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Abstract

Aim: Cisplatin, an effective chemotherapeutic agent, has many side effects, including testicular damage that impairs spermatogen-
esis and may cause infertility. We aimed to eliminate or minimize the negative effects of cisplatin on testicular tissue with thymoqui-
none, which is increasingly investigated due to its biological properties.

Material and Methods: For this purpose, 29 Wistar albino rats were randomly divided into control (n = 4), sham (n = 4), cisplatin (n =
7), cisplatin + thymoquinone (n = 7), and thymoquinone (n = 7) groups. Corn oil was given to the sham group via gavage for 10 days.
The cisplatin and cisplatin + thymoquinone groups received cisplatin (1.5 mg/kg/day, intraperitoneally) on days 3, 5, and 7, while thy-
moquinone (50 mg/kg/day, orally) was administered daily for 10 days to the cisplatin + thymoquinone and thymoquinone groups. On
day 10, testicular tissues were removed under anesthesia and processed for histological and immunohistochemical analyses using
cleaved caspase-3 antibody.

Results: A statistically significant decrease in cleaved caspase-3 expression, a key marker of apoptosis, was observed in the cispla-
tin + thymogquinone group compared to the cisplatin group (mean difference: -1.487, p < 0.05). It was determined that thymoquinone
reduced testicular damage and germ cell apoptosis caused by cisplatin.

Conclusion: These results show that thymoquinone is effective in repairing the damage caused by cisplatin in testicular tissue and
reducing spermatid apoptosis, but it needs to be supported by new studies to be used as a chemoprotectant.
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INTRODUCTION

Chemotherapeutic drugs destroy tumor cells by stopping their
growth and reproduction, but they can also damage healthy cells
due to the similarities between tumor cells and healthy cells (1).
Cisplatin is an antineoplastic agent used in the treatment of di-
verse solid tumors and hematological malignancies (2, 3). In ad-
dition to its serious side effects, cisplatin causes degeneration,
necrosis, and interstitial edema in the testicular tissue (4) and
a decrease in sperm concentration, a decrease in total normal
sperm count, and a decrease in sperm motility in the testis (5, 6).
Apoptosis is a type of programmed cell death distinguished by
certain morphological and biochemical characteristics (7, 8).

CITATION

Apoptosis can be induced by multiple stimuli, such as oxida-
tive stress and cytotoxic agents (9). Caspases are the princi-
pal proteases active during apoptosis (8, 9), and caspase-3
serves as a crucial executor in the apoptotic cascade (10). One
of the best-known markers of apoptosis is the conversion of
inactive procaspase-3 to its proteolytically active form, cleaved
caspase-3 (11). Active caspase-3 causes DNA fragmentation
and structural damage within the cell during apoptosis (12). In
testicular tissue, apoptosis is crucial for homeostasis; however,
excessive activation may result in the death of germ cells (13).
Medicinal plants have long been recognized for their use in
the treatment of many disorders, owing to their antioxidant
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effects and broad therapeutic properties (14). Nigella sativa
L., a member belonging to the Ranunculaceae family, is an
annual flowering plant commonly referred to as black cum-
in (15, 16). It was stated that the essential oil obtained from
the analysis of black cumin seed contained more than 60
compounds and that thymoquinone was the most abundant
of these components (17). It has been reported that thymo-
quinone can also be used as a complement or alternative to
chemotherapy treatment in cancer patients (18).

Recent studies have reported that thymoquinone modulates
apoptosis in various cancer cell types through multiple path-
ways, including downregulation of Bcl-2, upregulation of Bax,
activation of PPARYy, p53 signaling, caspase stimulation, and
PARP cleavage (19-23). However, its potential effects on
apoptosis in testicular tissue have not been fully elucidated.
Numerous studies have shown the role of reactive oxygen
species (ROS) and oxidative stress in cisplatin-induced re-
productive system toxicity (24). Thymoquinone, the principal
component of black cumin seed oil, has demonstrated anti-
oxidative, anti-inflammatory, and protective effects on the re-
productive system (25). While the protective effects of thymo-
quinone on various organs have been previously studied, its
specific role in preventing cisplatin-induced germ cell apop-
tosis through cleaved caspase-3 regulation in testicular tis-
sue has not been fully elucidated. Moreover, existing studies
often differ in terms of dosage, duration, and apoptotic mark-
ers used, making direct comparisons challenging. Our study
contributes to the current literature by using a relatively higher
thymoquinone dose (50 mg/kg) and focusing on early-stage
apoptotic changes in spermatids via cleaved caspase-3 im-
munoreactivity. We hypothesized that thymoquinone would
reduce cisplatin-induced germ cell apoptosis by suppressing
cleaved caspase-3 expression.

MATERIAL AND METHODS

This study was conducted at the Duzce University Experi-
mental Animals Application and Research Center with the ap-
proval of the Duzce University Experimental Animals Ethics
Committee with the decision number 2018/5/4. This investi-
gation was implemented in compliance with all institutional
and international protocols for animal care and utilization. The
guidelines for Animal Research: Reporting of In Vivo Exper-
iments (ARRIVE) were adhered to appropriately. It was also
supported by Duzce University Scientific Research Projects
with the project number 2019. 04. 01. 904.

Twenty-nine Wistar albino rats, aged 2 to 3 months, were dis-
tributed at random among five groups: control (n=4), sham
(n=4), cisplatin (n=7), cisplatin + thymoquinone (n=7), and
thymoquinone (n=7). The experiment was completed with 29
Wistar albino male rats kept at 22-25°C room temperature
and a 12/12-hour light/dark cycle at optimal values under ven-
tilation and satisfactory hygiene conditions, with free access
to food and water. On the 3rd, 5th, and 7th days of the 10-day
experiment, cisplatin was administered at a dose of 1.5 mg/
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kg/day i.p. (intraperitoneally), and thymoquinone was admin-
istered at a dose of 50 mg/kg/day via gavage. Corn oil, used
as the vehicle for thymoquinone, was administered alone to
the sham group; the control group received only saline. The
administered cisplatin (26-28) and thymoquinone (29, 30)
doses were selected based on literature studies.

At the end of ten days, the testicle tissue was carefully excised
under anesthesia with 90 mg/kg ketamine and 10 mg/kg xyla-
zine. The testicles were placed in Bouin solution for fixation.
Thereafter, they were embedded in paraffin blocks of appro-
priate sizes, and 4-micron sections were taken with a micro-
tome. The hematoxylin-eosin staining procedure was applied
to the sections taken. For immunohistochemical examination,
cleaved caspase 3 antibody (#9664, Cell Signaling Technolo-
gy) was applied at a ratio of 1:100. The stained sections were
covered with a coverslip by dropping Entellan. Then, the testic-
ular tissue morphology of the groups was evaluated by exam-
ining them under an Olympus BX50 photomicroscope.
Semiquantitative evaluations

Cells were stained with cleaved caspase-3 antibody using
immunohistochemical methods, and their staining intensities
were evaluated semi-quantitatively (31, 32). Histopathologi-
cal evaluation was performed in a blinded manner by two his-
tologists who were experts in the field. In the evaluation, the
scores were as follows: 0: negative, (+): weakly positive, +:
positive, ++: intensely positive, and +++: very intensely posi-
tive (Table 1).

Statistical analysis

The GraphPad InStat (GraphPad Software Inc., San Diego,
CA, USA) program was used for statistical evaluation of the
immune reaction of animals in all groups. One-way ANOVA
was used to evaluate general differences between groups;
post-hoc analysis was performed with the Holm—-Sidak multi-
ple comparison test for parameters with significant differenc-
es. Additionally, mixed-effects model analysis was performed,
considering the variability between rats. The significance
threshold was accepted as p < 0.05.

RESULTS

Histological Examination

Testicular tissue sections from all experimental groups were
stained with the hematoxylin-eosin method. To show the ef-
fects of thymoquinone against histopathological changes in the
testis as a result of exposure to cisplatin, testicular tissue was
evaluated according to shedding of germinal cells, separation
in the seminiferous epithelium, and vacuolization criteria (33).
In the control group, germinal cells showing regular arrange-
ment as an indicator of active spermatogenesis were identi-
fied in the testicular seminiferous tubule epithelium. According
to the stages of spermatogenesis in the seminiferous tubule,
the following were observed, respectively: Spermatogonia are
located adjacent to the basal membrane, spermatids arise
through mitotic and meiotic divisions, and mature sperma-
tozoa are released into the lumen. In contrast, the cisplatin
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Table 1: Semi-quantitative assessment of cleaved caspase-3 labeling in experimental groups.

Cells / Groups Control Sham
Spermatogonia 0 0
primer spermatocyte 0 0
Spermatit 0 0
Sertoli cell 0 0
Leydig cell 0 0

group showed pronounced histopathological damage, includ-
ing disorganized seminiferous tubules of varying diameters
and shapes that were damaged in the testicles surrounded
by a thin tunica albuginea. Vacuolization was observed in the
walls of the damaged tubules, associated with cellular loss due
to the dissociation of germinal cells. Testicular sections from
the cisplatin + thymoquinone group demonstrated a marked
improvement compared to the cisplatin group. It was observed
that the gaps and separations in the seminiferous epithelium
and the cellular debris in the lumen, which were seen due to
germinal cell losses caused by separation and shedding in the
seminiferous tubules, were reduced (Figure 1).

ylin-Eosin

Cisplatin

Cisplatin + Thymoquinone

Thymoquinone

Figure 1. Hematoxylin-eosin staining in experimental groups.
Immunohistochemical Evaluation with Cleaved-Caspase
3 Antibody

A substantial difference was seen in the amount of cells pos-
itively stained with cleaved caspase-3 among the thymoqui-
none, cisplatin, and cisplatin + thymoquinone groups. Apopto-

Cisplatin Cis+TQ Thymoquinone
0 0 0
+++ ++ 0
+ (+) 0
0 0 0
+ (+) 0

sis was observed in spermatids in the cisplatin group. In the
immunohistochemical staining section of the testicular tissue
of rats in the cisplatin group with cleaved caspase-3, numer-
ous apoptotic cell lines formed by spermatids were seen in the
seminiferous tubule epithelium (Figure 2 and Table 1). In the
immunohistochemical staining of the testicular tissue of the
cisplatin + thymoquinone group with cleaved caspase 3, the
staining intensity in spermatid cells was seen less (Figure 2
and Table 1). Compared to the cisplatin group, the number of
cells stained with cleaved caspase-3 significantly decreased in
the cisplatin + thymoquinone group. This result indicated that
thymoquinone prevented apoptosis during cisplatin damage. In
the immunohistochemical staining of the testicular tissue of rats
in the thymoquinone group with cleaved caspase-3, it was seen
that there were many mature sperm in the lumen of the semi-
niferous tubule with regular epithelium (Figure 2 and Table 1).
To detect the presence of apoptosis, the regions stained posi-
tively with cleaved caspase-3 were automatically calculated in
the ImagedJ program. Data were analyzed using GraphPad In-
Stat software (GraphPad Software Inc., San Diego, CA, USA).
Quantitative analysis of cleaved caspase-3 immunoreactiv-
ity revealed significant differences among the experimental
groups. The mean intensity value of cleaved caspase-3 ex-
pression was highest in the cisplatin group (2.986 + 0.6952),
indicating elevated apoptosis levels compared to the control
(0.8442 + 0.1539), sham (0.8300 * 0.1383), cisplatin + thymo-
quinone (1.499 + 0.1423), and thymoquinone (0.7212 + 0.1094)
groups. Co-treatment with thymoquinone significantly reduced
cleaved caspase-3 expression in the cisplatin + thymoquinone
group compared to the cisplatin group (p < 0.05), suggesting
a protective effect of thymoquinone against cisplatin-induced
germ cell apoptosis. No significant difference was observed
between the control and sham groups (p = 0.815), whereas
the thymoquinone group showed a statistically significant dif-
ference compared to both (p < 0.05). Statistical analysis was
performed using one-way ANOVA followed by Holm-Sidak’s
multiple comparisons test. Cleaved caspase-3 expression was
significantly elevated in the cisplatin group compared to the
other experimental groups (p < 0.05) (Figure 3).



DOI: 10.37990/medr.1734022

ing with Cleaved Caspase-3

ive Control
-

Control

Cisplatin

Cisplatin
+ g
Thymogquinone *

Thymoquinone

Figure 2. Immunohistochemical staining for cleaved caspase-3 in
rat testicular tissue across experimental groups. Black arrowheads
indicate cleaved caspase-3 expression in spermatids.
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Figure 3. Analysis of cleaved caspase-3 immunostaining inten-
sities in testicular tissue across experimental groups. Statistical
significance was accepted at p < 0.05. a: compared to the control
group, b: compared to the sham group, c: compared to the cis-
platin group, d: compared to the Cis + TQ group, e: compared to
the TQ group. (Cis: cisplatin; TQ: thymoquinone)
DISCUSSION

The findings of our investigation indicate that thymoquinone
alleviates cisplatin-induced testicular injury by reducing apop-
tosis and preserving seminiferous tubule structure. Spermato-
genic series cells are vulnerable to toxic agents, so genetic
alterations are likely to occur in these cells. Leydig and Sertoli
cells, which do not proliferate in adults, are the most resistant
cells and continue to exist even after most cytotoxic drugs;
however, these cells can suffer functional damage (34, 35).
Although cisplatin has been used successfully in cancer treat-
ment for many years, studies on its mechanism of action are
ongoing. It is thought that the drug’s toxic effects occur as a

4
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result of binding to nuclear DNA, damaging transcription and
DNA replication, and activating various signaling pathways. In
addition, cisplatin disrupts mitochondrial integrity, decelerates
the cell cycle, and then inhibits ATPase activity, altering cellular
transport systems. Consequently, it leads to apoptosis, inflam-
mation, necrosis, and ultimately cell death (36). Furthermore,
beyond its DNA-damaging effects, cisplatin also induces the
generation of reactive oxygen species (ROS), which further
contribute to cell death by promoting oxidative stress (37).
The main effective basic compound found in the structure
of Nigella sativa (black seed) essential oil is thymoquinone.
Thymoquinone has been reported to protect multiple organs
against oxidative damage and exhibits various pharmacolog-
ical properties (18). Although there are numerous studies on
the protective effects of thymoquinone against the harmful
effects of cisplatin on other organs, studies evaluating its ef-
fects on testicular tissue remain limited.

Recent experimental evidence demonstrated that thymoqui-
none administration in a cisplatin-induced testicular damage
model reduced oxidative stress by regulating apoptosis and
autophagy processes (38). Thymoquinone has been shown
to exhibit anti-apoptotic and antioxidant properties by regu-
lating the TNF-a/OTULIN/NF-kB pathway in cisplatin-induced
testicular damage. In contrast, our study focused on cleaved
caspase-3 expression to assess apoptosis, and a lower cis-
platin dose (1.5 mg/kg) and shorter experimental duration
were used to detect early apoptotic changes, particularly in
spermatids. The administration of a higher dose of thymoqui-
none (50 mg/kg vs 10 mg/kg in the referenced study) may
have facilitated the apparent anti-apoptotic effect. The refer-
enced study (39) complements our findings and contributes to
the therapeutic effect of thymoquinone, combined with a dif-
ferent dosing and timing protocol in testicular injuries of var-
ious degrees. Furthermore, changes in autophagy markers,
including reduced p62 and elevated LC3-Il levels, were noted
after thymoquinone treatment, signifying an enhancement in
cellular homeostasis and tissue structure (40). These findings
collectively indicate the possible use of thymoquinone as a
chemoprotective drug in models of testicular toxicity.
Awadalla et al. (41) showed that Nigella sativa oil ameliorated
cisplatin-induced oxidative and histological damage in testicu-
lar tissue, which is consistent with our findings and likely due
to thymoquinone. Zhang et al. (42) investigated the time- and
dose-dependent effects of cisplatin on testicular tissue by ad-
ministering 1, 5, and 10 mg/kg to separate groups of mice and
evaluating samples on days 1, 3, and 7. They reported a signif-
icant increase in germ cell apoptosis, particularly in the 10 mg/
kg group on day 7, with apoptotic changes observed in sper-
matogonia, spermatocytes, and spermatids. Their findings indi-
cate that cisplatin-induced germ cell death is contingent upon
both dosage and duration. In our study, apoptotic cells were pre-
dominantly detected in spermatids. While previous studies have
demonstrated that cisplatin-induced testicular damage leads
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to increased apoptosis across various germ cell stages and
reduced sperm production, the absence of apparent cleaved
caspase-3 immunolabeling in spermatogonia and primary sper-
matocytes in our findings may be attributed to the relatively low
cisplatin dose (1.5 mg/kg) and the shorter duration of exposure.
This interpretation aligns with the dose- and time-dependent in-
crease in germ cell apoptosis reported by Zhang et al. (42).
There are also studies demonstrating thymoquinone’s protec-
tive effect against the negative effects of cisplatin on organs
other than the testicles (43-47). Although numerous studies
support the protective effect of thymoquinone on testicular
tissue, others report limited or no efficacy depending on ex-
perimental conditions. For example, 5 mg/kg thymoquinone
administered to pregnant rats failed to prevent diclofenac-in-
duced testicular cell loss in their offspring, with a significant
reduction in Sertoli and Leydig cell numbers observed at
postnatal week 4 (48). This result may be due to the relative-
ly low dose of thymoquinone administered compared to our
study (50 mg/kg). In the referenced study, testicular tissue
was evaluated during the early postnatal period, when Sertoli
and Leydig cells are still immature and therefore potentially
more susceptible to toxic insults (49, 50), which could have
contributed to the lack of protective effect observed.

While this study presents important findings, certain limitations
should be considered. Apoptosis was assessed solely based
on cleaved caspase-3 immunoreactivity. While this marker is
widely used in literature and provides meaningful information,
it may not be sufficient on its own to reflect the full complexity
of the apoptosis process. Furthermore, the sample size may
be relatively limited due to the ethical committees’ framework.
Due to financial constraints, confirmatory molecular methods
could not be included in the study. These limitations are pri-
marily due to ethical permission and resource constraints.

In this study, the light microscopic evaluation of testicular
tissue in the cisplatin group revealed findings such as a de-
crease in the thickness of the seminiferous epithelium, degen-
eration of the tubular epithelium, shedding of spermatogenic
cells, focal separation of the basal membrane, and intersti-
tial disruption. Immunohistochemical analysis with cleaved
caspase-3 antibody demonstrated an increased number of
positively stained apoptotic cells in the cisplatin group. In
contrast, this apoptotic response was markedly reduced in
the cisplatin + thymoquinone group. These findings confirm
that thymoquinone ameliorates cisplatin-induced testicular
damage primarily by reducing apoptosis, as evidenced by de-
creased cleaved caspase-3 expression.

CONCLUSION

This study demonstrated that thymoquinone attenuates apopto-
sis in germ cells by reducing cisplatin-induced testicular damage
and preserves seminiferous tubule integrity. The decrease in
cleaved caspase-3 expression, particularly evident in sperma-
tids, supports the apoptosis-protective effect of thymoquinone,
thus suggesting that it may be a potential chemoprotective
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agent. However, further studies with larger sample sizes, at the

molecular level, and additional multiple apoptosis markers are

needed to confirm this effect and translate it into clinical practice.
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