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3.1 INTRODUCTION

. . 2 " “ ))I C ;Sli o i
~ most common ovarian disorder 18 [(. y }‘; ¢ ovarian Syn(lr()me
S tht‘ IT 1 ~overed by Stein and Leventhal in 1935 (Leventha| ind
PO l:‘fu i1t0 1s thin—chcntlml syndrome (LCVC'“hal, 1958) on

nee. it 1s referred 10 ds e thal: synciome G ‘ sy
1951). Henee, l{ ~ommon ¢ and metabolic dlslm ders in which the “’Ome,:
~ of the most € ' me P SIS /h
one of th juce immature or pn[-unlly maturc cggs n; i" £e quantities gp devel,
aries produce { : L0700 : .
ovaries pr ysts, [t occurs mainly in 2% 20% of the reproductive
into ovarian CYSts. ey
08: Rm ct al,,
(Knochenhauer ot al.. 1998; Ran et e

1< become A SCVETe 18suc. -
Bt isaiype cnor eventhal, 1958), whic :
PCOS is atype of secondary amenorrhea (Le a ), hineludeg -

amenorrhea, i.e., absence of menstruation. FSH is responsip|a
and ovulation. Lack of FSH arrested the growth of antry]
ar cycles and anovulation in PCOS women (Doi et 4]
and glucose infolerance are the metaboli;
2008). Physical §igns are .hlrsutxsm (excesswe.hair growth
on the face). alopecia, overweight, acne, 1nappr opriate male features, oily skin, etc,
It occurs in the beginning of adolescence (Teede et al., 2010). Wofneﬂ with PCQg
have hicher chances of coronary artery diseases and stroke due to high .Ievel of LDL
cholesterol and low level of HDL (Macut et al.,, 2013). _Hy perandrogenism or male.
like features. insulin resistance, and ovulatory dysfunction are the major indicationg
in women with PCOS (Jahan et al., 2018). Women with PCOS exhibit comparatively
hich emotional distress such as anxiety, depression, poor self-esteem, and reduceq
qukality of life (Coffey et al., 2006; Tasali et al., 2008; Benson et al., 2009; Veltmar-
Verhulst et al.. 2012). Obstructive sleep apnea is also a determinant factor in women
with PCOS (Tasali et al., 2008).

Dyslipidemia is a common risk factor in women with PCOS. It has been suggested
that dyslipidemia. obesity, and hyperinsulinemia may be responsible for PCOS-
related oxidative stress. Due to the presence of excessive adipose tissue and overpro-
duction of reactive oxygen species (ROS) the oxidative stress seems to be increased
in women with PCOS. Overproduction of ROS is responsible for the high level of free
radicles, such as superoxide radicles and hydrogen peroxide in mitochondria (Macut
et al., 2013; Sharma et al., 2022).

Low levels of sex hormone binding globulin (SHBG) leads to hyperandrogenemia
(Qu and Donnelly, 2020). Increasing oxidative stress leads to an increase in number
of cardiovascular diseases in women with PCOS. According to Das and his cowork-
ers, granulosa cell proliferation in women with PCOS is greater than granulosa cell
death or _apOptosis (Das et al.,, 2008). Hence, more granulosa cells produce more
estrogen in response to FSH stimulation than normal granulosa cells (Erickson et al.,
1990). In women with PCOS, antimullerian hormone (AMH) also presents a high-
le-\'el output b?r granulosa cell from preantral and small antral follicles which causes
gl‘*;rl“P;‘(;’g;)C“""}’ of granulosa cells in women with PCOS (Pigny et al., 2003; Pellatt

I_n this chapter, we are starting to explore the effects of resveratrol, quercetin, and
6-gingerol on PCOS,

ndocrine

age
2015; Basheer et al., 2018). Nowmay‘c;'ml‘gp
» Uie

ular menstruation or
for follicular maturation
follicles which causes 11'1'cgul. . )
2005). Tvpe 2 diabetes, hyperinsulinemia,
svmptoms (Tasali et al.,

i
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|»|wtutlu"-‘l“"“\ Lol PCOs ’"

PCOS AND REPRODUCTIVE IMPAIRMENTS

soptendam peported that women with PCOS have higher tevol of elieutating andro
Rt The aromatase enzyme primavtly converts testosterone and androstenedione
adiol and estrone throughout the steroddopenests process (Rotterdinm, 2003)
when problems avise with this enzyvime, it cnuses an incrense In ..V.“f“m’
androgen leu‘vlinn and \lv\‘vl‘npnwnl ol PCOS (Kafalt ot al, 2000, (v women,
:\ndm.ﬂ““ i numﬂy produeed from :.l.w ovary andd adrennt glands, To women with
.\‘(‘“S' the n“u'u‘s.1\\\:\11100 up o 60% :\l .n\mlumvn nnd the adeennl gland produces
he emaining -1(1"\' (Cedis vl‘ al., l”t)..). This excess production of nudrogen lends
o5 l\)'|‘*“'*““h‘““°,n"‘:m‘ i-‘\\'mnhn;x 3 M‘Nllmz. in normal women withoat PCOS, (he
|11 and ESH ratio 5:..?)‘llllml.‘ but in women with PCOS, the L level increnses
ap 10 18 1U/ml and the ESU level decreases up to 61U/ This ehinnge can prevent
avulation well and leads to l‘n‘\\'vr pnl‘r,nnnc,\' and hipher miseaeringe ente, During the
carly stage of life, L1 and ESH ave in equal amounts, but 24 hours before ovalation,
LH level increases up 1o 2540 1U/mll, After ovalation, the LH levels decrenses

3.2

NAAT
o estt
Howeyeh

”“‘ 1N ] H \ \
(Krishnan and Muthusami, 2017)0 Women with PCOS have an inereased risk of
impniwd glucose tolerance (Rotterdam, 2003, In normanl women, the insulin level is

6-15 plu/ml.. but in women with PCOS, the insulin level inereases up (o 22 plU/mlL
(Joshi et al.. 2014 Krishnan and Muthusami, 2017), which teads to hyperinsulinemia
and causces diabetes metlitus, Women with PCOS also have an elevated level of dehy-

drocpiandrosteronc (DHBAS) (Rotterdam, 2004). In women with PCOS, the high

Itrogy
N)Gnshugufnr

/ A Cyelg

Obesity
hyperinsulinemia

FIGURE 3.1  Various physiological impairments involved in PCOS.



-

e,
it

4 Herbal Medicine Applications for Polycystic Ovarian Syndroy,
- vdic
1sulin receptor in the osteoblast cell and reduce

: i in may bind with the ir '
level of insulin may binc i, 2017) (Figure 3.0).

bone formation (Krishnan and Muth

3.3 THERAPEUTIC DRUGS IN PCOS

To date. there are sceveral medications that exist for the trculmcn'l of .P(,()S. For
patiems'with PCOS. medical managements such as oral contraceptive pills, metfoy.
min. and hormone therapy were introduced (Mihanfar ct al., 2021a).

3.3.1 Orat ContrACEPTIVE PiLL
OH
{.--C=CH

Levonorgestrel

Oral contraceptive pills reduce hyperandrogenism and regulate menstrual cycle
by suppressing ovulation and preventing cyst formation (Piparva and Buch 2011;
Mihanfar et al., 2021). Research evidence suggests a lot of medications for the treat-
ment of PCOS. However, few studies in the literature suggest cardiovascular and
breast cancer as side effects of oral contraceptives.

Furthermore, there are various allopathic drugs in allopathic medicine to treat

PCOS.

3.3.1.1 Metformin

NH NH

Metformin

Brand: Fortamet, Actoplus met, Janumet, Glycon.

Mechanism of action: Previous researchers reported that metformin is primar-
ily used for the treatment of type 2 diabetes and acts as insulin sensitizers. Morley
and his coworkers also reported that metformin decreases weight, also decreases the
androgen level in blood serum, and improves menstrual irregularities and ovulation
(Morley et al., 2017) (Figure 3.2).

3.3.1.1.1 Side Effects of Metformin

They all have many sides effects which are evidenced by the use of these drugs in
PC(?S treatment. Metformin as a PCOS drug causes other discases such as gastroin-
testinal disturbance, lactic acidosis, and renal insufficiency (Jahan et al., 2018).
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Hepatic
gluconeogenesis

Mettormin

l

FIGURE 3.2 Schematic flowehart of mechanism of action of metformin. Metformin
Jecreases hepatic gluconcogenesis by inhibiting mitochondrial complexes which have down-
Jocreases § oy ng mi

ctream effects on cAMP and protein kinase signaling pathways. As a result, gluc

agon action
d.\cmq\‘;‘\‘ and Cil\‘lllatill.." 1“5“11“ mld QlllCOSC 10\'{:1 on ovar iCS,
¥ o e =

3.3.1.2 Clomiphene Citrate

It has been reported that clomiphene citrate is an estrogen antagonist and is used for
the improvement of ovulation in infertile PCOS women (Macgregor et al., 1968).
Rosenfield and Ehrmann (2016) also reported that hyperandrogenism is also treated
by clomiphene citrate, thereby reducing hyperinsulinemia because hyperandrogen-
ism is the main factor for hyperinsulinemia (Figure 3.3).

OCH,-CH,-N(CoHg)s

* CgHgO;

ol T
l
i
Clomiphene citrate

3.3.1.2.1 Side Effects of Clomiphene Citrate ‘
Congenital abnormalities, such as liver diseases, decrease the quantity and qua.llty
of cervical mucus, leads to abnormal development or dysfunction of cnd(‘)metr.lul.u
(Sereepapong et al., 2000; Sovino et al., 2002), and also leads to mood swings, 1rri-
tability, and feeling down (Chuoi et al., 2005) (Figure 3.4). o _
Therefore, clomiphene citrate may not be a suitable drug of choice for Iong-tel-m
PCOS medication (Jahan et al., 2018). Therefore, to treat PCOS, some phytothera-

i ici on investigated fr ime
Peutic folk medicines need to be explored, as they have been investigated from t
to time,
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Clomiphene rHyp
citrate <&

-

LH pulse frequency T

r Estrogen 1 J [ Pr ogester@

FIGURE 3.3 Schematic flowchart of the mechanism o.f actiop of clomiphene Citrate,
Clomiphene citrate can increase the LH pulse frequency by increasing the pulsatile Secretion
of GnRH in hypothalamus, thereby increasing the estrogen level before ovulation ang the

progesterone level during luteal phase.

( @ \ Renal
Lactic acidosis <:| e ':> insufficiency
o I
= o
=,
X D3 Break through
Mood swing Bed —) bleeding
O =
o=
3 0
Nausea <:_—_l § g l::> Liver disease
3 3
=3
Vomiting K== S0 > Iritability
> 3.
g- ; Gastro
: S Ny =
Congenl_tgl <:___| ':',’ = i
abnormalities @ :
disturbance

FIGURE 3.4 Schematic diagram showing side effects by using therapeutic medications in
PCOS.

3.4 PHYTOTHERAPEUTIC INTERVENTIONS IN PCOS

The present scenario, which is related to the various side effects of the therapeutic
drugs, such as metformin, clomiphene citrate, contraceptive pills, and so on, inclined
the attention of various researchers toward the nutraceuticals/phytoextracts which
contain various polyphenols and bioactive compounds for the treatment of PCOS
pathogenicity.
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Since ancient times, most o the tribal population use
_ ‘llu‘ teatent ol various Kind of diseases, including
'?“\ wound healing, and reproductive disfune
oy,

aplote o few plant extracts, such ns polyphenols and bioactive compounds, which
. \l' tely used o treat PCOS. However, varions reports suggest that they are known
. i.‘\‘”'w l;him\' o interfere with ditferent Kinds of discases, It is believed that the
w hm;' . \nls\um;‘cs from medicinal plants, [ruits, and vegetables in diet may play an
!\!Wm? " \i ro‘lo in the protection, Plant polyphenols are dictary antioxidants and act
n:“:::.“::“:m-nl polymers and defense response chemicals (Lin ct al., 2016; Rani et al.,
| |
- Thexe phytotherapeutic drug could be l|lx‘1v0nmd ur\d nonfl
The present study explains about one specific Tavonoid,
vonoids such as 6-gingerol; anothe

the neutral folk medicine
viral infection, inflamma-
tion/disorders, In this study, we wish

avonoid compounds.

i.e., quercetin and nonfla-
r phytomolecule which we have considered is the
wural polyphenol is in stilbene family, known as resveratrol (Figure 3.5).

n ;

3.4.1 QUIRCETIN

Flavonoids (i.e., quercetin) are hydrophilic' natural glycosides which are pres-
ent in many plants and foodstuffs (F‘ormlca an.d Regelson_, 1995). The rrzos,t
common flavonoids are quercetin and Rutin. Quercetin, the che.mu?al name-3,5,7,3',4'-
pentahydroxyflavone, is one of the most common ﬂavanf)ls which is commonly found
in fruits and vegetables such as tomato, onion, broccoli, lettuce, grapes, apples, and

Hyperandrogenism, Oxidative stress, Lipid
Anovulation, Infertility, peroxidation, ROS
Oligoovulation

N /L

Polycystic Ovarian
Syndrome

6-GINGEROL
RESVERATROL

QUERCETIN

Polyphenols

FIGURE 3.5 Polyphenols in PCOS.



yorgyi in 1936 (Formica and Re

’ i Szent G , pgryes
as first described by antioxidant properties.

gelS()n
ompound and has

blueberries. It w ‘ ‘
1995). Itis a nonsteroidal ¢

Structure of quercetin

tudy is based on the effect of quercetin.in PCQS. In addm.or.l to ben‘eﬁts
Th; g;)e;entjerceiin exhibits cardiovascular protection, anticancer activity, antidia-
in . q
batic, anti-inflammatory effect, etc.

i hytotherapeutics

S . Que"ce““ o ti cci))m onent (Mihanfar et al., 2021a). The meta-
Quercetin is a potent therapeutic p : le in lipid and adi e

bolic sensors, AMPK and SIRT-1, play an important role 1 p po Ines
metabolism, glycolysis, and oxidative stress but their expression level decreases in
PCOS ovarian tissue (Ruderman et al., 2010; Furat Rencber et al., 2018; Tao et al.,
2019; Nejabati et al., 2020). Quercetin plays a regulatory role in AMPK and SIRT-]
activation (Iside et al., 2020). Quercetin supplement increases AMPK and SIRT-]
expression as well as increases insulin sensitivity and lipid and ac.llpoklnes metab(?-
lism (Mihanfar et al., 2021b), thereby improving GLUT4 regu.lat'lon and glycolysm
(Pourteymour Fard Tabrizi et al., 2020). Treatment with quercetin in PCOS improves
different biochemical and hormonal parameters as well as ovarian histological
parameters (Mihanfar et al., 2021a). The granulosa and thecal layer of secondary
follicles are thicker in women with PCOS than a healthy woman. However, quer-
cetin supplement decreases this thickness of granulosa cell and layer of secondary
follicle (Jahan et al., 2018). Jahan and his associates also reported that large-sized
cystic follicles are created in women with PCOS instead of secondary and tertiary
follicles. These cystic follicles were formed due to excess androgen and disrupted
folliculogenesis (Wang et al,, 2012, Linares et al., 2013). However, quercetin admin-
istration decreases this cystic follicle diameter and increases the number of primor-

dial germ cell and primary follicles (Jahan et al., 2018), thereby normalizing the
ovarian size and hormona] imbala

nce and i i enemia (Shah and
Patel, 2016), mproving hyperandrog (

Insulin stimulates ovarian steroidogenesis by inhibiting hepatic SHBG synthesis
(Plymate et al., 1988) and both hepatic and ovarian IGFBP synthesis (Poretsky et al.,
1996), which regulates the ovarian growth and cyst formation and alters the adrenal
Steroidogenesis (Poretsky et al., 1999). Insulin also stimulates the ovarian steroido-
genesis by binding to jtg

OWn receptor and IGF] receptor on granulosa and thecal
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cells of the ovary (Poretsky et al.,, 1999), which finally leads to the formation of
hypcrandrogcnism and hyperinsulinemia and causes obesity in women with PCOS
(Gambineri et al., 2002). However, treatment with quercetin reduces CYPI7AI
mRNA expression to prevent excess production of steroidogenic hormones and
also decreases ovarian cyst and its weight which finally improves hyperandrogen-
emia (Shah and Patel, 2016). Quercetin also decreases the total cholesterol level and
increases HDL cholesterol (Jeong et al., 2012).

In women with PCOS, the blood-glucose level is high due to high activity rate
of a-glucosidase enzyme which breaks down the starch and disaccharides to glu-
cose and causes hyperglycemic condition. However, quercetin inhibits the activity
of a-glucosidase, which reduces the blood-glucose level (Shikawa et al., 2007; Kim
et al.. 2011; Jeong et al., 2012).

A woman with PCOS exhibits excess level of ROS and free radicals, and a decline
in the level of antioxidants causes oxidative stress (Maritim et al., 2003). However,
quercetin increases the function of antioxidant enzymes such as hepatic SOD, CAT,
and GSH-Px, which protect the cell from oxidative damage (Harman, 1991; Droge,
2002). Quercetin directly degrades the ROS and free radicals which reduce the
oxidative stress in women with PCOS (Hanasaki et al., 1994; Boots et al., 2008)
(Figure 3.6).

Adipose tissue produce adiponectin, leptin, TNF-a, etc. (Sun et al., 2011). TNF-a
and leptin block insulin receptor and IGF-1 receptor tyrosine kinases by inhibiting
serine phosphorylation of IRS-1 which causes obese conditions in women with PCOS
(Hotamisligil et al., 1996). However, quercetin increases the tyrosine phosphorylation
of IRS-1 (Eid and Haddad, 2017) and induces pancreatic f-cell proliferation which
leads to increase in the insulin level (Gurav et al., 2018). On the other hand, adiponec-
tin enhances insulin sensitivity (Mamaghani et al., 2009; Cui et al., 2017) but its level
is low in women with PCOS because testosterone concentration is higher in women

f S
{ cholesterol
STAR Estrone
protein
pregnenolone I1 78 HSD
3pHSD 7 TEstradiol
| progesterone Aromatase ICYP‘] 9
Dihydroepiandrosterone ;
w = ] Testosterone
- -m =
Quercetin c:r:> Quercetin 178 HSD
o
JAndrostenedione --------f---d----=m-m=mf=mmmqmmnoo- » Androstenedione
K Theca cell J \ Granulosa cell /

FIGURE 3.6 Effects of quercetin on steroidogenesis during PCOS.
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wWith PCOS which exerts negative teedback on adiponeetin secretion (Rezvyy et g
2017), Theretore, it decreases insulin sensitivity and increases insulin resistanee t‘"n'-'
dition in women with PCOS, However, quercetin increases adiponeetin Productjgy,
by decreasing TNE w synthesis through the inhibition of NF-xp (Min et g1, 20077
Shah and Patel reported that correction ot dyslipidemia decreased plasma conccmm:
tions of cholesterol, redueed triglyeeride, LDL, and VEDL levels, and incrense the
HDL level due to the administration of quercetin (Shah and Patel, 2016), Hong apg
his associates reported that quercetin deereases the serum glucose level (o Maintajp,
glucose homeostasis and reduces body weight by decreasing the production of Ste.
roidogenic enzymes such as 3R-HSD and 17-f HSD (Hong et al., 2018), Antiobesity,
action of quercetin reduces adipogenesis and lipogenesis by decreasing the eXpres.
sion of PPARY. SREBP, and tatty acid synthase in adipocytes, thereby reducing body
fat and protecting against weight gain (Ahn et al,, 2008: Aguirre et al., 201 D).

3.4.2 6-GinGgEROL

Ginger thizome, commonly known as ginger, contains pungent phenolic substanceg
6-gingerol (Kim et al., 2003). The chemical name of 6-gingerol is - (l-[4'-hydr0xy-
3 ~methoxyphenyl]S-hydroxy-3-decanone), It is the ginger extract in natural aromatje
polyphenol. Tt is the most bioactive compound of ginger, having different biologica]
properties such as anticancer, antioxidant, antiatherosclerosis, anti-in flammation,
antiplatelet aggression, and antifungal properties (Pournaderi et al., 2017a),

O OH

/\/J'k/'\/\/\

O—

HO

Structure of 6-gingerol

3.4.3 6-GINGEROL AS PHYTOTHERAPEUTICS

In women with PCOS, high-pituitary sensitivity to hypothalamic GnRH and higher
pulse frequency of GnRH increases the production of LH over FSH (Polska et al.,
2011). A rise in level produced more androgen from thecal cells which causes hyper-
androgenism in PCOS patients (Moret et al., 2009). Rahmanian et al. reported that
6-gingerol suppresses gonadotropin secretion by its effect on pituitary-gonadal axis
which in turn decreases the release of FSH and L1 (Rahmanian et al., 2012). Khaki
and his coresearchers reported that 6-gingerol decreases the testosterone levels by
reducing the blood-glucose and insulin level (Khaki et al, 2014). Androgens are
synthesized into estrogen by cytochrome p450 aromatase enzyme. 6-Gingerol ham-
pers this pathway and reduces the estrogen level (Li et al., 2013), Prostaglandins are
responsible for gonadotropin synthesis. Pournaderi and his coresearchers reported
that 6-gingerol inhibits the synthesis of arachidonic acid and prostaglandins by
inhibiting cyclooxygenase and lipoxygenase pathways, thereby normalizing the hor-
monal imbalance and decreasing the gonadotropin level.
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3.4.4 RESVERATROL

Resveratrol (11‘3"3-3-5'-4'-1l‘yhydmxystilbcnc) 1S a natural poly | i

family and is synthesized from phenylalanine (Fcrnﬁndéz-ltl- H? o e
be extracted from the skin and sceds of grapes, peanuts ';n iﬂ; f“ yh ‘2-0*.2). A
riers, dark chocolate, and the derivatives of red wine ‘r(‘wc( t'.ltlr oot e O
(Fernéndez-Mar et al., 2012). Its concentration is highc; in ;’Ctl‘\;:r'l‘\c
white wine (0.13 mg/1) and rose wine (0.41 mg/l) (Romero-Pérez ‘[“
et al., 1999: Landrault et al., 2002; Stervbo et al. i
cis and trans-resveratrol. The tr

ar-
. and white wine
¢ (1.90 mg/1) than

al., 1996; Carando
» 20006). Tt has two isomeric forms:

) s r‘

i : ! st anticarcinogeni
antiproliferative, anti-inflammatory, and antioxid ‘ 010,

ant properties (Wong et al., 2010).
OH
SoD g

OH

Structure of Resveratrol

3.4.4.1 Resveratrol as Phytotherapeutics

Resveratrol is a nonflavonoid polyphenol. This phytoestrogen exhibits antidiabetic,
antioxidant, anti-inflammatory (Furat Rencber et al., 2018) and chemopreventive
properties (Ortega et al., 2012). Yet not much research has been done regarding the
role of resveratrol in reproductive function such as PCOS.

Ortega and associates reported that resveratrol protects the granulosa cell, embry-
onic cell, and erythroleukemia cells from apoptosis (Ortega et al., 2012). In theca-inter-
stitial cell, LH binds with LH receptor which converts cholesterol to pregnenolone and
then ovarian androgen (i.e. androstenedione and some testosterone), which then dif-
fuses to granulosa cell where they convert into estrogen by aromatase enzyme (Hillier
et al., 1994). However, in the granulosa cell of PCOS, women have little or no aroma-
tase (P,,) activity; therefore E, production decreases (Erickson et al., 1990). In women
with PCOS, theca cell produces more testosterone than the normal theca cell because
of high levels of LH concentration. The resveratrol supplement inhibits mRNA expres-
sion of Cypl7al (rate-limiting enzyme in androgen biosynthesis pathway) in theca
cells, thereby decreasing the excessive production of ovarian androgen or steroido-
genesis from thecal cells (Ortega and Duleba, 2015; Mansour et al,, 2021). Resveratrol
can inhibit theca cell proliferation and increase the growth of granulosa cell (Mansour
et al., 2021). As a result, the estrogen level can return to its normal condition, Hence,
ultimately decline the total testosterone quantity and DHEAS level and improve ovu-
lation in women with PCOS. Granulosa cells in women with PCOS also produced an
increased amount of AMH from preantral and small antral follicles but there was no
effect in AMH expression after giving resveratrol supplement (Ortega et al,, '20.12). ‘

Two factors of insulin resistance, i.e., enlarged adipocytes and decreased lipolytic
activity, are associate with PCOS (Faulds et al.,, 2003; Mzmncrﬁs-Holn} et z}l.. 2011,
Resveratrol reduce lipogenesis and increase release of free fatty acid (FFA) and



Herbal Medicine Applications for Polycystic Ovarian Synd")me
82 ek

N TR Y activity and by stimulating o
induce lipolysis by decreasing hpso-‘%'m,llt.:|IIE;E;;(;;‘;jnsa 3::‘ al. g()IZ). Thcsf; ;SED()SQ
triglyceride lipase (ATGL) (Alh.ut 1 Ld " form diglyceride and FFA (Laga Pose
trielyceride lipases hydrolyze h‘lgl.yccn e to o dincsity by resveratrol “detal

19, hence decrease fal mass gain and reduce adiposity by ¢ .TO Supplemey,

g Aot veratrol supplement shows no effect on the circulatin
(Benrick et nl..'?.(')IB). RCSVC.I atrol supj o ot (Mansour et al., 2021)
of SHBG and lipid metabolism in PCOS pa -~ S .

Wone and coresearchers reported that resveratro ?ou ' c'C 3 ant'aPOPthic
effects of insulin and oxidative stress (Wong et al,, 2010)- nsulin an moderate OXj.
dative stress stimulate theca-interstitial cell of ovaries to grow exce§swely (Duleb,
et al.. 1997; Duleba et al., 2004). Hence, the ovaries are enlarged in women wi,
PCOS women (Hughesdon, 1982). But resveratr'ol 1nh1?1ts excess theca-lqterstitial
cell proliferation by inducing apoptosis through increasing caspase 3/7 activity 5, d
DNA fragmentation (Joe et al., 2002; Jiang et al,, 20(')1_5).. Resveratrol also inhibit
the grow?h of theca cell by increasing the insulin sensitivity and decreasing insulip
resigtance and oxidative stress (Baur et al., 2006; Ortega et al., 2012).

Resveratrol supplement can reduce body weight and obftsity ,by reducing inflan,
matory markers (IL-1p, IL-6, TNF-a), adipocyte pI'OlifCI‘f:lthI“l, lipogenesis, and pro-
moting adipocyte apoptosis, lipolysis, and fatty acid oxidation (Christenson et al.,
2016). According to Ortega and his coworkers, vascular endothelial growth factgy
(VEGEF) is a key proangiogenic factor involved in the regulation of follicular magy.
ration in granulosa cell which is activated by HIF1 genes and present at high leve]
in women with PCOS (Stelzer et al., 2016). LH stimulates VEGF expression in the
granulosa cell of the ovaries (Artini et al., 2003). As the LH level is higher in women
with PCOS, higher VEGF expression is found in women with PCOS which gets
negative impact on follicular maturation and decreases the ability of fertilization (de
Leo et al., 2016). According to Bahramrezaie and his associates, resveratrol supple-
ment can decrease VEGF mRNA and protein expression by decreasing HIF1 expres-

sion and by reducing the LH level in women with PCOS (Bahramrezaie et al., 2019;
Ortega et al., 2012) (Figure 3.7).
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3.7 Schematic diagram showing effect of resveratrol in PCOS management.
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3.5 CONCLUSION

pCOS is a complex metabolic and reproductive disorder with many ¢ licati
cuch as anovulation, diabetes, cardiovascular, so on, Numcmu‘: cyntt;:n:'p [le,()"s'
pathic drugs are available for the treatment of PCOS but they all nh)iwc ilc or allo-
effects following long-term administration. Therefore, pure bl:ml-d(crivc:;l}l)(')u.S e
compounds such as resveratrol, quercetin, and 6-gingerol could be the safest '(;;lctwc
tives with higher therapeutic potential for PCOS management. This rcv‘i(cw‘h'?e ]ef(;‘i"
establish that these bioactive compounds may regulate and rcvcrsé PCOS l(; ;10? (;
ovulation/reproductive cyclicity/menstrual cycles and other associated met'\bz)nlzilc
disorders. However, before reaching to any conclusion further, clinical investig‘ati oris
are required to standardize the pharmacological properties of these herbal remedie;
to be employed for the treatment of PCOS, or as an adjuvant therapy to make it ben-
eficial for humans to examine the therapeutic potential.
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