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ABSTRACT 
 

The potential testicular protective effect of nimesulide (NSE) was studied in cisplatin (CSP)-
challenged rats. NSE therapy (10 mg/kg/day, p.o.) was applied for 15 days, and a single dose of 
CSP (7 mg/kg, i.p.) was administered on the 10th day. CSP significantly decreased the levels of 
serum testosterone, testicular reduced glutathione, and superoxide dismutase. CSP also 
significantly increased testicular malondialdehyde, nitric oxide, tumor necrosis factor-α, interleukin-
1β, cyclooxygenase-2 (COX-2), prostaglandin E2, nuclear factor-κB p65, Bax, and caspase-3. NSE 
significantly ameliorated all the biochemical changes observed in CSP-challenged rats. Moreover, 
NSE significantly reduced the histopathological injury, and the expressions of phosphorylated c-Jun 
N-terminal kinase (p-JNK) and p38 mitogen-activated protein kinases (MAPKs) in testes of rats 
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received CSP. It was concluded that NSE significantly blocked the CSP-induced acute testicular 
injury in rats through inhibition of MAPK/COX-2 signaling pathway, and by combating oxidative 
stress, inflammation, and apoptosis. 
 

 

Keywords: Nimesulide; cisplatin; MAPK; COX-2; testes.      
 

1. INTRODUCTION 
 

The nitrogen mustard, cisplatin (CSP), is a DNA 
alkylating cytotoxic compound widely used as an 
anticancer chemotherapeutic agent for the 
treatment of various solid and hematological 
malignancies [1]. Injury and dysfunction of male 
gonads, suppression of spermatogenesis, and 
male infertility are well-known adverse impacts of 
CSP therapy. Oxidative stress, increased 
generation of reactive oxygen species (ROS), 
depletion of endogenous antioxidants, and lipid 
peroxidation of cellular biomembranes are 
incriminated in the pathogenesis of CSP-induced 
testicular injury [2]. In addition, CSP-induced 
oxidative stress causes phosphorylation and 
activation of c-Jun N-terminal kinase (JNK) and 
p38 mitogen-activated protein kinases (MAPKs) 
[3]. Subsequently, the phosphorylated MAPKs 
activate other proteins, which upon nuclear 
translocation act as transcriptional factors for 
many inflammatory and apoptotic biomarkers. 
Moreover, phosphorylated JNK and p38 MAPKs 
induce the nuclear factor-κB (NF-κB) and 
cyclooxygenase-2 (COX-2) pathways resulting in 
increased production of pro-inflammatory 
mediators, as tumor necrosis factor-α (TNF-α) 
and interleukin-1β (IL-1β), and inflammatory 
prostaglandins, as prostaglandin E2 (PGE2) [4,5] 
. Eventually, activation of the apoptotic pathways 
ensues testicular cell death and male infertility 
[6].  
 

Nimesulide (NSE) is a nonsteroidal anti-
inflammatory drug with selective inhibitory action 
on COX-2. It is approved for the treatment of 
acute pains, osteoarthritis, and primary 
dysmenorrhea [7]. It was reported in the literature 
that NSE provided significant antioxidant, anti-
inflammatory, and anti-apoptotic effects in 
different models [8-11]. Additionally, a recent 
study showed that NSE significantly protected 
the testes of rats against ischemia/reperfusion 
injury resulting from torsion/detorsion [12]. 
Therefore, NSE potentially can protect against 
the CSP-induced testicular injury and 
dysfunction. The present study was done to 
investigate the possible gonadal conservative 
effect of NSE in male rats challenged with CSP, 
and to reveal the possible mechanisms 
underlying this effect. 

2. MATERIALS AND METHODS 
 

2.1 Drugs and Chemicals 
 
NSE and CSP were purchased from Sigma-
Aldrich, USA. NSE was prepared in 0.5% 
carboxymethylcellulose (CMC), and CSP was 
dissolved in physiological saline. The doses of 
NSE and CSP used in the current investigation 
were chosen based on previous studies [10,13]. 
 

2.2 Animals and Treatments 
 
Twenty-six male Sprague-Dawley rats, weighing 
250 ± 10 g, were obtained from the National 
Research Centre, Giza, Egypt. They were 
housed at standard conditions (24ºC, 45% 
humidity, and 12 h light/dark cycle), supplied with 
ordinary chew and tap water ad. libitum, and 
were acclimatized for 7 days. The international 
guidelines for care and use of laboratory animals 
were fulfilled.  
 
The rats were assigned randomly into 4 groups 
as follows: 
 
- Group I (n = 6) was the control and 

received CMC, p.o., daily for 15 days, and 
a single i.p. injection of physiological saline 
on the 10th day. 

- Group II (n = 7) received CMC, p.o., for 15 
days, and a single i.p. injection of CSP (7 
mg/kg) on the 10th day.  

- Group III (n = 7) received NSE (10 
mg/kg/day, p.o.) for 15 days, and a single 
i.p. injection of CSP (7 mg/kg) on the 10

th
 

day.  
- Group IV (n = 6) received only NSE (10 

mg/kg/day, p.o.) for 15 days, and a single 
i.p. injection of physiological saline on the 
10

th
 day. 

 

2.3 Sampling and Biochemical Investiga-
tions 

 
At the end of experiments, rats were euthanized 
by urethane (1 g/kg, i.p.). Samples of blood were 
compiled via a cardiac prick, left to clot for 60 
min, and then centrifuged at 4000 rpm for 10 min 
to obtain clear sera. An ELISA kit was utilized to 
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measure serum testosterone (R&D Systems, 
USA).  
 
In addition, the testes were dissected out, and 
the right testes were homogenized in cold 
potassium phosphate buffer (0.05 M, pH 7.4). 
The homogenates were centrifuged at 4000 rpm 
for 10 min at 4ºC, and the supernatant was used 
for biochemical measurements. Colorimetric kits 
were used for the determination of 
malondialdehyde (MDA), nitric oxide (NO), 
reduced glutathione (GSH), and superoxide 
dismutase (SOD) (Biodiagnostic, Egypt), and 
caspase-3 (R&D Systems, USA) in the testicular 
homogenates. Further, ELISA kits were 
employed to quantify TNF-α, IL-1β, COX-2 
(Elabscience Biotechnology Inc., USA), PGE2 
(R&D Systems, USA), NF-κB p65 (Novus 
Biologicals, USA), and Bax (LifeSpan 
BioSciences, USA) in testicular homogenates.  
 

2.4 Histopathology Investigations 
 
Left testes were fixed in Bouin’s solution, alcohol 
dehydrated, and paraffin-embedded. Five-µm 
sections thickness were sliced, and stained with 
hematoxylin and eosin (H&E). Slides were 
inspected under a light microscope by a 
pathologist unaware of slide discrimination. 
 
A testicular injury score using a scale from 0 to 3 
to assess seminiferous epithelial injury, tubular 
necrosis, interstitial edema, and hemorrhages 
was implemented [14]. Spermatogenesis was 
assessed by a scale from 1 to 10 (1 = no 
spermatogenesis, and 10 = normal 
spermatogenesis) [15]. 
 

2.5 Immunohistochemistry Investigations 
 
Sections were deparaffinized, rehydrated, and 
H2O2 in methanol (3%) was utilized to impede 
endogenous peroxidase. Sections were pre-
treated in citrate buffer (pH 6.0, 10 mM) in a 
microwave, and incubated with rabbit polyclonal 
antibodies targeting rat phosphorylated c-Jun N-
terminal kinase (p-JNK) and p38 MAPKs 
(ThermoScientific, USA, dilution: 1:200). 
Sections were incubated with biotinylated goat 
anti-polyvalent, streptavidin peroxidase, and 
eventually with the chromogen, DAB. 
Hematoxylin counterstaining was accomplished, 
and immunostaining was identified by a light 
microscope utilizing a digital imaging software 
program (cellSens, Olympus Corporation, USA) 
to measure the immunostained area (μm

2
) in 5 

non-overlapping microscopic domains. The mean 

± S.E.M. of each group was figured. To obtain 
negative control, an identical process was 
employed, however, the primary antibody was 
exchanged by normal rabbit serum. 
 

2.6 Statistics 
 
Results are shown as mean ± S.E.M. Data 
analysis was carried out by one-way ANOVA test 
pursued by post hoc comparisons by Tukey test. 
GraphPad Prism Software Program (version 
6.01) was employed, and the significant level 
was at P < 0.05. 
 
3. RESULTS 
 

3.1 Biochemistry Outcomes 
 
CSP at a single dose of 7 mg/kg, i.p., 
significantly reduced serum testosterone level (P 
< 0.05) in comparison with the corresponding 
control value. On the other hand, NSE treatment 
caused a significant increment of serum 
testosterone (P < 0.05) in rats challenged with 
CSP (Fig. 1A). CSP also significantly increased 
MDA, NO, TNF-α, and IL-1β (P < 0.05), and 
significantly decreased GSH and SOD (P < 0.05) 
in the testes as compared to the corresponding 
values of the control (Figs. 1B-1D). Contrarily, 
NSE significantly reduced testicular MDA, NO, 
TNF-α, and IL-1β (P < 0.05), and significantly 
elevated testicular GSH and SOD (P < 0.05) in 
rats exposed to CSP insult (Figs. 1B-1D). 
Moreover, CSP caused significant increments of 
testicular COX-2, PGE2, NF-κB p65, Bax, and 
caspase-3 (P < 0.05) as compared to the 
corresponding control values (Figs. 1E and 1F). 
Again, NSE caused significant decrements of 
COX-2, PGE2, NF-κB p65, Bax, and caspase-3 
(P < 0.05) in the testes of rats challenged with 
CSP (Figs. 1E and 1F). 
 

3.2 Histopathology Outcomes 
 

CSP insult caused marked distortion of testicular 
histology, necrosis of seminiferous tubules with 
desquamation and cytoplasmic vacuolization of 
the lining epithelium, impairment of 
spermatogenesis, edema of the interstitium, 
inflammatory cell infiltration, vascular dilatation 
and congestion, and hemorrhages (Fig. 2). On 
the contrary, NSE preserved the normal 
testicular architecture and prevented CSP-
induced injury. Additionally, NSE significantly 
reduced testicular injury score (P < 0.05), and 
significantly increased spermatogenesis score (p 
< 0.05) in rats received CSP (Fig. 2). 
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Fig. 1. Outcomes of nimesulide (NSE) treatment on: (A) serum testosterone; (B) testicular 
malondialdehyde (MDA) and nitric oxide (NO); (C) testicular reduced glutathione (GSH) and 

superoxide dismutase (SOD); (D) testicular tumor necrosis factor-α (TNF-α) and interleukin-1β 
(IL-1β); (E) cyclooxygenase-2 (COX-2) and prostaglandin E2 (PGE2); (F) nuclear factor-κB p65 
(NF-κB p65), Bax and caspase-3   in cisplatin (CSP)-challenged rats. *P < 0.05 vs. control, ≠P < 

0.05 vs. CSP 
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Fig. 2. H&E (200×) of rat testes from: (A) control rats displaying normal histology with normal 

spermatogenesis; (B) cisplatin (CSP) group showing marked distortion of the normal 
architecture, necrosis, vacuolization, and desquamation of epithelial lining of seminiferous 

tubules (white arrows), edema of interstetium (black heads), vascular dilatation and 
congestion (black arrow), and impairment of spermatogenesis. (C) nimesulide (NSE) + CSP 
demonstrating that normal testicular histology was preserved, and spermatogenesis was 

maintained; (D) Testicular injury and Johnsen spermatogenesis scores. *P < 0.05 vs. control, 
≠P < 0.05 vs. CSP 

 
3.3 Immunohistochemistry Outcomes 

 
Significant rises of p-JNK and p38 MAPKs 
expressions (P < 0.05) were observed in the 
testicular tissue of CSP-challenged rats in 
comparison with the control rats (Figs. 3 and 4). 
Again, NSE-treated rats showed significant 
decrements of testicular p-JNK and p38 MAPKs 
expressions (P < 0.05) as compared to CSP-
challenged rats non-treated with NSE (Figs. 3 
and 4). 
 
No immunostaining was obtained when the 
primary antibodies were substituted by normal 
rabbit serum signifying their specificity (non-
included figures). 

4. DISCUSSION 
 
Previous studies showed that CSP-induced male 
gonadal injury and dysfunction emerged via 
oxidative stress, increased ROS generation, 
exhaustion of endogenous antioxidants, and 
enhanced production of MDA, the final outcome 
of lipid peroxidation of cellular biomembranes 
[13,16]. Nitrosative stress and increased 
generation of reactive nitrogen species (RNS), as 
NO and peroxynitrite radical, were also shown to 
be involved in the development and progression 
of CSP-induced testicular toxicity [17]. Moreover, 
augmented inflammatory responses, boosted 
production of inflammatory cytokines, induction 
of COX-2, and increased manufacturing of 
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inflammatory prostaglandins were incriminated in 
the pathogenesis of the negative impact of CSP 
on male gonads [18,19]. This is consistent with 
the current investigation, in which CSP 
administration significantly increased the 
biomarkers of oxidative/nitrosative stress and 
inflammation, and significantly decreased 
endogenous antioxidant capacity in rat testes. 
Besides, it was reported that CSP insult activated 
the mitochondrial apoptotic pathway with 
increased production of the pro-apoptotic protein, 
Bax [20]. The resultant increase of mitochondrial 
membrane permeability enhances the leakage of 
cytochrome C from the mitochondria into the 
cytoplasm. Subsequently, caspase family of 
proteases is activated, and finally active 

caspase-3 executes apoptotic cell death             
[6,19]. Similarly, the present work showed                
that CSP administration caused significant 
increments of Bax and caspase-3 in rat              
stestes. 
 
The selective COX-2 inhibitor, NSE, exerted 
antioxidant, antinitrosative, anti-inflammatory, 
and anti-apoptotic properties in different models 
of tissue injuries, including the testes. Similar to 
the current study, prior investigations revealed 
that NSE reduced the production of 
oxidative/nitrosative stress biomarkers and 
inflammatory cytokines, preserved the 
endogenous antioxidants, and prevented the 
elevations of apoptotic biomarkers [8-12]. 

 

 
 
Fig. 3. Immunohistochemistry (200×) of phosphorylated c-Jun N-terminal kinase (p-JNK) in rat 
testes from (A) control showing no immunostaining (NI); (B) cisplatin (CSP) group showing a 
significant increment of p-JNK immunoreactivity in brown color; (C) nimesulide (NSE) + CSP 
showing a significant decrement of p-JNK expression; (D) immunopositive area (µm

2
). *P < 

0.05 vs. control, 
≠
P < 0.05 vs. CSP 
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Fig. 4. Immunohistochemistry (200×) of p38 MAPK in rat testes from (A) control showing no 
immunostaining (NI); (B) cisplatin (CSP) group showing a significant increment of p38 MAPK 

immunoreactivity in brown color; (C) nimesulide (NSE) + CSP showing a significant decrement 
of p38 MAPK expression; (D) immunopositive area (µm2). *P < 0.05 vs. control, ≠P < 0.05 vs. 

CSP 
 
In addition, prior investigations demonstrated that 
oxidative stress induced by CSP up-regulated 
JNK and p38 MAPKs signaling pathways. 
Phosphorylation and activation of MAPKs 
resulted in phosphorylation of other target 
proteins which upon nuclear translocation 
activate gene transcription of many inflammatory 
biomarkers, as COX-2, TNF-α, and IL-1β, and 
apoptotic factors [21,22]. Furthermore, the up-
regulated JNK and p38 MAPKs increase the 
release of NF-κB p65 unit in the cytoplasm, 
which translocates to the nucleus and acts as a 
transcriptional factor for inflammatory mediators 
[4,5]. Moreover, CSP-induced activation of 
MAPKs leads to upregulation of COX-2 and 
increased the generation of inflammatory 
prostaglandins [23,24]. This is in agreement with 
the current investigation in which CSP caused 
significant increments of p-JNK and p38 MAPKs, 
COX-2, PGE2, NF-κB p65, TNF- α, IL-1β, Bax, 

and caspase-3 in rat testes. Additionally, past 
studies, similar to the present one, revealed that 
NSE significantly down-regulated p-JNK and p38 
MAPKs signaling pathways, and decreased 
COX-2, PGE2, NF-κB p65, inflammatory 
cytokines, and apoptotic biomarkers [10,12,25]. 
Besides, the current study revealed that NSE 
significantly maintained the normal testicular 
histology, and serum testosterone indicating that 
NSE preserved the structure and function of the 
testes in rats challenged with CSP. 

 
Several previous studies showed that natural 
compounds attenuated CSP testicular toxicity 
[26-28]. Some studies revealed that natural 
compounds provided more protective effect than 
synthetic compounds [26]. However, more 
investigations are required to compare the 
protective effect of NSE with natural substances 
in the rat model of CSP testicular toxicity. 
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5. CONCLUSION 
 
It can be concluded from the present results that 
NSE afforded significant gonadal protective 
effect in male rats exposed to CSP toxicity. This 
is most probably mediated via down-regulation of 
p-JNK and p38 MAPKs pathways, and by 
defeating oxidative/nitrosative stress, 
inflammation, and apoptosis. Further studies are 
required to investigate the dose-dependent effect 
of NSE on larger number of CSP-challenged 
rats. NSE may be a feasible candidate to prevent 
testicular injury and dysfunctions in patients 
treated with CSP. 
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