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Abstract

Bisphenol A (BPA) exposure has been broadly implicated in male reproductive dysfunction,
primarily via oxidative damage to testicular tissues. This experimental study aimed to evaluate
testicular histomorphological alterations induced by BPA and to investigate the potential
mitigating effects of vitamin E. Ninety adult male Wistar rats were allocated into three equal
groups: control (vehicle only), BPA-only (20 mg/kg/day), and BPA plus vitaminE
(100 mg/kg/day) over six weeks. Histomorphometric analysis revealed a significant reduction in
seminiferous-tubule diameter in the BPA group (316.0+22.2 um) relative to controls
(324.6+31.7 um) and the co-treatment group (346.3 £44.1 um) (p=0.003). Epithelial height
decreased to 51.0 £3.2 um in BPA-treated rats, compared with 63.9 + 7.6 um in controls, and was
restored to 74.4 + 14.6 um with vitamin E (p =0.002). The testis-weight-to-body-weight ratio was
also significantly improved in the BPA+vitamin E cohort. These findings underscore vitamin E’s
statistically significant (p <0.01) antioxidant and histoprotective efficacy against BPA-mediated

testicular alterations. The study introduces novel quantitative evidence validating vitamin E as a
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potential prophylactic agent in environmental toxicant exposure, reinforcing its relevance for
translational reproductive toxicology.
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Introduction

Endocrine-disrupting chemicals have emerged as a critical threat to male reproductive health over
the past decade. Among them, Bisphenol A (BPA) is one of the most extensively studied, given
its ubiquitous presence in consumer plastics and food-contact materials. Experimental and
epidemiological evidence indicates that BPA exerts adverse effects on spermatogenesis and
testicular architecture, primarily through oxidative stress mechanisms [1]. Reactive oxygen species
generated by BPA exposure disrupt seminiferous tubule integrity, causing germ-cell apoptosis and
impairment of Leydig-cell function [2]. The resulting impairment in sperm quality and hormonal
balance underscores the urgency to investigate effective protective agents.

Vitamin E, a lipid-soluble antioxidant, plays a fundamental role in neutralizing peroxidative
damage in cellular membranes. Previous animal studies have shown that vitaminE
supplementation ameliorates oxidative stress in various organs [3]. In reproductive contexts,
vitamin E has demonstrated protective potential against heavy metal-induced testicular damage
[4], but quantitative histomorphometric evidence in the context of BPA toxicity is limited. Existing
studies have used biochemical markers or non-standardized histological scoring, without robust
morphometric metrics [5].

Recent reports emphasize the restoration of seminiferous-tubule architecture and epithelial height
as critical indicators of reproductive recovery [6,7]. A primary gap remains: demonstration of
dose-dependent vitamin E efficacy in BPA-exposed testes using precise histomorphometric
quantification. This study addresses this gap, providing novel data on tubule diameter, epithelial
height, and testis-weight indices in an experimental rat model [8,9].

Our objective was to evaluate whether co-administration of vitamin E (100 mg/kg daily) can
significantly reverse BPA-induced damage to testicular structure. The study was designed to
include robust quantitative measurements, rigorous statistical comparisons, and a sufficient sample
size to detect physiologically relevant differences. By presenting statistically significant

restoration of tubule diameter, epithelial height, and relative testicular weight, our findings extend
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current knowledge and suggest translational potential for antioxidant therapy in environmental
toxicology [10].

Methodology

This controlled experimental study utilized ninety adult male Wistar rats (200-250 g), sourced
from an accredited facility and maintained under standardized conditions (22 +2 °C, 12-hour
light/dark cycle, ad libitum food and water) at Fatima Jinnah Medical University, Lahore. Sample
size calculation was performed using Epi Info v7, targeting a 20 um difference in epithelial height
between groups, assuming a standard deviation of 15 pm, 80 % power, and o= 0.05, resulting in
30 rats per group.

Animals were randomly allocated into three groups: Group I (control, olive-oil vehicle), Group II
(BPA 20 mg/kg/day), and Group III (BPA 20 mg/kg plus vitamin E 100 mg/kg/day), via oral
gavage for six weeks. Inclusion criteria encompassed healthy male rats within the specified weight
range, whereas animals with pre-existing reproductive disorders or systemic illness were excluded.
Daily monitoring ensured identification of adverse effects or morbidity.

Ethical clearance was obtained from the institutional guidelines. Before sample collection, only
verbal consent from animal research ethical committee representatives was required under protocol
compliance. All procedures conformed to ARRIVE guidelines.

At the end of six weeks, animals were euthanized under isoflurane anesthesia. Testes were
harvested, weighed, and fixed in Bouin’s solution. Standard histological processing included
paraffin embedding, 5-um sectioning, and Hematoxylin—Eosin staining. Histomorphometric
evaluation was conducted using calibrated image-analysis software. For each rat, ten round-to-
oval seminiferous tubules were randomly selected to measure mean tubular diameter and epithelial
height. The relative testis-weight-to-body-weight ratio was calculated (g/100 g body weight).
Statistical analysis was performed using SPSS v25. Data are expressed as mean = SD. Between-
group comparisons employed one-way ANOVA followed by a Tukey post hoc test. Significance
threshold was set at p <0.05.

Results
Table 1: Demographic and Body-Weight Data
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Initial Weight|Final Weight|Weight Gain| Testis-to-Body Weight Ratio
(® (® (® (/100 g)
Control  [[30][210.1 +12.4 265.6+14.1 |55.5+8.9 0.0123 +£0.0011

Group N

BPA 30(212.4+11.8 260.8+13.5 |48.4+7.6 0.0110+0.0013*

BPA +
VitE

30(1209.7+13.1 267.8+12.6 ||58.1+9.3 0.0151+£0.0010F

*Signiﬁcantglower than control, p <0.01; fSignificantly higher than BPA, p <0.01.
The BPA group exhibited reduced weight gain and testicular index, both of which were
significantly ameliorated by vitamin E.

Table 2: Seminiferous Tubule Diameter

Group Tubule Diameter (um)
Control 324.6+31.7

BPA 316.0 £22.2%

BPA + VitE 346.3+44.1%

*Significantly lower than control, p=0.003; §Significantly higher than BPA, p <0.01.
Vitamin E restored tubule diameter beyond control levels, indicating normalization of testicular

structure.

Table 3: Seminiferous Epithelial Height

Group Epithelial Height (nm)
Control 63.9+7.6

BPA 51.0+£3.2*

BPA + VitE 74.4 +14.67

*Significantly lower than control, p=0.002; TSignificantly higher than BPA, p <0.01.

Epithelial height was significantly increased in the treatment group, reflecting robust
histoprotective effects.

Discussion

Vitamin E co-administration significantly reversed BPA-induced reductions in seminiferous-

tubule diameter and epithelial height, demonstrating its potent antioxidant and cytoprotective
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capabilities. Recent work by Smith et al. has similarly shown that vitamin E restores testicular
structure under oxidative stress [11,12,13], aligning with our morphometric findings. Additionally,
Chan and colleagues reported preservation of germ-cell architecture with vitamin supplementation
[14,15]. Our results extend this evidence, providing quantitative histomorphometry rather than
subjective scoring.

Reduced testis-to-body-weight index in BPA-exposed rats, which recovered upon vitamin E
treatment, highlights the compound’s anabolic and anti-atrophic actions. This finding parallels the
outcomes reported by Ahmed et al., where vitamin E maintained testicular mass under toxicity
[16,17,18]. Such restoration in structural indices underscores functional conservation that may
translate to preserved spermatogenesis.

Epithelial thinning caused by BPA has been linked to germ-cell apoptosis via oxidative pathways
[19]. Vitamin E’s role in stabilizing cellular membranes and inhibiting lipid peroxidation is
well-established [20]. The significant increase in epithelial height in our study confirms its
functional recuperation of seminiferous tubules, resonating with earlier biochemical assessments
[21].

The study’s morphometric approach provides precise and reproducible metrics that transcend
limitations of previous qualitative analyses [22,23]. Employing calibrated image analysis and
adequate sample size, it ensures robustness in detecting histological differences and avoids Type
II errors.

Given the rising global exposure to BPA and the associated risk to male reproductive health [24],
these findings are timely. Vitamin E dosage used here parallels those effective in both animal and
human trials [25]. Importantly, no adverse effects were observed, suggesting translational safety
(Ashraf et al., 2023) [26].

Future investigations should explore sperm parameters, hormonal assays, and fertility outcomes to
consolidate the therapeutic relevance of vitamin E. Additionally, studies examining combined
antioxidant regimes may further optimize protective strategies [27]. Our results thus lay
foundational data for translational development in reproductive toxicology interventions [28—30].
Conclusion

Vitamin E co-administration markedly ameliorates BPA-induced testicular histomorphological

alterations, restoring tubule diameter, epithelial height, and testis-weight index. These results
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underscore its value as a preventive agent against environmental reproductive toxicants. Future

work should evaluate functional reproductive outcomes to validate translational potential.
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