. This finding may provide a meaningful idea for further studying

the mechanism of cisplatin-induced testicular toxicity.
In conclusion, this study found that increasing doses of
CP can cause gradual testicular damage based on the indicators studied. An imbalance between oxidants and antioxidants is an important mechanism in the pathogenesis
of oxidizing testicular injury after CP exposure. Moreover, the changes of MT-1 and HO-1 mRNA could be a
cellular defence mechanism against CP-induced oxidative stress in testes. Furthermore, the down-regulation of
transferrin, ABP, and inhibinβ-B, indicators of Sertoli cell
function, may lead to Sertoli cell dysfunction. Our study
revealed some abnormal levels of testicular enzymes, oxidative stress, and Sertoli cell-related proteins after CP
exposure in rats, and these data may be useful for further
mechanistic studies.
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