Trop J Nat Prod Res, September 2024; 8(9): 8252-8257

ISSN 2616-0684 (Print)
ISSN 2616-0692 (Electronic)

Tropical Journal of Natural Product Research

Available online at https://www.tjnpr.org

The Effect of Vitamin E on Hormonal Regulations in Polycystic Ovary Syndrome
(PCOS): A Review

Sabrina M. Jalanit, Hannah N. Jaafar!, Ruzianisra Mohamed?, Siti Syairah M. Mutalip2*

1Department of Pharmaceutical Life Sciences, Faculty of Pharmacy, Universiti Teknologi MARA, Cawangan Selangor, Kampus Puncak Alam, 42300, Selangor,

Malaysia

2Maternofetal and Embryo Research Group (MatE), Universiti Teknologi MARA (UiTM), 40450 Shah Alam, Selangor, Malaysia

ARTICLE INFO ABSTRACT

Article history:

Received : 21 August 2024
Revised : 24 August 2024
Accepted : 03 September 2024
Published online: 01 October 2024

Polycystic ovary syndrome (PCOS) is an endocrine disorder that affects women of reproductive
age. Itis commonly linked to abnormal secretion of sex hormones, leading to disruptions in normal
ovarian function. Vitamin E, a powerful lipid-soluble vitamin, has been extensively reported to
have numerous positive health effects on the female reproductive system. Despite the existing
studies, specific reports on the effects of vitamin E on hormonal regulations in PCOS are limited.
Therefore, this paper aims to review the available reports on this topic, providing a reference for
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Introduction

Polycystic ovary syndrome (PCOS) is among women's most
common endocrine disorders. It can be defined as a combination of
signs and symptoms of androgen excess, ovarian dysfunction, and
polycystic ovarian morphology (Figure 1).! PCOS involves hormonal
imbalances, which can cause an increased risk of infertility. This is
because a woman with PCOS has rising levels of luteinizing hormone
(LH) and reduced levels of follicle-stimulating hormone (FSH). As a
result of these imbalances, oligomenorrhea or amenorrhea (lack of
menstruation) may occur.?

Vitamin E

Vitamin E (C29Hs002; mol. weight: 472.7 g/mol) was first discovered in
1922 by Evans and Bishop.* This natural lipid-soluble vitamin is found
in various fruits and vegetables;® and is reported to possess antioxidant
properties, specifically as a peroxyl radical scavenger for the body’s
defense system. Vitamin E is present in eight different forms which are
the four forms of tocopherols (TOCs) and tocotrienols (TCTs)
respectively. These forms are the alpha-, beta-, gamma- and delta-TOCs
and TCTs. Structurally both TOCs and TCTs differ in the presence of
double bonds and the number of methyl groups in the structure (Figure
2). Study reports on the benefits of vitamin E are widely available,
however, reports on its role in hormonal regulations, particularly in
PCOS conditions are lacking. Hence, this review was done to provide
an analyzed report on the effects of vitamin E in PCOS subjects.
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Methods

In this review, several databases such as ‘NCBI’, ‘Elsevier’, ‘PubMed’,
‘MDPT’, and ‘Google Scholar’ were browsed to retrieve articles related
to vitamin E, PCOS and hormonal studies. The search keywords used
were ‘vitamin E’, ‘PCOS’, ‘hormones’, ‘hyperandrogenism’,
‘steroidogenesis’, and ‘female reproductive system’.

Results and Discussion

Vitamin E and PCOS

Vitamin E has been suggested as one of the micronutrient supplements
to improve PCOS symptoms due to the study reports that supported its
potential. Reports are available on the effects of vitamin E on metabolic
effects, inflammation and oxidative stress biomarkers, and histological
structures in PCOS. For instance, a single-blind randomized control
trial (RCT) was conducted on patients who underwent ovulation
induction with clomiphene citrate (CC) and followed up for 6 months.”
Findings from this study reported that antioxidant supplementation
including vitamin E significantly improved the pregnancy rate, live
births, and menstrual regularization in PCOS patients.”

Another randomized double-blind, placebo-controlled trial on the
effects of omega-3 fatty acids and vitamin E co-supplementation
reported a significant improvement of gene expression of lipoprotein(a)
(Lp[a]) and oxidized low-density lipoprotein (Ox-LDL), lipid profiles
and oxidative stress (OS) biomarkers in PCOS women.® These findings
were also supported by a study that reported the addition of vitamin E
(of various concentrations) into the culture media increased the rate of
in vitro fertilization (IVF), quality and morphology of embryos, and
reduced rate of embryonic lysis, fragmentation, and vacuolation.® A
review report also documented that co-supplementation of coenzyme
Q10 (CoQ10) and vitamin E in PCOS patients exerted a more promising
result than supplementation with either CoQ10 or vitamin E alone, due
to the antioxidant nature possessed by both of them.*0
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Figure 1: Comparison between the ovarian anatomy in normal
and PCOS patients.®

In addition, a study by Begum and Mohan'! on the therapeutic effect of
vitamin E in combination with combined oral contraceptive (COC)
against PCOS using both in silico and in vivo approaches reported that
supplementation of vitamin E combined with COC could be effective
against PCOS. Another recent study conducted using the Mendelian
randomization approach reported that genetically presented higher
values of vitamin E correlated with a lower risk of PCOS.*? Vitamin E
also has been reported to outperform some common clinical
medications such as clomiphene citrate and metformin through the
improvisation of the ovulatory and pregnancy rates, as well as improved
endometrial conditions.*® The use of vitamin E in combination with
other substances such as ethinyl estradiol, cyproterone, and metformin
showed a more promising approach to promote ovulation and increase
the possibility of pregnancy compared to individual usage of those
substances.*® To conclude, the discussed studies above present evidence
that the inclusion of vitamin E in the dietary and/or treatment has the
potential to improve the signs of PCOS.
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Figure 2: The structural differences between TOCs and

TCTs.®

Vitamin E and PCOS: Reports on hormonal regulations and ovarian
cycles

Evidence-based reports on the effects of vitamin E on hormonal
regulations in PCOS patients have been increasingly reported. For
example, a study by Hager et al.* showed that 3 months of continuous
intake of multi-nutrient supplementation that contains vitamin E
improved PCOS-specific signs such as the LH: FSH ratio, serum
testosterone, and serum anti-Mullerian hormone (AMH). The ability of
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vitamin E to balance the LH: FSH ratio and reduce the level of
testosterone in PCOS patients was also reported in another study.'® An
earlier study suggested that multiple micronutrient supplementation
containing vitamin E is adjuvant therapy to a standard ovulation
induction treatment in women undergoing anovulatory treatment, which
resulted in improved ovulation and pregnancy rate.®

Tefagh et al.}” in a systematic review reported that vitamin E
supplementation decreases LH and testosterone levels, and increases
FSH and progesterone levels, suggesting intake of supplementation
containing vitamin E can positively affect hormonal parameters in
women with PCOS. Consumption of vitamin E is also reported to help
antagonize oxidative stress and antioxidant imbalance which can help
reduce hyperandrogenism in PCOS patients.'® Other reported studies on
vitamin E on the hormonal regulations and ovarian cycle are
summarized in Table 1.

PCOS: Oxidative stress (OS) and vitamin E as the antioxidant
Polycystic ovary syndrome (PCOS) has been extensively studied to
understand its etiology and pathophysiology. PCOS is categorized as a
chronic systemic disorder associated with a high level of OS marked by
markers such as malondialdehyde (MDA), superoxide dismutase
(SOD), and glutathione peroxidase (GPx).?¢ The high level of OS has
been widely reported to be linked to the individual differences between
the oxidant and antioxidant levels as well as other genetics,
environment, and lifestyle factors like obesity, hyperandrogenism,
insulin resistance, and chronic inflammation (Figure 3).262
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Figure 3: Effects of oxidative stress (OS) on PCOS

Vitamin E is one of the exogenous vitamins that are well-known as an
antioxidant. Its lipid-soluble nature makes it a great choice of
micronutrient to combat any form of OS-induced disorders including
PCOS. The presence of low levels of vitamin E has been reported
decades ago as one of the possible factors in PCOS patients. For
instance, Mohan and Vishnu® reported that serum vitamin E
concentration was lower in patients with PCOS. Low levels of vitamin
E may interfere with normal ovarian functioning such as
folliculogenesis, ovulation, and embryonic development.®! A study by
Fatima et al.® reported significantly low levels of vitamin E, vitamin C,
and glutathione in PCOS patients and these findings were also
supported by other reports.?8:2%.33

Vitamin E was discovered as a vitamin for reproduction. Due to its
lipid-soluble ability, vitamin E protects cell membrane damage from
oxidation. Its effects on the female reproductive system have been
documented before3*% including its effects on hormonal changes®® and
embryonic development.¥’*¢ Vitamin E's presence in the ovarian
follicles, uterine secretions, and placenta is essential for oocyte and
embryonic growth.*
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The beneficial effects of vitamin E supplementation in PCOS patients
through dietary and/or treatments are being increasingly reported,
however, its mechanisms of action are poorly understood. As an
antioxidant, the effects of vitamin E are commonly associated with the
changes in the activities of the antioxidant enzymes such as superoxide
dismutase (SOD) and malonaldehyde (MDA)?3240 and not many
reports specifically on its molecular pathway are available.

In terms of the molecular study, the effects of vitamin E were reported
on the expressions of certain genes including the tumor necrosis factor-
a (TNF-0), peroxisome proliferator-activated receptors (PPARS),
interleukin-8 (IL-8) and interleukin (IL)-1B. TNF-a is a cytokine that
regulates numerous cellular processes such as immune and
inflammatory responses, cell proliferation and apoptosis. In the
female reproductive system, TNF-o also modulates ovarian granulose
cell proliferation, follicular development, and ovulation*? and it is also
a proinflammatory cytokine that plays a role in the pathogenesis of
PCOS.

PPARs are present in ovaries and have vital roles in the functioning of
the female reproductive system* with PPAR-q are mainly found in the
ovarian theca and stromal cells, PPAR-B and PPAR-3 are present in the
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entire ovaries and PPAR-y are vital for the folliculogenesis process.*4
PPAR-y was also reported to be associated with the possibilities of
PCOS through the low concentration of estradiol.*®

Interleukin 8 (IL-8) and interleukin 1B (IL-1p) is a proinflammatory
cytokine involved in cell proliferation and inflammation. An earlier
study has reported that in PCOS patients, the expression of the IL-8
gene was up-regulated in the granulosa cells.” Interventions with
vitamin E have been reported to change the expressions of these genes
in PCOS patients. Omega-3 and vitamin E co-supplementation were
shown to up-regulate PPAR-gamma (PPAR-y) and down-regulate the
IL-8 and TNF-a expressions in peripheral blood mononuclear cells
(PBMC),* suggesting the improved parameters of gene expression of
PPAR-y, IL-8, and TNF-a of PCOS women. Another recent study
reported that the regression analysis of the results of 8-week treatment
with vitamin E showed a decrease of IL-1p as the predictor of ovarian
diameter decrease and a decrease of serum levels of IL-1B as the
predictor of decreased serum testosterone level.? This study concluded
that vitamin E showed an improvising ability in the hormonal disorders
in PCOS patients.

Table 1: Reported effects of vitamin E on the reproductive changes in PCOS subjects

Type of Study

Main Finding

Reference

Retrospective study

Patients who received treatment with vitamin E during the
follicular phase had the highest estradiol level and reported
lower oxidative stress biomarkers compared to the other

groups.

15

Randomized, double-blind, placebo-

controlled trial

This study was done on 68 PCOS patients. The patient who
received omega-3 fatty acids and vitamin E co-
supplementation showed a significant reduction in serum total
testosterone, a decrease in insulin, and an increase in the
quantitative insulin sensitivity check index compared to the

placebo group.

18

Randomized, double-blind, placebo-

controlled clinical trial

CoQ10, vitamin E, and co-supplementation of both in PCOS
patients reduced the serum total testosterone levels (P<0.001)
compared to the placebo group.

19

Randomized, double-blind, placebo-
controlled trial

Magnesium and vitamin E co-supplementation resulted in a
significant reduction in biomarkers of inflammation, oxidative

stress and hirsutism which is caused by hyperandrogenism.

20

Intervention study (case study)

Vitamin E supplementation resulted in an eminent relief in
acne, hirsutism, menstrual cycle. There were also increase in
FSH hormone level, and reduction in LH and total serum

testosterone levels.

21

Randomized, controlled, open-label
study on clomiphene citrate (CC) -
resistant PCOS patients

Supplementation of vitamin E (1500 [U/day) in addition to
metformin and CC resulted in higher clinical pregnancy rates,
ovulation rates, and endometrial thickness, but did not show a

significant increase in ovulation and pregnancy rates.

22
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Randomized, double-blind, placebo-

controlled trial

This study was done on 43 PCOS patients who were divided
into 2 groups. Patients in one group were given 400 1U/day of
vitamin E as alpha-tocopheryl acetate and another group was
given cellulose capsules for eight weeks. Findings suggest an
improvement in ovarian blood circulation as well as in

folliculogenesis and ovulation.

23

In vivo study

Vitamin E showed marked recovery of the ovarian tissue with
the presence of many follicles in the various stages of
development, indicating normal oogenesis. Follicles showed
normal granulosa layers with defined thecal layers. The
presence of corpora lutea was also seen, indicating that vitamin

E treatment restored the normal estrous cycle.

24

Review

Antioxidants (including vitamin E) can significantly alleviate

the symptoms of PCOS and prevent/treat long-term

25

complications.

PCOS: Is vitamin E supplementation effective?

Supplementation with natural molecules such as vitamin C, vitamin E,
vitamin D, and omega-3 fatty acids has been reported to contribute to
overcoming PCOS features.”® However, some clinical data reports
contradict this theory. A double-blinded RCT study on PCOS infertile
women scheduled for intracytoplasmic sperm injection (ICSl), given 8
weeks of treatment with vitamin E (400 mg/day) and vitamin D3
(50,000 1U/one in two weeks) reported no added clinical support to the
evidence that vitamins E and D3 may play a role in the success rate of
IVF through the antioxidant mechanism.“*Another recent retrospective
case-control study on the role of vitamin E supplementation during
cycles in CC-induced ovulation also found that vitamin E
supplementation was not effective in increasing the number of
dominant follicles, ovulation rates, and pregnancy rates in infertile
women with PCOS.%° On top of that, a similar report that documents the
benefits of vitamin E following a retrospective analysis as discussed
above®® also reported that short-term supplementation with vitamin E in
PCOS patients treated with CC had no effects on the pregnancy rate in
the ovulation induction cycle. Another report on meta-analysis found
that supplementation with vitamin E alone or in combination with
omega-3 or magnesium showed no significant effect on the hormonal
profile of testosterone, FSH, LH, and sex hormone-binding globulin
(SHB), and OS biomarkers such as MDA, glutathione (GSH) and total
antioxidant capacity (TAC) in PCOS patients.5!

Conclusion

Vitamin E can improve the symptoms of PCOS as reported in many
studies.5? However, some clinical trials have shown the opposite results,
which warrants further studies to confirm the effects and regulation of
vitamin E, perhaps at the molecular level that controls the changes in
PCOS symptoms. This is important to understand whether there are
different effects of the roles of vitamin E in different approaches to
treatments.
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