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Abstract

Introduction and purpose: Polycystic ovary syndrome is the most common endocrinopathy

in women, with a prevalence ranging from 10% to 13%. Oxidative stress and decreased

antioxidant levels contribute to the development of various diseases, and one of them is

polycystic ovary syndrome. The aim of this review is to provide an overview of the current

knowledge about the effects of antioxidant administration in PCOS treatment.

A brief description of the state of knowledge: Oxidative stress is an imbalance between

increased levels of reactive oxygen species and a decreased efficiency of antioxidant

mechanisms, which can potentially cause damage. The harmful effects of free radicals might

be neutralized by antioxidants obtained from the diet, such as polyphenols, vitamins C, and E.

These compounds improve several aspects of the PCOS pathomechanism, including hormonal

imbalance, glucose metabolism, lipid profile, and ovarian functionality.

Conclusions: The outcomes of all the reviewed studies in this paper indicate that antioxidants

such as resveratrol, curcumin, vitamin C and E, N-acetylcysteine, and melatonin have

therapeutic potential in the management of PCOS. However, currently antioxidant therapies

cannot be recommended in PCOS therapy since there is a need for more prospective

randomized clinical trials on a larger sample to establish a long-term effects of antioxidants

supplementation in PCOS, the optimal dosage, and finally to assess which antioxidant is the

most efficient in PCOS treatment.

Key words: polycystic ovary syndrome, antioxidant, oxidative stress

Introduction

Polycystic ovary syndrome (PCOS) is the most common endocrinopathy in women,

with a prevalence ranging from 10% to 13%. It is a main cause of anovulation, infertility,

and hyperandrogenism among women of reproductive age [1][2]. PCOS should be diagnosed

using the revised consensus Rotterdam criteria, there must be at least two of the following:

a) clinical or biochemical hyperandrogenism; b) oligoovulation and/or anovulation;

c) polycystic ovaries on ultrasound or increased anti-mullerian hormone (AMH) levels.

To confirm the diagnosis, other causes of these features must be excluded [3].

The specific etiology and pathophysiology of PCOS are still unknown due

to its heterogeneous and complex nature; however, it includes the interplay between hormones,
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genes, and environmental factors [4] [5] . It is assumed that some women possess a genetic

predisposition, and certain environmental factors, commonly insulin resistance, trigger

the development of PCOS [6] . Hyperandrogenism is the main cause of oligomenorrhea

and is also responsible for the typical symptoms of PCOS, such as hirsutism and acne.

Moreover, hormonal imbalance leads to the development of cysts in the antral follicles

of the ovary, stops ovulation, and disturbs the menstrual cycle, leading to amenorrhea [4] .

There is a vicious cycle between hyperandrogenemia and insulin resistance. Excessive

androgen synthesis leads to visceral obesity, which in turn intensifies insulin resistance.

Consequently, the level of insulin is elevated, and this hyperinsulinemia stimulates theca cells

to increase the synthesis of androgens and inhibits the production of sex hormone-binding

globulin (SHBG) in the liver, so free testosterone levels are elevated. Furthermore, elevated

levels of luteinizing hormone (LH) cause an imbalance in the LH/FSH ratio and exacerbate

the dysregulation of follicular development, while also causing the overproduction

of androgens by thecal cells [5].

Oxidative stress is characterized by an imbalance between increased levels of reactive

oxygen species (ROS) and a decreased effectiveness of antioxidant mechanisms, which can

potentially lead to damage [7] . Thus, oxidative stress and decreased antioxidant levels

contribute to the development of various diseases, and one of them is polycystic ovary

syndrome [8]. Murri et al. conducted a meta-analysis on 4933 PCOS patients, which revealed

that circulating markers of oxidative stress are abnormal in women with PCOS. There was

an increase in mainly malondialdehyde levels, but also homocysteine and asymmetric

dimethylarginine, as well as increased superoxide dismutase activity. However, levels

of glutathione and paraoxonase-1 activity decreased [9] . Furthermore, increased oxidative

stress in women with PCOS may lead to other health implications, such as cardiovascular

disease, hypertension, obesity, or dyslipidemia [8] . The harmful effects of free radicals

are neutralized by antioxidant compounds produced in our body, for example, glutathione

or melatonin, and the ones obtained from the diet, such as vitamins C, E, and A,

and polyphenols [10] [11]. An antioxidant is a stable molecule capable of donating an electron

to a highly reactive free radical and neutralizing it, thus limiting its capacity for damage [12].

The aim of this review is to provide an overview of the current knowledge about

the effects of antioxidant administration in PCOS treatment.
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Material and methods

This article is based on the literature found in the PubMed Database from the period

of 2003–2024 with the use of keywords such as “PCOS”; “antioxidants”; “resveratrol”;

“curcumin”; “n-acetylcysteine”; “oxidative stress”; “vitamin C”; “vitamin E”; “melatonin”.

Results

1. Polyphenols
1.1. Resveratrol

Resveratrol (3,4',5-trihydroxystilbene) is a bioactive, polyphenolic compound

that naturally occurs in a variety of plants, such as grapes, berries, cocoa, and peanuts[13][14].

There is multiple evidence strongly suggesting that resveratrol has anti-oxidative, anti-

inflammatory, anticancerous, and immunomodulatory activity. It can also regulate glucose

and lipid metabolism. Moreover, it is neuroprotective and cardioprotective [13] . Most

of the properties make resveratrol highly promising in PCOS treatment; thus, multiple clinical

trials regarding resveratrol intervention were conducted.

An intervention in PCOS patients with 1,500 mg p.o. daily for 3 months, compared

with the placebo group, has shown that resveratrol treatment resulted in a major reduction

of 23.1% in total testosteron levels and a 22.2% decrease in dehydroepiandrosterone sulfate

(DHEAS) levels. In terms of glucose metabolism, there was a noteworthy decrease in fasting

insulin levels by 31.8% and a 66.3% increase in the Insulin Sensitivity Index (Matsuda

and DeFronzo). It was concluded that the decline in androgen levels was possibly caused

by an amelioration of insulin sensitivity and a reduction in insulin levels. [15].

Based on strong evidence, it was found that chronic inflamation is crucial in PCOS

pathogenesis. Thus, Brenjian et al. decided to do research on endoplasmic reticulum stress

and inflammatory markers in PCOS patients. There was an intervention involving

the administration of resveratrol (800 mg/d) and a placebo group. The outcome of the clinical

trial revealed that resveratrol decreased serum levels of IL‐1β, IL‐6, TNF‐α, IL‐18, NF‐κB,

and CRP. Additionally, resveratrol has the ability to modulate endoplasmic reticulum stress

in granulosa cells by altering the expression of genes that are involved in the unfolded protein

response process. [16].

Rencber et al. demonstrated that resveratrol effectively ameliorated the serum levels

of testosterone, LH, LH/FSH, TNF-α, and tissue AMH levels in rats

with dehydroepiandrosterone-induced PCOS. Treatment with resveratrol and/or metformin

ameliorated the excessive number of secondary and atretic follicles, as well as the reduced



6

number of Graafian follicles in the PCOS group. This showed that the intervention had an

effect on maintaining folliculogenesis. [17]. According to other study, resveratrol contributed

to the amelioration of some PCOS symptoms, such as menstrual irregularity and hair loss.

However, this study found no significant alterations in the levels of androgens, insulin, or

lipids [18] .

Figure 1. a) Structural formula of resveratrol (3,4',5-trihydroxystilbene); b) Structural
formula of curcumin [1,7-bis (4-hydroxy-3- methoxyphenyl)-1,6-heptadiene-3,5-
dione]

1.2. Curcumin

One of the most prevalent polyphenols is curcumin. It is derived from Curcuma longa,

a plant that belongs to the ginger family, Zingiberaceae [19] . Moreover, curcumin is called

a dietary polyphenol since it is a key component of curry powder, which is commonly used

worldwide, particularly in Asian cuisine. It is a lipophilic polyphenol, the main curcuminoid

found in turmeric [20] [21] – specifically a diferuloyl methane [1,7-bis (4-hydroxy-3-

methoxyphenyl)-1,6-heptadiene-3,5-dione], which has two ferulic acid residues linked

by a methylene bridge. Curcumin's antioxidant effect is attributed to the presence of the o-

methoxyphenol group and methylenic hydrogen [22]. According to multiple studies, curcumin

has antibacterial, antiviral, and antifungal activity. Furthermore, it is claimed to have anti-

inflammatory, anti-cancerous, antimutagenic, cardioprotective, and radioprotective features
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[20] [23] [24] . For this reason, curcumin was claimed to have therapeutic potential in PCOS

treatment [25].

The meta-analysis by Shen et al. aimed to evaluate the therapeutic effect and safety

of curcumin in 447 patients with PCOS. Firstable, the level of C-reactive protein (CRP)

was assessed by comparing curcumin with a placebo. The meta-analysis demonstrated

a substantial decrease after curcumin supplementation. What is crucial in PCOS glucose

metabolism was evaluated; fasting blood glucose levels were significantly reduced in patients

treated with curcumin. Equally major improvement was displayed in HOMA-IR, insulin level,

and insulin sensitivity check index (QUICKI). Moreover, compared with the control group,

patients after the curcumin intervention had a reduced body mass index (BMI), which is

highly beneficial for PCOS patients [25] . In other study, it was additionaly proven that

curcumin effectively reduced total cholesterol levels, LDL-cholesterol levels, and there

was a considerable improvement in HDL-cholesterol levels in comparison with the placebo

[26] . A recent study has shown that the frequency of typical for PCOS menstrual

abnormalities such as amenorrhea and oligomenorrhea was significantly reduced after the

curcumin administration, compared to the control group [27] . Overall, curcumin was very

well-tolerated and seems to be safe [25].

2. Vitamin C and E

Figure 2. a) Structural formula of Vitamin C (L-Ascorbic Acid); b) Structural formula
of Vitamin E (α-Tocopherol)

Vitamin C, or ascorbic acid, is crucial for life and one of the best-known water-soluble

compounds. As a vitamin, it is necessary to regularly obtain it through the dietary intake

of fruits and vegetables, such as citrus fruits, tomatoes, berries, or green leafy vegetables
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[28] [29] . It demonstrates multiple antioxidant properties, like direct scavenging of free

radicals, activation of intracellular antioxidant systems, or augmenting the activity of other

antioxidants [30].

Vitamin C intervention in female Wistar rats revealed the protective role of vitamin C

against DHEA-induced Polycystic Ovary in Wistar rats through antioxidant and anti-apoptotic

mechanisms. Vitamin C intervention in Wistar rats with DHEA-Induced PCOS resulted

in a major reduction in malondialdehyde, cytokines, and estrogen levels, as well as a

substantial increase in antioxidant and metabolic enzymes when compared with the control

group. The histopathological evaluation shows a reduction in cystic and atretic ovaries,

increased expression of Bcl2 and E-Cadherin, and a reduction in Bax expression in

comparison with the control group [31].

Another study compared the therapeutic potential of vitamin C in PCOS

with the vitamin E (alpha-tocopherol) intervention in PCOS. Researchers conducted the study

on mice, inducing PCOS with either mifepristone or letrozole. Both vitamin C and vitamin E

restored reproductive cycling; however, vitamin C was more effective. Moreover, vitamin C

reduced testosterone levels, whereas vitamin E led to minor elevations. Both vitamins

enhanced total antioxidant capacity and reduced malondialdehyde levels. Ascorbic acid and

alpha-tocopherol also reduced ovarian weight, effectively removing cysts in the ovaries

and congestion in the uterus [32].

According to Heidari et al., vitamin E supplementation or vitamin E in combination

with omega-3 or magnesium had a positive impact on lipid profile (reduced serum levels

of triglycerides, VLDL, LDL-c, TC, TC/HDL-c ratio) when compared with placebo.

Moreover, the intervention reduced the hs-CRP and hirsutism score. However, there was no

difference in HDL-c levels, glycemic indices, hormonal profile, anthropometric

measurements, or other biomarkers related to inflammation or oxidative stress. This meta-

analysis emphasizes not only the potential anti-oxidant and anti-inflammatory properties of

vitamin E but also its significant anti-hyperlipidemic effect on PCOS patients [33].
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3. Other antioxidants

3.1. N-acetylcysteine

Figure 3. a) Structural formula of NAC (N-Acetyl-L-cysteine); b) Structural formula
of Melatonin (N-acetyl-5-methoxytryptamine)

N-acetylcysteine (NAC) is a synthetic sulfur-containing compound derived from

the natural amino acid L-cysteine and a precursor of glutathione; a very powerful antioxidant

that naturally exists in the human body [34] [35] . NAC is commonly known for being

an antidote to paracetamol overdose, but it is also a mucolytic agent [34] . NAC has

extraordinary antioxidant, radical scavenging and anti-inflammatory properties. Being a thiol

molecule, it exhibits high stability, safety and is commercially available at a low cost.

Therefore, it could potentially be used in the treatment of disorders associated with oxidative

stress and inflammation [36] [37] . NAC has important direct antioxidant activity as it is able

to increase the intracellular concentration of glutathione. Research has revealed that NAC,

since it has anti-inflammatory activity, can reduce levels of tumor necrosis factor-alpha (TNF-

α) and interleukins (IL-6 and IL-1β) by suppressing the activity of nuclear factor kappa B

(NF-κB) [37].

Since sex hormone levels are crucial in PCOS treatment, NAC supplementation has

been proven to reduce total testosterone levels and increase FSH (follicle-stimulating

hormone) levels [38] . Women diagnosed with PCOS have a high rate of infertility. A meta-
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analysis from 2015 by Thakker et al. demonstrated that PCOS patients after NAC intervention

had higher chances of ovulation, pregnancy, and giving birth in comparison with placebo [39].

Another meta-analysis, involving 869 women with PCOS, demonstrated that NAC treatment

had a positive impact on their metabolic parameters, such as: body mass index, body weight,

fasting insulin, ratio of fasting blood glucose to fasting insulin, total cholesterol, triglycerides,

and low-density lipoprotein comparing with metformin. Moreover, in comparison

with metformin or placebo, NAC highly decreased fasting blood-glucose levels [40].

Unfortunately, the results of clinical studies on NAC supplementation in women

with PCOS are ambiguous; other meta-analyses found no significant difference in pregnancy

rate, serum LH level, fasting insulin, and LH/FSH ratio compared with the placebo group,

whereas the previously mentioned study demonstrated a relevant difference in most of those

parameters [41].

3.2. Melatonin

Melatonin (N-acetyl-5-methoxytryptamine) is a hormone that is synthesized

by the pineal gland from a precursor, which is the amino acid tryptophan [42][43]. While this

compound plays a vital role in regulating the sleep-wake cycle, it is also a highly effective

antioxidant [42] [44] . The reduction in oxidative stress caused by melatonin seems to be far

more effective than in vitamins C and E, as well as glutathione. A single molecule of

melatonin is able to capture up to 10 ROS (reactive oxygen species), while the classic

antioxidants neutralize one or less ROS [43] . Furthermore, melatonin increases the

effectiveness of mitochondrial oxidative phosphorylation and reduces electron leakage, thus

lowering free radical generation [45] . The pituitary gland's hormone can also stimulate

antioxidant enzymes such as SOD, CAT, GPx. Moreover, melatonin protects cells from lipid

peroxidation by reducing levels of MDA (malondialdehyde) and decreasing TBARS

(thiobarbituric acid reactive substances). The metabolites of melatonin also possess

antioxidant properties [43]. Li et al. proved in their clinical trial that women with PCOS

have decreased melatonin concentrations in follicular fluid and mild sleep disturbances [46] .

Another study found that patients with PCOS after 12 weeks of melatonin intervention (5 mg

twice a day) had a major reduction in hirsutism, total testosterone, highly-sensitive CRP, and

plasma malondialdehyde levels. Additionally, their plasma total antioxidant capacity and total

glutathione levels significantly increased. Melatonin supplementation also reduced the gene

expression of IL-1 and TNF-α [47] . Weight loss is usually a first-line treatment for PCOS.
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Melatonin seems to be beneficial in this process since it has been demonstrated

that administration of 3 mg of melatonin daily for 2 months reduces LH levels and BMI

in PCOS patients in comparison with the control group [48].

Discussion

Polycystic ovary syndrome is one of the most frequent endocrinopathies in women

of reproductive age. PCOS patients present heterogeneous clinical manifestations with several

phenotypes of the disorder. However, usually women with PCOS suffer from anovulation,

infertility, and symptoms of hyperandrogenism such as acne, hirsutism, or female

androgenetic alopecia [1][2]. The precise etiology and pathophysiology of PCOS are still not

clear because of the multifactorial and complex nature of the disease [4] . Nevertheless,

oxidative stress and reduced levels of antioxidants play a significant role in the development

of PCOS [8] . Taking this into consideration, in this review, we have presented the effects of

six antioxidants: resveratrol, curcumin, vitamin C and E, N-acetylcysteine, and melatonin in

PCOS treatment.

Resveratrol has an impact on two main components of PCOS: hormonal imbalance

and metabolic abnormalities, reducing testosterone and DHEAS, and fasting insulin levels.

It also demonstrated improvement in the insulin sensitivity index [15] . Since it seems that

chronic low-grade inflammation plays an important role in PCOS pathogenesis, resveratrol

has huge potential in this field [49] . It reduces chronic inflammation; it was proven that

resveratrol reduces inflammatory markers. Moreover, the anti-inflammatory and antioxidant

effects of resveratrol can modulate ER stress in patients with PCOS, and it is a promising

therapeutic target in PCOS treatment [16]. The combination of resveratrol and metformin has

shown efficacy in maintaining folliculogenesis. This study has shown not only the potential

of resveratrol in PCOS treatment, but the authors have also suggested that it could be highly

effective as a complementary therapy with metformin [17] . Moreover, it was proven

that resveratrol works not only on the molecular level but also on the clinical level, alleviating

the symptoms of PCOS like menstrual irregularity and hair loss [18] . Resveratrol

has therapeutic potential for patients with PCOS. However, the results of the studies

are not fully consistent. Therefore, more high-quality randomized clinical trials on a larger

sample are necessary. Also, there is a need for studies evaluating the effects of long-term

supplementation with resveratrol and assessing the most efficient dosage of resveratrol

for PCOS patients.
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Curcumin, just like reveratrol, effectively reduced CRP levels. It also had a positive

influence on glucose metabolism by reducing fasting blood glucose levels, and improving

HOMA-IR, insulin level, and insulin sensitivity check index (QUICKI). What's crucial

in PCOS treatment, curcumin contribiuted to BMI reduction and ameliorated lipid profile

in PCOS patients [25] [26] . Moreover, their menstruation was more frequent after the

curcumin administration [27] . According to current studies, curcumin is very promising in

terms of PCOS treatment; however, prospective randomized clinical trials on a larger sample

are needed to establish a final conclusion.

Vitamin C and E might have positive effects on PCOS; however, most of the

presented studies were conducted on animal models. Vitamin C reduced testosterone levels

and oxidative stress marker levels. Both vitamins restored reproductive cycling and reduced

ovarian weight, effectively removing cysts [31][32]. Vitamin E in combination with omega-3

or magnesium had a positive impact on lipid profile, inflammation marker, and hirsutism

score [33] . Vitamin C and E seem to be beneficial in the therapy of PCOS; however, well-

designed clinical trials are necessary to confirm these findings.

Administration of N-acetylcysteine in PCOS reduced total testosterone levels

and increased FSH levels; it also increased the chances of ovulation, pregnancy, and giving

birth [38] [39] . In comparison with metformin, NAC presented was efficient in terms

of improving metabolic parameters, lipid profile, and BMI [40] . Thus, NAC might

be considered as an alternative to metformin. Even though NAC administration is surely

beneficial, safe, and effective for PCOS patients, prospective, high-quality randomized

clinical trials on a large sample are necessary for a clear-cut conclusion.

Melatonin significantly reduces testosterone and LH levels, BMI, hirsutism, as well

as levels of oxidative stress and inflammation markers [43] [47] [48] . Therefore, patients

with PCOS may benefit from melatonin through several mechanisms regulating their

hormones, glucose metabolism, and combating oxidative stress and chronic inflammation.

Conclusion

The results of all the reviewed studies in this paper indicate that antioxidants such

as resveratrol, curcumin, vitamin C and E, N-acetylcysteine, and melatonin have therapeutic

potential in the management of PCOS. These compounds improve several aspects of the

PCOS pathomechanism, including hormonal imbalance, glucose metabolism, lipid profile,

ovarian functionality, chronic inflammation, and oxidative stress. However, currently

antioxidant therapies cannot be recommended in PCOS therapy since there is a need for more



13

prospective randomized clinical trials on a larger sample to establish a long-term effects of

antioxidants supplementation in PCOS, the optimal dosage, and finally to assess which

antioxidant is the most efficient in PCOS treatment.
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