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ABSTRACT

Objective: To investigate the protective effect of vitamin E in
dehydroepiandrosterone (DHEA)-induced polycystic ovary in
rats.

Methods: Premature female Wistar rats were randomly allocated
into four groups, with 7 rats in each group. Group | received corn
oil (vehicle) and served as the control group; group Il received
0.2 mL of 0.06 mg/g DHEA in corn oil; grouplll received
200 mg/kg vitamin E; group IV received DHEA plus vitamin
E. All treatments lasted for 15 days, with DHEA administered
subcutaneously, while vitamin E and corn oil were administered
orally. After the experiment, serum samples and ovaries were
harvested for biochemical, immunohistochemical, hormonal, and
histological analysis. The ovarian mRNA expression of androgen
receptor was analyzed by reverse transcriptase quantitative
polymerase chain reaction (QPCR).

Results: The antioxidant and metabolic enzyme activity
significantly decreased in the DHEA-treated rats compared to
the control rats (P<0.05). Administration of vitamin E to DHEA-
treated rats significantly decreased cytokines and malondialdehyde
compared to the DHEA-treated rats. The histological analysis
showed reduced atretic and cystic ovaries, increased E-cadherin and
Bcl-2 expression, and reduced expression of Bax in the DHEA-
treated rats co-treated with vitamin E. The mRNA expression
of androgen receptor was upregulated in the DHEA-treated rats
compared to the control rats.

Conclusions: Vitamin E ameliorates the hyperandrogenic effect of
DHEA-induced polycystic ovaries via metabolic, antioxidant, and

anti-apoptotic pathways.

KEYWORDS: Dehydroepiandrosterone; Metabolic markers;
Polycystic ovarian syndrome; Vitamin E; Wistar rats

Significance

Polycystic ovarian syndrome (PCOS) contributes
significantly to the increasing incidence of female infertility.
Thus, the need for an effective regimen to reduce the
incidence and progression of PCOS has attracted significant
attention. Vitamin E is a flavonoid with potent therapeutic
benefits via its anti-oxidant and anti-inflammatory activities.
However, its effect on the pathogenic pathways implicated
in PCOS has not been evaluated. In this study, we found
that vitamin E supplementation in rats with polycystic ovary
reduced oxidative injury, tissue inflammation, cell death,
and downregulated androgen receptor mRNA expression,
thereby ameliorating the hyperandrogenic effect of

dehydroepiandrosterone in female rats.
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1. Introduction

Ovarian dysfunction accounts for about 10% of cases of human
infertility, with polycystic ovary syndrome (PCOS) accounting
for the increasing incidences of anovulatory infertility[1].
This heterogeneous disease is frequently characterized by
hyperandrogenism, amenorrhea, and anovulation. Anovulatory
infertility occurs when the ovaries do not release an oocyte, affecting
6%-20% of women of reproductive age[2]. Oxidative injury and
inflammation have been correlated with increasing androgen
levels[3]. Oxidative stress alters ovarian steroidogenic functions,
increasing androgen production, altering follicular development,
and promoting inflammation, culminating in infertility[4]. Cellular
homeostasis relies on the complex interplay between free radicals
and antioxidants. Excessive production of free radicals that
overwhelm the antioxidant defense system results in oxidative
stress[5] and damages vital cell components such as lipids, DNA,
proteins, and carbohydrates. A major detrimental effect of the free
radical attack is the oxidation of unsaturated fatty acids, known as
lipid peroxidation. Thus, malondialdehyde (MDA), a significant
end-product of lipid peroxidation, has been identified as a marker
of oxidative stress and used to measure lipid peroxidation due to its
stability[6]. Apoptosis is another risk factor that plays a central role in
the pathogenesis and etiology of PCOS][7].

The ovarian cycle is characterized by widespread tissue remodeling
where a more significant percentage of mammalian follicles fail to
ovulate and become atretic by a hormonally controlled apoptotic
process|8]. Dehydroepiandrosterone (DHEA) is the principal steroid
secreted by the adrenal gland and ovary. It has been reported that
DHEA promotes hyperandrogenization, which inhibits ovulation
via oxidative stress and endocrine and immune dysfunction, thereby
causing apoptosis and inflammation[3.9]. Animal models have
demonstrated that polycystic ovary can be experimentally induced
by daily subcutaneous injection of (6 mg/100 g in 0.2 mL of corn
oil) DHEA for 15 days. This experimental model is characterized
by significant ovarian oxidative and inflammatory injury, which
starts before the cysts are developed and continues after cysts are
formed[10]. Despite the giant stride to identify the cause of PCOS,
its pathophysiology is yet to be fully elucidated. Thus, investigating
the pathological mechanisms and probable treatment of PCOS has
become an active area of research in reproductive medicine.

Generally, antioxidant therapies have shown numerous health
benefits by significantly controlling lipid peroxidation in cellular
membranes and reducing the detrimental effects of free radicals
in the body. The antioxidant and anti-inflammatory activities
of vitamin E have persuaded several researchers to evaluate its
therapeutic potential in chronic diseases (such as cardiovascular
diseases, infertility, and cancer), where oxidative stress has been
highly implicated. Numerous experimental studies have shown that

vitamin E reduces lipid peroxidation[11], reduces cell proliferation

and protein kinase C activity, promotes phosphatase 2A activity,
modulates alpha-tropomyosin gene expression[12], and reduces the
expression of cell adhesion molecules in endothelial cells, thereby
decreasing endothelial cell injury[12]. Literature has shown that
vitamin E and C are potent antioxidants whose efficacy in female
reproductive dysfunction has attracted clinical trials[13]. However,
there is a paucity of data on the effects of vitamin E on female
reproduction, polycystic ovaries, and pre-implantation embryonic
development. Thus, this study aimed to evaluate the modulatory
effects of vitamin E on ovarian oxidative metabolic status in DHEA-

induced polycystic ovaries in female rats.

2. Materials and methods

2.1. Animals

Twenty-eight premature female Wistar rats [post-natal day-
21, (18.0+3.0) g] were procured from the Department of Human
Physiology, Faculty of Basic Medical Sciences, College of Medicine,
University of Ibadan. They were housed in a room with standard
laboratory conditions [12-hour light—dark cycles; temperature
(23+1) °C, 40%—-60% humidity] at Bingham University, Karu,
Nasarawa State, Nigeria. The animals were allowed access to rat
feed and water ad libitum for an acclimatization period of two weeks

before the experiment.

2.2. Study design

The experimental animals were randomly divided into four groups
(n=7 in each group) and treated as follows: Group [ received
corn oil (10 mL/kg body weight, orally) and served as the control
group; group [[ received DHEA (6 mg/100 g in 0.2 mL corn oil
subcutaneously daily) to induce polycystic ovary condition[7.14];
grouplll received 200 mg/kg of vitamin E orally every day[15] to
serve as an experimental control to the co-administration group,
and group |\ received both DHEA (6 mg/100 g body weight
subcutaneously) and vitamin E (200 mg/kg body weight orally). All
treatments were administered daily (between 8-10 a.m.) and lasted
for 15 days, with DHEA administered subcutaneously, while vitamin
E and corn oil were administered orally.

Twenty-four hours after the last administration, blood samples
(2 mL at 10 a.m.) were collected through the retro-orbital venous
sinus to obtain serum used to determine female reproductive
hormones (progesterone and estrogen). After that, all animals were
euthanized by cervical dislocation, and the ovaries were excised,
adhering tissues were removed, and used for biochemical, reverse
transcription-quantitative polymerase chain reaction (Rt-qPCR), and

histopathological analysis.
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2.3. Biochemical procedures

2.3.1. Lipid peroxidation and antioxidant assay
Lipid peroxidation assay was done using the method previously

reported by Olaniyan et a/[16] and expressed as nmol MDA per gram
wet tissue. Superoxide dismutase (SOD) was analyzed as described
by Beauchamp et /[17] with modification by Misra et al[18]. Catalase
and glutathione-S-transferase (GST) activity were measured by
the protocol reported by Sinha[19] and Habig et al[20], respectively.
Reduced glutathione (GSH) level was estimated using the
protocol reported by Jollow e al[21]. GSH level was presented
in pmol GSH/g tissue, while the method described by Lowry et

al[22] was used to measure protein concentration in the tissues.

2.3.2. Evaluation of inflammatory biomarkers
The concentration of vascular endothelial growth factor (VEGF)

and tumour necrosis factor-alpha (TNF-a) was measured in the
ovary using their specific enzyme-linked immunosorbent assay
(ELISA) kit (Elabscience, USA) according to the Sandwich-ELISA
principle described by the manufacturer as previously reported by

Olaniyan et al[23].

2.4. Evaluation of hormonal concentration

The serum concentration of progesterone and estrogen was
determined using their specific enzyme immunoassay (EIA)
kit (Immunometrics Limited, UK), according to the protocol
recommended by the manufacturer in accordance with the WHO
standards for reproductive analysis as previously reported by

Olaniyan et al[16].

2.5. Evaluation of proton pump (ATPase) activity in the

ovary

Na*/K*-ATPase, Ca**-ATPase, and H'-ATPase activities were
analyzed using the protocol reported by Evans[24], with slight
modifications. The ovarian homogenate was used to measure
inorganic phosphate levels by spectrophotometry according to the

method of Bonting[25].

2.6. Evaluation of androgen receptor mRNA expression by
Ri—qPCR

Total RNA was extracted using RNA Mini Kit (Geneaid Biotech
Ltd, Taiwan). One pg of each RNA sample was converted to cDNA
using the Bioline SensiFAST cDNA synthesis kit (according to the
manufacturer's protocol) in a 20 pL reaction volume according to
the manufacturer's protocol. The cDNA template was amplified
using Bioer LineGene 9600 PCR machine with 10 puL
reaction volume, as previously reported by Olaniyan et al[23].

p-actin was used as the housekeeping gene using the same PCR

condition. The primer sequence used in this study are androgen
receptor forward 3’-ATGCTGGGCCTGTAGCCCCCT-5’,
reverse 3’-CAGGCAGGTCTTCTGGGGTGGG-5’; B-actin
forward 3’-CCTCCGTCGCCGGTCCACACC-5’, reverse 3’-
TCTTGCTCTGGGCCTCGTCGC-5'.

2.7. Histopathological evaluation

Histopathological evaluation was done by hematoxylin and eosin
(H & E) staining. Tissues were cut transversely (0.5 cm thick) and
passed through a graded series of alcohol (70%, 90%, and 100%)
and xylene for different durations. These were then transferred into
molten paraffin wax for 60 min at 65°C for embedding. After that,
the processed tissues were embedded, and serial sections were done
using a rotary microtome at six microns (6 um). The tissues were
mounted on albumenized slides and allowed to dry for 2 min. The
slides were dewaxed with xylene and transferred through 100%
ethanol (2 changes), 70%, 50% alcohol, and water for 5 min. After
that, the slides were stained with H & E.

2.8. Immunohistochemical analystis of Bax, Bcl-2, and

E—cadherin

Samples fixed in 10% formalin were used for immunohistochemical
analysis. Samples were cut into 7 pm sections after dehydration
and paraffin embedding. Preparations from the groups were used
to analyze Bcl-2, Bax, E-cadherin proteins, and negative control
(slide with no primary antibody), using Rabbit Bax, Bcl-2, and
E-cadherin antibodies as primary antibodies. The tissue sections
were later incubated with secondary antibody and horse-radish
peroxidase-conjugated with streptavidin. After that, chromatogen
3,3’Diaminobenzidine (DAB) was added, which gave rise to a dark-

brown color.

2.9. Statistical analysis

Data were analyzed with Graph-Pad prism version 6.0. Data were
subjected to a normality test and conformed to a normal distribution;
comparison between means was done using one-way analysis of
variance (ANOVA) followed by a Tukey posi—hoc test. Data were
presented as meanzstandard deviation (mean+SD) and considered

statistically significant at P<0.05.

2.10. Ethics statement

All animal protocols were ethically approved (2018-07-25; BHU-
ACURE/18/0124) and done according to the experimental guidelines
of Bingham University Animal Ethics Committee, which was
established under the internationally accepted laboratory animal use

and care principles by the National Institute of Health 1996.
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3. Results

3.1. Vitamin E supplementation reduced ovartan MDA and
increased antioxidant levels in DHEA—induced PCOS

MDA level significantly increased in the DHEA-treated group
compared to the control group (P<0.05). However, co-administration
of vitamin E and DHEA significantly decreased the MDA level
compared to the DHEA group (P<0.05) (Table 1).

3.2. Vitamin E supplementation increased antioxidant levels

in the ovary of DHEA—induced PCOS

The antioxidant level (SOD, CAT, GST and GSH) significantly
reduced in the DHEA group compared to the control group. SOD,
CAT, GST and GSH significantly increased in the group co-treated
with vitamin E and DHEA compared to the DHEA group (P<0.05)
(Table 1).

3.3. Vitamin E supplementation increased progesterone and
estrogen serum concentration in DHEA—induced PCOS

DHEA treatment significantly decreased progesterone and

estrogen levels compared to the control group (P<0.05). However,
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co-administration of vitamin E and DHEA significantly increased
progesterone and estrogen levels compared to the DHEA group
(P<0.05) (Figure 1A).

3.4. Vitamin E supplementation increased ATPase activity
(Na'/K*, Ca’* and H' ATPase) in the ovary of DHEA-
induced PCOS

DHEA treatment significantly reduced proton pump enzyme
activity (Na'/K*, Ca™ and H* ATPase) compared to the control
group (P<0.05). However, vitamin E and DHEA co-administration
significantly increased enzyme activities compared to the DHEA
group (P<0.05) (Table 2).

3.5. Vitamin E supplementation reduced TNF-a and VEGF
concentration in the ovarian homogenate of DHEA—induced

PCOS

TNF-a and VEGF concentrations increased significantly in the
DHEA-treated group compared to the control group (P<0.05).
However, vitamin E and DHEA co-administration significantly
reduced TNF-a and VEGF concentration compared to the DHEA

group (P<0.05) (Figure 1B).

Table 1. Effects of vitamin E on antioxidant enzymes and malondialdehyde in DHEA-induced PCOS in rats.

Parameters Control DHEA Vitamin E Vitamin E+DHEA
SOD, U/mL/mg protein 1.63+0.08 1.38+0.18" 1.52+0.13 1.71£0.13"
CAT, umole/min/mg protein 106.61£5.68 92.37+2.27° 103.08+7.08 104.66+12.28"
GST, umole/min/mg protein 0.08+0.03 0.04+0.01* 0.07+0.02 0.08+0.02"
GSH, mg/mL/mg protein 7.50+1.37 4.33+0.69" 6.77+1.21 7.19+0.45"
MDA, mol/mg protein 0.600.10 0.95+0.21" 0.55+0.11 0.46+0.05"

Data are expressed as mean+SD; n=7. "P<0.05: compared to the control group; 'P<0.05, “P<0.01: compared to the DHEA treated group. DHEA:
dehydroepiandrosterone; PCOS: polycystic ovary syndrome; SOD: superoxide dismutase; CAT: catalase; GST: glutathione-S-transferase; GSH: reduced
glutathione: MDA: malondialdehyde.

Table 2. Effect of vitamin E on ATPase activity in DHEA-induced PCOS in rats.

Parameters Control DHEA Vitamin E Vitamin E+DHEA
Na'/K* ATPase, Pipmol/mg protein/h/10” 0.49=0.11 0.39+0.03" 0.47=0.06 0.44=0.06"
Ca’* ATPase, Piumol/mg protein/h/10™ 4.59+0.45 3.84+0.32" 4.61+0.11 4.37+0.48"
H* ATPase, Piumol/mg protein/h/10™ 0.43+0.03 0.40+0.03" 0.43+0.05 0.43+0.03

Data are expressed as mean=SD; n=7. *P<0.05: compared to the control group; "P<0.05: compared to the DHEA treated group.
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Figure 1. (A) Effects of vitamin E (Vit-E) on estrogen and progesterone concentration in DHEA-induced polycystic ovary (n=7 in each group); (B) Effects
of vitamin E (Vit-E) on TNF-a and VEGF concentration in DHEA-induced polycystic ovary (n=7 in each group).”P<0.05: compared to the control group;
"P<0.05, "P<0.01: compared to the DHEA treated group. TNF-a: tumour necrosis factor-alpha; VEGF: vascular endothelial growth factor.
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Figure 2. Effects of vitamin E on androgen receptor mRNA fold change
(2™ (n=7 in each group). *P<0.05: compared to the control group;
“P<0.01: compared to the DHEA treated group.

3.6. Vitamin E supplementation downregulated granulosa
cell androgen receptor mRNA expression in the ovary of

DHEA-induced PCOS

Androgen receptor mRNA expression levels in the DHEA-treated
group significantly increased compared to the control group (P<0.05).
However, co-administration of vitamin E and DHEA significantly
decreased androgen receptor mRNA expression compared to the
DHEA group (P<0.05) (Figure 2).

3.7. Vitamin E supplementation reduced morphological
derangements and apoptotic biomarkers in the ovary of
DHEA—-induced PCOS

3.7.1. Histopathology of the ovaries in rats
In the control group, the ovary showed normal follicular

differentiation and a well-arranged epithelium with no cyst. The
corpus-luteum and stromal cells were well-developed (Figure 3A).
In the DHEA-exposed rats, there were numerous cystic follicles,
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thick theca cell layer, and high collagen level surrounding the follicle
with reduced corpora lutea (Figure 3B). The vitamin E-treated rats
showed normal histomorphology and interstitial tissues (Figure
3C). Administration of vitamin E to DHEA-treated rats caused a
reduction in follicular cysts, decreased collagen content around the
follicle and the theca cell layer appeared thinner (Figure 3D).

3.7.2. Immunohistochemical expression of Bax apoptotic

protein
In the control group, the preantral follicles, theca cells, and

granulosa cells appeared normal, while Bax was mainly expressed in
the granulosa cells of the antral follicles (Figure 4A). In the DHEA-
treated rats, there was a greater expression of Bax in the granulosa
cells of both the antral and preantral follicles, with numerous cystic
and atretic follicles (Figure 4B). In the vitamin E treated rats, the
granulosa cells, antral and preantral follicles were normal, with little
or no Bax expression (Figure 4C). Administration of vitamin E to
DHEA-treated rats caused a reduction in follicular cysts and reduced
Bax expression in the antral follicles (Figure 4D).

3.7.3. Immunohistochemical expression of Bcl-2 anti—

apoptotic protein in the ovaries
In the control rats, the preantral follicles, theca cells and granulosa

cells appeared normal, while Bcl-2 was mainly expressed in the
granulosa cells of the antral follicles (Figure 5SA). In the DHEA-
exposed rats, there was little or no Bcl-2 expression in the antral
follicles with numerous cystic follicles (Figure 5B). In the vitamin E
treated rats, there was the localization of Bcl-2 in the granulosa cells
of the antral follicles, while the antral follicle also appeared normal
(Figure 5C). Administration of vitamin E to DHEA-exposed rats

caused a reduction in follicular cysts, with mild expression of Bcl-2
in the antral follicles (Figure 5D).

Figure 3. The histoarchitecture of the ovaries after 15 days of administration (H & E staining, x40 magnification). A: In the control rats, the ovary shows

normal follicular differentiation and a well-arranged epithelium with no cyst. The corpus-luteum and stromal cells are well-developed. B: In the DHEA-

exposed rats, there are numerous cystic follicles, thick theca cell layer, and high collagen level surrounding the follicle with reduced corpora lutea. C: The

vitamin-E-treated rats show normal histomorphology and interstitial tissues. D: Administration of vitamin-E to DHEA-treated rats causes a reduction in

follicular cysts, decreases collagen content around the follicle and the theca cell layer appears thinner. AF: antral follicle; CY: cystic follicle.
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Figure 4. The immunohistochemical expression of Bax apoptotic protein after 15 days of treatment (immunohistochemical staining; x40 magnification). A:
In the control rats, the preantral follicles, theca cells, and granulosa cells appear normal, while Bax is mainly expressed in the granulosa cells of the antral
follicles. B: In the DHEA-treated rats, there is a greater expression of Bax in the granulosa cells of both the antral and preantral follicles, with numerous

cystic and atretic follicles. C: In the vitamin E treated rats, the granulosa cells, antral and preantral follicles are normal, with little or no Bax expression.
D: Administration of vitamin E to DHEA-treated rats causes a reduction in follicular cysts and reduces Bax expression in the antral follicles. AF: antral

follicle; GC: granulosa cell; CY: cystic follicle.

Figure 5. The immunohistochemical expression of Bcl-2 anti-apoptotic protein in the ovaries of rats (immunohistochemical staining; x40 magnification). A:
In the control rats, the preantral follicles, theca cells and granulosa cells appear normal, while Bcl-2 is mainly expressed in the granulosa cells of the antral
follicles. B: In the DHEA-exposed rats, there is little or no Bcl-2 expression in the antral follicles with numerous cystic follicles. C: In the vitamin E treated

rats, there is the localization of Bcl-2 in the granulosa cells of the antral follicles, while the antral follicle also appears normal. D: Administration of vitamin
E to DHEA-exposed rats causes a reduction in follicular cysts, with mild expression of Bcl-2 in the antral follicles. TC: theca cell; GC: granulosa cell; CY:
cystic follicle; AF: antral follicle.

3.7.4. Immunohistochemical expression of E—cadherin in the  indicating a decrease in follicular growth (Figure 6B). In the vitamin

ovaries

In the control rats, E-cadherin was adequately expressed and
majorly localized in the interstitium of theca cells (Figure 6A).
In the DHEA-exposed rats, there were numerous cystic follicles

with the localized expression of E-cadherin in the stromal area,

E treated rats, the antral follicle and granulosa cells appeared normal
with adequate E-cadherin expression suggesting normal follicular
development (Figure 6C). Administration of vitamin E to DHEA-
exposed rats caused a reduction in the number of follicular cysts.
Also, there was a reduced E-cadherin expression in the antral follicle

and increased expression in the granulosa cells (Figure 6D).
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Figure 6. Immunohistochemical expression of E-cadherin in the ovaries of rats (immunohistochemical staining; x40 magnification). A: In the control rats,
[E-cadherin is adequately expressed and majorly localized in the interstitium of theca cells. B: In the DHEA-exposed rats, there are numerous cystic follicles
with the localized expression of E-cadherin in the stromal area, indicating a decrease in follicular growth. C: In the vitamin E treated rats, the antral follicle
and granulosa cells appear normal with adequate E-cadherin expression, suggesting normal follicular development. D: Administration of vitamin E to
DHEA-exposed rats causes a reduction in the number of follicular cysts. Also, there is a reduced E-cadherin expression in the antral follicle and increased

expression in the granulosa cells.

4. Discussion

This study evaluated the effects of vitamin E on DHEA-induced
polycystic ovary. We demonstrated that exogenous administration of
vitamin E inhibited androgen production through anti-inflammatory
and antioxidant pathways and the downregulation of androgen
receptor genes in the granulosa cells of the ovary. Polycystic ovary
is among the major endocrine abnormalities affecting women
of reproductive age and is primarily implicated in anovulatory
infertility[26].

The pathogenesis of PCOS shows that oxidative stress is a major
cause of this syndrome, which can be indicated by the significant
alteration between free radical production and detoxification[27].
In this study, DHEA treatment significantly increased MDA
levels, resulting from increased free radicals and lipid peroxidation
production that compromise cell membrane integrity. However,
vitamin E supplementation in DHEA-exposed rats significantly
reduced the MDA (a biomarker of lipid peroxidation) level. This
result is in accordance with the report by van Dam et a/[28], where
it was shown that vitamin E inhibited lipid peroxidation to protect
against endothelial damage. This implies that the efficacy of vitamin
E as a reducing agent and chain-breaking antioxidant can reduce free
radical production to inhibit lipid peroxidation that compromises
cell membrane integrity. Furthermore, the administration of vitamin
E improved antioxidant enzyme activity in the DHEA-exposed
animals. The improved antioxidant capacity in the vitamin E
treated DHEA group implies that this flavonoid may upregulate
the antioxidant signaling cascade to enhance antioxidant enzyme
activity, thereby reducing the production of reactive oxygen
species, and detoxifying the harmful effect of free radicals. This
can also be attributed to the inherent potential of vitamin E to
improve the concentration of non-enzymatic antioxidants, thereby

reducing the detrimental effect of free radicals.

Chronic exposure to estrogen without sufficient progesterone is also
a major factor promoting hyperplasia in PCOS[29]. The present study
showed that exposure to DHEA significantly decreases progesterone
concentration. The reduced progesterone level in the DHEA rats
could be due to alterations in gonadotropin-releasing hormone
neurons (especially the GABAergic neurons) in the hypothalamus,
which cause increased gonadotropin-releasing hormone (GnRH)
pulsatile secretion, resulting in low plasma follicle-stimulating
hormone. Thus, women with PCOS need high progesterone to
reduce GnRH pulsatile secretion[30]. Interestingly, co-administration
of vitamin E and DHEA significantly increased progesterone
concentration compared to the DHEA-treated group, while
synergistic administration of vitamin E plus DHEA significantly
increased estrogen concentration compared to the DHEA treatment
alone. This is in line with other studies that reported increased
progesterone levels during vitamin E supplementation[31.32]. Vitamin
E is essential and potent in hormone production in the pituitary-
gonadal axis. It increases the size and area of gonadotropic cells,
thereby promoting the synthesis and secretion of gonadotropins
in the anterior pituitary with a resultant increase in progesterone
secretion by the gonads|33].

In this study, supplementation of vitamin E to DHEA-exposed rats
improved Na'/K*, Ca™, and H* ATPase activities. A similar result
has been reported by Ademoglu et al[34], where vitamin E protects
ATPase activities in various tissues of hypercholesterolemic rats.
These biochemical ATPase enzymes are important biomarkers
for health and play a vital role in several biochemical processes
in the body. For instance, Na'/K" ATPase is crucial for epithelial
polarization needed for tissue development and optimal
function[35.36], suggesting that vitamin E may improve ovarian cell
development and enhance the adequate movement of nutrients across
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the cell membrane. The improved ATPase activity in the vitamin
E treated DHEA rats group implies that this flavonoid may exert
therapeutic benefit to improve ovarian granulosa cell function, which
is compromised by excessive androgen exposure.

Chronic inflammation is another risk factor of PCOS, with
reports showing that inflammatory biomarkers such as TNF-a and
interleukin-6 are often increased in women with PCOS compared
with healthy women[37]. Evidence has shown that oxidative stress
and inflammation are interrelated and are usually accompanied
by each other(38]. The result obtained from this study showed
that DHEA significantly increased VEGF and TNF-a levels,
which may be correlated with the increased ovarian VEGF levels
reported in PCOS patients, thus providing credence to the DHEA-
induced polycystic ovary model used in this study. Interestingly,
co-treatment with vitamin E and DHEA significantly decreases
inflammatory markers compared to DHEA treatment only. The
reduced inflammatory cytokines in the vitamin E treated group
could be attributed to the inherent anti-inflammatory activity of this
biomolecule to downregulate NF-k[3, a major transcription factor in
the inflammatory pathway[39].

The result from this study showed that vitamin E significantly
downregulates the mRNA expression of granulosa cell androgen
receptor. Similar studies have shown that this flavonoid can inhibit
androgen receptor function in prostate cancer cells. This result
provides further evidence of the efficacy of vitamin E in modulating
the transcription and post-transcription signaling cascade of the
androgen receptor gene and inhibiting the synthesis of androgen
receptor mRNA, thereby resulting in the downregulation of its
expression[40.41].

The histopathological and immunohistochemical analysis of the
DHEA-treated ovary showed numerous cystic follicles, high collagen
level around the follicle with no corpora lutea, and apoptotic damage
characterized by increased Bax-positive area. However, the number
of cystic follicles and collagen levels around the follicles reduces,
with reduced apoptosis in the granulosa cells as evident by the
reduced Bax positive area as well as increased Bcl-2 and E-cadherin
positive area in the DHEA-exposed group treated with vitamin E.
The improved ovarian morphology in the vitamin E treated group
suggests that this flavonoid prevents structural derangement in the
ovaries via its anti-apoptotic property. The reduction of granulosa
cell death by vitamin E can be due to this flavonoid's efficacy in
neutralizing superoxide and other reactive oxygen species that cause
lipid peroxidation and compromise cell membrane integrity. Also, the
decreased number of cystic follicles and collagen content by vitamin
E implies that this flavonoid mitigated abnormal folliculogenesis
induced by DHEA.

This study has some limitations. The study provides some
preliminary data to support the potential benefits of vitamin E in
the management of PCOS. However, due to the paucity of funds,
the detailed mechanism underlying the therapeutic effect of this
flavonoid could not be evaluated. Therefore, this has been the major
objective of our further study.

In conclusion, the study findings have shown that PCOS is
associated with excess oxidative stress and decreased antioxidant

reserves. This study demonstrates that vitamin E supplementation

could alleviate female reproductive dysfunction via its antioxidant
and anti-inflammatory properties.
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