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ABSTRACT :

Polycystic ovary syndrome (PCOS) is a common and complex endocrine disorder affecting women of reproductive age. It is associated with several reproductive
and metabolic abnormalities, including irregular menstruation, hyperandrogenism, insulin resistance, obesity, and impaired ovulation. In recent years, oxidative
stress has also been recognized as an important factor in the development and progression of PCOS. An imbalance between the production of reactive oxygen

species (ROS) and the body's antioxidant defense system can lead to cellular damage, mitochondrial dysfunction, inflammation, and impaired ovarian function.

Natural antioxidants derived from plants, foods, and other biological sources have attracted considerable interest as supportive approaches for managing PCOS.
Compounds such as curcumin, resveratrol, quercetin, epigallocatechin gallate (EGCG), N-acetylcysteine, coenzyme Q10 (CoQ10), melatonin, and vitamins C and
E have been investigated for their potential to reduce oxidative stress and improve metabolic and reproductive abnormalities. These compounds may act through
several mechanisms, including the reduction of ROS, enhancement of antioxidant defenses, improvement of mitochondrial function, regulation of insulin

signaling, and modulation of ovarian steroidogenesis.

Among these compounds, kaempferol and CoQ10 are of particular interest because they target different but closely related mechanisms involved in PCOS.
Kaempferol, a naturally occurring flavonoid, has antioxidant and anti-inflammatory properties and may influence insulin signaling and ovarian steroidogenesis.
CoQ10, on the other hand, plays an important role in mitochondrial energy production and also functions as a lipid-soluble antioxidant. Experimental and clinical

findings suggest that these compounds may support ovarian function, improve metabolic parameters, and contribute to better reproductive outcomes.

This review summarizes the role of oxidative stress in PCOS and discusses the potential therapeutic benefits of natural antioxidant-based strategies, with
particular emphasis on kaempferol and CoQ10. Their possible mechanisms of action, therapeutic potential, and future applications are also discussed. Although
the available evidence is encouraging, further well-designed clinical studies are necessary to establish appropriate doses, bioavailability, safety, and long-term
effectiveness. Combining antioxidant-based approaches with lifestyle modification and established PCOS treatments may provide a more comprehensive strategy

for managing the disorder.
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INTRODUCTION

Polycystic ovary syndrome (PCOS) is one of the most common endocrine disorders affecting women during their reproductive years. It is a
multifactorial condition that can affect reproductive, metabolic, and overall health. Women with PCOS commonly experience irregular menstrual
cycles, excess androgen production, difficulty with ovulation, and characteristic changes in ovarian morphology. The condition is also frequently
associated with insulin resistance, obesity, dyslipidemia, and an increased risk of developing type 2 diabetes and cardiovascular complications.

The exact cause of PCOS is not fully understood. However, several factors, including genetic susceptibility, hormonal disturbances, environmental
influences, and metabolic abnormalities, appear to contribute to its development. Among the various mechanisms involved, oxidative stress has
received increasing attention. Oxidative stress occurs when the production of reactive oxygen species exceeds the capacity of the body's antioxidant
defense system to neutralize them. Excessive ROS can damage cellular proteins, lipids, and DNA and can interfere with mitochondrial function and
normal ovarian activity.

In women with PCOS, increased oxidative stress may contribute to abnormal follicular development, altered steroid hormone production, impaired
insulin signaling, and reduced oocyte quality. Oxidative stress is also closely linked with inflammation and mitochondrial dysfunction, creating a cycle
that may further aggravate both reproductive and metabolic abnormalities.

Current treatment for PCOS is generally based on the individual's symptoms and reproductive goals. Lifestyle modification, including a healthy diet,
regular physical activity, and weight management, forms an important part of treatment. Depending on the clinical presentation, hormonal
contraceptives, insulin-sensitizing agents, and fertility treatments may also be used. Although these approaches are effective for managing specific
manifestations of PCOS, they do not necessarily target all of the underlying mechanisms involved in the disorder.

For this reason, researchers have increasingly explored complementary approaches that may help address oxidative stress, inflammation, mitochondrial
dysfunction, and metabolic disturbances. Natural antioxidants are particularly interesting because many plant-derived compounds possess multiple
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biological activities. Compounds such as curcumin, resveratrol, quercetin, EGCG, N-acetylcysteine, CoQ10, and vitamins C and E have been
investigated for their possible benefits in PCOS.

Among these, kaempferol and CoQ10 have attracted attention because of their potential effects on oxidative stress, inflammation, mitochondrial
function, insulin sensitivity, and ovarian health. This review therefore focuses on the role of oxidative stress in PCOS and examines the potential
therapeutic contributions of kaempferol and CoQ10 as supportive antioxidant-based strategies.
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PATHOPHYSIOLOGY OF PCOS

PCOS develops through a combination of hormonal, metabolic, inflammatory, and cellular abnormalities. Hyperandrogenism, insulin resistance,
oxidative stress, chronic low-grade inflammation, mitochondrial dysfunction, and abnormal follicular development are closely interconnected and
collectively contribute to the clinical manifestations of the disorder.

1. Hormonal Imbalance and Hyperandrogenism

One of the main characteristics of PCOS is excessive androgen production. Androgens are produced primarily by ovarian theca cells and, to a lesser
extent, by the adrenal glands. Altered activity of the hypothalamic—pituitary—ovarian axis and increased luteinizing hormone (LH) stimulation can
promote androgen production by ovarian theca cells.

Elevated androgen levels interfere with normal follicular development and may prevent the selection and maturation of a dominant follicle. As a result,
follicles may become arrested at an immature stage, leading to irregular ovulation or anovulation. Clinically, excess androgen may also contribute to
acne, hirsutism, and scalp hair thinning.
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2. Insulin Resistance and Metabolic Dysfunction

Insulin resistance is a major metabolic feature of PCOS and can occur even in women who are not obese. When tissues become less responsive to
insulin, the body compensates by producing more insulin, resulting in hyperinsulinemia.

High insulin levels can directly stimulate ovarian androgen production and may enhance the effects of LH on the ovary. Insulin also reduces the hepatic
production of sex hormone-binding globulin (SHBG), increasing the amount of free and biologically active testosterone in the circulation.

The interaction between insulin resistance and hyperandrogenism can create a self-perpetuating cycle that contributes to menstrual irregularities,
ovulatory dysfunction, weight gain, impaired glucose tolerance, and an increased risk of type 2 diabetes.

3. Oxidative Stress in PCOS

Oxidative stress is increasingly recognized as an important component of PCOS pathophysiology. It develops when ROS production exceeds the
capacity of endogenous antioxidant systems to neutralize them.

Excess ROS can affect ovarian cells, impair follicular development, alter oocyte quality, and interfere with normal cellular signaling. Oxidative stress
can also worsen insulin resistance and stimulate inflammatory pathways, thereby contributing to the progression of PCOS.

Changes in antioxidant defenses, including enzymes such as superoxide dismutase (SOD), catalase (CAT), and glutathione peroxidase (GPx), have
been reported in women with PCOS. These findings have led to increased interest in antioxidant-based strategies that may help restore the balance
between oxidative damage and antioxidant protection.

4. Chronic Inflammation

Low-grade chronic inflammation is another important feature associated with PCOS. Increased concentrations of inflammatory mediators such as
tumor necrosis factor-alpha (TNF-a.), interleukin-6 (IL-6), and C-reactive protein (CRP) have been observed in affected individuals.

The nuclear factor-kappa B (NF-kB) pathway plays an important role in regulating inflammatory responses. Persistent activation of inflammatory
pathways can increase oxidative stress and interfere with insulin signaling and ovarian function.

Oxidative stress and inflammation are closely connected. Increased ROS can activate inflammatory pathways, while inflammation can further increase
ROS production. This interaction may contribute to the persistence of metabolic and reproductive abnormalities in PCOS.

5. Mitochondrial Dysfunction

Mitochondria are essential for energy production, ovarian steroidogenesis, and oocyte maturation. Proper mitochondrial function is particularly
important in the ovary because developing follicles and oocytes require considerable amounts of energy.

Mitochondrial dysfunction can reduce ATP production and increase ROS generation. These changes may interfere with follicular development and
negatively affect oocyte quality.

Coenzyme Q10 (CoQ10) is an important component of the mitochondrial electron transport chain and also functions as an antioxidant. Therefore, the
relationship between mitochondrial dysfunction and oxidative stress provides a strong rationale for investigating CoQ10 as a potential supportive
treatment for PCOS.

6. Abnormal Follicular Development and Infertility

Normal follicular development depends on coordinated hormonal signaling, adequate energy production, and a balanced ovarian environment. In
PCOS, hyperandrogenism, insulin resistance, oxidative stress, and inflammation can interfere with this process.

As follicular development becomes disrupted, multiple immature follicles may accumulate in the ovary. Ovulatory dysfunction and impaired oocyte
quality can subsequently reduce fertility. These reproductive abnormalities are among the major concerns for women with PCOS.

KAEMPFEROL

Kaempferol is a naturally occurring flavonoid found in several fruits, vegetables, and medicinal plants. It has attracted scientific interest because of its
antioxidant, anti-inflammatory, and metabolic effects. Experimental studies suggest that kaempferol may influence several pathways involved in PCOS,
although further clinical evidence is required to establish its therapeutic relevance in humans.

Mechanism of Kaempferol in PCOS

Kaempferol administration

!

Reduction in oxidative stress

— Helps reduce ROS

— Activates the Nrf2 antioxidant pathway

— May increase antioxidant enzymes such as SOD, CAT, and GPx
1

Reduced oxidative damage

Reduction in inflammation

— Modulates NF-«B signaling

— May reduce inflammatory mediators such as TNF-a and IL-6
!

Improved cellular and ovarian environment

Improvement in insulin sensitivity

— May activate AMPK and PI3K/Akt signaling

— Supports glucose uptake and metabolism

— May reduce insulin resistance

!

Improved metabolic function

Regulation of ovarian steroidogenesis

— May influence steroidogenic enzymes such as CYP17A1 and CYP19A1
— May help regulate excessive androgen production

!

Improved hormonal balance
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Improvement in ovarian function

— Supports follicular development

— Protects ovarian cells from oxidative damage

— May contribute to improved oocyte quality and reproductive function.

COENZYME Q10

Coenzyme Q10 (CoQ10) is a naturally occurring lipid-soluble compound that plays a central role in mitochondrial energy production. It participates in
the electron transport chain and helps generate ATP. In addition, CoQ10 acts as an antioxidant and protects cellular membranes and other components

from oxidative damage.

Because mitochondrial dysfunction and oxidative stress are closely associated with PCOS, CoQI10 has been investigated for its possible role in

improving ovarian and metabolic function.
Mechanism of CoQ10 in PCOS

Co0Q10 administration

!

Mitochondrial protection

— Supports electron transport chain activity

— Promotes ATP production

— Improves cellular energy availability

!

Improved mitochondrial function

Antioxidant activity

— Helps neutralize free radicals

— Reduces oxidative stress and lipid peroxidation
— Protects ovarian cells and cellular membranes
!

Reduced oxidative damage

Improvement in metabolic function

— Supports mitochondrial metabolism

— May improve glucose utilization

— May contribute to improved insulin sensitivity
!

Reduced metabolic stress

Reduction in inflammation

— May reduce oxidative stress-related inflammatory responses
— May influence inflammatory mediators such as TNF-a and IL-6
|

Improved cellular environment

Improvement in ovarian function

— Supports oocyte quality

— Promotes healthy follicular development

— May improve reproductive potential

COMPARATIVE ANALYSIS OF KAEMPFEROL AND COQ10

Feature Kaempferol

Coenzyme Q10 (CoQ10)

Nature Natural flavonoid/polyphenol
Primary role

Main target in PCOS

Antioxidant and anti-inflammatory activity
Oxidative stress, inflammation, insulin resistance, and
hormonal imbalance

Antioxidant action

Anti-inflammatory
effect

Effect on insulin
resistance

Effect on hormones

Effect on ovarian
function

Potential
reproductive benefit
Major advantage

Helps reduce ROS and activates antioxidant pathways such
as Nrf2
Modulates NF-«kB signaling and inflammatory mediators

May influence AMPK and PI3K/Akt signaling and glucose
metabolism

May influence steroidogenic pathways and androgen
production

May protect ovarian cells and support follicular
development

May support ovulation and the ovarian environment

Acts on several pathways involved in oxidative stress,

inflammation, and hormonal imbalance

Lipid-soluble mitochondrial coenzyme

Mitochondrial antioxidant and energy support
Mitochondrial dysfunction, oxidative stress, and ovarian
function

Neutralizes free radicals and helps limit lipid
peroxidation

May reduce oxidative stress-related inflammatory
responses

Supports mitochondrial function and energy metabolism

May indirectly support hormonal balance through
improved cellular and mitochondrial function
Supports mitochondrial activity and oocyte quality

May support oocyte maturation and reproductive
outcomes

Directly supports mitochondrial energy production and
antioxidant protection.
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POTENTIAL SYNERGISTIC EFFECTS OF
KAEMPFEROL AND COQ10

Kaempferol and CoQ10 may have complementary effects because they act on different aspects of the cellular disturbances associated with PCOS.
Kaempferol is mainly associated with antioxidant, anti-inflammatory, and metabolic signaling effects, whereas CoQ10 has a particularly important role
in mitochondrial function and cellular energy production.

The combination of these compounds is therefore theoretically interesting; however, it should be emphasized that the potential synergy between
kaempferol and CoQ10 requires direct experimental and clinical investigation before any definitive conclusions can be made.

Proposed Step-by-Step Mechanism

Kaempferol + CoQ10

i

1. Enhanced antioxidant protection
Kaempferol

— Activates antioxidant defense pathways

— Helps reduce ROS

CoQ10

— Supports mitochondrial antioxidant protection
— Helps neutralize free radicals

l

Reduced oxidative stress and improved protection of ovarian cells

2. Improved mitochondrial function

CoQ10

— Supports electron transport chain activity

— Enhances ATP production

Kaempferol

— May protect mitochondria against oxidative damage
l

Improved cellular energy metabolism and potential support for oocyte quality

3. Reduction of inflammation

Kaempferol

— Modulates NF-«B signaling

— May reduce inflammatory mediators

CoQ10

— Reduces oxidative stress that can contribute to inflammatory signaling

!

Improved ovarian cellular environment

4. Better metabolic regulation

Kaempferol

— May influence AMPK and PI3K/Akt pathways
— Supports glucose metabolism

CoQ10

— Supports mitochondrial energy metabolism

Potential reduction in insulin resistance and metabolic disturbances

5. Support for reproductive function
Reduced oxidative stress + improved mitochondrial activity

!

Better cellular protection and follicular environment

!

Potential improvement in oocyte maturation and ovarian function

l

Possible improvement in reproductive outcomes

FUTURE PERSPECTIVES

Kaempferol and CoQ10 are promising candidates for further investigation as supportive antioxidant-based approaches in PCOS. However, most of the
available evidence does not yet provide sufficient information to establish their routine clinical use specifically for PCOS.

Future research should focus on several important areas:

e Improving the bioavailability and delivery of kaempferol and CoQ10.
e Determining appropriate and clinically effective doses.
e  Evaluating the safety of long-term supplementation.
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e  Investigating the possible combined effects of kaempferol and CoQ10.

e Conducting larger and well-designed clinical trials in women with PCOS.

e  Evaluating their effects on androgen levels, insulin resistance, oxidative stress markers, menstrual regularity, ovulation, oocyte quality, and
fertility outcomes.

. Identifying which groups of women with PCOS are most likely to benefit from antioxidant-based interventions.
A better understanding of these factors may help determine whether kaempferol and CoQ10 can become useful adjuncts to established PCOS
management strategies.

CONCLUSION

Polycystic ovary syndrome is a multifaceted disorder involving hormonal imbalance, insulin resistance, oxidative stress, inflammation, mitochondrial
dysfunction, and abnormal follicular development. These mechanisms are closely interconnected and contribute to both the reproductive and metabolic
complications associated with the condition.

Kaempferol and CoQ10 have attracted attention as potential natural antioxidant-based therapeutic candidates because of their ability to act on several of
these pathways. Kaempferol may help reduce oxidative stress and inflammation while also influencing insulin signaling and ovarian steroidogenesis.
CoQ10 primarily supports mitochondrial function and cellular energy production while providing antioxidant protection.

The two compounds may therefore have complementary effects, particularly in relation to oxidative stress, mitochondrial health, metabolic function,
and ovarian physiology. However, the proposed combined benefits should currently be regarded as a promising research hypothesis rather than an
established clinical treatment.

Further clinical research is needed to determine their optimal dosage, bioavailability, safety, and long-term effectiveness. Until stronger evidence is
available, kaempferol and CoQ10 should be considered potential supportive strategies rather than replacements for established PCOS treatment. A
comprehensive approach combining lifestyle modification, appropriate medical treatment, and carefully evaluated antioxidant interventions may
ultimately provide better individualized management for women with PCOS.
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