Malaysian Journal of Pharmaceutical Sciences PENERBIT
Vol. 19, No. 2, 111-130 (2021) IEM

EFFECT OF VITAMIN E ON POLYCYSTIC OVARY SYNDROME
INDUCED BY DEHYDROEPIANDROSTERONE IN FEMALE ALBINO
MICE: HISTOLOGICAL STUDY

SUHERA M. ABURAWI", SOAD A. TREESH? HABIBA A. EL JAAFARI}, MEDEHA
T. EL GHEDAMSI', NAIROUZ A. NAFATI', OMAIMA A. BENMAHMOUD', MARWA
ALMAJRY' AND NAEMA SHEBANI?

'Department of Pharmacology and Clinical Pharmacy, Faculty of Pharmacy, University of
Tripoli, Libya
2Department of Histology and Medical Genetics, Faculty of Medicine, University of Tripoli,
Libya
’Department of Zoology, Faculty of Science, University of Tripoli, Libya

Published online: 23 November 2021

To cite this article: SUHERA M. ABURAWI, SOAD A. TREESH, HABIBA A. EL JAAFARI,
MEDEHA T. EL GHEDAMSI, NAIROUZ A. NAFATI, OMAIMA A. BENMAHMOUD,
MARWA ALMAJRY & NAEMA SHEBANI (2021) Effect of vitamin E on polycystic ovary
syndrome induced by dehydroepiandrosterone in female albino mice: Histological study,
Malaysian Journal of Pharmaceutical Sciences. 19(2): 111-130. https://doi.org/10.21315/
mjps2021.19.2.8

To link to this article: https://doi.org/10.21315/mjps2021.19.2.8

ABSTRACT

Polycystic ovary syndrome (PCOS) is the most common endocrine disorder of reproductive-
aged women. Vitamin E is used in combination with clomid, metformin, melatonin or other
drugs to ameliorate and improve the symptoms of PCOS. The aim is to investigate the
histological effect of vitamin E on PCOS. PCOS model using dehydroepiandrosterone
(DHEA) was adopted. Female mice were divided into eight groups (n = 6). Group 1 was
administered with 1% T80; Group 2 was administered with DHEA; Group 3 was administered
with clomid; Group 4 was administered with vitamin E; Group 5 was administered with
DHEA and vitamin E; drugs were administered for 20 days. Group 6 was administered with
DHEA per day for 20 days followed by clomid, a dose per day, for the next 10 days; Group
7 was administered with DHEA per day for 20 days followed by vitamin E, a dose per day,
for the next 10 days; Group 8 was administered with DHEA every day for 20 days followed
by no treatment for the next 10 days. Mice were sacrificed, at the end of experiment, by
neck dislocation, ovary was surgically separated and kept in 10% formalin for histological
analysis. DHEA administration produces PCOS changes in ovary. Clomid did not improve
PCOS induced by DHEA, while vitamin E ameliorates PCOS to nearly normal. Vitamin E
showed marked recovery of the ovarian tissue with the presence of many follicles in the

"Corresponding author: smaburawi@gmail.com

© Penerbit Universiti Sains Malaysia, 2021. This work is licensed under the terms of the
Creative Commons Attribution (CC BY) (http://creativecommons.org/licenses/by/4.0/).



Suhera M. Aburawi et al. 112

various stages of development, indicating normal oogenesis. Follicles showed normal
granulosa layer with defined thecal layers. The presence of corpora lutea was also seen,
indicating that vitamin E treatment restore normal estrous cycle.
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INTRODUCTION

Polycystic ovary syndrome (PCOS) is the most common endocrinedisorder of reproductive-
aged women (Diamanti-Kandarakis et al. 1999; Goodman et al. 2015). This syndrome
includes various criteria suchas hyperandrogenism (Goodman et al. 2015; Lerchbaum et al.
2014), menstrual irregularity, oligomenorrhea, amenorrhea, infertility (Diamanti-Kandarakis
et al. 1999; Pannill 2002), and polycystic ovary morphology (Goodman et al. 2015;
Lerchbaum et al. 2014). PCOS is associated with obesity and metabolic abnormalities,
such as dyslipidemia and insulin resistance. It can be clinically expressed with acne,
hirsutism or androgen-dependent alopecia (Diamanti-Kandarakis et al. 1999) and elevated
serum luteinising hormon (LH) levels (The Rotterdam ESHRE/ASRM-Sponsored PCOS
Consensus Workshop Group 2004).

Puberty is initiated with the maturation of the hypothalamic-pituitary ovarian
axis and secretion of gonadotrophin-releasing hormone (GnRH), the activity of which is
suppressed during childhood (Roe and Dokras 2011). The pathophysiology of the PCOS
encompasses inherent ovarian dysfunction that is strongly influenced by external factors,
such as disturbances of the hypothalamic-pituitary-ovarian axis and hyperinsulinemia, these
disturbances affects both ovarian androgen production and oocyte development (Balen
2004).

Clomid (clomiphene citrate) is a nonsteroidal, ovulatory stimulant (Practice
Committee of the American Society for Reproductive Medicine 2013). It is used to treat
infertility in women who do not ovulate, including those who have PCOS. Its use is
associated with a higher probability of having twins (The American Society of Health-System
Pharmacists 2017). Clomid inhibits oestrogen receptors in the hypothalamus, inhibiting
negative feedback of oestrogen on gonadotropin release, leading to up-regulation of the
hypothalamic-pituitary-gonadal axis (Drug Bank 2011).

Vitamin E is a fat-soluble vitamin with potent antioxidant activities, naturally found
in eight chemical forms (Traber 2006); the most common biologically active form is alpha-
tocopherol (Traber 2006; Rizvi et al. 2014). It is important for normal cell growth and function
(Traber 2006).

Vitamin E has a role as a potent antioxidant. It maintains the integrity and
bioactivity of long-chain polyunsaturated fatty acids in the membranes of cells and prevents
its oxidation. It protects body tissue from damage caused by free radicals, which can harm
cells, tissues and organs. Vitamin E has a role in anti-aging (Traber and Atkinson 2007;
Mangialasche et al. 2013).

Recently, vitamin E is used as a supplementary for the treatment of endocrinopathy
in reproductive age women, such as PCOS, insulin resistance and excess androgen levels
(Amini et al. 2015).
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AIM OF THE WORK

Vitamin E is used in combination with clomid, metformin, melatonin or otherdrugs toameliorate
and improve the symptoms and signs of PCOS case. The aim of this work is to investigate
the histological effect of vitamin E alone on PCOS induced by dehydroepiandrosterone
(DHEA) using female albino mice.

METHOD

Drugs

DHEA was bought from Natrol LLC Chatsworth, USA. Vitamin E was obtained from
Noventis, Vietham. Clomid was obtained from Wockhardt Mumbai, India.

Animals

Female albino mice (weight ranged from 25-35 gm) were inbred in animal house of Faculty
of Pharmacy, University of Tripoli. Standard mice food pellet diet and water were free
available during the experiment. The animals were kept at room temperature (20-25°C) and
on 12 h dark/light cycle. Animals were kept in laboratory for at least one day before testing
to acclimate with a new environment.

This experimental research on animals was conducted according to ethical rules
of the Department of Pharmacology and Clinical Pharmacy, Faculty of Pharmacy, the
University of Tripoli.

Experimental Design

The model prescribed by Oakley et al. (2011) was adopted. Female mice were divided
into eight group, each group of six mice. Group 1 was administered with 1% T80 of a dose
5 mL/kg (Aburawi and Baayo 2017) per day for 20 days; Group 2 was administered with
DHEA of a dose 6 mg/kg per day for 20 days; Group 3 was administered with clomid of
a dose 10 mg/kg (Chen et al. 2016) per day for 20 days; Group 4 was administered with
vitamin E of a dose 100 mg/kg (Lobato et al. 2010) per day for 20 days; Group 5 was
administered with DHEA and vitamin E per day for 20 days; Group 6 was administered with
DHEA per day for 20 days followed by clomid, a dose per day, for the next 10 days; Group
7 was administered with DHEA per day for 20 days followed by vitamin E, a dose per day,
for the next 10 days; Group 8 was administered with DHEA every day for 20 days followed
by no treatment for the next 10 days. On the last day of treatment for each group, mice were
sacrificed by neck dislocation, the abdomen was surgically opened, ovary was separated
and kept in 10% formalin for histological analysis (Figure 1).
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Figure 1: Design of the work.

Histological Study

At the end of the administration, mice were sacrificed, ovaries of treated mice were removed
and fixed in 10% formalin for 48 h. The fixed tissues were dehydrated in an ascending
series of alcohol ranging from 50% to 100% (absolute). The dehydrated tissues were
cleared in xylene (two changes), infiltrated and then embedded in paraffin wax. The ovaries
were sectioned on a rotary microtome, sections were 5 ym in thickness. The prepared
sections were stained by routine methods using hematoxylin and eosin (H&E) stain method
(Bancroft and Gamble 2002).

The ovaries sections from each study group were evaluated for structural changes
by examination under the microscope, and the different follicles and cysts types were
carefully studied and photographed.

RESULTS
Histological Results

Group 1: ovary control

Examination of H&E stain sections of control mice ovaries revealed that the ovaries were
covered by a single layer of cuboidal epithelium.

The epithelium was separated from the underlying ovarian tissue by a layer of
collagenous fibres tunica albuginea. In the ovarian cortex, the primordial follicles and
different forms of growing follicles (primary and secondary) were seen in the ovarian cortex,
underneath the tunica albuginea.

Mature or Graafian follicle was a larger follicle, located near the surface. The
corpus luteum was formed of both granulosa and theca lutein cells, which were polyhedral
cells containing large spherical nuclei and large amount of vacuolated cytoplasm.

The stroma of the ovary was formed of connective tissue (interstitial tissue)
showing collagen fibres and blood vessels (Figure 2).
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Figure 2: Control treated group; E = epithelium, F = Graffian follicle, IS = interstitial tissue,
CL = corpus luteum, TA = tunica albuginea (10x).

Group 2: DHEA treated group

Sections of the ovary injected with DHEA showed a significant decrease in the number of
preovulatory follicles and corpora lutea in the ovaries of this group in comparison to control.

However, there was no significance change in the number of primary, preantral
and antral follicles; the atretic follicles were higher than control group.

There were various degrees of atresia, from follicles with nuclear pyknosis to
corpus fibrosum. Corpora lutea were not observed.

We conclude that DHEA administration results in increased ovarian apoptosis and
in larger follicle size, thereby producing a characteristic cystic and atretic appearance in the
mouse ovary (Figure 3).

Figure 3: DHEA treated group; MF = mature follicle, AF = atretic follicle, CF = cystic follicle
(10x).
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Group 3: clomid treated group

An increasing number of fluid-filled cystic follicles was observed. The ovaries were
homogenous and contained significant large antral follicle; there were significantly less
mature and ovulated follicles.

The presence of Graafian and corpora lutea indicates imminent and recent
ovulation. Mice ovaries showed a thick tunica albuginea, scarce primary and growing follicles
and numerous atretic follicles.

The tertiary follicles were considerably distended and cystic (polycystic ovaries).
The granulosa and theca cells appeared normal. Some stroma cells were hypertrophied.
The ovaries showed a high number of atretic follicles.

The germinal epithelium showed abnormal structure including the appearance of
many degrees of invaginations along its surface. The cuboidal cells of the germinal epithelium
became flattened with deeply stained nuclei and lost their arrangement (Figure 4). No other
alterations were evident.

Figure 4: Clomid treated group; Cyst, IS = interstitial tissue (10x%).

Group 4: vitamin E treated group

The tunica albuginea covering the ovary appeared normal. There was a number of corpus
luteum and few numbers of primordial follicles. However, numerous blood vessels in
interstitial tissue among atretic follicles were observed; also, the presence of growing follicle
and atretic follicle were observed (Figure 5).
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Figure 5: Vitamin E treated group; GF = Graffian follicle, IS = interstitial tissue, CL = corpus
luteum (10x).

Group 5: DHEA and vitamin E treated group

Sections of mice ovary injected with DHEA and vitamin E showed a decrease in the number
of preovulatory follicles and corpora lutea, in comparison to control.

The result is as described in Group 2, in addition to increasing the number of fluid-
filled cystic follicles. Corpora lutea were not observed (Figure 6).

Figure 6: DHEA and vitamin E treated group; CF = cystic follicle, AF = atretic follicle (10x).
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Group 6: DHEA followed by clomid treated group

Sections of mice ovary injected with DHEA followed by clomid showed a large number of
degenerated follicles. The cuboidal cells of the germinal epithelium became flattened with
deeply stained nuclei and lost their arrangement.

The ovarian stroma contained large number of vacuoles and atretic follicles of
different sizes. Some abnormal Graafian follicles appeared with enlarged antrum and
degenerated zona pellucid. The number of small, medium and large follicles decreased.
Conversely, the number of atretic follicles showed a significant increase (Figure 7).

Figure 7: DHEA followed by clomid treated group; E = epithelium, AF = atretic follicle (10x).

Group 7: DHEA followed by vitamin E treated group

This group of vitamin E administration after DEHA resulted in a remarkable reduction in
atratic follicles and the presence of intact secondary and mature follicles; some degenerated
and cystic follicle were found.

The germinal epithelium and stroma of the ovary are normal. In conclusion, vitamin
E could compensate the most adverse effects of DEHA treatment on ovary structure. It was
seen that the application of vitamin E could increase the corpora lutea and the number of
primary follicles and improve the main structural parameters of follicle in the late stages of
follicular development (Figure 8).

Malay J Pharm Sci, Vol. 19, No. 2 (2021): 111-130



119 Vitamin E Effect on PCOS: Histological Study

] W7 |

|

\¥

2.3

—_a

p A
Te

Figure 8: DHEA followed by vitamin E treated group; E = epithelium, GF = Graffian follicle,
IS = interstitial tissue (10x%).
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Group 8: DHEA treated group followed by no treatment

This group showed similar effect of DHEA administration as observed in Group 2, DHEA
treated group.

DISCUSSION

In PCOS, high local androgen concentrations are responsible for anovulation by direct effect
on the ovary. Androgen-induced follicular atresia is thought to occur by entry of androgens
into the granulosa layer of pre-antral follicles, where they bind to the cell receptors and
cause cell death. Androgens cause deterioration of follicles by increasing the number of
pyknotic granulosa cells and degenerating oocytes (De Leo et al. 1998). Rats with PCOS
showed no ovulation, which is due to the high levels of estradiol and testosterone produced
by interstitial cells, leading to lack of control in the hypothalamic region with inhibition of
pituitary function (Lombardi et al. 2014). Level of antioxidant vitamins like vitamin E is also
decreased in PCOS patients (Naidu et al. 2013).

Androgenisation of animals is used to induce symptoms that resemble PCOS
(Paixao et al. 2017). PCOS was induced by DHEA and the effect of clomid or vitamin E on
the development of the follicular growth was observed based on histological investigation.

Histopathological study of PCOS groups showed the presence of atretic follicles,
the formation of more than subcapsular cysts lined with thin attenuated layer of granulosa
cells, thickened ovarian capsule and hyperplasia of theca interna cells in the ovary (Rezvanfar
et al. 2012; Jadhav, Menon and Shailajan 2013).

Insulin resistance is the main cause in the pathogenesis of PCOS (Fenkci et al.
2003; Phinney and Volek 2019); therefore, targeting insulin resistance may result in a list of
benefits for women with PCOS, including hormonal, metabolic and ovulatory (and fertility)
improvements (Pasquali and Gambineri 2009). Insulin resistance and decreased antioxidant
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vitamins in PCOS subjects and oxidative stress may be a cause for the progression of PCOS
(Naidu et al. 2013). Insulin resistance may be central to the etiology of PCOS (Diamanti-
Kandarakis and Dunaif 2012).

Insulin receptors have been demonstrated in ovaries (Poretsky et al. 1999; Dunaif
et al. 1995); insulin can stimulate ovarian growth and steroid genesis. Insulin increases
intra ovarian androgens, disrupts normal follicular genesis, causes development of multiple
ovarian cysts and ovarian enlargement (Naidu et al. 2013). It was found that androgens
can directly impair beta cell function by inducing mitochondrial dysfunction in vitro in an
androgen receptor dependent manner. Therefore, the increase in androgens in female rats
can impair glucose-stimulated insulin secretion partly through disruption of pancreatic beta
cell mitochondrial function (Wang et al. 2015).

Control Treated Group

In the control group, the ovary was covered by a single layer of cuboidal epithelium, which
was separated from the underlying ovarian tissue by a layer of collagenous fibres, tunica
albuginea. In the ovarian cortex, the primordial follicles and different forms of growing
follicles (primary and secondary) were seen in the ovarian cortex, underneath the tunica
albuginea. Mature or Graafian follicle was observed; the stroma of the ovary was formed of
connective tissue (interstitial tissue) showing collagen fibres and blood vessels.

Healthy reproductive system requires a balance between free radicals and
antioxidants (Fuijii, luchi and Okada 2005); ovary is a metabolically active organ and, hence,
is under a variety of stresses continuously. Reactive oxygen species (ROS) is released in
connection with follicle rupture and is involved in the process (Sugino et al. 2004). In healthy
condition, oxidative stress (OS) facilitates the following physiological female reproductive
functions: oocyte maturation, folliculogenesis, ovarian steroidogenesis, luteolysis, ovulation,
cyclical endometrial changes, menstruation, tissue remodeling, hormone signaling, tubal
function and germ cell function (Agarwal, Gupta and Sharma 2005a).

Moderate OS levels are required for ovulation. The final stages of oocyte maturation
are associated with fluctuations in cytokines, prostaglandins, proteolytic enzymes, nitric
oxide and steroids; these increase the level of ROS, influencing ovarian blood flow and
eventually facilitating follicle rupture (Agarwal, Gupta and Sharma 2005a).

Reproductive cells and tissues remain healthy when free radical production and
the scavenging antioxidants remain in balance (Agarwal, Gupta and Sharma 2005b).
ROS is controlled and kept at physiological levels within the ovary by various antioxidant
systems, including catalase, vitamin E, glutathione and carotenoids (Agarwal Gupta and
Sharma 2005b). As the levels of ROS become pathologically elevated, antioxidants begin
to work and help minimise the oxidative damage and then repair or prevent it altogether
(Sekhon et al. 2010; Agarwal and Allamaneni 2004a). Imbalance related to increased ROS
or decreased antioxidants causes the oxidative stress, which may lead to anovulation,
dysfunctional oocytes and fertilisation failure (Agarwal et al. 2012).

Polycystic Model Induced by DHEA

DHEA is a weak endogenous steroid hormone (Nippold and Nair 1998; Mo, Lu and Simon
2006) that acts as a precursor in the production of sex hormones (Olech and Merrill 2005). It
is produced in the adrenal glands, and also by the gonads and the brain (Rammouz, Lecanu
and Papadopoulos 2011), where it functions as a metabolic intermediate in the biosynthesis
of the androgen and oestrogen sex steroids (Mo, Lu and Simon 2006).
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Injecting DHEA to mice for 20 days resulted in a significant decrease in the number
of preovulatory follicles and corpora lutea in the ovaries of this group, in comparison to
control. However, there was no significant change in the number of primary, preantral and
antral follicles, while the atretic follicles were higher than in the control group. There was
various degree of atresia, from follicles with nuclear pyknosis to corpus fibrosum. Corpora
lutea were not observed. We conclude that DHEA administration results in increased
ovarian apoptosis and in larger follicle size, thereby producing a characteristic cystic and
atretic appearance in the mouse ovary. The dose used in this study of DHEA is sufficient
to induce hyper-androgenised state, leading to ovulatory defect and formation of follicular
cystin the ovary.

It was found that administration (ip) of DHEA in a dose 6 mg/kg for 20 days, leads
to changes in the follicular and morphological changes of ovary (Oakley et al. 2011). It has
also been proposed that elevated testosterone disrupts the regulation of GnRH secretion
(Zhang et al. 2013).

Some animal studies have shown that androgen suppresses progesterone receptor
(PR) expression in the hypothalamus (Foecking et al. 2008; Lea, Clark and Tsutsui 2001). As
progesterone, down-regulates GnRH secretion by activating progesterone receptor activity
in the hypothalamus (Pastor et al. 1998; Goodman 1996), androgen-mediated suppression
of progesterone receptor expression may ameliorate GnRH secretion. This altered release
of gonadotropins will cause defects in follicle development, leading to failure to ovulate
(anovulation) or be reduced leading to irregular ovulation (oligo-ovulation). The arrested
follicle may thus form a cystic structure, leading to the polycystic ovarian phenotype and
loss of fertility in PCOS (Oakley et al. 2011). PCOS showed that the ovaries contained
numerous ovarian cysts with granulosa cell apoptosis, large number of interstitial cells and
absence of corpora lutea, causing low percentage of cell proliferation in granulosa cells.
The rate of cell proliferation in the theca interna is higher in the PCOS group compared to
the control (Lombardi et al. 2014), facilitating the accumulation of interstitial cells in ovarian
stroma, leading to the persistence of large concentrations of interstitial cells in the ovaries
(Lombardi et al. 2012). Rats with PCOS showed no ovulation, due to the high levels of
estradiol and testosterone produced by interstitial cells, leading to lack of control in the
hypothalamic region with inhibition of pituitary function (Lombardi et al. 2014).

Oxidative stress arises from animbalance between prooxidant molecules generated
from aerobic metabolism and protective antioxidants (Agarwal et al. 2012). Oxidative stress
influences the entire reproductive lifespan of woman. Reactive oxygen species may act as
key signaling molecules in physiological processes, but at excess uncontrolled levels, they
may also mediate pathological processes involving the female reproductive tract (Agarwal,
Gupta and Sharma 2005a; Ruder et al. 2008).

A high free radical state can deplete protective antioxidants, as vitamin E, beta-
carotene, superoxide dismutase and catalase (Rahman 2007). Excessive ROS production
may overpower the body’s natural antioxidant defense system, creating an environment
unsuitable for normal female physiological reactions. This, in turn, can lead to a number of
reproductive diseases as PCOS (Agarwal et al. 2012).

Vitamin E Treated Group

In this study, the vitamin E treated group showed normal appearance of tunica albuginea
covering the ovary; the presence of a number of corpus luteum and few numbers of primordial
follicles were observed. Numerous blood vessels in interstitial tissue among atretic follicles,
and the presence of growing follicle and atretic follicle are observed.
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Mice ovary injected with DHEA and vitamin E showed a decrease in the number
of preovulatory follicles and corpora lutea in the ovaries of this group, in comparison to the
control group. This group (DHEA and vitamin E) shows a similarity as group treated with
DHEA only, in addition to increasing the number of fluid-filled cystic follicles. Corpora lutea
were not observed.

Mice treated with vitamin E after induction of PCOS by DHEA resulted in a
remarkable reduction in atretic follicles, and the presence of intact secondary and mature
follicles; some degenerated and cystic follicle were observed. The germinal epithelium and
stroma of the ovary are normal.

In conclusion, vitamin E could compensate the most adverse effects of DHEA
administration on ovary structure; also, it was seen that the application of vitamin E only
could increase the corpora lutea, the number of primary follicles and improve the main
structural parameters of follicle in the late stages of follicular development.

Antioxidants are molecules that act to stop the chain reaction and preserve the
integrity of the cell. When body cells produce an abundance of ROS or there is a reduction
in the body’s antioxidant defense mechanism, oxidative stress starts (Ozkaya and Naziroglu
2010).

Under normal conditions, antioxidants act to oppose ROS production, scavenge
existing free radicals and promote the repair of ROS-induced damage to cell structures
(Agarwal and Allamaneni 2004b). Antioxidant supplementation increases the activity of
antioxidant enzymes, while decreasing markers of oxidative stress such as malondialdehyde
and lipid peroxides (Mier-Cabrera et al. 2009); also ithas a potential to overcome reproductive
disorders associated with infertility (Agarwal et al. 2012). Therefore, the antioxidant effects
may serve as a therapeutic strategy to improve the level of circulating insulin and insulin
sensitivity in PCOS patients with hyperinsulinemia (Fulghesu et al. 2002). Antioxidant
treatment of PCOS may improve glucose control and peripheral insulin sensitivity and may
reduce parameters of OS in hyperinsulinemic patients (Sekhon et al. 2010).

Nonenzymatic antioxidants, as vitamins E (Sekhon et al. 2010), has the ability
to scavenge ROS and prevent OS and cellular damage (Sekhon et al. 2010; Tahan et al.
2011), and has anti-inflammatory properties (Tahan et al. 2011).

It is suggested that vitamin E acts as a scavenger protecting from peroxidation
reaction (Naidu et al. 2013). Vitamin E is a potent chain breaking lipid soluble antioxidant.
It reacts with lipid peroxyl radicals terminating the peroxidation chain reaction and thereby
reducing oxidative damage (Naidu et al. 2013). Vitamin E, with antioxidant activity, reacts
with lipid radicals produced during lipid peroxidation. This reaction produces oxidised
a-tocopheroxyl radicals that can be transformed back to the active reduced form by
reacting with other antioxidants, like ascorbate, retinol or ubiquinol (Buettner 1993;
Traber and Stevens 2011).

Insulin resistance is predominantly seen in PCOS subjects (Naidu et al.
2013). Insulin resistance is considered the main cause in the pathogenesis of PCOS
(Rosenfield and Ehrmann 2016). Insulin receptors in ovaries (Poretsky et al. 1999; Dunaif
et al. 1995) can stimulate ovarian growth and steroid genesis and increase intra ovarian
androgens, disrupt normal follicular genesis, cause development of multiple ovarian cysts
and ovarian enlargement (Naidu et al. 2013). It has been postulated that elevated insulin
(hyperinsulinemia) is important in the pathogenesis of endocrine abnormality in PCOS.
Lowering insulin levels may produce favourable results in these patients (Baillargeon 2005).

Antioxidant supplementation showed an improvement in insulin sensitivity and
restore redox balance in patients with PCOS (Sekhon et al. 2010). It was found that the
levels of vitamin E was lower in patients with PCOS than in the control group (Hamad,
Ahmad and Rasheed 2011). Ebrahimi et al. (2017) found that vitamin E supplementation for
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12 weeks in PCOS women significantly improved indices of insulin resistance, total and free
testosterone. Vitamin E improved insulin sensitivity and treated inflammation; therefore, it is
the most effective treatment strategy for PCOS subjects (Rahmani et al. 2017). Vitamin E
administration may improve the endometrial response via antioxidant and the anticoagulant
effects, which may increase the blood supply to the follicles and the proliferating granulosa
cells (Cicek et al. 2012). Vitamin E significantly improved gene expression of lipoprotein
a [Lp(a)] and oxidised low-density lipoprotein (Ox-LDL), lipid profiles and biomarkers
of oxidative stress (Rahmani et al. 2017). Therefore, vitamin E has a good potential as
alternative therapy in the treatment of PCOS.

There is an increase in inflammatory cytokines in PCOS subjects resulting
in increased risk for the development of infertility (Pawelczak et al. 2014). Vitamin E
supplementation in rats may significantly decreased gene expression of tumour necrosis
factor alpha (TNF-a) (Monteiro et al. 2012). Vitamin E can decrease gene expression related
to inflammatory signaling pathways through specific enzymes involved in signal transduction
modulation such as protein kinase C, phosphatidylinositol 3-kinase, lipoxygenases,
phospholipase A2 and diacylglycerol kinase (Azzi et al. 2004).

Clomid Treated Group

In this study, clomid produces an increase in the number of fluid-filled cystic follicles. The
ovaries contained significant large antral follicle; there were significantly less mature and
ovulated follicles. The presence of Graafian and corpora lutea indicates imminent and
recent ovulation. The ovaries of the mice showed a thick tunica albuginea, scarce primary
and growing follicles and numerous atretic follicles. The tertiary follicles were considerably
distended and cystic (polycystic ovaries). The granulosa and theca cells appeared normal.
Some stroma cells were hypertrophied. The ovaries showed a high number of atretic follicles.
The germinal epithelium showed abnormal structure including the appearance of many
degrees of invaginations along its surface. The cuboidal cells of the germinal epithelium
became flattened with deeply stained nuclei and lost their arrangement.

Clomiphene citrate is a selective oestrogen-receptor modulator; it induces ovulation
by inhibiting negative endogenous oestrogen feedback on the hypothalamic pituitary axis,
resulting in an increase in follicle-stimulating hormone (FSH) secretion, follicular growth and
ovulation (Homburg 2005). Clomid is used mainly in female infertility (Palomba et al. 2006).
The use of clomid for ovulation induction continues to be the first-line therapy for most
etiologies of female infertility (Frattarelli and Dempsey 2004).

Clomid is a non-steroidal compound, has a remarkable structural similarity to
oestradiol (E2), which enables it to bind to E2 receptors in various tissues such as the
hypothalamus, hypophysis, ovaries and the uterus and cervix. Clomid induces ovulation,
by binding to the E2 receptors in the hypothalamus to create a state of hypoestrogenicity,
causing an enhanced gonadotrophin-releasing hormone (GnRH), the increased secretion
of gonadotrophins induces ovulation (Usadi and Fritz 2008).

It was reported that clomid treatment caused ovarian enlargement; induced
degenerative effects in the ovary (Duran and Raja 2007). The ovarian stroma contained
large number of vacuoles, atretic follicles of different sizes and congested blood vessels;
also, abnormal Graafian follicles appeared with enlarged antrum and degenerated zona
pellucid, with a decrease in the number of ovarian follicles and an increase in atretic ones
(Lamfon and Al-Matrafi 2013).

After treatment with DHEA followed by clomid, the ovary showed large number of
degenerated follicles. The cuboidal cells of the germinal epithelium became flattened with
deeply stained nuclei and lost their arrangement. The ovarian stroma contained a large
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number of vacuoles and atretic follicles of different sizes. Some abnormal Graafian follicles
appeared with enlarged antrum and degenerated zona pellucid. The number of small,
medium and large follicles decreased. Conversely, the number of atretic follicles showed a
significant increase.

Administration of clomid alone in this study, produces its adverse effect on the
histological analysis of ovary. Therefore, clomid did not ameliorates PCOS induced by
DHEA.

DHEA Followed No Treatment

This group showed similar effect of DHEA administration as observed in Group 2, the DHEA
treated group. Working on experimental animal model for disease could be reversed back to
normal by time without treatment; Group 8 showed that irreversible PCOS histology and the
improvement seen by vitamin E treatment after DHEA administration was due to vitamin
E effect.

CONCLUSION

DHEA administration produce PCOS changes in ovary. Clomid in the dose used produce
its adverse effect and it did not improve PCOS induced by DHEA. Vitamin E ameliorate
the PCOS to nearly the normal. Vitamin E showed marked recovery of the ovarian tissue
with the presence of many follicles in the various stages of development, indicating normal
oogenesis. The follicles showed normal granulosa layer with defined thecal layers. The
presence of corpora lutea was also seen, indicating that vitamin E treatment restore normal
estrous cycle.
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