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9.1 INTRODUCTION

Polveystic ovary syndrome (PCOS) is a challenging and complex endocring.

\se associated with metabolic im‘:gularitics during reproductive o
d by multiple cysts m ovary, ﬂlmcnorrhca, hyper g()n(
ainful menstrual cycles, hirsutism, \?'Im_;h arc ma!nly C_OTI“CIated with in
Tt can also cause h_\'pcrmsulincmin. gmn‘(cr incidence of 1.m.pa|rc.(1 glucose forbear
inflammation. h_\‘pcrlcnsim‘l. insulin rcm:qlancc, and ‘dysllpldc.mla, which in turn ?nce!
to greater chances of diabetes. endothelial dysfuncl.l(m! obesity, cardiovasculay d.eads
£ aricty of metabolic malformation. Anxiety, depression, and com iSor.
life quality arc also found in pPCOS condition (Sharma et al., 2022).
Polveystic ovary syndrome (PCOS) affects about 6%—18% of girls in repr
tve age and is recognized as onc of the endocrino-metabolic disorders,. Particoduc'
obcsitl-* and insulin resistance is associated with the pathogenesis of PCOS (Raiu]arly
2015: Basheer ct al., 2018). Additionally, nonalcoholic fatty liver disease (NApft a]-_,
ated with insulin resistance marked as one of the maximum usual cp D) is
es recognized widely in Western region with a population a rom'c
This disease predicts the spectral disorders that include apé])l_-OX[..
states-like hepatic steatosis (i.e. accumulation of fats in liver tissue without infech-lble
by considering steatohepatitis (accumulation of fats in liver tissue with i“fecti(,nt]on)
hepatocellular injury) which can be without or with fibrosis, that in turn leads to l.and
cirthosis and presumably hepatocellular carcinoma. Though an exact true patho lver
esis recarding NAFLD is unknown yet, it is one of a kind rising issue. Tt has bgen-
observed that unhealthy lifestyle, dyslipidemia, ethnicity, and obesity are few fac tef:n
that lead to NAFLD evolution, whereas insulin resistance plays a consequential fu ors
tion in NAFLD’s pathogenesis as characterized in PCOS (Figure 9.1). nc-
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FIGURE 9.1 Fact . .
actors associated with PCOS-induced nonalcoholic fatty liver disease.
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oHYTOTHERAPY FOR PCOS

9. | medications have dcvolnpfd a r(‘.lnti(‘m'al'tip between synergistic and antagonis-
(s (Zhang ¢! al., 2022). C fnnph‘mlmns are caused due to various alterations
' and hormonal profile. histochemistry, as well as by altering organ-
e in ans o (Wani ¢t al.. 2022). To combat the pathogenesis of PCOS, Vﬂfi()lll\' hc:rh;ll
s have Pmpmml to control these :lhcrnt‘iuns‘. Stricker et al. (2022) reported
: perbal l,,-ggcriptiml\‘ llamvud successful in f'm.\clim-;uin;z hyperandrogenism,
and olign/nmcnm'rhn?a in the course of prv:?chmczll and clinical studies.
.o al (2022) cvidenced that flavonoids are well-recognized alternative
reatment of PCOS due to their significant curative and protective role
ey il h_‘,iwmndmgcnism hyperglycemia, oxidative stress, and hyperlipidemia.
ngnm“w_ j< arc a composite molecule that possess numerous beneficial activities such
one -ljtrﬁl- antiulcerogenic, anti-inflammatory, antihypertensive, hypolipidemic,
s antt q<tic. antimicrobial, cytotoxic, antioxidant, antiplatelet, and thatOpro;
ne ,“;ﬁ\'itics (Rajput et al., 2022). Therefore, this study greatly emphasizes not
ective ‘-'ne rcpmductivc health but also harmonizing metabolic health of women in
only cur? >COS consequences. Table 9.1 depicts the role of different bioactive com-

L-‘ ¢ I‘-In‘

ﬂntiT"*?O[11

course of P f PCOS and iated licati
< in the recovery o and associated complications.

E:

i ponen

E 9.2.1 AuopPATHIC DRUG

‘ Long-term treatment of PCOS by prescribing the allopathic drugs contributes sig-

nificantly in ameliorating ho.rmonal ' misbalancing during PCOS consequences.
Ano\'uiaﬁon is mainly responsﬂ:vleT for infertility in females. However, women under-
;oing PCOS conditions are ?ess 1[}(61}’ to be pregnant and if pregnancy takes place,
fhev are at a high risk of n?lscarnages. Generally, anovulation corresponds to hor-
mo-nal misbalancing, especially caused due to ele.vation in testosterone generation.
Allopathic drugs used for treatment of PCOS are listed in Table 9.2.

9.2.2 CLOMIPHENE CITRATE

Clomiphene citrate is a leading drug recommended for PCOS patients as the first-
line treatment. Clomiphene citrate facilitates ovulation through vitalizing ovarian
follicular growth and in turn, stimulates the release of gonadotrophic hormone and
Juteinizing hormones via the pituitary gland of the brain. Clomiphene citrate is a
resister for the receptor of estrogen. Once it gets bind to the estrogen receptor, it
induces an antiestrogen effect over endometrial wall as well as cervical mucus. With
the onset of treatment, pregnancy takes place confined to six cycles of ovulation.
Besides, an overdose can induce a greater rate of multiple gestation-like side effects.
Therefore, in the case of obese patients, a massive dose is needed because they did
not acknowledge therapy.

9.2.3 METFORMIN

Generally, Metformin is prescribed for type II diabetes due to an efficient antidiabetic
agent. Metformin plays a key role in weight loss as well as a little role in reducing
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l‘olyphcnols

Thnshinone 1A

Curcumin

Rutin

Apigenin

Catechins

Soy Isoflavones

Resveratrol

6-Gingerol

Quercetin

e s

le of Different Plant-Derived Secondary My

—————

e

d Alterations

Treatment for PCOS

“Restores the dexamethasone-urged ovarian
resistance, reversed serum estradiol and
(estosterone level, increases over-weight”

“Reverses the hyperandrogenism abnormal clevation
in testosterone, increascs progesterone, estradiol
blood serum level, weight of ulerus, restored
hormonal profile, lipid profile, antioxidant, glucose
control and morphology of ovary”

«Decreases glucose level increases insulin-
dependent receptor kinasc activity, restoration
and recovery in all the cellular changes in the
ovarian follicles, dwindles oxidative stress,
up-regulation the antioxidant system”

“Down-regulation in gene expression, increases
progesterone, decreases estrogen and LH/FSH
ratio, increases number of primary follicles,
Graafian follicles, decreases number of cystic
and atretic follicles, decreases oxidative stress”

“Modulates hormonal disorders, insulin resistance
and ovarian and uterine pathological changes,
decreases inflammation, increases glucose
metabolism, increases incidence of IR, decreases
weight of uterus, regulates the level of sex
hormones”

“Control the menopausal symptoms, increases
expression of mRNA and proteins of ERb, down
regulates the androgen receptors, decreases
testosterone level, decreases ovary weight”

“Decreases low-grade chronic pro-inflammatory
cytokines, decreases inflammatory pathways and
subsequently decreases ER stress, decreases
testosterone quantity as well as
dehydroepiandrosterone”

“Decreases serum FSH, LH and estradiol
and testosterone, inhibiting the cyclooxygenase
pathways, alters pituitary-ovarian axis, inhibits
the lipoxygenases sulfate expression”

“Decreases Glut androgen, activation of AMPK-
dependent and insulin-dependent pathways, down
regulating the major enzymes responsible for
gluconeogenesis, maintains testosterone, €stro
and progesterone level, prevents loss of bone mass
in post-menopausal women”

gen

Xu of

n
Syﬂdrﬁm
o
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Rani of al, 20y,

Yeasmin g al.
(2022)

Rani et a, (2022

Fang et al. (2022)

Leite at al. (2022)

Sivani et al.
(2022)

Rani et al. (2022)

Jahan et al. (2018)
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TABLE:;::: Drugs and Their Reproductive Complications
a &
Allop Complications Caused
by PCOS Treatment Available Reference
g. No. fertlity “First-line treatment: Clomiphene citrate Santos et al. (2022)
1 treatment. Second-line treatiment:
Management of exogenous
gonadotrophins or laparoscopic ovarian
Surgery (Ovarian drilling). Third line
treatment: IVF™
Menstrual Dysfunction  “Oral contraceptives (OCs with combined Eldosouky et al,
2 estrogen and progestin) are commonly (2022)
used for treatment™
Hirsutism “Finasteride, Flutamide and Spironolactone  Gambineri et al.
K improve hirsutism, Combination of (2022)
anti-androgens and EPs™
Anovulation “Clomiphene citrate, Tamoxifen, Shukri et al. (2022)
4 ) Aromatase inhibitors, Metformin,
Glucocorticoids, or Gonadotropins or
surgically by laparoscopic ovarian
drilling™
= Endometrial Cancer “Total abdominal hysterectomy, With Chaffin et al.
= bilateral salpingo-oophorectomy, (2022)

High-dose dmedroxy progesterone acetate
(600 mg/day) treatment with endometrial
evaluation in every 3 months”

testosterone amount. Weight loss in turn results in dwindling the level of testoster-
one. Moreover, it is associated with decreasing the level of insulin by increasing
insulin sensitivity. Metformin is also a prescribed medicine for Hirsutism.

9.2.4 GONADOTROPINS

A second-line treatment for ovulation in the case of PCOS women is exogenous
gonadotrophins. However, if the first line of medication fails, then the gonadotro-
phins play their role by stimulating the proper growth and maturation of follicles
and facilitate ovulation, so that they are proficient for fertilization. Major drawbacks
of exogenous gonadotrophins supplementation include improper follicular devel(?p-
ments, ovarian hyperstimulation syndrome (hCG-mediated generation of vasoactive
mediator), and multiple pregnancies (Pampanini et al., 2020).

9.2.5 AROMATASE INHIBITORS

Aromatase inhibitors are greatly efficient over urging ovulation (such as letrozole
and anastrozole) by inhibiting the activity of aromatase enzyme. Aromatase enzyme
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is required for the production of estrogen and progcstcrogc -in ovarian rOI]iCqu
however in PCOS patient’s activity of aromatasc becomes considerably StlppreSSE(‘l‘
Reduced gonadotropin-releasing hormone (‘GnRH) {"e]casc from the hylmllmlainu'
and cstrogen from ovarics are responsible for clevating the FSH. Letrozple an ap ;
matase inhibitor restricts the conversion of andro.gcns‘ to estrogen with the 44 gf
inhibiting different peripheral pathways by signaling {ine response in (he pi[ﬂilary

{o clevate the extent of FSH in order to intensify ovulation (Frankland et al., 2021

9.2.6 TAMOXIFEN

Tamoxifen (TMX) is both structurally as well as !’unctionally similar with clom;j.
phene citrate. It induces agonistic effect of endomctr:z_ﬂ. TMX ac_lministration elevateg
the level of estrogen in lower genital tract. Tamoxifen f'unctlons against estrogen
receptors in the hypothalamus that in turn stimulates ovaries. Moreover, it POssesses
similar activities as that of Clomiphene citrate. Therefore, it is referred to as ap alter-

native to it (Marcus et al., 2022).

9.2.7 TROGLITAZONE

It is also used as an antidiabetic agent which is recognized lately, and functions iy
harmonizing the level of testosterone (Komolafe et al., 2021).

9.2.8 SPIRONOLACTONE

Recent studies evidenced that diuretic spironolactone is a single-drug medicaments
ameliorate hirsutism around 40% via binding testosterone receptors with an allegation
of irregular menstrual cycle and distaste. Further, its combination with oral contracep-
tives is nearly 75% effective with hirsutism control approximately 45%. Besides, it also
restricts the ovarian as well as adrenal steroidogenesis. Moreover, all the drugs prove
to be beneficial while neither of the above drugs fully conquer the level of testosterone.

9.3 TANSHINONEII A

Tanshinone IIA (TSIIA) is an essential ingredient of Salvia miltiorrhiza (Figure 9.2)
(Lu et al., 2022). Its rule is well documented in Chinese herbal medicinal system that
exhibits an ameliorative effect (Floor et al., 2011). TSITA counteract the dexametha-
soneinduced sex gland hypoglycemic agent resistance in PCOS mice, because TSIIA
controls various scientific attributes likewise, antiinflammatory, immunomodulatory,
and antioxidant observed by Chen and Xu et al. (2014). It’s been reported by Jin et al.
(2019) that in estradiol-urged PCOS, an elevation rate within the length of estrous
cycle that includes (diestrus, metestrus, and estrous phases) approximately ~9 days.

9.3.1 PCOS: Errects oF TSHA oN OVARIAN MORPHOLOGY IN MICE

It has been studied that estradiol-urged PCOS augments body weight and ovarian
weight (Blanco et al., 2022; Jiang et al., 2022). In addition to this, the ovary-to-body
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CH3 CH,

GURE9 2 Structure of Tanshinone 11 A.
fl )

oht ratio inCreases following the treatment of estradiol treatment (M
weig

-

. s arcinkowska
ot al.. 2022). TSIIA regulates the estradiol administered increment in ov

arian and
hody weight. Chapman et al. (2009) reported that more than one infected follicle

had been present inside the ovaries of estradiol-treated mice is the clinical features
of PCOS. Furthermore, the management of estradiol decreases the number of antral
follicles. corpus luteum, and preovulatory follicles and simultaneously elevates the
qumber of atretic cyst-like follicles observed in PCOS condition. However, treat-
ment with TSIIA restores development of follicles and their number as well. TSIIA
wreatment renovates the steroidogenic pathways indicated by decreasing the quantity
of testosterone with simultaneous increase in serum estradiol PCOS patients with-
out affecting the level of progesterone. Estradiol-induced PCOS results in the trans-
formation of PPARy (peroxisome proliferator-activated receptor gamma), FSHR
(follicle-stimulating hormone receptor), LHR (luteinizing hormone receptor), and
aromatase including a substantial deduction in mRNA proclamation of both FSHR
and aromatase. Therefore, TSIIA controls the expression of mRNA aromatase gene
inovary (Rani et al., 2022). Subsequently, PPARy, FSHR, as well as LHR contribute
in the regulation of aromatase gene expression in ovary (Dey et al., 2022). TSIIA
treatment ameliorates the FSHR expression including aromatase protein amount
that has been proved by undergoing western blot evaluation in granulosa cells of
ovary. TSITA treatment elevates the amount of cAMP in the ovarian granulosa cells,
while estradiol. It has been studied that TSIIA plays an amazing role by elevating the

amount of both aromatase mRNA as well as FSHR in the ovarian granulosa cells
(Rani et al., 2022).

94 CURCUMIN

Curcumin (CUR) is one of the essential dietary polyphenols with an TUPAC
name: 1,7-bis[4-hydroxy3-methoxyphenyl] hepta-1,6-diene-3,5-dione) that comes
from Indian rhizomes spice Curcuma longa, commonly recognized as turmeric
(Fabianowska-Majewska et al., 2021). Curcumin possesses (chemical formula:
CHy004; molecular weight: 368.38 g/mol; synonym: diferuloylmethane). CUR 1s
Wﬂ'l known in Asian countries with the name of spice that provides a bitter taste,
an Ingredient of curry powders, some, mustards, preferred as a food-coloring agent
because of jg peculiar yellowish color, and a medicinal herb (Casada et al., 2022).
CUR Plays an essential role in elevation of activities of antioxidant enzymes such

R,
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as superoxide dismutase, catalase, as well as glutathione peroxidase, funct
free radical scavenge, and harmonize Keapl/Nef2 (regulating the work of antjoy;
proteins that can help protect against oxidative damage) (Crusiz ct al., 2020y, (
Curcumin possesses anti-inflammatory attributes by suppression the activig
cyclooxygenase-2 and lipoxygenases which in turn results in controlling the epr; of
sion of prostaglandins (Sultana et al., 2022). Additionally, curcumin plays an ESq:S_
tial role in anticancerous properties through terminating interferon~gamma aq wen“
as tumor necrosis aspect (Gupta et al., 2022). Consequently, all these attributes of
Curcumin have developed an idea among the medical society’s key of interest in
scientific coverage in the field of medical problems (Sultana et al., 2022), [nsteaq
curcumin also exhibited wound healing property in context of controlling 4 variet ;
of respiratory discases such as (allergies, bronchial fidgety, asthma), anxiety, arthriy.
tis, telogen effluvium, including type 2 diabetes mellitus (Moday et al., 2021),
Reddy et al. (2019) treated animals with letrozole for 21 days with 1 mg/kg dis-
solving in 0.5% CMC (critical micelle concentration) results in the development of
cysts in the ovary as depicted by histological observation, modulations in hormong]
profile, and ovarian tissue biochemistry. Administration of two doses of curcumip,
i.e., 100 mg/kg (min) and 200 mg/kg (max) for 21 days, shows decrease in body
weight, restoration of histoarchitecture, hormonal profile, ovarian tissue biochemjs.
try, etc. when compared with the standard drug Clomiphene citrate (1 mg/kg dissoly-
ing in 0.5% CMC orally). Additionally, curcumin reverses the irregular upgrading
of testosterone in comparison to standard clomiphene citrate drug (Aliakbari et al.,
2022). On the other hands, estradiol and progesterone level was found decreased in
PCOS rats (Alemany et al.,, 2022). Hence, reductional quantity of both progester-
one and estradiol indicates an ovulatory condition (Starrach et al., 2022). Treatment
of curcumin increases the level of progesterone and estradiol in serum toward the
normal range (Rani et al,, 2022). Therefore, considerable decreases are observed in
estrogen level due to the inhibition of enzyme aromatase in PCOS condition (Thapa
et al,, 2022). Higher doses of curcumin, i.e. 200 mg/kg, function as a source of estro-
gen (phytoestrogenic effect) (Bachmeier et al., 2010). Therefore, management of cur-
cumin results in enhancing the weight of uterus significantly (Abdulah et al., 2022).
Polycystic ovarian syndrome (PCOS) is also associated with metabolic-anomalous
due to hyperglycemia and type-2 diabetes mellitus consequences in earlier stage that
in turn results in insulin deficiency (Reddy et al., 2016). Dhar et al. (2022) reported
that PCOS causes considerable elevation in fasting blood glucose including glycosy_l-
ated hemoprotein amount. In addition to the elevation of glycosylated hemoprotein
(HbAIc), curcumin also alters fasting blood glucose (Su et al., 2022). Therefore, it
might be evidenced that curcumin plays an essential role in suppressing the event of
insulin resistance as well as diabetes hindrance (Hussain et al,, 2022). PCOS is alsc?
associated with other metabolic consequences like dyslipidemia (elevates the chzx}lceb
of clogged arteries) (de Medeiros et al,, 2022). Supplementation of curcumin C()flSldCl':
ably lowers the total cholesterol (TC), triglycerides (TGs), LSL in contrast, Iowe‘rmg l‘hw
high-density cholesterol (1HDL) amount. Therefore, results in unlihypcrlipidcm‘lg HC‘}";
ities reduce the risk of cardiovascular discases (Ajuo et al., 2022). This modificattor
in lipid outline occurs due to hypoandrogenic effect of curcumin (Liang et al. =% u;
Due to metabolic abnormalitics, PCOS also causes oxidative stress results i Varto

d

lan
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ical conditions (Chen ct al,, 2022). Curcumin being
P"‘thol(;fé formation of free radicals by lowering (he |j
vents ! clevation of nonenzymatic GSH (glutathione)

. 1b ' amount
mefj '?thq that includes CAT (catalase), and SOD (superoxid
anIOXIGETE

- ovary (Nyemb ct al., 2022). If these free radicals do n¢
ing "}‘qu (o numerous damages including membrane deteriora
! e

may is in cells (Shabalala et al., 2022). Therefore, curcumin
nCCl'O- . )

. . flammation, consequently avoiding cellular injuries (Ji
antl-1

a potent

; antioxidant re-
pid peroxi pre

ation rate accompa-
as well gg endogengus
[ dismutasc) function-
J.( ¢l neutralizeq, they
ting, inﬂammation, and
plays a significant role in
ang et al., 2022).

Chemically, rutin i§ 334,5,7 tetrahydroxy ﬂ.avone 3-rutin95ide
functions as an antioxidant and also.helps in the at_bsorpu.on 0
al., 2022). Rutin scavenges free radicals (superoxxc%e radical,
hydroxyl radical) (Lietal., 2022). It also acts as terminator and
(Ungur et al., 2022). - N o ‘

In various model organisms, conditions of PCOS were induced like female albino
rats to study the alterations in female reproductive system (Rudic et al., 2022).
Letrozole is an amazing drug used for the induction of PCOS condition in female
mice that suppresses the Cytochrome P450 and aromatase enzyme functioning,
restricting the transformation activity of androgens into estrogen and progesterone
under steroidogenic pathway domination. Irregular estrous cycle (anestrous) increase
in body weight and anovulation (Boro et al., 2022). PCOS urge in iiemale Spragpe-
Dawley leads to irregularity in estrous cycle including modification in StEth—Spe-ClﬁC
cells leucocytes, cornified and epithelial cells. However, treatment of rutin at differ-
ent doses (100 and 150 mg/kg/day) has been found to decrease the PCOS-induced
biochemical, histological, and hormonal changes (Quinto-Ortiz et al., 2022).

Recentstudies reported that rutin supplementation does not causes any cpnsiderable
difference in weight, diameter, as well as ovarian organ index, howevczr it decreases
the expression of adipogenic genes (Jahan et al., 2016; Kim et al., 2015). It has t_>e.en
studied that in PCOS, the level of blood glucose increases after 21days adminis-
tration of letrozole (Kamal et al., 2022). Therefore, hormonal secretions becon}e
unequivocal and favor the excessive synthesis of androgen, which. if‘ turn results in
deficiency of insulin, hence resisting glucose permissiveness. Administration of rutin
as antiandrogeni as well as antihypoglycemic agents decr.eases the blqod glu-cose
level due to the regulation of glucose metabolism by increasing the secretion 05 “:)SP_
lin via maintaining the glucose uptake by the cells (Kama_lakk.annan et al., 2005).
This finding suggests that insulin elevates the expression qf msulm-degegcﬁiem recep(;
tor kinase genes and harmonizes the blood glucose. Morrt-seau et al. (2022) fepf’“e‘_
that administration of insulin-signaling pathway leads to increase the glucose trans
porter 4 conveyers over membrane, thereby elevating glucose intake.

(a bioﬂavonoid) and
f vitamin C (Rani et
peroxyl radical, and
chelator of metal jons

9.6 CONCLUSION

< 1mec li\'el '
PCOS is common in females and becomes more dangerous during the_rc][:rmllgcyqt :
active phase. The symptoms of PCOS vary such as hyperandrogenism, p
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acne, cte. Morcover, PCOS not only Causeg repr
abolic disorders such as diabeteg melli 0-
ug

insulin resistance, obesity, dyslipidemia, ctc. le-fcrcnl allopathic (lfugg are useq fo;
the treatment of PCOS, however these allopathic d'rugs causc various side defecq
and health ailments. Hence, plants and their parts might be a best alternatiye therapy

for the treatment of PCOS.

menstrual disturbances, hirsutism,
ductive complication but also causes met
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