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Abstract

Objective: This study investigates the biochemical pathways involved in gynecological aging,
focusing on the role of hormonal fluctuations and oxidative stress and their implications for
reproductive health.

Methods: A cross-sectional observational study was conducted with 65 female participants aged 40—
60 years. Hormonal levels (estrogen, progesterone, and FSH) and oxidative stress markers (MDA and
TAC) were measured using blood samples. Patients were classified into early perimenopause, late
perimenopause, and postmenopause groups. Statistical analyses, including correlation and regression,
were used to evaluate relationships between hormones, oxidative stress, and aging.

Results: Estrogen and progesterone levels significantly decreased across the stages of reproductive
aging, while FSH levels increased. Oxidative stress markers (MDA) rose, and antioxidant capacity
(TAC) declined, especially in postmenopausal women. A strong negative correlation was found
between estrogen and oxidative stress, while FSH positively correlated with oxidative damage.
Conclusion: It is concluded that hormonal fluctuations, particularly the decline in estrogen, combined
with increased oxidative stress, accelerate gynecological aging and negatively impact reproductive
health. Therapeutic approaches targeting oxidative stress and hormonal regulation may improve
outcomes for aging women.

Keywords: Gynecological aging, hormonal fluctuations, oxidative stress, reproductive health,
menopause.

Introduction
Gynecological aging is a multifaceted process that significantly affects a woman's reproductive health
and overall well-being. This biological phenomenon is largely governed by hormonal changes,
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oxidative stress, and other biochemical pathways that influence cellular function and tissue integrity
[1]. As women age, particularly during perimenopause and menopause, there is a marked decline in
reproductive hormones, especially estrogen and progesterone, which play pivotal roles in maintaining
reproductive tissues, bone health, and cardiovascular function. These hormonal fluctuations not only
contribute to the aging process but also expose the body to various physiological changes that can
impact fertility, menstrual cycles, and other aspects of reproductive health [2]. One of the primary
drivers of gynecological aging is the fluctuation of hormone levels over time. Estrogen, for instance,
is essential for regulating the menstrual cycle, maintaining the thickness of the uterine lining, and
ensuring the proper functioning of the ovaries [3] . During a woman’s reproductive years, estrogen
levels are relatively stable, promoting healthy reproductive function. However, as women approach
menopause, estrogen production in the ovaries gradually decreases, leading to symptoms such as
irregular menstruation, hot flashes, and vaginal atrophy [4]. Progesterone levels also decline, further
affecting the balance of the reproductive system. These hormonal changes not only mark the end of
fertility but also contribute to the onset of various age-related conditions, such as osteoporosis,
cardiovascular disease, and increased risk of gynecological cancers. Oxidative stress is another
critical factor in the aging process, including gynecological aging [5]. Oxidative stress occurs when
there is an imbalance between the production of reactive oxygen species (ROS) and the body’s ability
to neutralize these harmful molecules with antioxidants. ROS are byproducts of normal cellular
metabolism, but when produced in excess, they can cause significant damage to cells, proteins, lipids,
and DNA [6]. This oxidative damage accelerates the aging process and plays a pivotal role in the
degeneration of reproductive tissues. In the ovaries, for example, oxidative stress can lead to the
depletion of ovarian follicles, reducing a woman's fertility and hastening the onset of menopause [7].
Furthermore, oxidative stress has been linked to complications such as polycystic ovary syndrome
(PCOS), endometriosis, and ovarian aging, all of which can negatively affect a woman's reproductive
potential and quality of life. The interplay between hormonal fluctuations and oxidative stress is
particularly important in understanding the biochemical pathways involved in gynecological aging.
Estrogen, for example, has antioxidant properties that protect cells from oxidative damage. As
estrogen levels decline with age, the body becomes more vulnerable to oxidative stress, which in turn
accelerates the aging of reproductive tissues [8]. The decrease in estrogen’s protective effects
exacerbates the impact of ROS, leading to an increased risk of gynecological conditions such as
uterine fibroids, endometrial hyperplasia, and ovarian cysts. Moreover, oxidative stress can disrupt
the hormonal balance itself, creating a vicious cycle in which hormonal imbalances promote oxidative
damage, and oxidative stress, in turn, worsens hormonal dysregulation [9]. The implications of these
biochemical changes for reproductive health are profound. As women age, they experience a natural
decline in fertility, which is compounded by the effects of oxidative stress and hormonal fluctuations.
The reduction in ovarian reserve, or the number of viable eggs in the ovaries, is a key factor in age-
related infertility [10]. Oxidative stress can further diminish ovarian reserve by accelerating the
depletion of ovarian follicles and causing DNA damage to the oocytes. This not only affects fertility
but also increases the risk of miscarriage and other pregnancy complications in older women.
Additionally, the hormonal changes associated with aging can lead to menstrual irregularities, making
it difficult for women to predict their ovulation and fertility windows [11].

Objective
The main objective of the study is to find the biochemical pathways involved in gynecological aging
and hormonal fluctuations, oxidative stress, and their implications for reproductive health.

Methodology

This study was designed to investigate the biochemical pathways involved in gynecological aging,
with a focus on hormonal fluctuations, oxidative stress, and their implications for reproductive health.
A total of 65 female patients were recruited for the study, all of whom were experiencing varying
stages of reproductive aging, including perimenopause and menopause. The patients were selected
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based on specific inclusion and exclusion criteria to ensure a homogenous study group and accurate
data analysis.

Inclusion Criteria:

« Women aged 40 to 60 years

« Women experiencing regular, irregular, or absent menstrual cycles

« No history of hormone replacement therapy (HRT) within the past six months

« No chronic conditions such as diabetes or autoimmune diseases that could interfere with oxidative
stress levels

Exclusion Criteria:

« Women under the age of 40 or over the age of 60

« Women currently using hormone therapy, or who had used it in the last six months
« Women with known endocrine disorders, such as thyroid disease

« Women with a history of cancer or gynecological surgeries, such as hysterectomy

Study Design:

The research was conducted as a cross-sectional observational study over a period of six months.
Each patient underwent a comprehensive clinical evaluation, which included a detailed reproductive
history and a gynecological examination. Blood samples were collected to measure hormone levels,
specifically estrogen, progesterone, and follicle-stimulating hormone (FSH), which are key indicators
of reproductive aging. Additionally, oxidative stress markers, such as malondialdehyde (MDA) and
total antioxidant capacity (TAC), were assessed through serum analysis to determine the extent of
oxidative damage in the body.

Hormonal Fluctuations Assessment:

Hormonal levels were measured using enzyme-linked immunosorbent assay (ELISA) techniques to
obtain precise readings of estrogen, progesterone, and FSH. The collected hormone data were used
to categorize patients into different stages of reproductive aging, such as early perimenopause, late
perimenopause, and postmenopause. These classifications helped to explore the relationship between
specific hormonal changes and oxidative stress across different aging stages.

Oxidative Stress Measurement:

Oxidative stress was assessed by measuring key biomarkers. Serum levels of MDA, a marker of lipid
peroxidation and oxidative damage, were determined using a thiobarbituric acid reactive substances
(TBARS) assay. TAC was also measured to evaluate the body's antioxidant defense system. The ratio
of MDA to TAC was calculated to assess the overall oxidative stress burden on each patient,
providing insights into how hormonal fluctuations exacerbate oxidative damage during the aging
process.

Statistical Analysis:

All data collected from the 65 patients were entered into a secure database for statistical analysis. The
hormonal and oxidative stress data were analyzed using descriptive statistics to summarize the
findings. A significance level of p < 0.05 was used for all tests to determine statistically significant
relationships.

Results

The demographic data of the study population show an average age of 52.3 years, with patients
ranging from 40 to 60 years old. The mean BMI was 26.5, indicating that most participants fell within
the overweight range. Smoking status revealed that the majority (65%) were non-smokers, while 12%
were current smokers and 23% were former smokers. Regarding menstrual status, 28% of participants
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reported having regular menstrual cycles, 42% experienced irregular cycles, and 30% had amenorrhea
(no menstrual cycles), reflecting varying stages of reproductive aging.

Table 1: Demographic Characteristics of Patients (n = 65)

Characteristic Value
Mean Age (years) 52.3+£5.8
Age Range (years) 40-60
BMI (kg/m?) 26.5+4.3
Smoking Status

- Current Smokers 8 (12%)

- Former Smokers 15 (23%)
- Non-Smokers 42 (65%)
Menstrual Status

- Regular Cycles 18 (28%)
- Irregular Cycles 27 (42%)
- Amenorrhea (No Cycles) 20 (30%)
Parity (Number of Children) | 2.1+1.3

The hormonal fluctuations in the study demonstrate a clear decline in estrogen and progesterone
levels as women progress from early perimenopause to postmenopause. Estrogen levels decreased
from 150 pg/mL in early perimenopause to just 20 pg/mL in postmenopause, while progesterone
dropped from 8 ng/mL to 0.5 ng/mL during the same transition. Concurrently, FSH levels
significantly increased, from 20 mIU/mL in early perimenopause to 75 mIU/mL in postmenopause.

Table 2: Hormonal Fluctuations Across Different Stages of Reproductive Aging

Group Estrogen (pg/mL) | Progesterone (ng/mL) | FSH (mIU/mL)
Early Perimenopause | 150 (120-180) 8 (6-10) 20 (15-25)
Late Perimenopause | 80 (60-100) 3(2-4) 40 (35-50)
Postmenopause 20 (10-30) 0.5(0-1) 75 (65-90)

Oxidative stress markers show a notable increase as women move through the stages of reproductive
aging. MDA, a marker of oxidative damage, rose from 2.5 umol/L in early perimenopause to 5.0
umol/L in postmenopause. At the same time, total antioxidant capacity (TAC) decreased from 1.5
mmol/L to 0.8 mmol/L, reflecting a reduction in the body’s ability to combat oxidative stress. The
MDA/TAC ratio increased from 1.67 in early perimenopause to 6.25 in postmenopause, indicating a
substantial rise in oxidative stress burden in postmenopausal women.

Table 3: Oxidative Stress Markers Across Different Stages of Reproductive Aging

Group MDA (pumol/L) | TAC (mmol/L) | MDA/TAC Ratio
Early Perimenopause | 2.5 (2.0-3.0) 15(1.2-1.8) 1.67
Late Perimenopause | 3.8 (3.5-4.0) 1.2 (1.0-1.4) 3.17
Postmenopause 5.0 (4.5-5.5) 0.8 (0.6-1.0) 6.25

The correlation analysis reveals strong relationships between hormone levels and oxidative stress
markers. Estrogen and progesterone showed strong negative correlations with MDA, with Pearson's
r values of -0.75 and -0.68, respectively (p < 0.01), indicating that oxidative stress increases as these
hormone levels decrease. Conversely, FSH exhibited a strong positive correlation with MDA (r =
0.72,p <0.01).

Table 4: Correlation Between Hormonal Levels and Oxidative Stress Markers

Correlation Pearson'sr | p-value
Estrogen vs. MDA -0.75 <0.01
Progesterone vs. MDA | -0.68 <0.01
FSH vs. MDA 0.72 <0.01
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The regression analysis identifies significant predictors of oxidative stress, with age, estrogen,
progesterone, and FSH contributing to variations in MDA levels. Age (f = 0.45, p <0.01) and FSH
(B =0.38, p<0.01) were positively associated with oxidative stress, while estrogen (f = -0.52, p <
0.01) and progesterone ( =-0.30, p = 0.02) were negatively associated.

Table 4: Regression Analysis of Predictors of Oxidative Stress (MDA Levels)
Independent Variable | B (Beta Coefficient) | p-value
Age 0.45 <0.01
Estrogen -0.52 <0.01
Progesterone -0.30 0.02
FSH 0.38 <0.01

Discussion

The results of this study provide valuable insights into the biochemical pathways involved in
gynecological aging, particularly the interaction between hormonal fluctuations and oxidative stress,
and their implications for reproductive health. By analyzing data from 65 women across different
stages of reproductive aging, this research highlights the key role that declining hormone levels and
increasing oxidative stress play in the aging process, particularly about reproductive tissues [12]. As
expected, the study confirms that estrogen and progesterone levels decline significantly as women
transition from early perimenopause to postmenopause. The findings align with previous research,
which demonstrates that estrogen plays a vital role in maintaining reproductive function, protecting
tissues from oxidative damage, and supporting overall health [13]. The sharp decline in estrogen
levels observed in postmenopausal women is consistent with the onset of menopausal symptoms such
as hot flashes, vaginal dryness, and decreased bone density, all of which are linked to reproductive
aging. The elevation of FSH in postmenopausal women further validates this hormonal shift, as high
FSH levels are a well-known marker of ovarian failure and menopause [14]. The correlation analysis
suggests a strong inverse relationship between estrogen levels and oxidative stress (MDA),
emphasizing estrogen's protective role against oxidative damage. These findings support the
hypothesis that as hormone levels decline, the body becomes more vulnerable to oxidative stress,
which exacerbates the aging of reproductive tissues [15]. The increase in oxidative stress across the
stages of reproductive aging, as evidenced by rising MDA levels and declining TAC levels, provides
critical insight into the cellular damage occurring during this process. This study shows that oxidative
stress markers are significantly elevated in postmenopausal women compared to those in early or late
perimenopause [16]. These results are consistent with prior studies indicating that oxidative stress
accelerates ovarian aging, depletes ovarian follicles, and contributes to the decline in reproductive
health. The strong positive correlation between FSH and oxidative stress suggests that higher FSH
levels, commonly seen in postmenopausal women, may be linked to an increased oxidative burden.
This correlation reinforces the idea that hormonal changes not only drive the reproductive aging
process but also contribute to cellular damage through oxidative mechanisms [17]. The regression
analysis further supports these findings, showing that age, estrogen, and FSH are significant
predictors of oxidative stress, with estrogen serving as a protective factor and FSH as a contributor to
oxidative damage. The results of this study have important implications for understanding the
mechanisms of gynecological aging and its impact on women’s reproductive health [18]. The
increased oxidative stress observed in postmenopausal women suggests that oxidative damage may
play arole in the development of age-related reproductive disorders, such as ovarian aging, polycystic
ovary syndrome (PCOS), and endometriosis [19]. These conditions, often characterized by impaired
fertility and reproductive function, may be exacerbated by the oxidative damage that occurs during
the aging process. The findings of this study suggest that targeting oxidative stress and hormone
imbalances could be key strategies in addressing gynecological aging and its associated conditions.
Hormone replacement therapy (HRT), while effective in alleviating some menopausal symptoms,
carries potential risks and must be carefully managed. This study suggests that antioxidant
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supplementation may be a complementary approach to reducing oxidative damage, especially in
postmenopausal women who are at increased risk of oxidative stress-related tissue damage [20,21].
While this study provides valuable insights, there are some limitations to consider. First, the sample
size of 65 participants is relatively small, which may limit the generalizability of the findings. Future
studies with larger and more diverse populations would be beneficial to confirm these results.
Additionally, this study focused on a cross-sectional design, which provides a snapshot of the
relationship between hormonal fluctuations and oxidative stress at a single point in time. Longitudinal
studies that track patients over time would provide a clearer understanding of how these biochemical
pathways evolve and contribute to reproductive aging.

Conclusion

It is concluded that hormonal fluctuations, particularly the decline in estrogen and progesterone, along
with increased oxidative stress, play a critical role in gynecological aging. The rise in oxidative stress
markers, such as MDA, and the reduction in antioxidant capacity significantly contribute to
reproductive tissue damage as women transition through menopause. Addressing oxidative stress and
hormonal imbalances could be key in mitigating age-related reproductive health issues. Future
therapeutic strategies may benefit from incorporating both hormone regulation and antioxidant
treatments to improve reproductive health in aging women.
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