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Objective: Polycystic ovary syndrome (PCOS) is a common hormonal disorder in women
of reproductive age. This study investigated the effects of carvacrol and endothelial
progenitor cells (EPCs) on antioxidant and apoptotic markers, including MDA, SOD,
catalase, and Caspase-3, in a mouse model of PCOS.

Methods: PCOS was induced in mice by estradiol valerate injection. Treatments included
a single tail-vein injection of bone marrow-derived EPCs, daily oral gavage of carvacrol
for one month, or their combination. One month after the interventions, serum antioxidant
markers (MDA, SOD, and catalase) and ovarian Caspase-3 expression were assessed by
ELISA and Western blotting, respectively.

Results: ELISA results showed that catalase and SOD levels were significantly reduced
in the PCOS group compared with controls (p < 0.001), whereas they increased after
treatment with carvacrol and EPCs (p < 0.05). In contrast, MDA levels were elevated in
the PCOS group relative to controls (p < 0.01) and were significantly reduced following
intervention (p < 0.001). Western blot analysis also showed that Caspase-3 expression
was increased in the PCOS group compared with controls (p < 0.01) and decreased after
carvacrol and EPC treatment (p < 0.05).

Conclusion: EPCs and carvacrol reduced apoptotic markers and improved antioxidant
status in the PCOS mouse model. These findings suggest that, following further
preclinical validation, this approach may have potential for inclusion in therapeutic
protocols for PCOS.
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Introduction

* Clinical Context: PCOS causes ovulatory dysfunction, hyperandrogenism,
metabolic/psychological issues, and infertility; current treatments are mostly symptomatic.

* Pathophysiology: Involves oxidative stress, endothelial dysfunction, and ovarian follicular
apoptosis.

* Therapeutic Targets:
Carvacrol: Phenolic monoterpene with antioxidant and anti-apoptotic properties.
BM-EPCs: Bone marrow-derived stem cells promoting vascular repair and perfusion.

* Objective & Outcomes: Evaluate individual and combined effects of carvacrol and BM-EPCs
on antioxidant defenses (CAT, SOD, MDA) and apoptosis (Caspase-3) in PCOS mice.

* Hypothesis: Combined therapy provides superior ovarian protection compared to
monotherapies.

Method

This experimental study included 20 female C57BL/6 mice randomly assigned to five groups:
control, PCOS, PCOS+EPCs, PCOS+EPCs+carvacrol, and PCOS+carvacrol. PCOS was
induced with estradiol valerate. BM-EPCs were isolated, cultured, and identified by CD133,
Tie2, and VEGFR2 expression. EPC-treated mice received 1x106 cells intravenously, while
carvacrol was administered orally at 25 mg/kg/day for one month. Serum CAT, SOD, and MDA
levels were measured by ELISA, and ovarian caspase-3 expression was assessed by Western
blot. Data were analyzed using one-way ANOVA (p<0.05).

Results

PCOS induction and EPC characterization (CD133+, Tie2+, VEGFR2+) were successfully
confirmed. The PCOS group exhibited pronounced oxidative stress (decreased catalase and
SOD, elevated MDA) and enhanced ovarian apoptosis (elevated Caspase-3) compared to
controls. All treatments improved these parameters: catalase was significantly restored in the
combined and carvacrol-only groups, SOD and MDA showed partial normalization across all
treated groups, and Caspase-3 expression was significantly reduced by all interventions.
Overall, carvacrol monotherapy demonstrated the strongest antioxidant and anti-apoptotic
effects, closely followed by the EPC-plus-carvacrol combination.
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Figure 2. Antioxidant and oxidative stress markers in control and treated groups one month after treatment: (A)
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catalase, (B) SOD, and (C) MDA. Data were analyzed by one-way ANOVA (n=4).

Figure 3. Western blot analysis of ovarian Caspase-3 protein expression across experimental groups normalized

to B-actin.
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Conclusions

This study demonstrated that estradiol valerate-induced PCOS impairs antioxidant defenses (decreased
CAT and SOD, increased MDA) and enhances ovarian apoptosis (elevated caspase-3). Monotherapy
with EPCs or carvacrol, as well as their combination, mitigated these pathological changes—carvacrol
notably restored catalase activity and markedly suppressed caspase-3, while EPCs contributed to
reducing oxidative stress and apoptotic signaling. Although both agents showed therapeutic potential,
marker normalization was incomplete. Given the small sample size and inherent limitations of this
animal model, future studies should evaluate alternative PCOS models, explore underlying signaling
pathways (e.g., PI3K), assess metabolic and reproductive hormones (e.g., testosterone, LH, FSH,
AMH), and investigate fertility outcomes prior to clinical translation.
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Figure 1. The figure displays the results of the Western blot analysis used to verify the EPCs. The expression of
three specific markers—CD133, Tie2, and VEGFR2—was investigated. The presence of these markers confirms
.the endothelial progenitor cell (EPC) phenotype of the cells utilized in this study
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Figure 2. Levels of antioxidant and oxidative stress markers in the control and treated groups one-month post-
treatment. (A) Catalase levels, (B) SOD levels, and © MDA levels. Data were analyzed using one-way ANOVA

with GraphPad Prism 8 software (n=4). Significance levels are denoted as *p<0.05, **p<0.01, and *P<0.001.
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in control and treated groups. (*p<0.001, n=4).
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