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ABSTRACT

Aim: The object of the present study aimed to investigate the impact of Bisphenol A on the fragmentation, and histopathological changes, and evaluating the
protective effects of resveratrol against Bisphenol A.

Materials and Methods: The study used forty adults male Wistar rats were that randomly divided into four groups: a control group, a Bisphenol A group
administered at 50 mg/kg/day, a resveratrol group at 50 mg/kg/day, and a Bisphenol + resveratrol group at the same dosages for 60 consecutive days. The
blood and tissue samples were collected for evaluating the sperm parameters, DNA integrity, Luteinizing hormone, Testosterone hormone, total antioxidant
capacity, and histopathological section.

Results: The results showed that Bisphenol A exposure causes significantly disrupted in sperm motility, concentration, morphology, and DNA integrity, with
severe histopathological change in testicular tissue and causes significantly increasing in luteinizing hormone and decreased testosterone levels. In contrast,
the results illustrated the resveratrol play as protective effects by conserved the sperm quality, testicular histopathology and reducing DNA fragmentation.
Conclusions: The Bisphenol A-induced significantly increased in oxidative stress while resveratrol play significant protection against Bisphenol A which that
induced testicular damage. The present finds proved that resveratrol is a potential therapeutic agent that can be used as an intervention against chemical

substances in the environment and preserve the fertility
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INTRODUCTION

Interestingly, infertility is a world health challenge,
which affects about 15% of couples in the world, since,
thatis several factors participate to infertility, including
chemical substances of the environment that exposure
to the reproductive system, and it is one of the most
important factors affecting the sperm parameters [1-2].
Bisphenol A (BPA), a widely used industrial chemical
found in plastics, food containers, and everyday items,
has appeared as a significant environmental threat to
male reproductive health. With its ability to mimic es-
trogen and disrupt androgen function, BPA interferes
with the hypothalamic-pituitary-gonadal axis, altering
hormonal balance and impairing critical processes such
as spermatogenesis [3]. Studies in both humans and
animal models have linked BPA exposure to decreased
testosterone levels, reduced sperm quality, DNA dam-
age, and oxidative stress, raising concerns about its
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long-term impact on fertility [4-5]. Resveratrol (RES) is
a natural polyphenolic compound that found in grapes,
berries, and peanuts [6]. Moreover, the RES have a po-
tent antioxidant property, which scavenges oxidative
stress and decreases the adverse effects that are due
to environmental toxins such as BPA [7]. Generally, the
study illustrated that RES protects the tissue by scav-
enging reactive oxygen species, which improves the
activity of endogenous antioxidant included enzymes,
and subsequently reduces the lipid peroxidation, which
finally that prevents cellular damage in the tissue [3,
8]. Additionally, the last studies illustrated that RES
improved the mitochondrial function by increasing the
production of ATP and by stabilizing the membrane of
mitochondrial, then subsequently lead to enhance the
sperm motility and viability. Furthermore, that RES play
a critical role in inhibiting of the pro-apoptotic path-
ways which that promoting the activation of survival
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signaling pathways, thus the RES improved the germ
cell integrity and enhancing the spermatogenesis [9].
Several studies showed that RES acts as an anti-in-
flammatory which protects the testicular tissue from
exposure to environmental contaminants and protects
reproductive health [10]. Sperm parameters, including
concentration, motility, viability, and morphology, are
critical indicators of male fertility and are highly sus-
ceptible to environmental toxins which BPA disrupts
endocrine function, leading to hormonal imbalances
thatimpair spermatogenesis. Studies have consistently
shown that BPA exposure reduces sperm concentration
[5] compromises motility by impairing mitochondrial
function and ATP production [9,11] decreases viability
through oxidative stress-induced apoptosis [8,10] and
increases abnormal morphology [3]. Thus, the present
study aimed to evaluation the protective effect of the
RES against the adverse effect of BPA that exposure
the reproductive system in rats, which assessments
the levels of luteinizing and testosterone hormonal,
evaluation of sperm parameters (motility, morphology,
and concentration), sperm DNA fragmentation and
total antioxidant capacity levels. Additionally, evaluate
the Histopathological Examination of Testicular Tissue.

MATERIALS AND METHODS

EXPERIMENTAL DESIGN

This present study included 40 adults’male Wistar rats
that weighted (225-275 g) that housed under typical
conditions with a 12/12-hour light-dark cycle and free
access to food and water. After adaptation in two-week
period, the rats were randomly divided into four equal
groups (10 per group): a control group (C) receiving
no treatment; a BPA group administered BPA at 50
mg/kg/day [3]; a resveratrol group (RES) administered
RES at 50 mg/kg/day [12]; and combined group a BPA
+ resveratrol group (BPA + RES) co-administered BPA
(50 mg/kg/day) and resveratrol (50 mg/kg/day). All
treatment solutions were given orally via gavage for
60 consecutive days.

ETHICS

All the procedures in this study, including animal
husbandry, handling, and scarifying were performed
according to the guidelines instructed by the Animal
Ethics Committee of The Islamic University, Najaf, Iraq
(2024-12-1/M12a). Ethical considerations were para-
mount throughout all stages of the study, and efforts
were made to minimize potential harm to the experi-
mental animals.

TREATMENT PROTOCOL

To prepare the RES solution 3 g of carboxymethylcellu-
lose (CMC) powder in 97 g of distilled water to create
the stock solution of 3% CMC then stirred continuously
at room temperature for 4 hours to ensure dissolved.
separately, the amount of RES was dissolved in a
1%ethanol to enhance its solubility then RES-ethanol
solution was then added to the 3% CMC solution and
stirring continuously for 30-60 minutes in water bath
at 37 °C. The final volume of the mixture was adjusted
with distilled water to achieve the desired concentra-
tion, followed by an additional 15 minutes of stirring
to ensure complete homogeneity and stored at room
temperature and [13]. To prepare the BPA solution, the
amount of BPA was weighed and dissolved in normal
to dosing at 50 mg/kg body weight. The prepared BPA
solution was stored in an amber container at room
temperature until administration via oral gavage [3, 10].

ANIMALS AND SAMPLE COLLECTION

At the endpoint of experimental at the 60-day exper-
imental period, the animals were euthanized through
an intramuscular overdose of a combination of Xylazine
(Micopite, USA, 40 mg/kg) and Ketamine (Alpha Than,
Netherlands, 90 mg/kg). The Blood samples about 5 mL
were collected via cardiac-puncture and then the scro-
tal area was carefully cleansed with sterile normal saline
before harvesting bilateral testicular and epididymal
tissues [14-16]. The epididymal tail was incubated in 2
mL of normal saline at 37°C then by using anatomical
micro-scissors, the tissue was divided into segments,
and spermatozoa were extracted for subsequent eval-
uation of sperm motility, concentration, morphology,
and DNA Integrity following the study’s standardized
methodology [17].

SPERM EVALUATION

The sperm motility, morphology, and concentration
were assessed as followed: for evaluate sperm progres-
sive motility, a 10 pL aliquot of sperm suspension was
placed on a dry, warmed slide and examined under a
light microscope at 400x magnification [14], while the
sperm morphology, 10-20 pL of sperm was mixed with
an 20 pL eosin-nigrosine stain, smeared onto a warm
slide, air-dried, and observed under a microscope,
where sperm heads stained pink [16-18]. Sperm concen-
tration was determined by weighing testicular tissue,
mincing it, and suspending it in 1 mL of PBS. A diluted
aliquot (1:1000) was prepared using a solution of nor-
mal saline 95%, formaldehyde 4%, and eosin stain 1%
following the methodology of Smith and Mayer (1955)
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Fig. 1. Assessment of The Sperm
Chromatin Integrity under Flu-
orescence that staining by Acri-
dine Orange Staining. A Com-
parative Analysis of Condensed
Chromatin (Green Fluorescence)
and Denatured Chromatin (Red
Fluorescence) 400X

Source: Own materials
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Fig. 2. Effects of Bisphenol A (BPA) and Resveratrol
on Sperm Motility (%)

Control (C), BPA-treated (BPA), Resveratrol-treated
(RES), and combined BPA + Resveratrol-treated (BPA
+ RES) groups. Error bars represent the standard error
of the mean (SEM), *Indicates significant differences
between groups at p<0.05

Source: Own materials

[19]. Sperm counting was performed using a Neubauer
hemocytometer, adhering to the procedures outlined
in previous studies [20].

SPERM DNA FRAGMENTATION TEST

For assessment the DNA fragmentation the sperm were
fixation by drying a 10 L of sample on a slide, and
then immersing in a 3:1 methanol-acetic acid solution
for 5 minutes, and fully dry [21]. After fixation the slide
was stained by 0.01 of acridine orange for 2 minutes
and washed with distilled water and left to dry. Finally,
the slides examined under a fluorescent microscope
showed sperm nuclei the green color mean with intact,
and red that indicating fragmented, less condensed
DNA, figure (1) [22].
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EVALUATION OF CIRCULATING LUTEINIZING
AND TESTOSTERONE HORMONES

For evaluation the LH and testosterone the blood was an-
alyzed by using assay kits provided by (Sun Long Biotech
Co, Ltd,, China; SL1061Ra kit used for testosterone and the
SL1093Ra kit for LH analysis.

REDOX SYSTEM EVALUATION

Theredox system evaluation included the assessment of total an-
tioxidant capacity (TAC) using specific assay kits (Cat No:BC1315)
by using a spectrophotometer. The procedure involved sample
preparation, serum dilution of the FeSO, standard solution, and
preheating the spectrophotometer and reagents were added
according to the protocol, and absorbance readings were used
to construct a standard curve and calculate TAC values.
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Fig. 3. Effects of Bisphenol A (BPA) and Resveratrol on
Sperm Morphology (%)

Control (C), BPA-treated (BPA), Resveratrol-treated (RES),
and combined BPA + Resveratrol-treated (BPA + RES)
groups. Error bars represent the standard error of the mean
(SEM), *Indicates significant differences between groups at
p<0.05

Source: Own materials

Fig. 4. Effects of Bisphenol A (BPA) and Resveratrol on
Sperm concentration (%)

Control (C), BPA-treated (BPA), Resveratrol-treated (RES),
and combined BPA + Resveratrol-treated (BPA + RES)
groups. Error bars represent the standard error of the mean
(SEM), *Indicates significant differences between groups at
p<0.05

Source: Own materials

Fig. 5. Effects of Bisphenol A (BPA) and Resveratrol on
Sperm DNA Fragmentation (%)

Control (C), BPA-treated (BPA), Resveratrol-treated (RES),
and combined BPA + Resveratrol-treated (BPA + RES)
groups. Error bars represent the standard error of the mean
(SEM), *Indicates significant differences between groups at
p<0.05

Source: Own materials
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Fig. 6. Effects of Bisphenol A (BPA) and Resveratrol on
Blood total Antioxidant capacity

Control (C), BPA-treated (BPA), Resveratrol-treated
(RES), and combined BPA + Resveratrol-treated (BPA
+ RES) groups. Error bars represent the standard error
of the mean (SEM), *Indicates significant differences
between groups at p<0.05

Source: Own materials

Luteinizing Hormone

Fig. 7. Effects of Bisphenol A (BPA) and Resveratrol on LH
Control (C), BPA-treated (BPA), Resveratrol-treated
(RES), and combined BPA + Resveratrol-treated (BPA

+ RES) groups. Error bars represent the standard error
of the mean (SEM), *Indicates significant differences
between groups at p<0.05

Source: Own materials
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Fig. 8. Effects of Bisphenol A (BPA) and Resveratrol on
Testosterone

Control (C), BPA-treated (BPA), Resveratrol-treated
(RES), and combined BPA + Resveratrol-treated (BPA
+ RES) groups. Error bars represent the standard error
of the mean (SEM), *Indicates significant differences
between groups at p<0.05

Source: Own materials

HISTOPATHOLOGICAL EXAMINATION OF
TESTICULARTISSUE

The testicular tissue was excised, longitudinally opened,
and preserved in 10% buffered formalin for fixation.
Following standardized histological procedures [23]
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the samples were fixed at room temperature for 48
hours. The fixed tissues underwent graded alcohol
dehydration, clearing in two stages of xylene, and
embedding in liquid paraffin maintained at 56°C for
two hours. Thin sections, 5 micrometers thick, were
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prepared using a microtome. These sections were
then dewaxed and stained with Harris Hematoxylin
and Eosin (H&E) for detailed histological analysis. The
stained slides were examined under a light microscope
using magnifications of X4, X10, and X40, allowing for
a comprehensive evaluation of the testicular tissue’s
histological structure.

RESULTS
SPERM EVALUATION

The Figure 2 illustrated the progressive sperm motility
which showed significant variations among the exper-
imental groups since C group exhibited the highest
motility, with a mean value of (82.5 £+ 0.83) indicating
normal physiological function, conversely, the BPA
group showed a significant reduction in motility (25.5
+ 2.167), reflecting the detrimental effects of BPA on
sperm motility. Interestingly, the RES group demon-
strated the highest motility among all groups (87.5 +
0.8333), and nonsignificant different compared with the
control group. The combined treatment group (BPA +
RES) showed a partial restoration of motility (62 + 4.726),
indicating that resveratrol mitigated, but did not fully
counteract, the negative effects of BPA.

The evaluation of sperm morphology in Figure 3
revealed significant differences among the treatment
groups. The control group exhibited morphology per-
centage (97.8 £ 0.4163), closely matched and non-sig-
nificantly different from the used resveratrol-only RES
group with 98.65 +0.2242, indicating no adverse impact
on sperm structure. In contrast, the BPA group showed
a significant decrease in sperm morphology (66.65
+ 2.861), highlighting the detrimental effects of BPA
exposure on sperm structure. Notably, the co-admin-
istration of BPA and resveratrol BPA+RES demonstrated
a marked improvement in morphology (87.55 + 1.248)
compared to the BPA group, suggesting the protective
role of resveratrol.

The evaluation of sperm concentration in figure (4)
showed significant differences among the experimental
groups since the C group showed a sperm concentra-
tion (8.60x10°% sperm/mL), indicating normal spermato-
genesis, in contrast, the BPA group showed significantly
reduced in sperm concentration (4.18x10® sperm/mL),
that mean BPA's toxic effects on spermatogenesis while
on the other hand, the RES group exhibited the normal
concentration (9.15x10% sperm/mL), a nonsignificant
difference among the control group, suggesting that
resveratrol not only counteracts oxidative damage
but may enhance spermatogenic efficiency. Notably,
the co-administration group (BPA+RES) demonstrated

normal sperm concentration (7.12 x 10® sperm/mL)
compared to the BPA group, highlighting the protective
role of resveratrol.

SPERM DNA FRAGMENTATION

The assessment of sperm DNA fragmentation in figure
(5) revealed the significant differences across the experi-
mental groups which the C group exhibited low levels of
DNA fragmentation (5.949 + 0.1742), indicative of intact
chromatin integrity, in contrast, the BPA group showed
a dramatic increase in DNA fragmentation (22.63 +
0.7494), reflecting BPA's adverse effects on sperm DNA
stability. The RES demonstrated the lowest levels of
DNA fragmentation (3.926 + 0.4412), suggesting a
strong protective effect of resveratrol on chromatin
integrity. The co-administration BPA+RES group exhib-
ited a marked reduction in DNA fragmentation (6.669
+ 0.3551) compared to the BPA group, indicating the
partial restorative capacity of resveratrol.

TOTAL ANTIOXIDANT CAPACITY LEVELS

The result of blood total antioxidant capacity (TAC)
test showed in figure (6) that illustrated the C group
exhibited the highest TAC levels (7.3901 nmol/
mL), indicating antioxidant capacity under normal
physiological conditions while in contrast, the BPA
group showed a significant decreased in TAC (2.0964
nmol/mL), that proved the oxidative stress induced
by BPA, in other hands RES group showed TAC levels
(7.2503 nmol/mL) while he co-administered BPA +
RES group exhibited TAClevelsin (5.4751 nmol/mL)
compared to the BPA group, indicating the partial
ameliorative effect of resveratrol against BPA-in-
duced oxidative stress.

HORMONAL ANALYSIS
SERUM LEVELS OF LUTEINIZING

The result of analysis of serum LH levels in the figure
(7) explained that is significant change between
groups which C group (0.4174 £+ 0.02326), indicative
of normal level of LH which BPA group showed signif-
icant increase in LH levels (0.5625 + 0.02311), which
is indicated the disruptive effect of BPA on endocrine
signaling pathway, in contrast, the RES group ex-
hibited the normal LH levels (0.2324 + 0.01295) that
proved that resveratrol enhance androgen feedback.
In other hands, BPA + RES group showed a reduction
in LH levels (0.4051 £ 0.01547) significant different
with the BPA group.
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SERUM LEVELS OF TESTOSTERONE

The analysis of serum testosterone levels across the
experimental groups revealed significant alterations
due to Bisphenol A (BPA) exposure and the potential
restorative effects of resveratrol. The control group (C)
exhibited baseline testosterone levels (0.1256 + 0.1256),
reflecting normal androgen function and hypothalam-
ic-pituitary-gonadal (HPG) axis activity. BPA exposure
resulted in a reduction in serum testosterone levels
(0.09979 + 0.09979), indicating the detrimental effects
of BPA on Leydig cell function and androgen synthesis.
Conversely, the resveratrol-only group (RES) showed
an increase in testosterone levels (0.1691 = 0.1691),
suggesting that resveratrol enhances testosterone pro-
duction, likely through its antioxidative and protective
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Fig. 9. Histological Section of Control
Group Testicular Tissue (Normal histolog-
ical architecture of testicular tissue), A.
Rats testicular under 10X, B. Rats testicu-
lar under 40X

Source: Own materials

Fig. 10. Histological Section of RES Group
Testicular Tissue (Normal histological
architecture of testicular tissue), A. Rats
testicular under 10X, B. Rats testicular
under 40X

Source: Own materials

Fig. 11. Histological Section of BPA Group
Testicular Tissue (Abnormal histological
architecture of testicular tissue), A. Rats
testicular under 10X, B. Rats testicular
under 40X

Source: Own materials

Fig. 12. Histological Section of BPA+RES
group Testicular Tissue (Abnormal histo-
logical architecture of testicular tissue), A.
Rats testicular under 10X, B. Rats testicu-
lar under 40X

Source: Own materials

mechanisms. The co-administration group (BPA+RES)
displayed an intermediate level of testosterone (0.1451
+0.1451), indicating that resveratrol partially mitigates
BPA-induced disruptions (Fig. 8).

HISTOPATHOLOGICAL EVALUATION OF
TESTICULAR TISSUE

The histopathological examination of testicular tissue
of experimental groups sowed significant structural
variations, reflecting the effects of BPA exposure and
RES potential protective role. The C group, as shown in
figure (9A-B), in contrast, the RES group figure (10A-B)
displayed improved structural integrity, demonstrating
the beneficial effects of resveratrol. Conversely, the BPA



Reproductive physiological amelioration of BPA - induced toxicity by resveratrol: Sperm quality preservation, DNA...

group figure (11A-B) showed severe histopathological
alterations, including disrupted seminiferous tubules
and reduced germ cell populations. The BPA + RES
group figure (12A-B) exhibited partial restoration of
normal architecture, with noticeable improvement
compared to the BPA group, though some abnormal-
ities persisted.

DISCUSSION

The present discussion highlights the findings relat-
ed to BPA’s detrimental effects on male reproductive
parameters and the protective role of resveratrol, sup-
ported by comparisons with previous research which
observed reduction in sperm motility in the BPA group
aligns with previous studies demonstrating that BPA
exposure significantly impairs sperm quality which
disrupts mitochondrial function and ATP production
by inducing oxidative stress and damaging mitochon-
drial DNA [11]. Additionally, BPA alters calcium ion
homeostasis, which is crucial for flagellar movement
and motility regulation [10]. The RES group showed an
increase in motility, that surpassed the C group, which
isin agreement with previous findings from studies that
illustrated the antioxidant properties of RES which en-
hance the mitochondrial function and lead to increase
the protection of ATP; moreover, RES scavenging of ROS,
and protecting sperm from oxidative damage [10]. In
the BPA + RES group, the protective effect of RES en-
meshment the motility percentage which that suggests
decreased the adverse effect of BPA. Which RES play
critical role in upregulated the endogenous antioxidant
enzymes and reduced oxidative stress in the sperm cell
[3], however, the incomplete restoration indicates that
the chronic exposure to BPA cause irreversible damage
to sperm cells or mitochondrial dysfunction beyond
the protective role capabilities of resveratrol [7, 10, 24].

The BPA-induced oxidative stress further damages the
plasma membrane and axonemal structures essential
for motility while the resveratrol mitigates these effects
by targeting oxidative stress and inflammation that due
to its antioxidant action prevents lipid peroxidation of
sperm membranes and restores mitochondrial function.
The present result agreement with previous studies
where BPA is shown to disrupt sperm morphology by
inducing oxidative stress, leading to lipid peroxidation,
DNA fragmentation, and impaired chromatin con-
densation [7, 25-26]. The protective role of RES in the
BPA+RES group is attributed to RES potent antioxidant
properties, which decreased oxidative damage by en-
hancing the activity of antioxidant enzymes like SOD
and catalase, reducing MDA levels, and preserving cel-
lular integrity [27-28]. Similar studies have documented

resveratrol’s ability to counteract BPA-induced damage,
supporting its role in maintaining sperm structural
integrity [7]. These findings align with previous studies
showing that BPA induced oxidative stress, mediated by
ROS and lipid peroxidation, damages testicular tissue
and germ cells [7, 25], while Resveratrol’s effectiveness
is attributed to its potent antioxidant and anti-inflam-
matory properties, which mitigate ROS, enhance the
activity of antioxidant enzymes the SOD and catalase,
and preserve mitochondrial function. Previous research
corroborates these results, emphasizing resveratrol’s
ability to restore sperm production by protecting Sertoli
cells and Leydig cells from oxidative stress [2, 29].

The results of DNA Fragmentation in figure 5 are
consistent with previous findings that highlight BPA's
ability to induce DNA damage through the generation
of ROS and oxidative stress, which disrupt chromatin
structure and increases DNA fragmentation [3,8,30].
The mechanism of BPA adverse effect lead to increased
lipid peroxidation, mitochondrial damage, and subse-
guently causes activation of apoptotic pathways [11,
30]. On other hands, RES have antioxidant properties
that scavenging the ROS and improved the endogenous
antioxidant enzymes finally prevent oxidative damage
[31-32]. Previous studies proved that RES plays a critical
role in improving sperm DNA integrity by stabilizing
chromatin and reducing oxidative stress [22].

Thefindings of antioxidants in figure 6 approbate with
previous research, where BPA exposure is associated
with a decrease in TAC due to excessive production of
ROS, which overwhelm the body’s antioxidant defenses
and lead to oxidative damage [10-11]. The RES plays a
critical role in the enmeshment at the TAC level, which
that due to the activity of endogenous antioxidant en-
zymes sand its ROS-scavenging properties [3, 33, 34].
The partial recovery observed in the BPA+RES group
underscores the potential of resveratrol to mitigate
oxidative stress, though complete restoration requires
further exploration.

The LH findings of present study agreement with
previous studies, which proved that BPA causes disrupt-
ing of the hypothalamic-pituitary-gonadal axis that by
binding to estrogen and androgen receptor and lead to
impairing normal feedback pathway and subsequently
increased in the LH levels [10, 30]. As description in the
present result showed significant increased TCA and
inflammation that induced by BPA may further dys-
regulate hypothalamic function, contributing to defect
LH levels [14-15, 35]. RES play a critical role in restoring
hormonal balance by its antioxidant and anti-inflamma-
tory properties, which protect the hypothalamus and
pituitary from oxidative damage [3, 9]. The testosterone
level in the result findings are consistent with previ-
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ous studies showing that BPA disrupts testosterone
synthesis by impairing Leydig cell function through
oxidative stress, mitochondrial dysfunction, and direct
interference with steroidogenic enzymes. BPA’s estro-
genic activity also disrupts the feedback mechanisms
of the hypothalamic-pituitary-gonadal axis, leading
to reduced luteinizing hormone (LH) stimulation and
subsequent declines in testosterone. Resveratrol’s
ability to restore testosterone levels is attributed to its
potent antioxidant and anti-inflammatory properties,
which protect Leydig cells from oxidative damage and
enhance steroidogenesis by normalizing enzymatic
activities involved in androgen production. The results
highlight the potential of resveratrol as a therapeutic
agent to counteract BPA-induced reproductive toxicity.
The histological section of the tests showed significant
deferent which C group, as shown in figure (9), which
exhibited normal histological structure. Furthermore,
the histological section of seminiferous tubules that are
enveloped by a thin basement membrane and intactin-
terstitial blood vessels, in additionally the showed intact
and mature spermatozoa within the lumens of tubules.
While the epithelial layer maintained its structural integ-
rity with Sertoliand Leydig cells and germ cells at various
stages of spermatogenesis. That proved RES in 50 mg/
kg for 60 days preservation of testicular tissue integrity,
and protective the testicular histology. Furthermore,
the antioxidative and anti-inflammatory properties of
RES play a critical role in mitigating oxidative stress and
preventing cellular damage [36-38]. These findings
agreement to previous studies, which showed RES scav-
enge free radicals, reduce oxidative stress, and protect
against testicular damage caused by environmental
pollution [7,39-40]. In contrast, the BPA group Figure (11)
showed severe histopathological damage, which that is
irregularly shaped and atrophied seminiferous tubules,
and a reduction in germ cell count. While the tubular
lumens of seminiferous showed immature germ cells
and sperm debris, due to impaired spermatogenesis.
The oxidative stress causes disrupt of Leydig and Sertoli
cell that leads to DNA fragmentation and apoptosis in
sperm cells [10-11]. The BPA + RES group in the figure

(12) showed amelioration in the histopathological sec-
tion which observed in the BPA group. While some of
seminiferous tubule shrinkage, interstitial expansion,
and basement membrane thickening were noted but
in lower effect. That illustrated structural improvements
by RES. Resveratrol’s antioxidant mechanisms, including
its ability to enhance endogenous antioxidant enzyme
activity and neutralize reactive oxygen species, likely
contributed to the observed recovery [12, 41-42].

CONCLUSIONS

This study demonstrates the profound adverse effects
of Bisphenol A (BPA) on male reproductive health,
evidenced by disrupted hormonal balance, reduced
sperm quality, increased DNA fragmentation, and
compromised testicular histopathology. BPA exposure
significantly impaired testosterone levels, sperm mo-
tility, concentration, morphology, and DNA integrity,
emphasizing its role as an endocrine-disrupting chem-
ical that induces oxidative stress and cellular damage.
The findings align with existing research indicating
BPA’s detrimental effects on the hypothalamic-pitu-
itary-gonadal axis and testicular structure. Important-
ly, resveratrol (RES) exhibited remarkable protective
effects against BPA-induced reproductive toxicity.
Resveratrol treatment not only restored sperm quality
and DNA integrity but also mitigated histopathological
abnormalities in testicular tissue. Its antioxidant, anti-in-
flammatory, and anti-apoptotic properties were pivotal
in reducing oxidative stress, enhancing mitochondrial
function, and preserving germ cell integrity. The partial
recovery observed in the BPA+RES group underscores
resveratrol’s potential as a therapeutic agent to coun-
teract environmental toxicants like BPA. In conclusion,
this study highlights the dual impact of BPA on male
reproductive parameters and the promising protec-
tive role of resveratrol. Future research should further
explore the mechanisms of resveratrol’s action and its
potential in preventing or reversing reproductive dam-
age induced by other environmental toxins, aiming to
preserve fertility and male reproductive health.
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