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Objective: Cisplatin (CP) is a widely used chemotherapeutic agent, but its severe side effects impact testicular function. We investigated the 
potential protective effects of bilberry extract against CP-induced testicular toxicity.
Methods: Forty adult male albino rats were divided into four groups. Control animals received a single oral dose of 0.9% saline. Bilber-
ry-treated rats received oral bilberry extract (200 mg/kg body weight [BW] dissolved in 1 mL of saline) daily for 10 consecutive days. CP-treat-
ed animals were administered a single intraperitoneal dose (7.5 mg/kg BW). Finally, a bilberry+CP group received oral bilberry extract (200 
mg/kg BW) daily for 10 consecutive days, with one intraperitoneal dose of CP (7.5 mg/kg BW) on day 2. We assessed sperm count, motility, 
viability, and abnormalities, along with testis weight, testis weight-to-BW ratio, antioxidant activity, levels of oxidative stress markers 
(malondialdehyde [MDA] and hydrogen peroxide [H2O2]), sex hormones (follicle-stimulating hormone [FSH], luteinizing hormone [LH], and 
testosterone), and apoptotic and anti-apoptotic markers, and DNA damage. Testicular tissue underwent histopathological examination.
Results: Among CP-treated rats, significantly lower values were observed for testis weight; testis weight-to-BW ratio; levels of FSH, LH, testos-
terone, superoxide dismutase, catalase, glutathione S-transferase, glutathione, and B-cell lymphoma 2; and sperm count, motility, and pro-
portion of normal sperm. CP administration was associated with higher MDA, H2O2, p53, Bax, cytochrome c, caspase 9, and caspase 3 levels, 
along with elevated tail moment. However, bilberry extract administration significantly improved all altered parameters.
Conclusion: Bilberry treatment demonstrated protective effects and reduced CP-induced testicular toxicity via antioxidant activity and cyto-
protection.
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Introduction 

Cisplatin (CP; cis-diammine-dichloro-platinum) is a platinum-based 
anticancer drug utilized in the treatment of various solid tumors, such 
as those of the ovary, breast, colon, testes, and uterine cervix [1]. The 

antineoplastic activity of CP is mediated through the induction of 
apoptosis and the formation of DNA crosslinks, which exert cytotoxic 
effects on malignant cells [2]. However, the clinical application of CP 
is limited due to its severe adverse effects. Notably, CP is associated 
with over 40 side effects, including damage to the heart, liver, testes, 
kidneys, and reproductive system [3]. 

The exact mechanism by which CP toxicity affects the testes has 
not been fully elucidated. Consequently, several hypotheses have 
been put forward to explain CP-induced toxicity, the most notable of 
which is oxidative stress [4]. Research has indicated that CP toxicity in 
tissues is associated with increases in malondialdehyde (MDA), a by-
product of polyunsaturated fatty acid peroxidation, and reactive ox-
ygen species (ROS) such as hydrogen peroxide (H2O2) [5]. Additional-
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ly, CP has been found to reduce the activity of antioxidants like su-
peroxide dismutase (SOD), catalase (CAT), glutathione (GSH), and 
glutathione S-transferase (GST), which represent a defense system 
against free radical damage [6,7]. Oxidative stress can lead to alter-
ations in protein synthesis and inhibit DNA transcription and replica-
tion [8]. Another proposed mechanism of CP-induced toxicity in the 
testes is its ability to induce apoptosis in germ cells [9]. CP not only 
damages testicular tissue, including Leydig and Sertoli cells, but also 
disrupts the production of sex hormones. This results in a decrease in 
testosterone levels, which in turn affects the secretion of folli-
cle-stimulating hormone (FSH) and luteinizing hormone (LH), lead-
ing to alterations in spermatogenesis [10]. 

Substantial research has indicated that antioxidants can mitigate 
the toxic effects associated with CP administration [11]. Antioxidants 
are crucial in reducing oxidative stress and shielding cells from dam-
age caused by free radicals [12]. Additionally, research has shown 
that natural products can offer protection against diseases related to 
oxidative stress [13]. 

Bilberry (Vaccinium myrtillus L.), commonly known as the Europe-
an blueberry, is a deciduous shrub belonging to the Ericaceae family, 
predominantly found in Europe and North America. It is abundant in 
antioxidants, including anthocyanins, flavonoids, phenolic acids, and 
their derivatives [14]. Furthermore, bilberry has been shown to pos-
sess a range of beneficial properties, such as anti-inflammatory, anti-
oxidant, anticancer, antilipemic, antidiabetic, cardioprotective, and 
retinoprotective effects [15,16]. Multiple studies have examined the 
protective role of bilberry against the toxicity induced by various 
chemotherapeutic agents [17,18]. Consequently, the objective of this 
study was to explore the potential protective effects of bilberry 
against CP-induced testicular toxicity in rats. 

Methods 

1. Animals 
Forty male albino rats, each weighing approximately 210 g, were 

acquired from the Agricultural Research Center in Giza, Egypt. These 
rats were housed in a temperature-controlled environment with a 
12-hour light/dark cycle, with the room temperature set at 23 °C and 
the humidity at 60%. Prior to the start of the experiment, all rats un-
derwent a 1-week acclimatization period to ensure their well-being. 
Throughout the study, the animals had access to a standard diet and 
water ad libitum. 

2. Chemicals 
The chemicals utilized in this study met the standards for molecu-

lar biology and diagnostic applications. Sigma-Aldrich supplied 
these reagents. We acquired bilberry powder, which was weighed at 

500 mg (GNC), from a source in Saudi Arabia. CP was procured from 
Hospira, a subsidiary of Pfizer.  

3. Experimental design  
The rats were randomly allocated into four groups, with each 

group comprising 10 animals. The control group was given a single 
oral dose of 0.9% saline. Rats in the bilberry group received an oral 
administration of bilberry extract, at a dosage of 200 mg/kg body 
weight (BW) dissolved in 1 mL of saline, daily for a duration of 10 
days. The CP group was treated with a single intraperitoneal injec-
tion of CP at a dose of 7.5 mg/kg BW [6]. Lastly, the bilberry+CP 
group was administered 200 mg/kg BW of bilberry orally via a stom-
ach tube for 10 consecutive days, with an intraperitoneal injection of 
7.5 mg/kg BW of CP administered on the second day [18]. 

4. Collection of blood samples 
Upon completion of the experiment, the animals from each group 

were euthanized with an intraperitoneal overdose of thiopental at a 
dosage of 10 mg/kg. Blood samples were collected and centrifuged for 
5 minutes at 3,000 rpm, after which the resulting sera were transferred 
into clean Eppendorf tubes for subsequent biochemical analyses. 

5. Epididymal sperm analysis 
Epididymal sperm analysis was conducted in accordance with the 

methodology outlined by Seed et al. [19]. Seminal fluid was exam-
ined using an optical compound microscope to assess sperm count 
and motility. Subsequently, sperm were stained with eosin as de-
scribed by Ciftci et al. [20]. The total sperm count per gram of tissue 
was determined, and the proportion of motile sperm from the cau-
dal epididymis was quantified using phase-contrast microscopy. 
Specifically, sperm were categorized as either motile or immotile. To 
evaluate the morphological abnormalities of the spermatozoa, slides 
stained with eosin-nigrosin were prepared. The sperm were then an-
alyzed based on the morphologies of their heads and tails, and the 
rates of spermatozoa with anomalies were calculated. 

6. Biochemical assay analysis 
The levels of H2O2 and GST were determined using a colorimetric 

method with a kit acquired from Bio Diagnostic, and measurements 
were taken spectrophotometrically using a Uvikon 930 device (Kon-
tron Instruments). The level of MDA in red blood cells was measured 
according to the method described by Stocks and Dormandy [21], 
which involves the use of thiobarbituric acid to produce a colored 
complex for colorimetric assessment. GSH levels were estimated fol-
lowing the protocol of Beutler et al. [22]. This method includes the 
use of metaphosphoric acid to precipitate proteins and the applica-
tion of water-soluble 5,5'-dithiobis-2-nitrobenzoic acid to develop 
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color. CAT activity was assessed using the technique detailed by 
Chance and Maehly [23], wherein CAT reacts with a predetermined 
quantity of H2O2. After exactly 1 minute, the reaction is halted with a 
CAT inhibitor. SOD activity was measured based on the method of 
DeChatelet et al. [24], which relies on the enzyme’s capacity to inhibit 
the phenazine methosulfate-mediated reduction of nitro blue tetra-
zolium dye. Blood levels of B-cell lymphoma 2 (Bcl-2), Bax, P53, and 
caspase 9 were quantified using kits from MyBioSource, and en-
zyme-linked immunosorbent assay (ELISA) procedures were per-
formed with a Stat Fax 4700 apparatus (Awareness Technology Inc.). 
Concentrations of caspase 3 and cytochrome c in the blood were de-
termined with kits from CUSABIO. Serum testosterone levels were 
measured using a kit from Abcam. Finally, serum FSH and LH con-
centrations were quantified with a kit obtained from MyBioSource. 
The apparatus utilized for measuring chemical reactions and colori-
metric methods was produced by Robonik. 

7. Analysis of DNA damage 
Single-cell gel electrophoresis, also known as the Comet assay, 

was conducted in accordance with the protocol described by Bajpay-
ee et al. [25]. This assay involves the detection of DNA strand breaks 
within single cells from seminal fluid, which are immobilized on a 
microscope slide. Typically, between 50 and 100 cells are randomly 
selected from each sample and analyzed for tail length, the propor-
tion of tail DNA, and the tail moment.  

8. Histopathological analysis 
The left testis of the rats from all groups was removed, fixed in 10% 

buffered formalin, dehydrated in a series of increasingly concentrat-
ed buffered ethanol solutions, cleared in xylene, and subsequently 
embedded in paraffin wax. Tissue blocks thus prepared were sec-
tioned to a thickness of 5 μm. These paraffin-embedded sections 
were then mounted on glass slides, stained with hematoxylin and 
eosin, and subsequently examined and photographed to identify 
any pathological alterations within each testis, following the meth-
odology described by Bancroft and Gamble [26]. 

9. Statistical analysis 
Results were presented as mean (n=10)±standard error. Statistical 

significance was determined using one-way analysis of variance [27]. 
All statistical analyses were conducted with SPSS version 17.0 (SPSS 
Inc.). Differences were considered significant when indicated by 
p-values of 0.05 or less. 

10. Ethical approval and consent to participate 
All biological experiments were conducted in compliance with the 

guidelines of the Institute of Laboratory Animal Resources, Commis-
sion on Life Sciences. The research was conducted at Mansoura Uni-
versity, located in Mansoura, Egypt. The Institutional Review Board of 
Mansoura University, Egypt, granted ethical approval for this study, 
with the approval number MU-ACUC (SC.MS.22.09.3). 

Results 

1. Testis weight and testis weight-to-body weight ratio 
Significant reductions were observed in both testis weight and 

testis weight-to-BW ratio in the CP animals relative to the control 
rats. The group treated with bilberry exhibited significant recovery in 
these measures relative to the CP group; however, the values did not 
reach the levels observed in the control animals (Table 1). 

2. Effects of bilberry on enzymatic antioxidants and markers 
of oxidative stress 

Treatment with bilberry resulted in significant improvements 
compared to treatment with CP injection alone. CP was found to in-
duce oxidative stress and lipid peroxidation by significantly increas-
ing markers of oxidative stress, such as MDA and H2O2. This was ac-
companied by significant decreases in the activities of antioxidants, 
including SOD, GST, and CAT, as well as a reduction in GSH content 
(Table 2). 

3. Effects of bilberry on sperm count, motility, and viability 
CP was observed to induce alterations in spermatogenesis, result-

ing in significant reductions in sperm count, motility, and viability. In 
contrast, the rats treated with both bilberry and CP exhibited a sig-
nificant ameliorative effect compared with the animals administered 

Table 1. Testis weight and testis weight/body weight ratio in the four groups

Parameter/Group Control Bilberry CP Bilberry+CP
Testis weight (g) 2.46 ± 0.05 2.49 ± 0.06 0.69 ± 0.015a) 1.24 ± 0.05a),b)

Testis weight/body weight ratio (%) 1.16 ± 0.027 1.21 ± 0.043 0.45 ± 0.01a) 0.7 ± 0.031a),b)

Values are presented as mean±standard error of 10 animals.
CP, cisplatin.
a)Significant difference from the control group at p≤0.05; b)Significant difference from the CP group at p≤0.05.
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CP alone (Table 3).  

4. Effects of bilberry on sperm morphology  
Alterations in sperm morphology induced by CP resulted in a sig-

nificant increase in the percentage of abnormal sperm alongside a 
significant decrease in the percentage of normal sperm. The group 
treated with bilberry+CP exhibited significantly better parameters, 
as demonstrated in Table 3, Figure 1. 

5. Effects of bilberry on male reproductive hormones 
Alterations in gonadal hormones induced by CP involved signifi-

cant reductions in FSH, LH, and testosterone levels compared to the 
control group. These levels were significantly ameliorated in the bil-
berry+CP group compared to the CP animals; however, the hormon-
al concentrations did not reach the values observed in the control 
group. Bilberry administration alone yielded normal hormonal levels, 
similar to those in the control group (Table 4). 

6. Effects of bilberry on apoptosis 
The administration of CP was associated with significant increases in 

apoptotic markers—p53, Bax, cytochrome c, caspase 3, and caspase 
9—and a significant decrease in the anti-apoptotic marker Bcl-2 relative 
to the control group. In comparison, the group treated with bilberry+CP 
exhibited significantly higher Bcl-2 levels and lower apoptotic activity 

(Table 5).

7. Effects of bilberry on CP-induced DNA damage 
The CP-induced DNA damage, as shown via single-cell gel electro-

phoresis (Comet assay), was characterized by significant increases in 
tail moment, length, and DNA content. However, pretreatment with 
bilberry was associated with a significant rise in tail moment, but did 
not demonstrate a significant increase in either tail length or tail 
DNA, as shown in Table 6, Figure 2. 

8. Effects of bilberry on testicular histology 
Figure 3 depicts the histological examination of testicular tissues 

from the four groups, with slides observed under ×200 magnifica-
tion. Morphologically, the seminiferous tubules, spermatogenic stag-
es, Sertoli cells, Leydig cells, and interstitial spaces exhibited normal 
patterns in both the control and bilberry groups. In contrast, the CP 
group displayed abnormalities in the stages of spermatogenesis and 
testicular morphology. However, the bilberry+CP group demonstrat-
ed mild improvement in the normal organization of spermatogenic 
cells and spermatogenic process. 

9. Correlations 
Correlations among the various parameters investigated are de-

picted in Figure 4. In this study, exceptionally strong positive correla-

Table 2. Effects of cisplatin and bilberry treatment on enzymatic antioxidants and markers of oxidative stress

Parameter/Group Control Bilberry CP Bilberry+CP
MDA (nmol/1 mL packed cells) 6.39 ± 0.21 6.21 ± 0.26 21.96 ± 0.29a) 13.8 ± 0.43a),b)

H2O2 (mmol/L) 0.64 ± 0.09 0.5 ± 0.07 3.28 ± 0.12a) 2.31 ± 0.06a),b)

SOD (% of change) 48.0 ± 1.11 48.17 ± 1.59 19.5 ± 0.71a) 34.9 ± 1.11a),b)

CAT (K units/g protein) 8.67 ± 0.12 8.82 ± 0.12 1.12 ± 0.05a) 3.13 ± 0.19a),b)

GSH (mmol/L cells) 3.5 ± 0.06 3.7 ± 0.12 2.01 ± 0.04a) 2.7 ± 0.07a),b)

GST (U/L) 94.3 ± 0.96 94.7 ± 1.43 63.5 ± 1.08a) 80.15 ± 0.79a),b)

Values are presented as mean±standard error of 10 animals.
CP, cisplatin; MDA, malondialdehyde; H2O2, hydrogen peroxide; SOD, superoxide dismutase; CAT, catalase; GSH, glutathione; GST, glutathione S-transferase.
a)Significant difference from the control group at p≤0.05; b)Significant difference from the CP group at p≤0.05.

Table 3. Effects of cisplatin and bilberry treatment on sperm count, motility, viability, and morphology

Parameter/Group Control Bilberry CP Bilberry+CP
Sperm count (millions/mL) 331.8 ± 4.77 338.2 ± 6.99 134.7 ± 2.39a) 223.8 ± 0.83a),b)

Sperm motility (%) 79.45 ± 1.28 80.03 ± 2.1 20.88 ± 0.99  52.34 ± 1.36a),b)

Sperm viability (%) 74.1 ± 1.33 76.6 ± 2.04 33.0 ± 1.48a) 62.1 ± 1.39a),b)

Normal sperm (%) 84.7 ± 0.98 88.7 ± 0.99 28.3 ± 1.1a) 72.4 ± 1.46a),b)

Abnormal sperm (%) 15.3 ± 0.98 11.04 ± 0.99 71.7 ± 1.11a) 27.6 ± 1.47a),b)

Values are presented as mean±standard error of 10 animals.
CP, cisplatin.
a)Significant difference from the control group at p≤0.05; b)Significant difference from the CP group at p≤0.05.
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Table 4. Effects of cisplatin and bilberry treatment on male reproductive hormone levels

Parameter/Group Control Bilberry CP Bilberry+CP
FSH (mIU/mL) 1.18 ± 0.02 1.25 ± 0.06 0.17 ± 0.01a) 0.64 ± 0.05a),b)

LH (mIU/mL) 1.2 ± 0.05 1.19 ± 0.05 0.23 ± 0.02a) 0.75 ± 0.02a),b)

Testosterone (ng/mL) 3.64 ± 0.11 3.8 ± 0.13 1.22 ± 0.09a) 2.4 ± 0.09a),b)

Values are presented as mean±standard error of 10 animals.
CP, cisplatin; FSH, follicle-stimulating hormone; LH, luteinizing hormone.
a)Significant difference from the control group at p≤0.05; b)Significant difference from the CP group at p≤0.05.

Table 5. Effects of CP and bilberry treatment on apoptosis

Group/parameter Control Bilberry CP Bilberry+CP
P53 (ng/mL) 2.69 ± 0.11 2.7 ± 0.1 9.19 ± 0.18a) 6.1 ± 0.1a),b)

Cytochrome c (pg/mL) 62.6 ± 2.29 60.6 ± 2.15 182.7 ± 2.28a) 145.1 ± 2.4a),b)

Bcl-2 (ng/mL) 2.04 ± 0.08 1.9 ± 0.07 0.73 ± 0.03a) 1.24 ± 0.05a),b)

Bax (pg/mL) 103.8 ± 3.5 99.5 ± 3.49 260.5 ± 4.13a) 192.0 ± 3.97a),b)

Caspase 3 (ng/mL) 2.67 ± 0.21 2.57 ± 0.19 16.4 ± 0.32a) 10.07 ± 0.36a),b)

Caspase 9 (ng/mL) 2.4 ± 0.17 2.46 ± 0.19 11.75 ± 0.3a) 6.96 ± 0.24a),b)

Values are presented as mean±standard error of 10 animals.
CP, cisplatin; Bcl-2, B-cell lymphoma 2.
a)Significant difference from the control group at p≤0.05; b)Significant difference from the CP group at p≤0.05.

Figure 1. Microphotographs illustrating morphologically normal sperm and various sperm defects (original magnification ×200). (A) Normal 
morphology. (B, D). Irregular head. (C, D) Tailless head. (E) Coiled tail. (F) Double tail.
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Figure 2. Photographic plate for DNA damage (×200). The genotoxic potential of cisplatin (CP) in sperm of treated rats using the comet assay 
as highly effective tool for the biomonitoring of DNA integrity was assessed; control (A) and bilberry groups (B) showed normal undamaged 
DNA where cells appeared as compact head without any DNA damage. (C) CP and (D) bilberry+CP groups showed increased DNA damage; 
where cells with fragmented DNA appeared as a distinct head with a tail compared with control group. Administration of bilberry with CP (D) 
showed lesser DNA damage compared with CP group (C).

Table 6. Effects of cisplatin and bilberry treatment on DNA damage in rat sperm

Group/parameter Control Bilberry CP Bilberry+CP
Tail DNA (%) 1.35 ± 0.07 1.31 ± 0.05 3.15 ± 0.14a) 2.79 ± 0.18a)

Tail DNA length (µm) 1.05 ± 0.05 1.11 ± 0.09 2.9 ± 0.11a) 2.65 ± 0.13a)

Tail moment (units) 1.42 ± 0.14 1.45 ± 0.13 9.17 ± 0.35a) 7.3 ± 0.22a),b)

Values are presented as mean ± standard error of 10 animals.
CP, cisplatin.
a)Significant difference from the control group at p ≤ 0.05; b)Significant difference from the CP group at p ≤ 0.05.
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tions were observed among all antioxidant parameters. Moreover, 
highly significant negative correlations were found between the 
concentrations of antioxidants examined in this study and levels of 
oxidative stress markers, namely MDA and H2O2. Highly significant 
negative correlations were observed between fertility hormone lev-
els and markers of oxidative stress. Conversely, highly significant 
positive correlations were identified between antioxidant and fertili-
ty hormone levels, although these data are not presented here. 
Strong positive correlations were observed between markers of 
apoptosis and oxidative stress, as well as between apoptosis markers 
and DNA moment. Conversely, strong negative correlations were 
identified between antioxidant levels and both apoptosis and DNA 
moment. Strong negative correlations were observed between tes-
ticular weight and markers of oxidative stress, as well as between ox-

idative markers and sperm count, the proportion of sperm with nor-
mal morphology, and sperm motility. We found that there is negative 
correlation between oxidative stress and sperm motility, with in-
creasing the oxidative stress markers the sperm motility decreases. 
The same for the correlation between sperm concentration and oxi-
dative stress markers. The same for the correlation between sperm 
morphology and oxidative stress markers. Conversely, strong positive 
correlations were identified between levels of antioxidants and tes-
ticular weight, in addition to sperm count, normal sperm morpholo-
gy, and motility. 

As previously indicated, strong positive correlations were observed 
between markers of apoptosis and oxidative stress. Conversely, 
strong negative correlations were identified between antioxidant 
levels and apoptosis. Additionally, strong negative correlations were 
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Figure 3. (A) Control group showed normal seminiferous tubules with normal spermatogenesis. (B) Bilberry group showed normal 
seminiferous tubules and normal structure (similar to control group). (C) Cisplatin (CP) group showed seminiferous tubules with degenerated 
spermatids with arrest of spermatogenesis at 2nd spermatids. (D) Bilberry+CP showed mild improvement of seminiferous tubules with some 
of them restored normal spermatogenesis. The magnification is ×200.

AA BB
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found between apoptosis and normal sperm morphology, as well as 
between apoptosis and both sperm count and motility. 

Discussion 

The growing prevalence of cancer, now a leading contributor to 
global morbidity and mortality [28], has led to the widespread use of 
antitumor drugs such as CP. The generation of ROS induces oxidative 
damage and causes adverse side effects upon CP administration, 
with dose-dependent severity [29]. CP inflicts damage on the testes 
by causing germ cell death, Leydig cell dysfunction, and disruption 
of testicular steroidogenesis, ultimately leading to infertility [9,30]. 
Consequently, the use of a potent antioxidant has been suggested as 
a prophylactic strategy to mitigate CP-induced testicular toxicity in 
male patients. 

Bilberry is rich in antioxidants, particularly anthocyanins, which 
constitute the largest portion of the fruit’s phytochemical content. 
Typically, the concentration of anthocyanins in bilberries ranges from 
300 to 700 mg per 100 g of fresh fruit. In addition to anthocyanins, 
bilberries contain substantial amounts of other antioxidants, includ-
ing vitamin C, flavanols, and phenolic acids [31,32]. Research has pri-
marily focused on anthocyanins due to their abundance in bilberries 
and their potent antioxidant properties. These properties are impli-

cated in various biological processes, such as cell signaling pathways, 
DNA repair, cell adhesion, and gene expression, and they also exhibit 
antineoplastic and antimicrobial effects [33]. 

The present study revealed increased levels of oxidative markers, 
including MDA and H2O2, alongside decreased levels of antioxidant 
markers such as GST, SOD, CAT, and GSH. These findings align with 
previous research, which has indicated that CP-induced alterations in 
oxidative stress status stem from an overproduction of ROS. In the 
present study, this overproduction impaired the antioxidant defense 
systems in the testes of the CP group relative to the control group 
[18,34-37]. Additionally, CP administration was found to cause signif-
icant decreases in both enzymatic antioxidants (SOD, GST, CAT) and 
the non-enzymatic antioxidant GSH, which is depleted as it scaveng-
es the free radicals released by CP administration. These observations 
are consistent with those of a separate study [38], which attributed 
the changes to uncontrolled generation of H2O2, further impairing 
the testicular antioxidant defenses. 

Furthermore, the present results align with prior research demon-
strating a significant increase in DNA damage. Growing evidence 
suggests that oxidative stress, induced by ROS generation in testicu-
lar cells, plays a key role. These cells are considered a primary target 
due to their high content of polyunsaturated fatty acids, active pro-
tein synthesis, and processes of spermatogenesis and DNA packag-
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ing [39]. The CP-induced overproduction of toxic byproducts, such as 
MDA, causes damage to membrane proteins. This damage can inac-
tivate receptors and membrane-bound enzymes, which may result 
in cross-linking and polymerization of membrane components. Such 
changes can obstruct DNA transcription and replication, altering as-
sociated proteins and triggering either repair mechanisms or normal 
cell apoptosis. This is one potential explanation for the observed 
sperm abnormalities [40-43]. Our study corroborates these findings 
by reporting a positive correlation between oxidative stress (as indi-
cated by MDA levels) and DNA damage. Negative correlations were 
also observed between testicular function and oxidative stress, 
which is consistent with previous research [44]. 

The present data align with findings from a study indicating that 
lipid peroxidation promotes disruption of the lipid matrix structure 
within the spermatozoa membrane. This results in weakened protec-
tive mechanisms and a reduction in sperm motility [45]. This decline 
in sperm motility is linked to an excess production of oxidative stress, 
a decrease in antioxidant activity, and a reduction in adenosine tri-
phosphate, which is crucial for the movement of the sperm’s flagel-
lum [46]. These observations are in line with the negative correlation 
between oxidative stress and sperm motility reported in this study. 

Bilberry is abundant in antioxidants, which directly counteract the 
increased oxidative stress induced by CP administration [32]. These 
compounds scavenge free radicals and influence a range of biologi-
cal and enzymatic reactions. 

In the present study, treatment with bilberry was associated with 
lower H2O2 and MDA levels compared to the CP group. Relative to 
the same group, bilberry treatment promoted higher activities of en-
dogenous antioxidant enzymes, such as SOD, CAT, and GST, and an 
increase in the non-enzymatic antioxidant GSH. These findings are 
consistent with numerous previous studies [18,47,48], which suggest 
that bilberry can form stable radicals with ROS by donating hydro-
gen ions and altering cell signaling pathways. Since antioxidant ac-
tivity can be compromised by high levels of oxidative stress, bilberry 
appears to bolster antioxidant defenses by diminishing the presence 
of toxic markers. 

The histopathological findings of the present study align with re-
cent data [49,50]. CP induces oxidative stress, leading to structural 
damage in biological macromolecules and cellular components, in-
cluding nucleic acids, proteins, and lipids. This damage affects not 
only cancer cells but also normal and stem cells [6]. It also results in 
testicular injury and structural abnormalities in the testes, as evi-
denced by the observed histopathological alterations. These include 
marked parenchymal atrophy, in addition to severe changes such as 
testicular fibrosis, necrosis, a reduction in the number of seminifer-
ous tubules, decreased germinal cell layer thickness, impaired matu-
ration of germinal cells, and arrested spermatocytes at various stages 

of division, all of which contribute to tubular shrinkage in testicular 
tissues [46,51]. Additionally, considerable degeneration and damage 
occur to the germinal epithelium and spermatogenesis, which ap-
pear to be associated with oxidative stress and apoptosis [46]. Other 
studies have attributed these effects to the accumulation of H2O2, 
which disrupts the antioxidant defense system, findings that are 
consistent with our study [52]. Specifically, this would explain the 
positive correlations observed between oxidative stress and both 
apoptosis and testicular damage. In the present study, bilberry treat-
ment alone did not induce any histopathological changes in testicu-
lar tissue when compared to the control group. However, oral admin-
istration of bilberry prior to and concurrently with CP treatment had 
a protective effect due to its ability to modulate antioxidant activity 
and reduce the oxidative stress caused by CP. 

The findings of the present study are consistent with other reports 
indicating that CP leads to a decrease in testicular weight [9,53]. The 
observed reduction in testicular weight within the CP group can be 
attributed to various histological alterations, such as the atrophy of 
the parenchymal tissue and a decrease in the thickness of the germi-
nal cell layer [45]. Testicular weight is contingent upon the mass of dif-
ferentiated spermatogenic cells, and maintaining its structural and 
functional integrity necessitates the adequate biosynthesis of male 
sex hormones. Consequently, a reduction in testicular weight in 
CP-treated rats indicates impaired spermatogenesis and steroidogen-
esis [54], a finding corroborated by the histopathological results of our 
study. Furthermore, the effect of CP on histopathology is confirmed 
by the study of Eid et al. [53]. However, the outcomes of the current 
investigation do not align with those reported by Dare et al. [37]. 

Our findings corroborate the results of a recent study suggesting 
that a decrease in BW may be linked to diminished food intake and 
metabolic dysfunction, which are frequently observed symptoms 
following CP administration. These associations are also supported 
by earlier research [55]. 

All previously described factors contributed to reductions in sperm 
concentration, viability, normal morphology, and motility, as well as 
an increase in sperm morphological abnormalities, relative to the 
control group. These results are consistent with findings from earlier 
studies [56,57]. Moreover, bilberry supplementation has demonstrat-
ed a protective effect on testis weight and the testis weight-to-BW 
ratio. This protective effect may be attributed to the capacity of bil-
berry to mitigate oxidative damage induced by CP and to neutralize 
ROS, thereby diminishing the damage caused by CP [58]. Through its 
potent protective properties and rich antioxidant content, bilberry 
reduces DNA, protein, and lipid damage resulting from oxidative 
stress. Consequently, it counteracts the effects of CP—as evidenced 
by improvements in semen analysis and fertility hormone levels—
by providing membrane protection [59,60]. 
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The observed reduction in fertility hormones such as testosterone, 
FSH, and LH following CP exposure aligns with findings reported in 
the literature [52,61]. This reduction may be attributed to the exten-
sive damage inflicted by CP on Leydig and Sertoli cells, particularly 
Leydig cells, which are responsible for testosterone secretion [46,62]. 
An alternative hypothesis suggests that the effects of CP could stem 
from its interference with LH receptor expression, disruption of cho-
lesterol mobilization to mitochondrial cytochrome P450, or inhibi-
tion of the activity of this enzyme, all of which could impede the ini-
tial stages of testosterone synthesis. LH normally stimulates Leydig 
cells to produce testosterone [46]. Testosterone depletion prompts 
an increased release of LH, which binds to Leydig cell receptors to 
boost testosterone production, a compensatory response within the 
negative feedback mechanism of the hypothalamic-pituitary axis 
[63]. However, CP damages the hypothalamic-pituitary-gonadal axis 
[10], leading to declines in FSH, LH, and testosterone levels. The re-
duced testosterone levels may also be linked to a decrease in the 
number of LH receptors on Leydig cells [51]. In this study, the dimin-
ished LH levels in rats treated with CP indicate hypopituitarism and a 
reduced responsiveness of the hypothalamic-pituitary axis to the 
feedback regulation by testosterone and LH. Thus, a negative cor-
relation exists between oxidative stress and testicular hormones, as 
previously described [64]. However, these findings are not consistent 
with those of another study [37], which suggested that Leydig cell 
damage leads to decreased testosterone levels, triggering an in-
crease in LH and FSH to compensate for the testosterone shortfall. 
The discrepancy between results could be due to variations in the 
dosage and duration of CP exposure. 

The present data indicate that CP triggers apoptosis and cell death 
by increasing ROS and compromising the total antioxidant capacity 
of the mitochondria. This leads to a disruption in mitochondrial re-
dox processes and the induction of caspase-3–associated apoptosis 
[65,66]. These findings align with those of previous research [67]. The 
apoptotic effect of CP may be attributed to the induction of endo-
plasmic reticulum stress, which is initiated by the accumulation of 
unfolded or misfolded proteins. This accumulation can result from 
ionized calcium leakage, protein overload, oxidative stress, iron im-
balance, or hypoxia. Subsequently, the unfolded protein response is 
activated through three signaling pathways originating from endo-
plasmic reticulum stress sensors, culminating in the induction of 
apoptosis [9,68]. CP initially activates p53, which then leads to the 
activation of Bax and Bak. This activation results in the release of cy-
tochrome c through the mitochondrial membrane, followed by the 
activation of a cascade of caspases. These caspases play a pivotal role 
in apoptosis by hydrolyzing cytoskeletal and nuclear proteins, which 
include proteins involved in cell division, DNA repair, replication, and 
transcription. Additionally, Bax functions as an inhibitor of the an-

ti-apoptotic protein Bcl-2 [69-71]. 
Previous research has established a positive correlation between 

oxidative stress and apoptosis [72]. Specifically, the excessive pro-
duction of ROS leads to an increase in apoptotic markers. Conversely, 
the oral administration of bilberry, both prior to and concurrently 
with CP, exerts an opposing effect on apoptosis relative to CP alone. 
This is attributed to bilberry’s antioxidant properties and capacity to 
scavenge free radicals, which results in a reduction of oxidative stress. 
Consequently, apoptosis is diminished due to the upregulation of 
the anti-apoptotic protein Bcl-2 and the downregulation of 
pro-apoptotic proteins such as caspase 3 [47]. 

In the present study, the tail DNA percentage, length, and mo-
ment were found to be significantly increased in the CP group com-
pared to the control animals. This can be attributed to several factors. 
First, the overproduction of ROS is a primary cause of DNA fragmen-
tation and base changes [73,74]. Second, the mechanism of apopto-
sis is triggered by the interaction of CP with DNA molecules, leading 
to the formation of DNA adducts [75]. These findings are consistent 
with the observed positive correlation between oxidative stress and 
tail moment. The Comet assay revealed comparatively good out-
comes in the group treated with bilberry, as it contains anthocyanins 
that exert a genoprotective effect and shield DNA from the oxidative 
damage induced by CP [76].  

In conclusion, the present findings, along with those from previ-
ous research, demonstrate that CP induces testicular toxicity and re-
sults in severe damage to the testicular architecture. Additionally, 
this study suggests that bilberry serves as an effective protective 
agent against testicular disorders and the oxidative stress associated 
with CP exposure. This protective effect may be due to bilberry’s ca-
pacity to scavenge the free radicals responsible for causing testicular 
damage. Consequently, it is advisable for individuals exposed to CP 
to use bilberry as a dietary supplement to safeguard against the det-
rimental effects of CP on fertility. 
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