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ABSTRACT

Polycystic Ovarian Syndrome (PCOS), an endocrine disorder with the association of hyperandrogenism and
anovulation, is the most common reproductive disorder in women. The condition further generates a constellation
of different metabolic abnormalities worsening the situation more. The current treatment strategy for PCOS is
rather symptomatic including drug therapy like anti-diabetic, anti-hirsutism, ovulation-inducing agents and others.
However, in the past few years, there had been extensive studies on finding exact pathogenesis of PCOS and
developing drugs that are curative rather than just being symptomatic. A few drugs which act as GnRH antagonist
are under clinical trials for PCOS treatment. Also, NK3 receptor, extrasynaptic GABAA receptors are few other
novel targets that are under investigation. An overview of pathogenesis, symptoms, treatment strategy and some
novel targets has been presented in this paper.

KEYWORDS: Polycystic Ovarian Syndrome, PCOD, NK3 Receptor, Extra synaptic GABAA receptor, Anti-

Mullerian Hormone, Atrial Natriuretic Peptide, Stress.

INTRODUCTION

The polycystic ovarian syndrome is one of the most
common endocrine disorders among women of
reproductive  age  with  the  association  of
hyperandrogenism and chronic anovulation in its most
typical form. It is one of the most common metabolic and
reproductive disorders and the most frequent cause of
anovulation and hirsutism. Women plagued by PCOS are
present with an array of symptoms associated with
menstrual dysfunction and androgenic hormone excess,
which significantly impacts their quality of life. Patients
might also be at redoubled risk of multiple morbidities,
including obesity, insulin resistance, Type Il diabetes
mellitus, cardiovascular diseases (CVD), infertility,
cancer, and psychological disorders. It is a condition that
occurs in approximately 5 to 10 percent of women of
childbearing age.*™

The well-accepted clinical definition of polycystic
ovarian  syndrome is the association  of
hyperandrogenism with chronic anovulation in women
without specific underlying diseases of the adrenal or
pituitary glands.!! Not all the women with PCOS exhibit
all of the symptoms and each symptom can vary from
mild to severe. Many women only experience menstrual
problems and/or are unable to conceive. Common
symptoms of PCOS include oligomenorrhea or
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amenorrhea, infertility, acne, hirsutism and obesity.!>*!

The onset of PCOS also increases chances of developing
other health problems in later life. For example, women
with PCOS are at a higher risk of developing Type Il
Diabetes (a lifelong condition that causes a person’s
glucose level to become too high), depression and mood
swings (because the symptoms of PCOS may have an
impact on one’s confidence and self-esteem), high blood
pressure and high cholesterol (which can lead to heart
disease and stroke), sleep apnoea (overweight women
may also develop sleep apnoea, a condition that causes
interrupted breathing during sleep), endometrial cancer
(women with absent or irregular menstruation for many
years have a higher than average risk of developing
cancer of the uterine lining)."!

The pathogenesis of some complications has been
studied and suggested in some of the studies. Some of
them are:

Obesity in PCOS: Some possible reasons hypothesized
for obesity in PCOS patients are-1) Mutations in the
peroxisome proliferator-activated receptor-y (PPAR- y)
gene.®” 2) Reduced secretion of the gastrointestinal
satiety peptide cholecystokinin and dysregulated
secretion of the appetite-regulating gut hormone ghrelin
that is independent of diet.[*®
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Insulin Resistance in PCOS: A few possible reasons
hypothesized for insulin resistance in PCOS patients are,
post binding decrease in the phosphorylation of the
tyrosine residues and an increase in the phosphorylation
of the serine residues of the intracellular domain of the
insulin receptor cause resistance to insulin’s metabolic
actions.” Elevation in serine phosphorylation enhances
the activity of CYP,45,C17, the key enzyme of adrenal
and ovarian steroid synthesis is also a possible cause of
insulin resistance.™™"

The pathophysiology of PCOS has not been vyet
completely established however many different
mechanisms ultimately give rise to the cluster of
complications associated with PCOS. Despite the
heterogeneity of clinical presentations of women with
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polycystic ovaries, there is a common thread of
biochemical features that are associated with the
spectrum of symptoms and signs. The endocrine
hallmarks are hyperandrogenemia and hypersecretion of
luteinizing hormone. However, abnormal gonadotropin
secretion is a result, rather than the cause, of ovarian
dysfunction.!

Clinical and in vitro studies of human ovarian theca cells
provide evidence regarding dysregulation of the rate-
limiting enzyme in androgen biosynthesis, cytochrome
P-450c17a, which catalyzes both 17a-hydroxylase and
17, 20-lyase activities that may lead to PCOS.M! Some
important conversions in this regard are indicated in
scheme I:
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Scheme I: Hormonal imbalance in PCOS.

Pathogenesis of PCOS!?

In normal conditions, mechanism, as illustrated in scheme 11, is followed for oocyte development and maturation,

GnFE.H

|

Anterior
Fituitary

I T e
\

|
CoD—>

Thaca
Cells

l Desmolase 7-o-hydroxylase I

=

Granulosza
Cells

l Aromatasze |

MMaturation and
Development
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However, in PCOS, this physiology is altered due to
increased levels of LH. As a result, it raises androgen
levels leading to hirsutism. This increased androgen
triggers adipose leading to increased estrone secretion.
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Also, decreased estradiol leads to cystic degeneration of
follicles. The aftermath of increased LH levels are
summarized in the flowchart below in scheme I1I:
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Scheme I11: Aftermath of increased levels of LH.

PCOS and other complications: An Inter-relation**4
PCOS has been found to be related to several other
metabolic disorders owing to the underlying cause of
androgen increase. The inter-relation can be observed in
between three organs, the Pituitary gland, Adipose tissue,

and Ovaries. A cascade of interrelating diseases is
followed once there is an androgen excess in body,
especially in ovary. The flowchart below (scheme V)
represents different inter-related disease conditions in
PCOS.
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Scheme 1V: Inter-relation of PCOS and other metabolic disorders.
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DIAGNOSIS of PCOS
The diagnosis of PCOS depends on several criteria.
Three different sets of diagnostic criteria as prescribed

European Journal of Biomedical and Pharmaceutical Sciences

by the National Institutes of Health (NIH), Rotterdam
and the Androgen Excess and PCOS Society (AE-PCOS
Society) are being summarized below:

NIH 1990

Goth of the following:

(1) Chronic anovulation

documented bv oligo-or

amenorrhea

(i1} Clinical biochemical
signs of
hvperandrogenism

Rotterdam
2003

AE-PCOS
Society 2006

(i)

(ii)

(iii)

Both of the following: \
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hvperandrogenism
Polvevstic ovaries (by
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(i1} Atleast one of the

following*: ovarian
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\
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Figure 1: Diagnostic Criteria for PCOS.

PCOS is also acknowledged as a metabolic disorder.
Cardiometabolic features of PCOS can be summarized as
visceral obesity, insulin resistance, and
hyperinsulinemia, risk of type Il diabetes, disturbed
secretion  from  adipocytes  (adipokines,  pro-
inflammatory, and  macrophage-derived  factors),
dyslipidemia, vascular  endothelium  dysfunction,
prothrombotic state, atherosclerosis.®

Table 1: Diagnostic Phenotypes of PCOS.

The different diagnostic criteria create several
phenotypes of PCOS. For simplification, these
phenotypes were divided into four diagnostic groups
namely phenotype A, phenotype B, phenotype C,
phenotype D as summarized in Table 1:[5%

Phenotype A NIH PCOS: hyperandrogenism and oligo/anovulation with PCO

Phenotype B NIH PCOS: hyperandrogenism and oligo/anovulation without PCO

Phenotype C Non-NIH PCOS: hyperandrogenism with PCO but with normal ovulation

Phenotype D Non-NIH PCOS: no hyperandrogenism but with oligo/anovulation and with PCO
CURRENT STATUS OF TREATMENT of anovulation seen in PCOS. It is a selective estrogen
STRATEGY receptor modulator (SERM) that binds to and acts as an

There is currently no permanent cure for PCOS. For
women with PCOS not seeking pregnancy, combined
oral contraceptive pills (OCPs) are the first line of
treatment. These pills regulate the menstrual cycle and
decrease the production of adrenal androgens. A healthy
lifestyle helps to control associated health conditions
such as obesity, cardiovascular disease, and infertility.
Hirsutism is treated using OCPs along with anti-
androgen. Laser-hair removal is also a way of controlling
hirsutism among PCOS patients.™®!

Conventional targets for treatment line of PCOS can be
stated as Ovulation Inducing Agents, Antiandrogens,
Oral Contraceptives, Insulin Sensitizing Agents, Anti-
Hirsuitics and Lipid-Lowering Agents.

OVULATION INDUCING AGENTS

Clomiphene Citrate (1): Clomiphene citrate is
considered as the first-line treatment for the management
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estrogen antagonist at the Hypothalamo pituitary
estrogen receptors. It thus abrogates the estrogen-
mediated suppression of pituitary gonadotropins which
leads to an increase in the endogenous release of follicle-
stimulating hormone (FSH) which is responsible for
initiating and maintaining ovarian follicle recruitment,
growth, and subsequent ovulation.”

ANTI-ANDROGENS

Spironolactone (2): It is an aldosterone antagonist used
as an antihypertensive and potassium-sparing diuretic. Its
use in the treatment of PCOS comprises mechanisms of
action that include a reduction of adrenal gland
testosterone production by depleting  microsomal
cytochrome P-450, the competitive inhibition of the
androgen receptors in target tissue, and the inhibition of
5-alpha reductase (the enzyme responsible for the
conversion of testosterone into more potent
dihydrotestosterone [DHT])."
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ORAL CONTRACEPTIVES
Desogestrel (3) is used in PCOS due to its low
androgenic effects.®!

INSULIN SENSITIZING AGENTS

Metformin (4): A safe and well-tolerated drug of proven
efficacy in the management of type 2 diabetes,
metformin is one of the insulin-sensitizing drugs mostly
used in the management of PCOS. Its mechanism of
action includes a metabolic pathway through decrease in
hepatic gluconeogenesis via activation of the AMP-
kinase pathway.!*")

ANTI-HIRSUITICS
Eflornithine hydrochloride (5) inhibits enzyme
ornithine decarboxylase in human skin. Its topical
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application slows down the growth of hair in treated
areas.’]

LIPID LOWERING AGENTS

Women with PCOS are often observed with elevated
serum LDL and triglycerides and suppressed high-
density lipoprotein levels. Statins like Simvastatin (6)
inhibit cholesterol biosynthesis, decreasing circulating
LDL cholesterol, thus reducing cardiovascular risks
associated with PCOS. Statins are also found to inhibit
ovarian theca-interstitial cell proliferation and ovarian
steroidogenesis in vitro, thus hold potential for

improving the hyperandrogenemia of PCOS.M"!

(6)

Figure 2: Currently used drugs in the treatment of PCOS.

DRUGS IN CLINICAL TRIALS

Though there are specific medications developed for
targeting irregular or no ovulation, acne, excess facial or
body hair, mood swings and other symptoms of PCOS
individually, there doesn’t really exist one single therapy
that reliably addresses the array of symptoms observed in
PCOS. Hence, there is always much interest when a new

drug in the research and development phase holds
promise for a broader positive impact on women with
PCOS. Different herbal plants and certain chemical
entities had been subjected to clinical research for their
applicability in the treatment of PCOS. Among
allopathic medicines, drug shown in Table 2 are under
clinical trials:

Table 2: Synthetic Drugs in Clinical Trials (as reported in the year 2017).

Drug Name/ Code | Category Proposed Mode of Action
MLE4901 NK-3 Receptor Antagonist Downregulation of LH
Elagolix Gonadotropin Receptor Antagonist Downregulation of GhRH

SYNTHETIC DRUGS IN CLINICAL TRIALS FOR
PCOS TREATMENT

Elagolix

Elagolix (7) is agonadotropin-releasing hormone
antagonist (GnRH antagonist) medication that is used in
the treatment of pain associated with endometriosis in
women. It is also under development for the treatment
of uterine fibroidsin women. The pharmaceutical
company behind this compound, Neurocrine (in
collaboration with Abbvie), has also suggested a variety
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of other women’s health conditions that the drug could
benefit, including PCOS. However, its effect on the
release of GnRH would shut down the complete
reproductive axis which may lead to severe
consequences. Hence, as reported in literature, the
studies are being carried out to minimize the side
effects. 182!
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MLE4901

The compound MLE4901, now known as Pavinetant
(8), was initially undertaken for trials as a treatment for
schizophrenia. It was then identified as a downregulator
of LH. It was identified as an orally active, selective
neurokinin-3  (NK3) receptor antagonist  which
downregulated LH secretion selectively, not shutting
down the whole reproductive axis, which would
otherwise create a pseudo-menopausal state. It was
initially developed by AstraZeneca, as compound
AZD4901. Phase | studies explored the safety of the
drug. Phase Ila study, done by AstraZeneca, established
the drug’s efficacy when compared to placebo. The
AZD4901 Phase lla study included 65 women of age 18-
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HERBAL DRUGS IN CLINICAL TRIALS FOR
PCOS TREATMENT

With increasing interest in herbal medications, there has
been a vast exploration of herbal drugs which can be
promising for the treatment of PCOS. Few of them are
enlisted below in Tables 3 and 4.4

According to the evidence, herbal extracts containing
phytoestrogens can effectively help in decreasing
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40 with PCOS. A randomized double-blinded trial was
conducted with the primary outcome of looking at the
ratio of LH concentrations after 7 days of treatment,
compared to baseline. The placebo and lower two
treatment doses showed no significant difference from
baseline to day 7. The third arm, though, with 40mg
AZD4901 twice daily, demonstrated a statistically
significant 46.4% decrease in the LH concentration. It
was then taken up by another pharmaceutical company
Millendo Therapeutics, Inc., which conducted Phase Il
trials. However, In November 2017, development of the
medication for hot flashes and PCOS was terminated
after its developer assessed the clinical risks and
benefits. 11822

(8)
Figure 3: Synthetic Drugs in Clinical Trials for PCOS.

androgen levels, insulin resistance, and ovary weight as
well as in increasing ovulation rate. Therefore, these
plants and their phyto-constituents (Tables 3 and 4) can
be partially effective in PCOS by altering the serum
levels of different hormones and ovarian weight and
morphology thus presenting an opportunity to investigate
and discover new bioactive products.

Table 3: Medicinal Plants in Clinical Studies (Human Trials).

Medicinal plants (Scientific Famil Mechanism Outcomes
& English Name) y of action
Reduced levels of total and free testosterone in M.
. . . spicata treated group after 1-month treatment
Mentha spicata/ Spearmint Lamiaceae Not clear increased ESH and LH, and decrease in degree of
hirsutism.?*)
Cinnamomum zeylanicum/ Improved insulin Significant reduction in insulin resistance in C.
. Lauraceae e . [26]
Cinnamon sensitivity zeylanicum treated group.
Grifola frondosa/ Maitake or - Improved insulin Observation of ovulation induction in the patients
Meripilaceae e [27]
Hen-of the-wood sensitivity of all groups.
Trigonella Foenum-graceum/ . Improved insulin A decrease in the polycystic ovaries and
Leguminosae o . ; [28]
Fenugreek sensitivity improvement of menstrual cycle in the women.
Decreased levels of estrogen
Phoenix dactylifera/ Date _ and LH, increased levels Qf progesterone and FSH,
Arecacae Anti-androgen decreased number of cystic follicles, increased
palm - . .
number of primary and antral follicles and Grafian
such as corpus luteum.?’)
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Table 4: Medicinal Plants in Pre-clinical Studies (Animal Studies).

Medicinal plants (Scientific Eamil Mechanism Outcomes
& English Name) Y of action
Punica granatum L. Lvthraceae Antioxidant Improvement in the levels of testosterone,
Pomegranate Juice Y property androstenedione, and estrogen in the treated groups.™”
. Antiandrogen And | Regulation of menstrual cycle and increasing uterus
Cocos nucifera Coconut palm | Arecaceae Ph 2 Bl
ytoestrogen weight.
Pergularia daemia A Management Normalization of the irregular menstrual cycle in patients
Trellis — vine pOCYnaceas | o obesity with PCOS after treatment with the extract.*
Significant decrease in serum LH levels, decrease in the
Camellia sinensis Theaceae Antioxidant body’s and ovarian weight and insulin resistance; changes
Green Tea property in the number of follicles and the thickness of theca layer
in histomorphometric studies.*
Improving the estrous cycle and exerting
Bambusa vulgaris Poaceae Antioxidant and hypolipidemic and hypoglycemic effects. Decreasing
Bamboo anti-diabetic blood glucose and the levels of cholesterol, LDL, and
triglyceride, improving cystic ovaries and ovulation.?"
100 mg/kg of soybean significantly changed PCOS
. Antiandrogen, symptoms through the body’s weight loss and reducing
Glycine max L .
Soybean Fabaceae Phy_toe_strogen, testosterone, the activities of 3 beta-hydrpxystermd
Antioxidant dehydrogenase and 17beta-hydroxysteroid dehydrogenase,
and oxidative stress.”*

NOVEL TARGETS FOR PCOS TREATMENT

The occurrence of PCOS is a combined result of
malfunctioning of the endocrine system and reproductive
system. However, in recent years, a relationship between
insulin levels and androgen synthesis has been
established at the level of genetic interaction. Several
other aspects of interrelation in different organ
malfunctioning leading to PCOS have been unfolded in

Table 5: Novel Targets for PCOS Treatment.

the past years. Table 5 below enlists few targets, widely
studied for PCOS:

Target Category Relation With PCOS

Anti Mullerian Hormone Hormone Increased AMH leads to Hyperandrogenism
Prevents ovarian cell apoptosis by forming

Atrial Natriuretic Peptide Hormone NPRA/PGRMCI1/EGFR complex, prevents
ovarian cell degradation in PCOS.
An important enzyme in steroidal biogenesis,

CYP45017A1 Enzyme dysregulation of enzyme activity (increase in
activity) leads to hyperandrogenism

Neurokinin-3 Receptor (NK3R) Receptor Hypothalamic regulation of GnRH release
Activation of hypothalamic arcuate nucleus

GABAA Receptor GABA neurons promotes LH secretion and
reproductive dysfunction.

ANTI-MULLERIAN HORMONE

Anti-Mullerian hormone (AMH) is also known as the
Miillerian-inhibiting hormone (MIH). It is
a glycoprotein hormone structurally related to inhibin
and activin from the transforming growth factor
beta superfamily, whose important roles are in growth
differentiation and folliculogenesis.**3"!

In PCOS, there is an increase in AMH levels by nearly
two to three times higher than normal. This is attributed
to the increased follicle count number characteristic of
PCOS, indicating an increase in granulosa cells since
they surround each individual egg. However, increased
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AMH levels have also been attributed to an increased
amount of AMH produced per follicle.?**"

It has been found that the serum AMH level helps in
early and accurate diagnosis of antral follicles in the
ovary. Therefore, in cases where ultrasonography is not
possible, AMH can be incorporated as the diagnostic
parameter. 374!

The high levels of androgens, which are a characteristic
of PCOS, also stimulate and provide feedback for
increased production of AMH. In this way, AMH can be
considered to be a tool or biomarker that can be used to
diagnose or indicate PCOS.
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A strong inverse relationship has been observed between
AMH and estrogen levels in serum. AMH can decrease
aromatase activity leading to dysregulation of
steroidogenesis. ™"

AMH is also found to reduce the number of LH receptors
in granulosa cells, also an FSH induced process. Thus, it
is established that AMH is involved in the regulation of
follicle growth initiation and in the threshold for follicle
FSH sensitivity.?

Studies suggest that AMH levels ultimately regulate the
release of GnRH.[*! In future, AMH may prove not only
as a diagnostic tool for PCOS but also a potential target
for treatment of the same.

ATRIAL NATRIURETIC PEPTIDE

Atrial natriuretic peptide (ANP) (H,N-Ser-Leu-Arg-Arg-
Ser-Ser-Cys-Phe-Gly-Gly-Arg-Met-Asp-Arg-lle-Gly-
Ala-GIn-Ser-Gly-Leu-Gly-Cys-Asn-Ser-Phe-Arg-Tyr-
COOH, Disulfide bridge:7-23) is a small peptide with
natriuretic and diuretic functions, and its availability to
be used in PCOS treatment is not completely known.
However, in a study conducted by Zheng et al.l, the
potential role of ANP in reversing PCOS was identified.

It was found that the serum ANP level decreased in
PCOS patients and also in the RU486-induced
(Mifepristone induced) PCOS rats by ELISA assay.
Also, through in vivo and in vitro experiments, it was
found that ANP positively regulated the ovarian
functions by promoting proliferation and inhibiting
apoptosis of ovarian granulosa cells. The data suggested
that ANP may be a potential therapeutic target for PCOS.

European Journal of Biomedical and Pharmaceutical Sciences

ANP promotes the growth and inhibits the apoptosis of
ovarian granulosa cells by the formation of
NPRA/PGRMCIL/EGFR complex. It was studied that
ANP upregulated NPRA (Natriuretic Peptide Receptor
A) expression and promoted proliferation and inhibited
apoptosis and co-expression of NPRA and PGRMC1
(Progesterone Receptor Membrane Component 1) in
human ovarian granulosa cells and ovarian tissues of
PCOS rats. Furthermore, inhibition of PGRMC1
expression by RU486 could be restored by addition of
ANP. The above data suggest the co-existence of
molecular interaction between NPRA and PGRMC1.
EGFR (Epidermal Growth Factor Receptor) plays an
important role in cell growth and differentiation and is
involved in many reproductive processes, including
implantation.

RU486 decreased the formation of
NPRA/PGRMCI1/EGFR complex. However, ANP could
reverse the effects of RU486 on complex formation. The
NPRA/PGRMCL/EGFR complex was further found to
activate the MAPK/ERK signaling pathway and induced
transcription factor AP1 expression and activation, which
facilitated proliferation and inhibited apoptosis of
granulosa cells.[**4!

These findings thus demonstrate that ANP improves
ovarian functions via the NPRA/PGRMCI1/EGFR
complex, which is involved in the pathogenesis and
treatment strategy of PCOS. Therefore, ANP can be a
novel option as a non-steroid hormonal drug for PCOS
treatment.

RU486

™

NPRA

ANP @

<

PGRMC1

EGFR

Granulosa Cells

Increased Proliferation and
Decreased Apoptosis of Ovarian

Figure 4: Effect of ANP on Ovarian Granulosa Cells.

CYP017A1
Cytochrome P450cl7 (CYP17A1l) is the rate-limiting
enzyme for the formation of androgens in the gonads and

www.ejbps.com

in the adrenal cortex. Its expression is totally dependent
upon tropic hormone stimulation, LH in the ovary and
ACTH in the adrenal cortex in a dose-dependent manner.
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This one enzyme possesses both 17-hydroxylase and 17,
20-lyase activities. The 17a-hydroxylase activity of
CYP17A1 is required for the  generation
of glucocorticoids such as cortisol, but both the
hydroxylase and 17,20-lyase activities of CYP17A1 are
required for the production
of androgenic and estrogenic sex steroids by converting
17a-hydroxypregnenolone to dehydroepiandrosterone
(DHEA).[#647

Dysregulation of steroidogenesis especially at the level
of the 17-hydroxylase/17, 20-lyase activities of P450c17,
constitutes two-thirds of PCOS. Increased P450c17 gene
expression and enzymatic activity in ovarian theca cells
in women with PCOS as well as increased
transactivation of the CYP17 promoter has been
previously reported. Moreover, it was also revealed that
CYP17 expression is dysregulated at the level of MRNA
stability in PCOS theca cells. Thus this particular
enzyme can be studied and investigated further to
develop a potential target for treatment of PCOS.[*®!

NEUROKININ-3 RECEPTOR

The regulation of GnRH release in the body is governed
through a complex network of neurotransmitters and
neuropeptides from CNS and hypothalamus. Neurokinin-
3 and kisspeptin are two such neuropeptides that have
emerged as important in modulating the tonic pulsatile
gonadotropin-releasing hormone (GnRH) release. NK3R
is expressed on the so-called Kkisspeptin-NKB-Dyn
(dynorphin A) neurons (KNDy neurons for short) located
in the hypothalamic arcuate nucleus (ARC). An increase
in GnRH leads to binding of NKB to NK3R (on KNDy
neurons) thus inducing kisspeptin secretion, which acts
on GPR54 (on GnRH neurons) with attendant impact on
the GnRH pulse regulator.?24%

Based on this hypothesis, Hovyeda et.al developed a
novel N-acyl triazolopiperazine derivative as an NK3
receptor  antagonist.  Further  optimization and
pharmacokinetic and pharmacodynamic studies of
developed compounds gave a novel NK3 receptor
antagonist.>%4

The compound has been named Fezolinetant (9) which
is under development by Ogeda. As of March 2018, it
has completed phase Ila clinical trials for PCOS.

©)
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GABA RECEPTOR

The pathogenesis of PCOS has been a matter of debate
for a long time now. Whether the syndrome arises due to
abnormalities in brain or in ovaries is still controversial.
However, in the past few decades, the role of brain
especially the HPG axis has been extensively studied.
After NK3 receptor, another receptor found to have
control over GnRH release is GABA. GnRH neurons
have been found sensitive to tonic GABAergic signaling
which is modulated by 4,5,6,7-tetrahydroisoxazol0[5,4-
c]pyridine-3-ol (THIP). THIP is an agonist with highest
selectivity and efficacy for & containing GABAa
receptors. This indicates an involvement of & containing
GABA, receptors in GnRH regulation. Extra synaptic
GABA, receptors have been indicated to be
pharmacologically and functionally distinct from their
synaptic counterparts.®2*?

It was initially unclear whether GABA had an excitatory
or inhibitory effect on GnRH neurons. However, the
most recent studies regarding the effects of endogenous
GABA release on GnRH neurons indicate that the
predominant action is that of excitation.**®!

Recently, a study by Silva et. al demonstrated the role of
GABA neurons of the arcuate nucleus in hypothalamus
in increasing LH levels and causing reproductive
dysfunction. The study conducted on PRN mice proved
that ARN GABA neurons played an important role in
regulation of HPG axis and chronic activation of GABA
neurons gave PCOS like symptoms.©®! Thus, with proper
investigations, GABAA receptor can also be an option
for therapy of PCOS.

CONCLUSIONS

Polycystic Ovarian Syndrome is gaining wide attention
due to its increasing prevalence in women. The strategies
conventionally available for the treatment of PCOS are
rather symptomatic, treating a single complication
associated with PCOS at a time. Also, long-term therapy
with these drugs leads to severe consequences of adverse
effects. Newer and novel treatment strategies are an
ardent need for the treatment of PCOS. A single drug
entity that could give the best possible outcomes at
suitable doses is required to be developed.

Drug discovery data in the past few years reveals that not
much development has occurred in this field. Thus, a
wide scope for the discovery of new and novel molecules
for the treatment of PCOS is available. With the
advances in drug development strategies, a
comparatively superior drug molecule can be developed
that provides a selectively targeted activity. Currently,
NK-3 receptor, GnRH and several other targets are being
seen as a potential target for PCO treatment. More is still
required to be investigated in this field for development
of a novel drug for PCOS treatment.

139



Shaikh et al.

REFERENCES

1.

2.

10.

11.

12.

13.

Franks, S. Polycystic Ovary Syndrome. N. Engl. J.
Med., 1995; 333(13): 853-862.

El Hayek, S.; Bitar, L.; Hamdar, L. H.; Mirza, F. G,;
Daoud, G. Poly Cystic Ovarian Syndrome: An
Updated Overview. Frontiers in Physiology. 2016.
https://doi.org/10.3389/fphys.2016.00124.

Radosh, L. Drug Treatments for Polycystic Ovary
Syndrome. American Family Physician, 2009.
Williams, T.; Mortada, R.; Porter, S. Diagnosis and
Treatment of Polycystic Ovary Syndrome. Am. Fam.
Physician, 2016; 94(2): 106-113.

Boyle, J.; Teede, H. J. Polycystic Ovary Syndrome:
An Update. Aust. Fam. Physician, 2012,

Baldani, D. P.; Skrgatic, L.; Ougouag, R. Polycystic
Ovary Syndrome: Important Underrecognised
Cardiometabolic Risk Factor in Reproductive-Age
Women. International Journal of Endocrinology,
2015. https://doi.org/10.1155/2015/786362.

Antoine, H. J.; Pall, M.; Trader, B. C.; Chen, Y. D.
l.; Azziz, R.; Goodarzi, M. O. Genetic Variants in
Peroxisome Proliferator-Activated Receptor Gamma
Influence Insulin Resistance and Testosterone
Levels in Normal Women, but Not Those with
Polycystic Ovary Syndrome. Fertil. Steril, 2007
87(4): 862-869.
https://doi.org/10.1016/j.fertnstert.2006.10.006.
Lindén Hirschberg, A.; Naessén, S.; Stridsberg, M.;
Bystrom, B.; Holte, J. Impaired Cholecystokinin
Secretion and Disturbed Appetite Regulation in
Women with Polycystic Ovary Syndrome. Gynecol.

Endocrinol, 2004; 19(2): 79-87.
https://doi.org/10.1080/09513590400002300.
Diamanti-Kandarakis, E.; Dunaif, A. Insulin

Resistance and the Polycystic Ovary Syndrome
Revisited: An Update on Mechanisms and
Implications. Endocr. Rev., 2012; 33(6): 981-1030.
https://doi.org/10.1210/er.2011-1034.

Zhang, L. H.; Rodriguez, H.; Ohno, S.; Miller, W. L.
Serine  Phosphorylation of Human P450C17
Increases 17,20-Lyase Activity: Implications for
Adrenarche and the Polycystic Ovary Syndrome.
Proc. Natl. Acad. Sci. U. S. A., 1995; 92(23):
10619-10623.
https://doi.org/10.1073/pnas.92.23.106109.
Gilling-Smith C, Willis D S, Beard R W, F. S.
Hypersecretion of Androstenedione Ovaries by
Isolated Thecal Cells from Polycystic Ovaries.
Endocrinol. Metab. 2007, No. March, 1158-1165.
https://doi.org/10.1210/jc.79.4.1158.

Feili, A. Polycystic Ovarian Syndrome (PCOS) -
Made Easy - YouTube
https://www.youtube.com/watch?v=-DHUiObuX5s
(accessed Sep 16, 2019).

Dumesic, D. A.; Oberfield, S. E.; Stener-Victorin,
E.; Marshall, J. C.; Laven, J. S.; Legro, R. S.
Scientific Statement on the Diagnostic Criteria,
Epidemiology, Pathophysiology, and Molecular
Genetics of Polycystic Ovary Syndrome. Endocr.
Rev., 2015; 36(5): 487-525.

www.ejbps.com

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

European Journal of Biomedical and Pharmaceutical Sciences

https://doi.org/10.1210/er.2015-1018.

. Rasgon, N. The Relationship between Polycystic

Ovary Syndrome and Antiepileptic Drugs: A
Review of the Evidence. Journal of Clinical
Psychopharmacology, June 2004; 322-334. https:
//doi.org/10.1097/01.jcp.0000125745.60149.c6.
Moran, L.; Teede, H. Metabolic Features of the
Reproductive Phenotypes of Polycystic Ovary
Syndrome. Hum. Reprod. Update, 2009; 15(4):
477-488. https://doi.org/10.1093/humupd/dmp008.
Barthelmess, E. K.; Naz, R. K. Polycystic Ovary
Syndrome: Current Status and Future Perspective.
Frontiers in Bioscience - Elite, 2014; 104-119.
Lathief, S.; Pal, L. Advances in Treatment Options
for Polycystic Ovary Syndrome. US Endocrinol,
2012; 8(1): 57-64.
https://doi.org/10.17925/USE.2012.08.01.57.
Kudesia, R. A New Treatment for PCOS? - PCOS
Diva https://pcosdiva.com/2017/02/new-treatment-
for-pcos/ (accessed Sep 16, 2019).

Chen, C.; Wu, D.; Guo, Z.; Xie, Q.; Reinhart, G. J.;
Madan, A.; Wen, J.; Chen, T.; Huang, C. Q.; Chen,
M.; et al. Discovery of Sodium R-(+)-4-{2-[5-(2-
Fluoro-3-Methoxyphenyl)-3-(2-Fluoro-6-
[Trifluoromethyl]- Benzyl)-4-Methyl-2,6-Dioxo-
3,6-Dihydro-2H-Pyrimidin-1-Y1]-1-
Phenylethylamino}butyrate (Elagolix), a Potent and
Orally Available Nonpeptide Antagonist of the
Huma. J. Med. Chem., 2008; 7478-7485.

Ezzati, M.; Carr, B. R. Elagolix, a Novel, Orally
Bioavailable GnRH Antagonist under Investigation
for the Treatment of Endometriosis-Related Pain.
Women'’s Heal., 2015; 11(2): 19-28.
https://doi.org/10.2217/WHE.14.68.

Navarro, V. M. Interactions between Kisspeptins
and Neurokinin B. Adv. Exp. Med. Biol., 2013; 784:
325-347. https://doi.org/10.1007/978-1-4614-6199-
9 15.

Rance, N. E.; Krajewski, S. J.; Smith, M. A
Cholanian, M.; Dacks, P. A. Neurokinin B and the
Hypothalamic Regulation of Reproduction. Brain
Research, December 10, 2010; 116-128.
https://doi.org/10.1016/j.brainres.2010.08.059.
Malherbe, P.; Ballard, T. M.; Ratni, H. Tachykinin
Neurokinin 3 Receptor Antagonists: A Patent
Review (2005 — 2010). Expert Opin. Ther. Pat.,
2011; 21(5): 637-655.
https://doi.org/10.1517/13543776.2011.568482.
Abasian, Z.; Rostamzadeh, A.; Mohammadi, M.;
Hosseini, M.; Rafieian-kopaei, M. A Review on
Role of Medicinal Plants in Polycystic Ovarian
Syndrome:  Pathophysiology, = Neuroendocrine
Signaling, Therapeutic Status and Future Prospects.
Middle East Fertility Society Journal, 2018;
255-262.
https://doi.org/10.1016/j.mefs.2018.04.005.

Grant, P. Spearmint Herbal Tea Has Significant
Anti-Androgen Effects in Polycystic Ovarian
Syndrome. a Randomized Controlled Trial. Phyther.
Res., 2009; 24(2): n/a-n/a.

140



Shaikh et al.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

https://doi.org/10.1002/ptr.2900.

Wang, J. G.; Anderson, R. A.; Graham, G. M.; Chu,
M. C.; Sauer, M. V.; Guarnaccia, M. M.; Lobo, R.
A. The Effect of Cinnamon Extract on Insulin
Resistance  Parameters in  Polycystic Ovary
Syndrome: A Pilot Study. Fertil. Steril, 2007; 88(1):
240-243.
https://doi.org/10.1016/j.fertnstert.2006.11.082.
Chen, J.-T.; Tominaga, K.; Sato, Y.; Anzai, H.;
Matsuoka, R. Maitake Mushroom (Grifola
Frondosa) Extract Induces Ovwulation in Patients
with Polycystic Ovary Syndrome: A Possible
Monotherapy and a Combination Therapy After
Failure with First-Line Clomiphene Citrate. J.
Altern.  Complement. Med., 2010; 16(12):
1295-1299. https://doi.org/10.1089/acm.2009.0696.
Hassanzadeh Bashtian, M.; Emami, S. A
Mousavifar, N.; Esmaily, H. A.; Mahmoudi, M.;
Mohammad Poor, A. H. Evaluation of Fenugreek
(Trigonella Foenum-Graceum L.), Effects Seeds
Extract on Insulin Resistance in Women with
Polycystic Ovarian Syndrome. Iran. J. Pharm. Res.
IJPR, 2013; 12(2): 475-481.

Jashni, H. K.; Jahromi, H. K.; Bagheri, Z. The Effect
of Palm Pollen Extract on Polycystic Ovary
Syndrome (POS) in Rats. Iternational J. Med. Res.
Heal. Sci., 2016; 5(S): 317-321.

Hossein, K. J.; Leila, K.; Ebrahim, T. K.; Nazanin,
S. J.; Farzad, P.; Elham, R.; Mohammad, P.; Zahra,
H. J. The Effect of Pomegranate Juice Extract on
Hormonal Changes of Female Wistar Rats Caused
by Polycystic Ovarian Syndrome. Biomed.
Pharmacol. J., 2015; 8(2): 971-977.
https://doi.org/10.13005/bpj/849.

Soumya, V.; Muzib, Y. 1.; Venkatesh, P.;
Hariprasath, K. GC-MS Analysis of Cocus Nucifera
Flower Extract and Its Effects on Heterogeneous
Symptoms of Polycystic Ovarian Disease in Female
Wistar Rats. Chin. J. Nat. Med., 2014; 12(9):
677-684. https://doi.org/10.1016/S1875-
5364(14)60103-5.

Bhuvaneshwari, S.; Poornima, R.; Averal, H. I.
Management of Obesity in Polycystic Ovary
Syndrome Induced Albino Rats with Pergularia
Daemia, 2015; 1(9): 779-783.

Ghafurniyan, H.; Azarnia, M.; Nabiuni, M.;
Karimzadeh, L. The Effect of Green Tea Extract on
Reproductive Improvement in Estradiol Valerate-
Induced Polycystic Ovarian Syndrome in Rat. Iran.
J. Pharm. Res. IJPR, 2015; 14(4): 1215-1233.
Soumya, V.; Muzib, Yi.; Venkatesh, P. A Novel
Method of Extraction of Bamboo Seed Oil
(Bambusa Bambos Druce) and Its Promising Effect
on Metabolic Symptoms of Experimentally Induced
Polycystic Ovarian Disease. Indian J. Pharmacol,
2016; 48(2): 162. https://doi.org/10.4103/0253-
7613.178833.

Rajan, R. K.; M., S. S. K.; Balaji, B. Soy Isoflavones
Exert Beneficial Effects on Letrozole-Induced Rat
Polycystic Ovary Syndrome (PCOS) Model through

www.ejbps.com

36.

37.

38.

39.

40.

41.

42.

43.

44,

European Journal of Biomedical and Pharmaceutical Sciences

Anti-Androgenic Mechanism. Pharm. Biol., 2017;
55(1): 242-251.
https://doi.org/10.1080/13880209.2016.1258425.
Wiweko, B.; Maidarti, M.; Priangga, M. D.; Shafira,
N.; Fernando, D.; Sumapraja, K.; Natadisastra, M.;
Hestiantoro, A. Anti-Mullerian Hormone as a
Diagnostic and Prognostic Tool for PCOS Patients.
J. Assist. Reprod. Genet, 2014; 31(10): 1311-1316.
https://doi.org/10.1007/s10815-014-0300-6.

Pigny, P.; Merlen, E.; Robert, Y.; Cortet-Rudelli, C.;
Decanter, C.; Jonard, S.; Dewailly, D. Elevated
Serum Level of Anti-Mullerian Hormone in Patients
with Polycystic Ovary Syndrome: Relationship to
the Ovarian Follicle Excess and to the Follicular
Arrest. J. Clin. Endocrinol. Metab., 2003; 88(12):
5957-5962. https://doi.org/10.1210/jc.2003-030727.
Tata, B.; Mimouni, N. E. H.; Barbotin, A. L,
Malone, S. A.; Loyens, A.; Pigny, P.; Dewailly, Di.;
Catteau-Jonard, S.;  Sundstrém-Poromaa, I,;
Piltonen, T. T.; et al. Elevated Prenatal Anti-
Mdillerian Hormone Reprograms the Fetus and
Induces Polycystic Ovary Syndrome in Adulthood.
Nat. Med., 2018; 24(6): 834-846.
https://doi.org/10.1038/s41591-018-0035-5.

Pellatt, L.; Hanna, L.; Brincat, M.; Galea, R.; Brain,
H.; Whitehead, S.; Mason, H. Granulosa Cell
Production of Anti-Mdllerian Hormone Is Increased
in Polycystic Ovaries. J. Clin. Endocrinol. Metab.,
2007; 92(1): 240-245.
https://doi.org/10.1210/jc.2006-1582.

Pigny, P.; Jonard, S.; Robert, Y.; Dewailly, D.
Serum Anti-Mullerian Hormone as a Surrogate for
Antral Follicle Count for Definition of the
Polycystic Ovary Syndrome. J. Clin. Endocrinol.
Metab., 2006; 91(3): 941-945.
https://doi.org/10.1210/jc.2005-2076.

Cook, C. L.; Siow, Y.; Brenner, A. G.; Fallat, M. E.
Relationship between Serum Miuillerian-Inhibiting
Substance and Other Reproductive Hormones in
Untreated Women with Polycystic Ovary Syndrome
and Normal Women. Fertil. Steril., 2002; 77(1):

141-146. https://doi.org/10.1016/S0015-
0282(01)02944-2.
Dumont, A.; Robin, G.; Catteau-Jonard, S.;

Dewailly, D. Role of Anti-Mdullerian Hormone in
Pathophysiology, Diagnosis and Treatment of
Polycystic Ovary Syndrome: A Review. Reprod.
Biol. Endocrinol, 2015; 13(2): 8-10.
https://doi.org/10.1186/s12958-015-0134-9.
Cimino, 1.; Casoni, F.; Liu, X.; Messina, A
Parkash, J.; Jamin, S. P.; Catteau-Jonard, S.; Collier,
F.; Baroncini, M.; Dewailly, D.; et al. Novel Role
for Anti-Mdillerian Hormone in the Regulation of
GnRH Neuron Excitability and Hormone Secretion.
Nat. Commun, 2016; 7. 1-12.
https://doi.org/10.1038/ncomms10055.

Zheng, Q.; Li, Y.; Zhang, D.; Cui, X.; Dai, K,;
Yang, Y.; Liu, S.; Tan, J.; Yan, Q. ANP Promotes
Proliferation and Inhibits Apoptosis of Ovarian
Granulosa Cells by NPRA/PGRMCI1/EGFR

141



Shaikh et al.

45.

46.

47,

48.

49,

50.

51.

52.

53.

54.

55.

Complex and Improves Ovary Functions of PCOS
Rats. Cell Death Dis., 2017; 8(10): e3145.
https://doi.org/10.1038/cddis.2017.494.

Gutkowska, J.; Jankowski, M.; Ram Sairam, M.;
Fujio, N.; Reis, A. M.; Mukaddam-Daher, S.;
Tremblay, J. Hormonal Regulation of Natriuretic
Peptide System during Induced Ovarian Follicular
Development in the Ratl. Biol. Reprod., 1999;
61(1): 162-170.
https://doi.org/10.1095/biolreprod61.1.162.
Axelrod, L. R.; Goldzieher, J. W. The Polycystic

Ovary. Ill. Steroid Biosynthesis in Normal and
Polycystic Ovarian Tissue. J. Clin. Endocrinol.
Metab, 1962; 22: 431-440.

https://doi.org/10.1210/jcem-22-4-431.

Miller WL. Molecular Biology of Steroid Hormone
Synthesis. Endocr. Rev., 1988; 9(3): 295-318.
Rosenfield, R. L.; Ehrmann, D. A. The Pathogenesis
of Polycystic Ovary Syndrome (PCOS): The
Hypothesis of PCOS as Functional Ovarian
Hyperandrogenism Revisited. Endocrine Reviews,
2016. https://doi.org/10.1210/er.2015-1104.

Millar, R. P.; Newton, C. L. Current and Future
Applications of GnRH, Kisspeptin and Neurokinin
B Analogues. Nat. Rev. Endocrinol, 2013; 9(8):
451-466. https://doi.org/10.1038/nrendo.2013.120.
Hoveyda, H. R.; Fraser, G. L.; Roy, M. O.; Dutheuil,
G.; Batt, F.; El Bousmaqui, M.; Korac, J.; Lenoir, F.;
Lapin, A.; Noél, S.; et al. Discovery and
Optimization of Novel Antagonists to the Human
Neurokinin-3 Receptor for the Treatment of Sex-
Hormone Disorders (Part 1). J. Med. Chem., 2015;
58(7): 3060-3082.
https://doi.org/10.1021/jm5017413.

Hoveyda, H. R.; Fraser, G. L.; Dutheuil, G.; El
Bousmaqui, M.; Korac, J.; Lenoir, F.; Lapin, A.;
Noél, S. Optimization of Novel Antagonists to the
Neurokinin-3 Receptor for the Treatment of Sex-
Hormone Disorders (Part 11). ACS Med. Chem. Lett.,

2015; 6(7): 736-740.
https://doi.org/10.1021/acsmedchemlett.5b00117.
Camille Mel6n, L.; Maguire, J. GABAergic

Regulation of the HPA and HPG Axes and the
Impact of Stress on Reproductive Function. J.
Steroid Biochem. Mol. Biol., 2016; 160: 196-203.
https://doi.org/10.1016/j.jsbmb.2015.11.019.
Belelli, D.; Harrison, N. L.; Maguire, J.; Macdonald,
R. L.; Walker, M. C.; Cope, D. W. Extrasynaptic
GABAa Receptors: Form, Pharmacology, and
Function. J. Neurosci, 2009; 29(41): 12757-12763.
https://doi.org/10.1523/JNEUROSCI.3340-09.2009.
Herbison, A. E.; Moenter, S. M. Depolarising and
Hyperpolarising Actions of GABAA Receptor
Activation on Gonadotrophin-Releasing Hormone
Neurones: Towards an Emerging Consensus. J.
Neuroendocrinol, 2011; 23(7): 557-569.
https://doi.org/10.1111/j.1365-2826.2011.02145.x.
Moore, A. M.; Campbell, R. E. Polycystic Ovary
Syndrome: Understanding the Role of the Brain.
Front. Neuroendocrinol, 2017; 46(May): 1-14.

www.ejbps.com

56.

European Journal of Biomedical and Pharmaceutical Sciences

https://doi.org/10.1016/j.yfrne.2017.05.002.

Silva, M. S. B.; Desroziers, E.; Hessler, S.; Prescott,
M.; Coyle, C.; Herbison, A. E.; Campbell, R. E.
Activation of Arcuate Nucleus GABA Neurons
Promotes Luteinizing Hormone Secretion and
Reproductive  Dysfunction:  Implications  for
Polycystic Ovary Syndrome. EBioMedicine, 2019;
44(June): 582-596.
https://doi.org/10.1016/j.ebiom.2019.05.065.

142



