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Abstract
Cisplatin (CIS) is an antineoplastic drug able to produce free radicals that are capable to induce various side effects in different
tissues. Hydrogen sulfide (H2S) has notable antioxidant, anti-apoptotic, and anti-inflammatory effects in different systems but its
role in male reproductive system is not fully understood. In the present research, the effect of sodium hydrosulfide (NaHS) on
cisplatin-induced testicular toxicity in male rats was studied. Thirty-two Sprague–Dawley rats were equally divided into 4
groups. The control group was treated with normal saline by intraperitoneal injection. The NaHS group received NaHS
(200 μg/kg/day) intraperitoneally for 15 days. The CIS group received single dose of cisplatin (5 mg/kg) intraperitoneally, while
the combination of CIS and NaHS was given to the CIS+ NaHS group. At the end of the study, body and testicular weights,
plasma testosterone level, histological and morphometrical alterations, inflammation via IL-1β protein, lipid peroxidation, and
activity of antioxidant enzymes (including glutathione peroxidase, superoxide dismutase, and catalase) of testicular tissue were
evaluated. CIS injection revealed a significant decrease (p < 0.01) in body and testis weights, plasma testosterone concentration,
diameter of seminiferous tubules, germinal epithelium thickness, the number of Sertoli cells, spermatogonia and spermatocyte,
Johnsen’s testicular score, and testicular antioxidant enzymes, whereas it caused a significant increase (p < 0.01) in lumen
diameter of the seminiferous tubules, level of lipid peroxidation, and IL-1β protein expression when compared with the control
group. NaHS administration to CIS-treated rats provided marked improvement (p < 0.05) in all biochemical, histological, and
morphometrical changes induced by CIS. The beneficial effects of NaHS were mediated, at least partly, by its antioxidant and
anti-inflammatory properties.

Keywords Cisplatin . Hydrogen sulfide . Oxidative stress . Testicular structure . IL-1β

Introduction

Cisplatin (CIS), cis-diamminedichloroplatinum (II), is widely
used as a standard anticancer drug for treating different

cancers such as head, neck, lung, bladder, and testicular can-
cers (Abdellatief et al. 2017; Sherif et al. 2014; Abdel-Daim
et al. 2019a, b). CIS, a molecule of DNA-alkylating, runs its
antitumor effects by creating cross-links and double-strand
breaks of DNA; these functions inhibit transcription and rep-
lication of DNA, leading to apoptosis (Reddy et al. 2016).
Moreover, CIS generates oxidative stress by generating free
radicals which progress cellular injury and necrosis via the
tissues lipid peroxidation, DNA damage, and denaturation of
protein (Fallahzadeh et al. 2017; Abdel-Daim et al. 2019a, b).
Even though CIS is a potent anticancer drug, but its applica-
tion has been restricted for two reasons: development of resis-
tance to CIS and intense toxicity in some organs, like kidney,
peripheral nerves, and testis (Abdel-Moneim et al. 2014). The
mechanisms involved in testicular injuries created by CIS in-
clude physiological and histopathological disorders caused by
oxidative damage and DNA lesion (Almeer and Abdel
Moneim 2018). Biological compounds with antioxidant
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effects can supply to the conservation of tissues and organs
against harmful effects of reactive oxygen species (ROS) and
other free radicals generated by CIS (Shokrzadeh et al. 2014).

Hydrogen sulfide (H2S) is now believed to be the third
human endogenous gaseous transmitter (Mansouri 2018). It
has been reported which H2S creates notable antioxidant, anti-
apoptotic, and anti-inflammatory effects in different organs
(Lobb et al. 2014; Li et al. 2006). Endogenous H2S are prin-
cipally produced by cystathionine β-synthase (CBS), cysta-
thionine γ- lyase (CSE), and 3-mercaptopyruvate
sulfurtransferase (3MST). CBS and 3MST are mainly
expressed in the brain and nervous system, but CSE is sug-
gested to be predominantly in the cardiovascular system
(Kimura 2013). Also, it is determined which both CSE and
CBS are expressed in rat testes, while there is little knowledge
about 3MST expression, and its function in the reproductive
system so far (Sugiura et al. 2005; Li et al. 2015). NaHS has
been largely applied in clinical experiments to estimate the
biological effects of H2S (Li et al. 2015; Kimura 2014).
However, NaHS liberates huge content of H2S in a short time
and cannot efficiently follow the biological track of H2S
which is naturally produced (Liu et al. 2013).

In light of all this information, in this study, we aimed to
investigate the possible testicular protective potential of
NaHS, a hydrogen sulfide (H2S) donor, against the oxidative
injuries induced by cisplatin in testes of rat.

Materials and methods

Chemicals

Cisplatin, NaHS, and other chemicals and reagents were ob-
tained from Sigma Aldrich chemical Co. (St. Louis, USA).
Antibody against IL-1β was purchased from Zellbio GmbH
(Germany). Rat testosterone ELISA kit was obtained from
MyBioSource Inc. (USA). Superoxide dismutase (SOD) and
glutathione peroxidase (GSH-Px) kits were purchased from
Randox Lab (Crumlin, UK).

Animals

In this study, 32 adult male Sprague–Dawley rats (9–10 weeks
old, 180–200 g) were procured from animal house of Ahvaz
Jundishapur University of Medical Science (Ahvaz, Iran).
Throughout the experiment, rats had free access to food and
water in a 12-h light/dark cycle and a temperature (22 ± 2 °C)
and relative humidity (40–70%). All experimental procedures
were approved by the Ethics Committee of Ahvaz
Jundishapur University of Medical Sciences (IR. AJUMS.
ABHC. REC.1397.011) and followed the National Institutes
of Health guidelines.

Experimental protocol

After 5-day acclimatization to the home cage, the rats were
randomly divided into four groups (all n = 8). The control
group received normal saline via intraperitoneal injection.
The NaHS group received NaHS dissolved in saline, intraper-
itoneally at the dose of 200 μg/kg/day for 15 days; the dose
and time of administration were selected based on previous
study (Karimi et al. 2017). The CIS group received a single
injection of cisplatin (5 mg/kg) intraperitoneally. CIS+ NaHS
group received a single injection of cisplatin (5 mg/kg) intra-
peritoneally (Mercantepe et al. 2018) and then received NaHS
(200 μg/kg/day) for a period of 15 days.

Sample collection and homogenate preparation

At the end of the experimental period (16th day), animals of
all groups were weighed and killed under anesthesia with
ketamine (75 mg/kg) and xylazine (10 mg/kg). Blood samples
were drawn from left ventricle, transferred into heparinized
tubes, and centrifuged at 3000×g for 10 min to obtain plasma.
Then, testes were removed, released from the epididymis and
adjacent tissues, and weighed. One of the testes was fixed in
10% formalin for histological and immunohistochemical eval-
uations. The other testes and plasma samples were stored at −
20 °C for biochemical analyses. For biochemical analyses,
testicular tissues were minced in a glass and homogenized in
potassium phosphate buffer (10 mM, pH 7.4) at a concentra-
tion of 5% (w/v) using a homogenizer (Model silent crusher-
M; Heidolph Instruments, Donau, Germany). The homoge-
nates were centrifuged at 16000×g at 4 °C for 20 min.
Protein concentration of the samples was determined using
the method of Bradford (Bradford 1976).

Relative organ weight

The relative organ weight of each animal was calculated as
follows:

Relative organ weight ¼ Absolute organ weight gð Þ
Final body weight of rat

� 100

Epididymal sperm count

Epididymal sperm count was determined by the method de-
scribed earlier (Yokoi andMayi 2004). Briefly, the epididymis
was cut into small pieces in 5 mL normal saline, located in a
roller for 10 min, and permitted to incubate at room tempera-
ture for 2 min. After incubation, the supernatant was diluted
1:100 with 1 mL formalin (35%) and 5 g sodium bicarbonate.
The sperms were counted by using hemocytometer. Almost
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10 μL of the specimen was transferred to the counting cham-
ber and was allowed to stand for 5 min. The sperms were then
counted by light microscope. The total epididymal sperm
numbers obtained from the counting were expressed as the
number of sperms × 106/mL.

Testosterone assay

The level of plasma testosterone was determined by ELISA
according to the instructions of the kit and expressed as ng/ml.

Morphometrical and histological examination

The fixed testes, embedded in paraffin, sectioned at 5 μm, and
were stained with hematoxylin and eosin. Light microscope
was used to evaluate the testicular tissue injury and Johnsen’s
testicular score was performed for all groups. All cross-
sectioned seminiferous tubules were assessed, and a score
between 1 and 10 was given to each tubule based on
Johnsen’s criteria. The histologic score criteria were as fol-
lows: (1) no seminiferous epithelium; (2) no germinal cells,
only Sertoli cells; (3) only spermatogonia; (4) no spermatozoa
or spermatids, few spermatocytes; (5) no spermatozoa or sper-
matids, many spermatocytes; (6) no spermatozoa, no late sper-
matids, few early spermatids; (7) no spermatozoa, no late
spermatids, many early spermatids; (8) less than five sperma-
tozoa per tubule, few late spermatids; (9) slightly impaired
spermatogenesis, many late spermatids, disorganized epitheli-
um; and (10) full spermatogenesis (Yoshida et al. 1997).
Motic software (Micro-Optic Industrial Group CO., LTD.,
UK) was used to measure diameter of seminiferous tubules,
germinal epithelium thickness, and diameter of seminiferous
lumen as described previously (Farsani et al. 2018).
Furthermore, the average number of Sertoli cells, spermato-
gonia, and spermatocytes were calculated in seminiferous tu-
bules in stages VII or VIII in each animal using a light mi-
croscopy with an objective lens × 100. For each animal, 25
tubules were assessed.

Immunohistochemistry examination

Immunohistochemistry analysis was performed as explained
in our previous study (Karimi et al. 2017). The tissue sections
(5 μm) were deparaffinized with xylene and dehydrated with
different degrees of alcohol. The sections were incubated in
citrate buffer (10 mM, pH 6.0) in 98 °C for 20 min for
unmasking of antigen. After washing with phosphate buffer
solution (PBS), endogenous peroxidase was inactivated by
1% H2O2 for 15 min. To block non-specific reactions, they
were incubated with 1.5% blocking serum for 1 h. Then, sec-
tions were incubated with primary rabbit polyclonal antibody
against IL-1β (dilution 1:500) overnight at 4 °C. Sections
were washed again in PBS and were incubated with secondary

conjugated antibody (goat anti-rabbit IgG/HRP conjugate, di-
lution 1:1000) for 1 h, after that, sections were washed with
PBS. Diaminobenzidin was used as color determining sub-
strate. At the last stages, sections were washed with tap water
for 10min then were stained with hematoxylin. IL-1β positive
in germinal epithelium was evaluated by light microscope and
scored as follows (Çeribaşı et al. 2012). Score 0: negative
stained epithelial cells; score 1: < 25% positive stained epithe-
lial cells; score 2: 26–50% positive stained epithelial cells;
score 3: 51–75% positive stained epithelial cells; score 4: >
75% positive stained epithelial cells. In this method, appendix
tissue was used as negative control. Negative control was
done by deleting the primary antibody; consequently,
immunoreactions did not occur.

Oxidative stress evaluation

To determine the content of l ip id peroxidat ion,
malondialdehyde (MDA) as an index of lipid peroxidation
was measured as previously described (Mehrzadi et al.
2018). The MDA level was expressed as nmol/mg protein.
The glutathione peroxidase (GSH-Px) and superoxide dismut-
ase (SOD) activity were spectrophotometrically determined
by Ransel and Ransod kits respectively. As described in our
previous study (Khorsandi et al. 2017), the activity of catalase
(CAT) was spectrophotometrically determined by measuring
the decomposition of hydrogen peroxide (H2O2) at 240 nm
and was expressed as U/mg protein.

Statistical analysis

The SPSS software for windows version 16.0 was used for the
statistical analyses (Spss Inc. Chicago, 2007). All data were
presented as mean ± SD. One-way analysis of variance
(ANOVA) and post hoc Tukey test were used to determine
differences between the groups. p < 0.05 indicated that the
differences were statistically significant.

Results

Body weight, testicular weight, and testes/body
weight ratio

In the CIS group, body weight gain and testicular weights
were significantly (p < 0.001) lower than the control and
NaHS weights (Table 1). However, relative testis weight that
was obtained at the end of the experiment was lower
(nonsignificant) than control and NaHS groups. The rats treat-
ed with CIS+ NaHS showed significantly higher body weight
gain and testicular weights (p < 0.001, p < 0.01) than CIS-
treated rats. The NaHS treatment alone did not affect on the
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final body and testicular weights compared with control and
CIS+ NaHS groups.

Sperm count

Epididymal sperm concentration is presented in Fig. 1.
Administration of CIS alone caused a significant decrease
(p < 0.001) in sperm concentration when compared with the
values of the control and NaHS groups. While sperm count
was significantly increased (p < 0.001) in CIS+ NaHS com-
pared with CIS. Sperm count between groups control, NaHS
and CIS+ NaHS was not statistically significant.

Plasma testosterone

Figure 2 indicates that plasma testosterone concentration was
significantly lower (p < 0.01) in the CIS-treated rats (3.78 ng/
mL) than in the control (8.42 ng/mL) and NaHS (9.08 ng/mL)
groups. However, decreased testosterone levels significantly in-
creased (p< 0.05) with administration of NaHS in CIS+ NaHS
group (6.48 ng/mL). Testosterone levels showed no significant
difference between NaHS, control, and CIS+ NaHS groups.

Histopathological findings

Histological appearances of testicular tissues showed a normal
arrangement of germinal epithelium in the control and NaHS
groups, whereas CIS injection caused structural changes in tes-
ticular tissue such as disorganization, degeneration, desquama-
tion, necrosis and reduction of germinal cells, seminiferous tu-
bules atrophy, thickening in basement membrane of tubules, and
interstitial edema. NaHS administration to CIS-treated group
caused an amelioration in testicular tissue when compared with
the CIS group; however, a little amount of interstitial edema and
mild degeneration can be seen in the seminiferous tubules.
(Fig. 3a). Also, a significant (p< 0.001) reduction in Johnsen’s
testicular score was indicated in the CIS group when compared
with the control and NaHS groups. However, NaHS injection to
CIS-treated rats significantly (p< 0.001) prevented the decrease
induced by CIS in this parameter. There was no difference be-
tween the groups of control, NaHS, and CIS+ NaHS (Fig. 3b).

Morphometrical analysis

As shown in Table 2, seminiferous tubule diameter, germinal
epithelium height, and the mean number of Sertoli cells,

Table 1 Effects of NaHS treatment on body and testes weight in rats treated with cisplatin (CIS)

Parameters Control NaHS CIS CIS+ NaHS

Initial body weight (g) 197.00 ± 2.60 193.00 ± 5.36 190.83 ± 6.11 194.33 ± 4.41

Final body weight (g) 214.83 ± 6.4 208.33 ± 8.04 182.00 ± 6.38*** 203.66 ± 5.92***

Weight gain (g) 18.73 ± 4.02 15.33 ± 4.45 − 7.50 ± 3.05*** 9.00 ± 5.01***

Testicular weight (g) 1.21 ± 0.07 1.18 ± 0.09 0.91 ± 0.06*** 1.09 ± 0.05**

Testes/body weight ratio (%) 0.56 ± 0.04 0.56 ± 0.05 0.51 ± 0.02 0.53 ± 0.03

Results expressed as the mean ± SD (n = 8). The CIS group compared with control, the CIS+NaHS group comparedwith CIS. ***p < 0.001, **p < 0.01,
*p < 0.05. Control received normal saline; NaHS received NaHS (200 μg/kg/d); CIS received cisplatin (5 mg/kg); CIS+ NaHS animals received CIS+
NaHS

Fig. 1 Effects of NaHS treatment on epididymal sperm count in rats
treated with cisplatin (CIS). All data are expressed as the mean ± SD
(n = 8). The CIS group compared with control, CIS+ NaHS group
compared with CIS. **p < 0. 001, *p < 0.05

Fig. 2 Effects of NaHS treatment on testosterone level in the plasma of
rats treated with cisplatin (CIS). All data are expressed as the mean ± SD
(n = 8). CIS group compared with control, the CIS+ NaHS group
compared with CIS. **p < 0. 01. *p < 0.05
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spermatogonia, and spermatocytes decreased (p< 0.01), whereas
the lumen diameter of the seminiferous tubules increased
(p < 0.01) after the CIS treatment compared with those in the
control and NaHS groups. But the injection of NaHS along with
CIS significantly (p< 0.05) restored the morphometric parame-
ters toward the control value. The morphometric parameters in
control, NaHS, and CIS+ NaHS groups were almost identical.

Immunohistochemistry findings

Immunohistochemical analysis revealed a higher expression
of IL-1β protein in the CIS group than in the control and
NaHS groups. However, expression of IL-1β protein showed
a significant decrease in the CIS+ NaHS group when com-
pared with the CIS group (Fig. 4a). Figure 4 b showed that the

number of IL-1β-positive cells in the germinal epithelium of
CIS-treated group was markedly increased (p < 0.001) when
compared with the control and NaHS groups. However, ad-
ministration of NaHS to animals treated with CIS showed a
significant decrease (p < 0.001) in increased IL-1β-positive
cell counts due to CIS treatment. There were no significant
difference in IL-1β expression between the control, NaHS,
and CIS+ NaHS groups.

Oxidative stress markers

Table 3 shows level of MDA and activity of antioxidant en-
zymes in testicular tissue. CIS injection induced a significant
elevation (p < 0.001) in levels of testicular MDA when com-
pared with the control and NaHS groups but NaHS injection

b 

Fig. 3 a Microscopic slides of testicular tissues of in different groups.
Photomicrograph of the testicular tissue of the control and NaHS groups
showing normal seminiferous tubules at all stages of spermatogenic cells
and the interstitial tissue filling the space between the seminiferous
tubules. Photomicrograph of the testicular tissue of rats treated with CIS
indicating abnormal seminiferous tubules (black arrow) degenerative
alterations (white arrow) in spermatogenic cells and the detachment of
the spermatogenic epithelium. Photomicrograph of the testicular tissue of

rats treated with CIS and NaHS indicating a restoration of spermatogenic
epithelium in most seminiferous tubules; however, a little amount of
interstitial edema and mild degeneration can be seen in the seminiferous
tubules, hematoxylin and eosin (× 150). b Johnsen’s testicular score in
different groups. All data are expressed as themean ± SD (n = 8). The CIS
group compared with control, the CIS+ NaHS group compared with CIS.
***p < 0.001
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to CIS-treated group significantly decreased (p < 0.001) the
level of increased MDA compared with the CIS group.
Activity of GSH-Px, SOD, and CAT was significantly
(p < 0.01) lower in the CIS-treated group than in the control
and NaHS groups. However, this activity in the CIS+ NaHS
group was significantly higher (p < 0. 01) than in the CIS-
treated group. NaHS administration alone had no significant
effect on MDA levels and antioxidant enzyme activities when
compared with the control and CIS+ NaHS groups.

Discussion

The results of this study indicate that NaHS provides testicular
protection, via reversing CIS-induced testicular oxidative
stress and inflammation, and by increasing the activity of an-
tioxidant enzymes.

Many chemotherapy drugs utilized in cancer can cause
toxic side effects in different organs. Testicular damage in
the male reproductive system is one of the side effects of using
these drugs. Spermatogenic cells in testes are targeted by cy-
totoxic drugs due to their abundant mitotic activity.
Spermatogonia injuries cause prolongated sterility or oligo-
zoospermia (Howell and Shalet 2001; Endo et al. 2003). The
chance of amelioration of spermatogenesis after cytotoxic in-
jury, and also the degree and rate of amelioration, is associated
with the drug and the dose used. CIS is one of the extensively
utilized cytotoxic drugs, which disturbs testicular functions
and spermatogenesis (Amin et al. 2012; Ateşşahin et al.
2006). The testicular weight and histopathological findings
in testes are the most important indexes to detect CIS-
induced male reproductive toxicity. According to earlier stud-
ies, exposure to CIS reduces body and testes weight (Soni
et al. 2016). In current research, the CIS administration alone
significantly reduces weight of body and testes comparing to
the control group. The body weight loss of CIS-treated rats
maybe due to the toxic effects of CIS on the gastrointestinal
tract such as, decrease in appetite, ingestion, and assimilation
of food (Karimi et al. 2017). Moreover, the testes weight loss

may be due to severe testicular parenchymal atrophy and sper-
matogenic injuries. A decrease in weight of testes of CIS-
treated rats shows decreased spermatogenesis and steroido-
genesis (Amin et al. 2012). In this study, CIS administration
remarkably decreased testosterone hormone level. This can be
because of dysfunction of Leydig cells, which produce gonad-
otropin and decrease activity of mitochondrial side-chain
cleavage and cytochrome P-450 (García et al. 2012).
Moreover, CIS impacts on the function of Sertoli cells and
reduces the androgen-binding proteins expression. Actually,
hormonal disorders induced by CIS are mediated by its im-
pacts on the hypothalamic-pituitary gonadal axis (Almeer and
Abdel Moneim 2018). Based on the achieved findings, NaHS
treatment considerably enhanced body weight, testes weight,
and testosterone hormone level by comparing with CIS ad-
ministration. These effects are probably due to the fact that
H2S increases appetite, decreases apoptosis in testicular cells,
and increases blood flow to organs (Ahmad et al. 2016; Ning
et al. 2018; Zhou et al. 2018).

In present study, significant reduction in sperm count was
recorded in the CIS-treated group as compared with control
but NaHS treatment in combination with CIS improved sperm
count. These outcomes display which treatment with NaHS
can protect decrement in sperm production within the semi-
niferous tubules by reducing the side effects of CIS. As pre-
viously reported, cisplatin disrupts spermatogenesis and re-
duces number and motility of spermatozoa. These effects of
CIS on sperm are related to its ability to induce oxidative
stress. CIS induces ROS production in the testes and sperms,
and caused apoptosis in the germinal epithelium (Jahan et al.
2018). H2S can mitigate the spermatogenic failure via the
combination of anti-oxidative and anti-inflammatory proper-
ties (Wang et al. 2018).

Histologically, CIS reduces the size and number of the
seminiferous tubules and seminiferous epithelial layers.
Also, CIS causes degeneration and vacuolation in spermato-
gonia, spermatocytes, and in a small number of germ cells,
and inhibits cellular maturation (Fallahzadeh et al. 2017;
Mohammadnejad et al. 2012; Almeer and Abdel Moneim

Table 2 Effects of NaHS treatment on morphometrical parameters of testes tissue in rats treated with cisplatin (CIS)

Parameters Control NaHS CIS CIS+ NaHS

Mean number of Sertoli cells 21.6 ± 3.91 18.6 ± 1.81 9.2 ± 3.63*** 20.8 ± 3.03***

Mean number of spermatogonia 58.2 ± 5.63 52.6 ± 9.44 17 ± 5.24*** 42.6 ± 6.42***

Mean number of spermatocyte 60.2 ± 10.18 55.8 ± 6.3 27.8 ± 10.13** 55.4 ± 13.66**

Seminiferous tubule diameter (μm) 408.93 ± 10.44 416.52 ± 19.36 348.79 ± 25.68*** 406.47 ± 14.60**

Germinal epithelium height (μm) 250.67 ± 47.61 233.98 ± 27.88 119.93 ± 11.67*** 222.12 ± 8.83***

Lumen diameter (μm) 161.87 ± 50.99 180.53 ± 16.55 248.85 ± 37.38** 182.34 ± 14.54*

Results expressed as the mean ± SD (n = 8). The CIS group compared with control, the CIS+NaHS group comparedwith CIS. ***p < 0.001. **p < 0.01,
*p < 0.05. Control received normal saline; NaHS received NaHS (200 μg/kg/day); CIS received cisplatin (5 mg/kg); CIS+ NaHS animals received CIS+
NaHS
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2018;). An earlier investigation showed that spermatogenic
disorder occurred trough interaction with damaged DNA syn-
thesis in stem cells and Sertoli cell dysfunction that were di-
rectly generated by anticancer drugs (Nambu and Kumamoto
1995). In current study degeneration, desquamation, disorga-
nization, decrease in the number of Sertoli cells, spermatogo-
nia and spermatocytes, reduce in the thickness of the seminif-
erous epithelium, diameter of seminiferous tubules, and
Johnsen’s testicular score were observed in testicular tissues
of CIS-treated rats. These results are in accordance with the
previous studies. The injuries found in the structure of testic-
ular tissues in current study have been caused by the direct or
indirect impact of CIS; the latter induces lipid peroxidation

which is a chemical mechanism that can impair testicular
structure and function. However, histological and
morphometrical evaluation of the testes in NaHS receiving
group indicated a reduction in structural variations caused by
CIS. Formation of ROS has a main role in CIS-induced dam-
age but different antioxidants and thiol compounds have been
indicated to have a protective role against toxicity induced by
CIS. There is evidence to suggest that H2S has potent antiox-
idant effects in various organs (Karimi et al. 2017). This anti-
oxidant activity of NaHS probably reduced tissue damage.

The current research presented that CIS increased IL-1β
expression. Inflammation plays role in CIS-induced tissue
toxicity (Zhu et al. 2017). CIS initiates the NF-κB pathway,

b 

Nega�ve control

Fig. 4 Effects of NaHS treatment
on IL-1β expression in the testes
of rats treated with cisplatin (CIS).
a Representative microscopic
slides of staining from the differ-
ent groups (× 300). In the control
and NaHS groups, very little
brown staining was observed. In
contrast, in the CIS group, high
brown staining within germinal
epithelium was seen. The intensi-
ty of brown staining was reduced
in the CIS+ NaHS group. b im-
munohistochemical scores were
evaluated. All data are expressed
as the mean ± SD (n = 8). The CIS
group compared with control, the
CIS+NaHS group compared with
CIS. ***p < 0.001
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thereby stimulating the expression of a group of inflammatory
cytokines, comprising IL-1β (Eid et al. 2016). NaHS treat-
ment inhibited inflammatory cytokine formation in CIS-
induced reproductive toxicity. The results of this work are in
accordance with the study of Guo et al. (2013), in which
NaHS controlled cardiotoxicity via decreasing the formation
of IL-1β, and other pro-inflammatory cytokines.

CIS disturbs the oxidant/antioxidant balance of the testicu-
lar tissue (Anand et al. 2015). In this research, CIS consider-
ably elevated MDA and depleted SOD, CAT, and GSH-Px
activities in the testes tissue, representing that the molecules
of enzymatic antioxidant were insufficient for scavenging free
radicals generated by CIS. MDA acts as an indicator for oxi-
dative stress which is produced due to the cellular polyunsat-
urated fatty acids peroxidation (Chirino and Pedraza-Chaverri
2009). SOD acts as the first preventive antioxidant enzyme,
which neutralizes singlet oxygen (1O2) and spontaneously
dismutates superoxide radicals (O−

2) to H2O2. H2O2 is effec-
tively decomposed by CAT, so suppressing lipid peroxidation.
GSH-Px along with GSH catalyzes depletion of H2O2 and
lipid peroxides (Zhao et al. 2014). Reduction of these antiox-
idant enzymes and molecules may be related with an uncon-
trollable accumulation of H2O2, which inhibits antioxidant
defense systems of testicular. Though treating with NaHS
weakened oxidative stress of testes and improved the antiox-
idant defense system in the testicular tissue, representing that
NaHS suppresses oxidative stress induced by CIS. As stated,
the antioxidant properties of H2S have been well showed ear-
lier. H2S has been presented to exert antioxidant activities via
multiple mechanisms comprising direct suppressing of ROS,
modulation of GSH cellular levels, and enhancing of antiox-
idant enzymes expression (Corsello et al. 2018). However,
due to some limitations, we were not able to perform any
further tests. Therefore, we suggest that further inflammatory
factors, apoptotic pathways, and some markers associated
with fertility can be done in other studies.

In conclusion, CIS injection in rats induces inflammation
and structural alterations in testicular tissues via induction of
oxidative stress as determined by increased generation of
MDA and reduced activity of antioxidant enzymes.

However, NaHS treatment protected the testes against CIS-
induced toxicity owing to its anti-inflammatory and antioxi-
dant properties.
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