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1.1 INTRODUCTION

According to the World Health Organization, fitness isn’t EllV\Jli-ly:‘;]th abi:c-:ncc of sick.
ness or infirmity; however, it involves a balance .bclwccn physlcfl ; rilcnfdl., and socjg|
well-being. Although this definition of ﬁln(?ss nnght also ap-pcar L[I]lCE_l]lSllC, NOWhere
it greater appropriates and is justified than in subject ofrcproductl've ﬁtness Becayge
of the energetic contribution of females, their ﬁlncss makes a society fit 'and hea][hy
(Fathalla, 1997). Woman who finds it hard to conceive cannot l?e t.aken INto congj.
eration as healthy and effective because of the stress elevation inside the blog and
exposure of fetus to an ordinary biophym.cal profile. .

According to this constructive expertise, the reproduct'lve fitness of a country jg
decided on the basis of physical, mental, and social well-being, as well as the absence
of sickness or soreness during the reproductive technique. Reproductive fitness cop.-
sists of folks who can reproduce, manage fertility, and attain and revel in intimate
relationships with the absence of infection or sickness. It additionally indicates that
the delivery of a newborn and its survival, healthful boom, and improvement are
going well. Sexual fitness of females is utmost important to have a good reproductiye
system, which makes their lives comfortable, increases the tendency of decision-
making, and facilitates while planning for pregnancy.

Women’s reproductive and sexual fitness issues, together with menstruation, fer-
tility, delivery management, pregnancy, sexually transmitted infections, menopause,
endometriosis, and polycystic ovarian syndrome (PCOS), are associated with distinct
life stages. Concerns related to the reproductive fitness in women consist of mutila-
tions in reproductive organs or organs that are managed with the aid of using the
estrogen in females. Several illnesses related to the reproductive device in women are
curable, while a few are chronic or are deadly. Many forms of illnesses or problems
disturb fertility while sexual assaults, social sites, pollutants, and exquisite quantity
of endocrine toxicants increase instances of hormonal conflicts,

All such unusual reproductive and hormonal irregularities, along with endome-
triosis, may cause absence/untimely periods, PCOS, fibroids, infertility, most cancers
in ovary, miscarriage, ectopic pregnancy, untimely delivery, etc. (Akhter et al., 2017,
Rai et al., 2015). PCOS is g collection of illnesses, which affects women’s reproduc-
tive system, especially those in older age. PCOS is not an unusual endocrine situation
that affects women of reproductive age. It is an underrecognized, underdiagnosed,
and understudied infection that disproportionately influences women worldwide,
particularly in underdeveloped nations. Steip and Leventhal first recognized women
with PCOS in 1935 (Azziz and Adashi, 2016). Some researchers also call it Stein
and Leventha] syndrome. In preliminary stages, PCOS in women continues to be
undiagnosed. Therefore, the long-term hazards associated with PCOS are diabetes
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mellitus (T2DM) and cardiovascular disorders. PCOS is an endocrine disorder in
addition to reproductive diseases accounting for its incidence among 5% -25% (Gill
et al.. 2012) in female population. Women of reproductive age had oligoovulation
(O). hyperandrogenism (H), and polycystic ovaries (revised 2003 consensus on diag-
nostic standards, 2004). PCOS is principally H in addition to O at some stages in the
reproductive age, leading to infertility (Rosenfield and Ehrmann, 2016) and medical
or metabolic disorders (Detti et al., 2015). The characteristics of PCOS are depicted
in Figure 1.1.

Women who've metabolic and reproductive troubles are much more likely to
become infertile and develop endometrial cancer; hence, early detection and power-
ful remedies are essential for its control (Fearnley et al., 2010). Currently, there is
powerful proof linking PCOS with obesity, insulin resistance, and a better threat of
growing noninsulin-based T2DM (Lee et al., 2009). PCOS is moreover responsible
for causing specific continual health troubles, metabolic troubles, and intellectual
troubles. such as cardiovascular diseases, horrible self-esteem, venous thromboem-
bolism. and anxiety (Bird et al., 2013).

The situation referred to as PCOS alters the quantities of hormones in women.
More male hormones are produced than that is normal by means of PCOS-affected
women. Due to the imbalance, menstruation may not be in time and may additionally

contribute to baldness, frame hair, and facial hair (Basheer et al., 2018; Rani et al.,
2022).
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FIGURE 1.1 The PCOS-induced complications such as hormonal, hirsutism, hyperan-
drogenism, anovulation, acanthosis nigricans oxidative stress, and histological changes.
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1.1.1  CHARACTERISTICS

i One common hormonal situation affecting girls of childhearing age i
PCOS. CoT
ii. Women with PCOS may also additionally have shorter or longer menstryg]
cycles because of multiplicd testosterone Jevels. (
iii. The ovaries may also additionally collect a few fluids (follicles) and no Jon-
per launch epgs regularly.
iv. Commonly in all cascs, females with PCOS may have abnormal menstrug|
cycles and an additional accumulation of male hormones (androgen).
v. The situation is known as, after the invention, an enlarged ovary containing
many small cysts (polycyslic ovaries).
vi. Most women with PCOS have polycystic ovarics.

1.1.2  SIGNS AND SYMPTOMS

Some signs and symptoms of PCOS may frequently be seen throughout puberty
Sometimes, PCOS at later stages may develop sizable weight gain. The SymptOms;
and signs of PCOS vary from individual to individual.

Irregular intervals: Infrequent, abnormal, or lengthy menstrual cycles are
the signs and symptoms of PCOS. For example, one can have fewer than
nine intervals a year, more than 35 days among intervals, and really heavy
intervals.

Excess androgen: Elevated testosterone degrees may exhibit bodily symptoms,
which include immoderate facial and frame hair (hirsutism) and occasion-
ally extreme pimples and hair loss.

Polycystic ovary: The ovaries might also additionally develop and incorporate
follicles surrounding the egg. As aresult, the ovaries might also additionally
feature irregularly.

Type-2 diabetes: It has additionally been pronounced that females with PCOS
have a bourgeoned danger of growing T2DM.

1.2 HISTORY OF PCOS

PCOS mainly occurs due to misbalancing of sex hormones and leads to the forma-
tion of cysts in the antral follicles of female ovaries. A cyst is formed of fluid-filled
sacs enclosing the egg. The changing of egg into a cyst is defined as functional cyst,
which further prevents ovulation. The process of ovulation gets suppressed, which
subsequently disturbs the menstrual cycle and leads to amenorrhea. When multiple
cysts are formed in the ovarian follicles because of imbalances in hormones, then it
is termed as PCOS. Due to the fluid filled in the cysts, most of the cysts may be as big
as 10mm large, and the ovary size elevates up to 10 cm wide. The process of fertiliza-
tion and conception is inhibited due to the absence of ovulation and menstrual cycle,
thus pregnancy becomes complicated (Sirmans and Pate, 2014). During implanta-
tion, there is elevation in abortion and birth risks. Because of this, eclampsia and
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the small-for-gestational-age babies can ocenr. PCOS also causes pregnancy-related
problems such as gestational diabetes and hypertension (Hombueg, 2000y Usually,
support to the growing tollicles is provided by theea cells in the formation of mature
oocytes (Young and MeNeilly, 20100, However, theea cells in patienis with PCOS
respond agitatedly to the stimulatory effects of insuling thus, they multiply and cause
hypertricosis. The androgen ability elevates in the ovarian theea cells beeaunse of
insulin resistance, aggravating PCOS (Wang ¢t al., 2009). The increased sensitivity
of theca cells toward the stimulation of luteinizing hormone (1.1 and lollicle stimu-
lating hormone (IFSH) helps to androgenism in PCOS. The key feature that is respon-
sible for PCOS is the distressed secrction of the pulsatile gonadotropin-releasing
hormone (GnRH) from hypothalamus (Tsutsumi and Webster, 2009). GaRHs give
signals to pituitary glands to secrete gonadotropins. Gonadotropins are very impor-
tant for the two phases (follicular and ovulatory) ol the menstrual cycle. In polycystic
ovarian condition, as gonadotropins are present in very less amount, the formation of
egg does not take place or is unable to liberate from the follicle. Therefore, the men-
strual cycle is disturbed and amenorrhea occurs. Amenorrhea may be classified into
two categories: primary and secondary. While primary amenorrhea is a condition in
which menarche does not take place because of the genetic or anatomical reasons,
whereas secondary amenorrhea or hypothalamic amenorrhea is a condition in which
menstrual cycle is absent for three- or more repeated months (Klein and Poth, 2013).
The activity of GnRH is blocked due to the presence of increased amounts of lacto-
trophic hormone, which is a peptide hormone (Marques ct al., 2018).

Polycystic ovarian circumstance likewise takes place because of the extra quantity
of androgen secretion by the interior ovary. Various intrinsic clements such as altered
steroidogenesis occur in the outer spheres of the ovary. These eclements encompass
hyperinsulinemia,inflicting intense manufacturing of the male hormone, i.e., andro-
gen. Women with PCOS have higher risk of developing follicles in comparison to
the regular control. The family members among the paracrine, endocrine, and apo-
crine elements aren’t clean and chargeable for the maturation of follicles and most of
these can make a contribution to dysregulation of ovary in PCOS. The improvement
of primordial follicles takes place in the course of the maturation of follicles and
includes oocytes arrested at meiotic segment enclosed through pregranulosa cells.
Ovaries are relatively inactive until the start of puberty. The variations inside the
morphology of follicles and increased ability are there within the ovarian tissues
received from the women of prepubertal and early puberty. Particularly, excessive
quantity of nondeveloping follicles is found in prepubertal ovaries compared with
pubertal ovaries (Anderson et al., 2014). Follicle density is the only element which
has appeared (Gaytan et al., 2015). After the activation from the inactivation pool,
the initial increase of follicles until the astral level is gonadotropin-independent.
Ovarian granulosa cells secrete a glycoprotein known as antimullerian hormone
(AMH) which prevents the recruitment of follicles and suggests follicular reserve.
Contrary to mice, AMH prevents the increase of prenatal follicle and the matura-
tion of follicle. In the ovaries of nonhuman primates compared with that in mice or
rats, it can be determined that AMH leads in the increase of prenatal follicles to the
astral level (Xu et al., 2016). Peak concentrations of AMHs are determined in fol-
licles. The expression of AMH is suppressed through estradiol (Dumont et al., 2018).
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cceding statements that nndrogens nepatively affect follicleg, the
i takes place in prenntal follicle, and the increase of prenagy) inl
(ollicles promoted throuph theen ‘a't'il.-. .'ujl off the (-xpn'snim’l ol pranuloss muhilcuf;:}
ST receptor in carly antral follicles (Franks and Hardy, 2018). Androgeny aiq the
ase enzyme and, eventually, pranulosa cells additionally i the

onice ,g¢;|1;|4l(1l1'¢)])i|l receptor (LICGI). As the maturation of
follicles takes place, andropeiy SeCms (o save the aflected women from proliferagioy,
ath, This biphasic movemenl ol androgen becomes first (o he

and aid mobilenlar de .
» a nonhistone profein, the marmosel (nonhuman primates); the movemen,
of 'SH is extended (hrough androgens in small follicles, however in large follicles 4y,

inhibitory effeet is confirmed (Laird et al., 2007). Androgen receptors (ARs) mediage
the num:s of andropens which can he expressed in theca cells of ovary, granulogy
cells, oocytes, and stromal cells (Sen and Hammes, 2010). The gene expression of
ARs takes place in small (ollicles (Gmm in (lif'unul.cr) and clcc{'cuscs in antral and
preovulatory follicles (Jeppesen et al., 2012). Classically, the .«ungl&mpsl cffective
dominant follicle is taken into consideration (Kristensen et al., 2018). Pituitary FSH
decreases due (o the bad remarks by prowing the sceretion of estrogen. The secretion
of principal FSH reduces due to the bad remarks. The dominant follicle compensates
for this lack of stimulation of FSH through expanded expression of LHCGR and
will increase responsiveness (0 LI stimulation. Secondary follicles undergo atresia,
mainly because of relative deficiency of FSH and addition of the male hormone, i.c.,
androgen. Upon getting excellent attention of estradiol, neuroendocrine mechanisms
prompt the LI surge to scl of ovulation. The ovarian stroma offers a structural
framework underncath regular situations experiencing dynamic changes to hold the
follicular increase, although the ovarian stroma from women having PCOS has a
tendency to be highly rigid. Abnormal increase in the course of the early levels of
follicular increase probably contributes to the ovarian characters of PCOS (Franks

and Hardy, 2018).
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1.3 PATHOGENESIS OF PCOS

The complex pathophysiology of PCOS has remained an understudied condition in
the past. There are numerous hypothesized pathways, a number of which contain
interactions among genes, hormones, and environmental stresses.

1.3.1 HORMONES

Gonadotropins, inclusive of the hormones LH and FSH, in addition to estrogen, pro-
gesterone, and testosterone, are vital in the pathophysiology of PCOS. In a great
populace of females with PCOS, the range of LH and FSH increases and decreases,
respectively (Raju et al., 2013; Saadia, 2020). The LH/FSH ratio increases due to it.
The incidence of an excessive LH/FSH ratio sometimes does not take place in PCOS-
in.fccted females with ordinary weight and mass index, and it has partial correlation
with BMI as well. The upward push in LH is defined through a boom inside the pulse
frcq.ueng of hypothalamic GnRH. LH receplor-sporting theca cells of the ovaries
are inspired to supply testosterone due to the upward push in LH.
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1.3.2 ENVIRONMENTAL STRESSORS

Obesity and prenatal publicity to androgens have been diagnosed as the important
causal variables. Multiple genetic variables make a contribution to PCOS suscepti-
bility, and the syndrome in the presence of a specific environment. It is thought that
immoderate maternal androgen publicity at some point of being pregnant performs
a big position in improvement of PCOS in fetuses. Moreover, oxidative pressure is
another thing that supplies upward thrust to numerous issues, consisting of the PCOS
situation. Antioxidants are not explained in detail in nutritional dietary supplements
nowadays. This has brought about an alternate in favor of the usage of natural and
ayurvedic products. The majority of bioactive additives observed in plants/flora have
the capability to deal with issues such as PCOS (Figure 1.2).

1.3.3 GeNeTic FACTORS

There is proof of a genetic thing primarily based on the presence of familial cluster-
ing (Diamanti-Kandarakis et al., 2006). Genetically, same twins had better concor-
dance of PCOS than nonsame twins, in accordance to analyze primarily based on
dual data (Vink et al., 2006). The mode of inheritance of PCOS remains unknown,
and no longer seems to rely upon genes worried within the manufacture and metabo-
lism of testosterone and insulin (Jones, 2008). The role of genetic alterations in the
PCOS-induced psychological issues has been mentioned in Figure 1.3.

1.4 RISK FACTORS OF PCOS

There are different factors that are accountable in inflicting PCOS along with genetic,
way of life changes, and their combos which can reason PCOS. Thyroid dysfunction-
ing, hyperprolactinemia, androgen-secreting tumors, Cushing’s syndrome, and congeni-
tal adrenal hyperplasia can confine pathogenesis of PCOS. The publicity to chemical

GnRH
Hypothalamus ——

FSH LH

Granulosa cells SRS ek
Theca cells

l

Androgens

—

— Ovary

FIGURE 1.2 The effect of modulated HPO axis on the hormonal circuit.
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adrenal cortex and their role in depression.

compounds has additionally been chargeable for the pathogenesis of PCOS. One can
uncover chemical compounds by way of means of some of the methods such as acci-
dental (pesticides, vehicles, commercial pollution, etc.) or cosmetics, floor cleansing
agents, chemical therapeutics, etc., which are well known in current times. Various non-
public care merchandise such as deodorants, sunscreens, hair dyes, etc. are the most
important reasons at the back of the growing incidents of PCOS. Most of the consum-
ers are unaware that these so-known as harmless hygiene merchandise are endocrine
disruptors. These nonpublic care merchandises include numerous chemical compounds
together with phthalates, parabens, isopropanol, glutaraldehyde, benzophenones, tur-
pentine oil, and metals such as nickel sulfate, cobalt chloride, etc. (Yang et al., 2017).
Various chemical compounds, along with bisphenols A, are also found in packagcd and
canned food that can be one of the main reasons for numerous reproductive problems
together with PCOS (Konieczna et al., 2015). PCOS also causes depression due to stress
and obesity by altering the hypothalamic-pituitary adrenal axis (Figure 1.4).
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1.5 PREVALENCE OF PCOS

The European Society of Human Reproduction and Embryology and the American
Socicety for Reproductive Medicine (ESHR E/ASRM) in 2003, additionally referred
to as the Rotterdam standards, and the Androgen Excess Society and PCOS Society
(AE-PCOS) in 2006 have been the primary standards for the analysis of PCOS at a
worldwide convention held by the NIH in 1990 (Garad et al., 2011). Every diagnostic
criterion has precise scientific and biochemical evaluation that decides whether PCOS
is present or absent (Okoroh et al., 2012a). According to the NIH’s 1990 standards,
PCOS may be identified in sufferers who showcase O and H signs and symptoms.
The want for greater complete diagnostic standards brought about the improvement
of the Rotterdam standards from 2003 (Okoroh et al., 2012b). The Rotterdam’s stan-
dards are carried out if the affected person reveals signs and symptoms of O, H, and
polycystic ovaries (Azziz et al., 2009). The AE-PCOS standards, which have been
released in 20006, are carried out if people show symptoms and symptoms of H with
scientific or laboratory evidence (Azziz et al., 2009). In 2012, a workshop was held
to increase new diagnostic standards. The following phenotypes have been advised
during the workshop:

I. Excessive androgen or ovulatory dysfunction.
I1. Polycystic ovarian morphology or androgen excess.
III. Polycystic ovarian morphology or ovarian ovulatory failure.
IV. Polycystic ovarian morphology, excess androgen, or ovarian dysfunction
(Johnson et al., 2012).

Currently during 2018, International Guidelines for Polycystic Ovarian Syndrome
approve the Rotterdam standards with a few cautions. An ultrasound remains encour-
aged for phenotyping, although it isn’t always vital for analysis if the affected person
has abnormal menstrual durations or H. Teenagers should not go through ultrasounds
(Wolf et al., 2018). PCOS is a medical disease and studies have proven that there’s
no unmarried set of standards for the analysis of polycystic ovaries (Meurer et al.,
2006). According to the diagnostic standards employed, the superiority of PCOS
stages from 4% to 10% and has an annual value greater than $4.3 billion (Goodarzi
and Azziz, 2006 and Azziz et al., 2005).

1.6 EFFECT OF THE DIAGNOSTIC CRITERIA ON PREVALENCE

The incidence of PCOS is distinctly laid low with the modifications made within the
diagnostic standards. By combining all the three standards, occurrence turned into
as little as 1.6% (Okoroh et al., 2012) and as excessive as 18% (March et al., 2010) in
comparable Caucasian populations using Rotterdam standards (Lim et al., 2013). It
has been mentioned that 50%-75% of girls with polycystic ovaries are unaware that
they have been affected by PCOS (Futterweit, 1999). A retrospective study evaluated
a set of 204 age-matched girls who were suspected to have polycystic ovary to deter-
mine the incidence primarily based on the diagnostic standards (Amato et al., 2008).
It has been reported in step with NIH the superiority of PCOS: Within the diagnosed
populace the superiority turned into 51%, in step with Rotterdam’s standards the
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saperiority tuned into 83%, in step with AL-PCOS it turned into T0.6%, anq heloy,
all the three stnndards the superiority tnened into simplest A9% (Amato o ul,, ’),(J()H,
Findings revealed thar there's a distinetion in the superiority, frequency, ang “everjy ‘
ol sipns and symptoms as well, The Rotterdam stnduards were used T3] Cvalugge al|
the instances, after which it was redefined and o prognosis was made tq (e 15e of
the standards of N1 1o decide (he ocenrrence of polyeystic ovaries in step wigy, (he
Two unique definitions (Brockmans of al., 2000). Under the Rotterdany Sandarg (
there has been an improved price of immoderate weight, insulin scnﬁi!ivily, and |}::
prognosis of polyeystic ovaries itsell (Brockimans ef al,, 2000). The aAppropriage hu<,'iL
nesses and the identical topics have been used on this look 10 cvaluate 4y, ”‘J‘lﬁi
instance of the variations which conld take location amaong the standards, The irlc(i
dences of the Rotterdam and AL-PCOS whilst as compared (o the NIfy .‘slzmdard-
turned almost two times when assessed for identical lopics (March et al., 2010), 'l'h?
loss of uniformity and transparency among the diagnostic standards affect the C”mc
parison and the consistency of all medical remedices and studies relateq 10 P‘)lycystié
ovarics. Yildiz et al. (2012) reported that the incidence is substantially faid Joy with
diagnostic standards, Over-prognosis is probably there due (o the addition of CXlry
phenotypes in dingnostic standards, and the brand-new addition of nonhyperany,.
genie phenotype below the Rotterdam’s standards (Copp ct al., 2017), Women, whe
aren’t having hyperandrogenism, have been identificd o have much less Continug]
relation with polyeystic ovary, and in few instances nonhyperandrogenic girls are
misdiagnosed with polyeystic ovaries entirely due to the fact that menstrual disgyy.
bances and PCO are probably associated with different conditions (Copp et al., 2017),
The definition of PCOS follows strict standards for prognosis (Dewailly et al,, 2014),
as does the definition of hirsutism (Yildiz et al., 2012). Wolf et al, (2018) reported
that a great distinction is gifting within the signs and symptoms throughout the
diverse geographical places and among diverse races/cthnicities (Wolf et al., 2018).
As current facts do stay limited, different rescarch studies mentioned that there are
distinctly great variations in the su periority of polycystic ovaries, its si gns and symp-
toms, and cofactors (Chang et al., 2016).

1.7 CONCLUSION

PCOS is a multifaceted endocrine-metabolic disorder. It not only causes reproductive
complications but also adversely affects the other systems in the body. Moreover, its
symploms are very diverse that have created main issues in finding the treatment
for PCOS. Various therapeutic strategies are available in the market but they are not
effective to cure this disease at the root level. Therefore, there is a need to dig out the
actual molecular mechanism for the pathogenesis of this disorder.
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