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Introduction: Endometriosis is a hormonal-inflammatory disorder associated with
increased oxidative stress and altered expression of hormonal genes. This study
aimed to investigate the therapeutic effects of alpha-tocopherol on estrogen receptor
(ESR) gene expression and superoxide dismutase (SOD) antioxidant enzyme activity
in the ovarian tissue of an endometriosis model.

Methods: In this experimental study, 15 adult Wistar rats were divided into three
groups: healthy control, endometriosis, and endometriosis + alpha-tocopherol.
Endometriosis was induced via ovarian tissue transplantation. The treatment group
received daily 200 mg/kg of alpha-tocopherol via gavage starting two weeks after
model induction. ESR gene expression was measured using Real-Time PCR, and
SOD antioxidant activity was assessed with a commercial kit. Data were analyzed
using one-way ANOVA followed by Tukey’s post hoc test.

Results: ESR gene expression was significantly increased in the endometriosis group
compared to the healthy control group. Treatment with alpha-tocopherol significantly
reduced gene expression compared to the endometriosis group (p = 0.026), although
it did not fully return to the healthy control level. SOD enzymatic activity was
significantly decreased in the endometriosis group (p<0.0001), while alpha-
tocopherol administration significantly increased SOD activity compared to the
endometriosis group (p<0.0001), although it remained lower than in healthy controls.
These findings indicate the modulatory and antioxidant effects of alpha-tocopherol
in the endometriosis model.

Conclusion: Alpha-tocopherol can partially reduce ESR gene expression and
enhance SOD antioxidant activity in the ovarian tissue of an endometriosis model,
demonstrating its protective and modulatory effects on molecular pathways and
oxidative stress associated with endometriosis.
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Extended Abstract

Introduction

Endometriosis is a chronic gynecological disorder characterized by the presence of endometrial-like tissue outside the
uterine cavity, most commonly in the ovaries, pelvic peritoneum, and other ectopic sites. It affects a significant proportion
of women of reproductive age and is associated with chronic pelvic pain, dysmenorrhea, dyspareunia, and infertility. The
pathogenesis of endometriosis is multifactorial, involving hormonal, genetic, immunological, and oxidative stress-related
mechanisms. Among these, oxidative stress has been identified as a critical contributor to disease progression, as it induces
cellular damage, disrupts mitochondrial function, and alters the expression of genes involved in proliferation,
inflammation, and hormonal signaling. Estrogen, the primary female sex hormone, plays a central role in the development
and maintenance of endometriotic lesions. Its effects are mediated through estrogen receptors (ERs), including ERa and
ERp, which regulate the transcription of numerous genes involved in cell proliferation, angiogenesis, and inflammatory
responses. Dysregulation of ER expression in endometriotic tissue contributes to abnormal tissue growth, enhanced
inflammatory signaling, and impaired ovarian function. Moreover, oxidative stress and estrogen receptor imbalance
appear to act synergistically, exacerbating tissue damage and further altering the local hormonal environment. Recent
research has highlighted the potential therapeutic role of antioxidants in mitigating oxidative stress and modulating
molecular pathways disrupted in endometriosis. Alpha-tocopherol, the most biologically active form of vitamin E, is a
potent lipophilic antioxidant capable of scavenging reactive oxygen species (ROS), reducing lipid peroxidation, and
enhancing the activity of endogenous antioxidant enzymes, such as superoxide dismutase (SOD). In addition to its
antioxidative properties, alpha-tocopherol has been shown to influence gene expression, modulate inflammatory
responses, and potentially normalize estrogen receptor signaling in pathological conditions. These characteristics make it
a promising candidate for the adjuvant management of endometriosis, particularly in protecting ovarian tissue from
oxidative damage and hormonal dysregulation. Despite these mechanistic insights, limited studies have systematically
examined the effects of alpha-tocopherol on both estrogen receptor gene expression and antioxidant defense mechanisms
in ovarian tissue affected by endometriosis. Therefore, this study aimed to investigate the therapeutic effects of alpha-
tocopherol on ESR gene expression and SOD antioxidant activity in the ovarian tissue of a rat model of endometriosis.
By exploring these molecular endpoints, the study seeks to provide evidence on the potential protective and modulatory
effects of alpha-tocopherol on oxidative stress and hormonal signaling in endometriosis, which could have important
implications for future therapeutic strategies targeting ovarian function and disease progression.

Methods

In this experimental study, 15 adult Wistar rats were divided into three groups: healthy control, endometriosis, and
endometriosis + alpha-tocopherol. Endometriosis was induced via ovarian tissue transplantation. The treatment group
received daily 200 mg/kg of alpha-tocopherol via gavage starting two weeks after model induction. ESR gene expression
was measured using Real-Time PCR, and SOD antioxidant activity was assessed with a commercial kit. Data were
analyzed using one-way ANOVA followed by Tukey’s post hoc test.

Results

ESR gene expression was significantly increased in the endometriosis group compared to the healthy control group (p <
0.0001). Treatment with alpha-tocopherol significantly reduced gene expression compared to the endometriosis group (p
=0.026), although it did not fully return to the healthy control level. SOD enzymatic activity was significantly decreased
in the endometriosis group (p < 0.0001), while alpha-tocopherol administration significantly increased SOD activity
compared to the endometriosis group (p < 0.0001), although it remained lower than in healthy controls. These findings
indicate the modulatory and antioxidant effects of alpha-tocopherol in the endometriosis model.

Conclusion

The findings of this study indicate that alpha-tocopherol exerts a significant modulatory effect on both estrogen receptor
(ESR) gene expression and the antioxidant defense system in the ovarian tissue of a rat model of endometriosis.
Specifically, administration of alpha-tocopherol was able to partially reduce the upregulation of ESR observed in
endometriotic tissue, suggesting a capacity to modulate estrogen-mediated signaling pathways that are commonly
dysregulated in this disorder. Such modulation may contribute to a reduction in abnormal tissue proliferation and
inflammation, which are hallmark features of endometriosis. In parallel, alpha-tocopherol significantly enhanced the
activity of superoxide dismutase (SOD), an essential enzymatic antioxidant, in ovarian tissue subjected to oxidative stress
induced by endometriosis. The observed increase in SOD activity underscores the compound’s potential to counteract the
elevated reactive oxygen species (ROS) and oxidative damage characteristic of endometriotic lesions. By improving the
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oxidative balance within ovarian tissue, alpha-tocopherol may help preserve cellular integrity, support normal ovarian
function, and mitigate further molecular dysregulation associated with the disease. These results are consistent with the
dual role of alpha-tocopherol as both an antioxidant and a regulator of gene expression. Its ability to simultaneously
reduce oxidative stress and modulate key molecular pathways highlights its potential as a therapeutic agent that addresses
not only the symptomatic but also the underlying molecular pathology of endometriosis. Importantly, although alpha-
tocopherol treatment improved both ESR expression and SOD activity, neither parameter was fully restored to the levels
observed in healthy control tissue, suggesting that while alpha-tocopherol can significantly mitigate disease-associated
alterations, complete normalization may require combination therapy or longer intervention periods. Overall, this study
provides mechanistic evidence supporting the protective and modulatory effects of alpha-tocopherol on ovarian tissue
affected by endometriosis. The findings emphasize the importance of targeting both hormonal signaling pathways and
oxidative stress simultaneously in the development of therapeutic strategies. Furthermore, these results may have
implications for the design of future preclinical and clinical studies aimed at evaluating the potential of alpha-tocopherol,
alone or in combination with other treatments, to improve reproductive outcomes, reduce disease progression, and
enhance overall ovarian health in patients with endometriosis. In conclusion, alpha-tocopherol demonstrates considerable
promise as a protective and regulatory agent in endometriosis, capable of mitigating oxidative stress and partially
correcting molecular dysregulation, thereby supporting ovarian function and offering a foundation for further translational
research.
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