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ARTICLE INFO ABSTRACT
Keywords: Polycystic Ovary Syndrome (PCOS) is a common endocrine disorder with a worldwide prevalence
Polycystic ovary syndrome of 6-10 % of women of reproductive age. PCOS is a risk factor for cardiometabolic disorders such

Natural products

as type 2 diabetes, myocardial infarction, and stroke in addition to exhibiting signs of hyper-
Traditional Chinese medicine

L o androgenism and anovulation. However, there is no known cure for PCOS, and medications have
Traditional Korean medicine N . .
PISK only ever been used symptomatically, with a variety of adverse effects. Drugs made from natural
NF-xB plant products may help treat PCOS because several plant extracts have been widely recognized to
lessen the symptoms of PCOS. In light of this, 72 current studies on natural products with the
potential to control PCOS were examined. By controlling the PI3K/AKT signaling pathway and
decreasing NF-kB and cytokines such as tumor necrosis factor (TNF), interleukin-1 (IL-1), and
interleukin-6 (IL-6), certain plant-derived chemicals might reduce inflammation. Other sub-
stances altered the HPO axis, which normalized hormones. Additionally, other plant components
increased glutathione (GSH), superoxide dismutase (SOD), catalase (CAT), and glutathione
peroxidase (GPx) levels to reduce radiation-induced oxidative stress. The other substances pre-
vented autophagy by impairing beclin 1, autophagy-related 5 (ATG5), and microtubule-
associated protein 1A/1B-light chain 3 - II (LC3- II). The main focus of this comprehensive re-
view is the possibility of plant extracts as natural bio-resources of PCOS treatment by regulating
inflammation, hormones, reactive oxygen species (ROS), or autophagy.

1. Introduction

Polycystic Ovary Syndrome (PCOS) is a common endocrine disorder that has a convoluted mechanism on the reproductive system
arising from the interaction of genetic and environmental reasons [1]. World widely, approximately 4-20 % of women of reproductive
age are affected by PCOS [2]. The classical clinical presentation of PCOS includes features of hyperandrogenism, chronic anov-
ulation/oligomenorrhea, and ultrasonographic morphology of the ovary [3]. Furthermore, PCOS has been considered to be a risk
factor for cardiometabolic diseases such as type 2 diabetes, myocardial infarction, and stroke, and PCOS may increase the risk of
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ovarian cancer in younger women [4,5]. Several studies have shown that women with PCOS have intrinsic insulin resistance regardless
of obesity, which is the risk factor for type 2 diabetes [6]. Asian women, especially Korean women who don’t manifest PCOS features
such as hirsutism and obesity also showed higher type 2 diabetes prevalence compared to non-PCOS women [7]. The treatment of
PCOS is performed as symptomatic treatment according to the desired clinical effects by using clomifene and metformin for fertility
and oral contraceptives for restoring menstruation and reducing the risk of endometrial hyperplasia [8]. However, clomifene and
metformin have limitations like poor efficacy, relatively high multiple-pregnancy rate (3%-8%), and side effects such as mood
changes, hot flushes, and gastrointestinal symptoms [9,10]. Oral contraceptive use has been associated with an excess risk of benign
liver tumors and a modest risk of liver cancer and cervical cancer. Also, oral contraceptives used before the first full-term pregnancy or
using them longer than 5 years can induce the development of breast cancer [11].

Many studies have suggested natural products including Paeoniflorin, Catechins, Licorice, and Inositol as an effective alternative
treatment for PCOS [12-19]. Traditionally PCOS was treated by natural products such as Angelica gigas, Cnidium officinale, Rehmannia
glutinosa, Leonurus japonicus, etc. for female fertility and menstruation [20-22]. Additionally, many studies have suggested various
natural products as effective alternative treatments for PCOS patients. Recently, several systematic reviews on herbs for PCOS were
published to organize effective treatment [23-25].

PCOS is assumed to be related to insulin resistance and has defects in insulin receptor signaling pathways such as PI3K-PKB/Akt and
ERK/MAPK, which regulate gene expression [26]. Our study shed light on how natural products regulate these pathways. Potent
anti-PCOS natural compounds were classified and reviewed by experimental methods. We classified experiment method types into
human studies, in vitro, and in vivo, and in particular, in vivo experiments were subdivided according to the experimental mouse species.
In this study, we aimed to review comprehensively the effects and biomechanisms of natural products that can be used in PCOS
treatment, and the topics in this review have not yet been covered extensively in the literature.

2. Search strategy and study selection criteria

Research papers regarding polycystic ovary syndrome and natural products were collected from 2006 to 2021 using the PubMed
and PubMed Central databases (www.ncbi.gov/pubmed), the Scopus databases (https://www.scopus.com), and the Web of Science
databases (http://www.webofknowledge.com). “Polycystic ovary syndrome”, “natural products”, “traditional Chinese medicine” and
“traditional Korean medicine” were combined to search for relevant articles.

The inclusion criteria were as follows: (1) articles that reported the efficacy of natural products of polycystic ovary syndrome, (2)
research where in vitro, in vivo, or human studies were performed, (3) articles written in English, (4) articles published between 2006

and 2021. The exclusion criteria were (1) review articles, (2) case reports, and (3) articles written in languages other than English.
3. The promising evidence of natural products in modern drug discovery and their role in PCOS treatment

The results in the tables are categorized using experimental techniques such as in vitro, in vivo, and human studies.

3.1. Invitro studies reveal the potential of natural products in PCOS treatment

Two studies about the effects of natural products against PCOS using in vitro experiments have been reported (Table 1).

Ong et al. reported that Paeoniflorin extract could be used to treat ovarian hyperandrogenism related to polycystic ovary syndrome
[15]. In the study, dexamethasone enhanced testosterone secretion, while Paeoniflorin extract reversed this over-production in a
dose-dependent manner, in addition to normalizing progesterone production in dexamethasone-treated cells. All doses of paeoniflorin
extract inhibited CYP17A1, and only 100 pg/mL of paeoniflorin extract downregulated CYP11A1, which are enzymes of the ovarian

Table 1
In vitro studies of natural products in PCOS treatment.
Classification =~ Compound/Extract Source Experimental Dose; Efficacy Mechanism Reference
Model Duration
Terpene Paeoniflorin extract Paeonia lactiflora Pall Primary thecacells 1, 10,100, Reversion of |CYP17A1, [15]
isolated from 1000 pg/ dexamethasone- CYP11A1
ovaries of non- mL; 24 h induced
pregnant female testosterone over-
mice secretion
Decoction Gui Zhu Yi Kun Semen cuscutae, Rhizoma Granulosa cells of 5,10 20 Reduction of PCOS 1 mTOR, [27]1
formula (Tu Si-Zi, atractylodis PCOS rats g/kg/day; risk AMPKao, p-
Bai zhu, Dang Gui, Macrocephalae, Angelica 4 days mTOR
Sha Shen, Che Qian-  sinensis, Adenophora |Beclin-1,
Zi, Qian Cao, Si Gua- tetraphylla, Plantago LC3, p53,
Luo) asiatica, Rubia cordifolia, sestrin2
Luffa cyclindrica

CYP17A1, cytochrome p450 family 17 subfamily a member 1; CYP11A1, cytochrome p450 family 11 subfamily a member 1; mTOR, mechanistic
target of rapamycin; AMPKa, AMP-activated protein kinase; p-mTOR, phospho-mechanistic target of rapamycin; LC3, light chain 3; 1, up-regulation;
|, down-regulation.
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steroidogenic pathway.

Xing et al. discovered that the effects of the Gui Zhu Yi Kun formula in mediating the p53/AMPK pathway inhibited GC (granulosa
cells) autophagy, which suggested a possible novel mechanism underlying the treatment of PCOS with the Gui Zhu Yi Kun formula
(GZYKF) [27]. GZYKF significantly decreased the protein expression levels of Beclin-1, but only high dose GZYKF inhibited the mRNA
expression of LC3. Furthermore, increasing the dose of GZYKF had a positive association with mTOR, p-mTOR, AMPKa, and sestrin
activation, whereas increasing inhibition of p53 was observed when the GZYKF dosage was increased.

Paeoniflorin extract (PFE) and Gui Zhu Yi Kun formula, both from China, were used on primary theca cells and granulosa cells (GC)
separately. The limitation of the paeoniflorin extract study was that the effect of the dexamethasone model with and without PFE was
not observed in a co-culture of theca cells and granulosa cells. Additionally, this study only focused on the CYP11A1 and CYP17A1
protein expression and did not include the effects of PFE on T and P in theca cells under basal conditions [15]. On the other hand, the
study using GZYKF was confirmed by mechanisms such as mTOR, AMPKa, p-mTOR, Beclin-1, LC3, p53, and sestrin2 on granulosa cells.
Furthermore, GZYKF mediated the p53/AMPK signaling pathway and thereby inhibited GC autophagy, which might be the underlying
mechanism of the therapeutic effects of GZYKF on PCOS [27]. However, the limitation of the study was that it was observed only in
granulosa cells.

3.2. Invivo or preclinical trial studies provides further evidence of the benefits of natural products in the treatment of PCOS
In vivo or preclinical trial is an experiment that is done on living organisms such as laboratory animals like mice, rabbits, or rats.

3.2.1. In vivo mice studies

Until now, several studies have been performed to test the effectiveness of PCOS of natural products using female naval medical
research institute (NMRI) mice or C57BL/6 mice. PCOS was induced by treatment of dihydrotestosterone (DHT), human chorionic
gonadotrophin (hCG) and insulin combination, estradiol valerate, dimethyl sulfoxide, dehydroepiandrosterone (DHEA) or letrozole
[16,17,28-33].

3.2.1.1. C57BL/6 mice. Five studies were conducted in vivo experiments using C57BL/6 mice (Table 2).
p-sitosterol, the main component of BSYXF (Bu Shen Yang Xue formula), improved ovarian status, the balance of hormone levels,
and endometrium receptivity. In addition, BSYXF altered the structure of gut microbiota, resulting in a protective effect on PCOS [28].
Hong et al. revealed that catechins from oolong tea improved the morphological conditions of PCOS mice by regulating STAT3
signaling [16]. Catechins inhibited NF-kB mediated inflammation by decreasing the expression of inflammatory markers and endo-
metrial damage by reducing MMP2 and MMP9 expression.

Table 2
In vivo studies in C57BL/6 mice.
Classification ~ Compound/ Source Dose; Efficacy Mechanism Reference
Extract Duration
Phytosterol p-sitosterol Rehmannia glutinosa DC., Dioscorea opposite 25 mg/kg/ Regulation of the 1LIF, HOXA10, [28]
Thunb., Cervi Cornu Colla, Angelica sinensis ~ day; 14 pathological process Integrin avp 3
Diels, Dipsacus asper Wall., Ligustrum days of PCOS 1COX-2
lucidum Ait., Astragalus membranaceus
Moench.
Flavanol Catechins Oolong tea or Camellia sinensis 25, 50, 100 Alleviation of 1p-IRS1, p-PI3K [16]
mg/kg; ovarian dysfunction INF-xB, P65, IL-1a, IL-
and insulin resistance 6, TNF-o, MMP2,
MMP9, p-STAT3
Carotenoid Crocetin Crocus sativus Linné 40 mg/kg/ Attenuation of PCOS tPOA-GnRH, AVPV- [29]
day; 4 kiss1
weeks 1ARC-kiss1
Terpene Tanshinone Salvia miltiorrhiza 100 mg/ Treatment of PCOS tFSHR, Aromatase, [30]
1A kg/day; 4 cAMP
weeks
Decoction FuFang Ligustrum lucidum W.T.Aiton, Atractylodes 2.892g/ Preventive benefits tAdiponectin, PPAR-y [31]
ZhenZhu macrocephala Koidz., Coptis chinensis kg/day; 5 of PCOS
TiaoZhi Franch., Citrus medica L., Panax notoginseng ~ weeks

F.H.Chen, Salvia miltiorrhiza Bunge,
Eucommia ulmoides Oliv., Cirsium japonicum
(Thunb.)

PCOS, polycystic ovary syndrome; LIF, leukemia inhibitory factor; HOXA10, homeobox A10; COX-2, cyclooxygenase-2; p-IRS1, phosphorylated
insulin receptor substrate 1; p-PI3K, phosphorylated phosphoinositide 3-kinase; NF-kB, nuclear factor kappa-B; IL-1, interleukin-1; IL-6, interleukin-
6; TNF-a, tumor necrosis factor-a; MMP, matrix metallopeptidase; STAT3, signal transducer and activator of transcription 3; POA-GnRH, Gonado-
tropin-releasing hormone in the preoptic area at proestrus; AVPV-kiss1, kisspeptin in the anteroventral periventricular nucleus at proestrus; ARC-
kiss1, kisspeptin in the arcuate nucleus at diestrus; FSHR, follicle-stimulating hormone receptor; cAMP, cyclic adenosine monophosphate; PPAR-y,
peroxisome proliferator-activated receptor-y; 1, up-regulation; |, down-regulation.
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Hu et al. reported that crocetin regulated GnRH by increasing kisspeptin neurons in anteroventral periventricular and reducing
kisspeptin expression in the arcuate nuclei [29]. Thus, the changes in serum levels of hormones could be seen. Treated mice also
showed structural and functional changes in ovaries.

Tanshinone IIA (TSIIA) restored the balance between estradiol and testosterone in PCOS mice by up-regulating the expression of
follicle-stimulating hormone receptor (FSHR), aromatase, and FSH-induced cAMP levels [30].

When mice were treated with FTZ (FuFang ZhenZhu TiaoZhi formula), there was a smaller decrease in the number of corpora lutea
and antral follicles and an increase in cystic follicles and circulating level and transcriptional abundance of adiponectin in adipose
tissue. Also, PCOS-related insulin resistance was decreased [31].

A total of five studies have been conducted to test the therapeutic effect of natural products, using PCOS-induced C57BL/6 mice. All
studies confirmed improved morphological changes using Hematoxylin and Eosin (H&E) staining. To identify the mechanism of how
the compound acts on PCOS, immunohistochemical staining and Western blot analysis were used [16,28-31]. Additionally, three
studies used reverse transcription quantitative real-time polymerase chain reaction (RT-qPCR) [29-31]. Restored hormonal balance
was seen in every study [16,28-31]. Among them, one substance (crocetin) was involved in GnRH and estrogen feedback mechanism,
and the other one (TSIIA) acted on the hormonal receptor to influence the transcription of aromatase [29,30]. Also, one substance
treated PCOS-induced abnormal glucose and lipid metabolism by regulating related hormones [31]. In addition, one study showed the
influence of gut microbiota on PCOS using 16S rDNA sequencing, suggesting a fresh approach to taking PCOS [28].

3.2.1.2. NMRI mice. Until now, three studies have been implemented to prove the potential effects of natural products against PCOS-
induced NMRI mice (Table 3).

Shamsi et al. found that licorice extract enhanced ovarian status, leading to help oocyst maturation [17]. Then, it also decreased
testosterone and estrogen. There was an increase in fertilization rate and also in blastocyst stage embryos.

Bandariyan et al. reported that lutein and nettle extract, both alone and in combination, showed antioxidant activities in PCOS mice
[32]. Also, serum estrogen levels increased in the treatment group, and reproduction parameters were improved.

When PCOS mice were treated with Paeonia spp. and Glycyrrhiza glabra, improvements in morphological changes were seen [33].
Also, the average level of fasting insulin and testosterone decreased significantly.

Two substances showed antioxidant activity on PCOS-induced oxidative stress [17,32]. Improved reproductive hormonal status
and morphological changes were also seen in all studies. Only one study used H&E staining [17]. The fertility rate was verified using in
vitro maturation or superovulation and in vitro fertilization to test the reproductive status [17,32]. However, none of the studies
revealed the mechanism of action of the compounds, whit the exception of one of them, confirming only the results of the activity of the
compounds These studies classified the dose of the compounds into high and low. In particular, the lutein and nettle study, which
designed seven groups consisting of control, PCOS, PCOS treated with nettle of high or low dose, PCOS treated with lutein of high or
low dose, and PCOS treated with the combination, was well-organized.

3.2.2. In vivo in rats model
To test the plant-derived compounds that are thought to be effective in PCOS, the below studies utilized in vivo experiments using
two kinds of rats: Sprague Dawley (SD) rats and Wister rats.

3.2.2.1. Sprague Dawley rats. Fourteen in vivo studies using SD rats subjected to PCOS were reported (Table 4).

After administration of Berberine to SD rats, fasting blood glucose, and homeostatic model assessment for Insulin Resistance
(HOMA-IR), fasting insulin values decreased dose-dependently. Also, serum hormone levels and apoptosis of the ovary were restored
[34].

Ashkar et al. reported that resveratrol and Berberis integerrima (B. integerrima) extract improved insulin resistance by decreasing
HOMA-IR [35]. They had an antioxidant effect.

Allium fistulosum regulated the steroid biosynthesis pathway through up-regulating aromatase [36]. It also reacted with various
hormone receptors and caused folliculogenesis by increasing the expression of KIT ligand and bone morphogenetic protein.

The hydroalcoholic extract of flaxseed was effective in serum hormone levels and polycystic ovarian morphology [37]. Bao Gui
capsule (BGC) attenuated hyperandrogenism via increasing Cyp19al and down-regulating P450c17 « [38]. It also ameliorated insulin

Table 3
In vivo in NMRI mice.
Classification Compound/Extract Source Dose; Duration Efficacy Mechanism Reference
Plant Hydro-alcoholic Licorice Glycyrrhiza 100, 150 mg/kg/day; 3 Protective effects on lovarian cyst [17]
extract glabra weeks PCOS
Decoction Lutein and nettle extract Urtica dioica (1) 200, 400 mg/kg Improvement of 1TAC [32]
(nettle) (2) 125, 250 mg/kg reproductive function |MDA
(3) Combination 200 &
125 mg/kg; 30 days
Decoction Combination of Paeonia Paeonia spp., 50, 100 mg/kg/day; 20 Synergistic effects on Improvement of [33]
spp. and Glycyrrhiza glabra Glycyrrhiza days polycystic ovary follicles in the ovaries
glabra

TAGC, total antioxidant capacity; MDA, malondialdehyde; 1, up-regulation; |, down-regulation.
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Table 4
In vivo studies in Sprague Dawley rats.
Classification =~ Compound/Extract Source Dose; Duration Efficacy Mechanism Reference
Alkaloid Berberine Coptis chinensis Franch, 95,190 mg/kg/  Attenuation of PI3K/AKT pathway [34]
Phellodendron chinensis var. day; 4 weeks PCOS
glabriusculum.
Stilbene Resveratrol Berberis integerrima 20 mg/kg/day; Treatment of 1SOD, TAC [35]
42 days PCOS |MDA, TNF-a
Plant Allium fistulosum root  Allium fistulosum 500 mg/kg/ Improvement of 1Kitl, Bmp, Pgr, ESR1, [36]
extract body weight; 2 ovarian function Cyp19al
weeks progression
Plant Berberis integerrima Berberis integerrima 3 gr/kg/day; Treatment of 1SOD, TAC [35]
hydroalcoholic 42 days PCOS |MDA, TNF-a
extract
Plant Flaxseed Linum usitatissimum 200 mg/kg; 30 Amelioration of 1Progesterone, preantral [37]1
hydroalcoholic days PCOS sign follicles, antral follicles,
extract and corpus luteum, the
thickness of the
granulosa layer;
|testosterone, the
thickness of the theca
layer, and tunica
albuginea
Decoction Combination of Berberis integerrima, Resveratrol 20 mg/kg+3 Treatment of 1SOD, TAC [35]
Berberis integerrima gr/kg/day; 42 PCOS IMDA, TNF-a
hydroalcoholic days
extract and
Resveratrol
Decoction Bao Gui capsule Herba Epimedium, Rhizome 0.28,0.57 g/ Treatment of 1P450arom, GLUT4 [38]
polygonati, Fructus Psoraleae, kg/day; 21 PCOS 1P450c17 a, IL-6, TNF-
Carapex et Plastrum Testudinis, days a, NF-xB, IKK f, SOCS3
Radix Rehmanniae, Rhizoma
Anemarrhenae, Radix Angelicae
Sinensis, Semen Persicae, Rhizoma
Acori Tatarinowii, Radix Polygoni
Cuspidati, Herba
Verbenaeofficinalis, Radix
Ophiopogonis
Decoction Cangfu Daotan Atractylodis Rhizoma, Cyperi 1.42,5.68 g/ Treatment of T0ATP2B1, OATP3A1 [39]
Decoction Rhizoma, Fructu Ponciri, Fabanxia, kg/day; 14 PCOS JIL-1 B, IL-6, TNF-a
Pericarpium Citri Nobilis, Poria, days
Arisaematis Rhizoma, Glycyrrhizae
Radix, Zingiberis Rhizoma.
Decoction Cangfu Daotan Atractylodis Rhizoma, Cyperi 15, 30 g/kg/ Regulation of 1bcl-2, p-Akt/Akt, p- [40]
Decoction Rhizoma, Pinellia ternata, day; 4 weeks PCOS PI3K/PI3K
Pericarpium Citri Reticulatae, Poria |TNF-e, IL-1p, IL-6, Bax,
Cocos, Arisaematis Rhizoma, Bad, IGF-1
Astragalus membranaceus, Aurantii
Fructus, Codonopsis Radix, Epimrdii
Herba, Crataegus pinnatifida Bge,
Radix Salviae, licorice, white
mustard, Endothelium Corneum
Gigeriae Galli, Gleditsiae Spina
Decoction Guizhi fuling wan Cinnamomum cassia J. Presl, Poria 0.31, 0.62, Attenuation of 1P62, p-P13K, p-AKT, p- [41]
cocos Wolf, Paeonia veitchii Lynch, 1.24 g/kg/day; ovulation mTOR
Prunus persica Batsch, Paeonia 30 days disorder |LC3-II, Beclin1, Atg5, c-
suffruticosa Andr. PARP, c-caspase-3, c-
caspase-9
Decoction Heqi san Curculigo orchioides Gaertn, 8.1 g/kg/day; Improvement of 1GLUT4, PTEN, p-ERK, [42]
Schisandra chinensis Baill, 30 days PCOS p-AKT, p-GSK3p, IRS-1

Cynanchum podophyllum C. K.
Schneid, Citrus medica L. var.
sarcodactylis Swingle, Crataegus
pinnatifida Bunge, Rhus chinensis
Mill, Clinopodium megalanthum
(Diels) C. Y. Wu & Hsuan ex H. W.
Li, Cuscuta chinensis Lam, Poncirus
trifoliata (L.) Raf, Hordeum vulgare
L, Polygala tenuifolia Willd,
Epimedium davidii Franch

(continued on next page)
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Table 4 (continued)

Classification Compound/Extract Source Dose; Duration Efficacy Mechanism Reference
Decoction Liuwei Dihuang pills Rehmanniaglutinosa DC. rhizome, 1.2, 3.6 g/kg/ Amelioration of 1P-IRS-1, FSHR, [43]
Cornus officinalis Siebold & Zucc. day; 21 days PCOS Cyp19al
fructus, Dioscorea opposita Thunb. |P-PI3Kp85a, P-Akt, P-
Rhizome, Alisma plantagoaquatica FoxOla

Subsp. orientale Juz. tuber, Paeonia
suffruticosa Andr. root bark, Poria
cocos Wolf. sclerotium
Decoction Mahuang tang Ephedra Herba, Cinnamomi 500 mg/kg/ Protection of 1Cyp19al, Hsd17b1 [44]
Ranulus, Glycyrrhizae Radix et day; 2 weeks PCOS 1Cypllal
Hizoama, Armeniacae Semen,
Allii Radix, Zingiberis Rhizoma

Crudus,
Decoction Spearmint and 40 mg/kg Treatment of [45]
flaxseed extract spearmint + PCOS
200 mg/kg
flaxseed
extract; 30 days
Decoction Xiao-Yao-san Radix bupleuri, Angelica gigas 0.505, 1.01 g/ Amelioration of TAKT and S6K1 [46]
Nakai., Radix paeoniae Alba., kg/day; 4 PCOS |DbH, c-fos, b2R
Atractylodes macrocephala Koids., weeks
Poria cocos Wolf, Zingiber officinale
Roscoe., Mentha haplocalyx Briq.,
Glycyrrhizae glabra L.
Decoction Yingyanghuo, Epimedium brevicornum Maxim., 7.58/kg; 7 days  Alleviation of TAKT1 [47]
Xianmao Curculiginis Rhizoma PCOS

PCOS, polycystic ovary syndrome; SOD, superoxide dismutase; TAC, total antioxidant capacity; MDA, malondialdehyde; TNF-a, Tumor necrosis
factor-a; Kitl, KIT ligand; Bmp, bone morphogenetic protein; Pgr, progesterone receptor; ESR1, estrogen receptor 1; CYP19al, cytochrome P450,
family 19, subfamily a, polypeptide 1; P450arom, cytochrome P450 aromatase; GLUT4, glucose transporter 4; P450c17a, cytochrome P450c17a; IL-
6, interleukin-6; NF-kB, nuclear factor- kB; IKKg, nuclear factor- kB kinase subunit #; SOCS3, suppressor of cytokine signaling 3; OATP2B1, organic
anion transporting polypeptides 2B1; OATP3A1, organic anion transporting polypeptides 3A1; IL-1 §, interleukin-1 g; IL-6, interleukin-6; Bcl-2, B-cell
lymphoma 2; AKT, Protein kinase B; Bax, bcl-2-associated X protein; IGF-1, Insulin-like growth factor 1; p-P13K, phosphorylated-P13K; p-AKT,
phosphorylated-AKT; p-mTOR, phosphorylated-mTOR; c-PARP, cleaved-PARP; c-caspase-3, cleaved-caspase-3; c-caspase-9, cleaved-caspase-9;
GLUT4, Glucose transporter type 4; PTEN, Phosphatase and tensin homolog; IRS-1,Insulin receptor substrate 1; FSHR, Follicle Stimulating Hor-
mone Receptor; FoxOla, Forkhead box protein O1; Hsd17b1, Hydroxysteroid 17-Beta Dehydrogenase 1; Cypllal, Cytochrome P450 Family 11
Subfamily A Member 1; S6K1, Ribosomal protein S6 kinase beta-1; DbH, Dopamine beta-hydroxylase; b2R, Beta-2 adrenergic receptor; 1, up-
regulation; |, down-regulation.

resistance and detracted some inflammatory markers and IKK /NF-xB signaling.

Yi et al. revealed that Cangfu Daotan Decoction (CFD) could attenuate PCOS by increasing OATP2B1 and OATP3A1 expression in
PCOS rats, leading to regulating hormone levels [39]. CFDTT also improved lipid metabolism, ovarian status, and inflammatory
responses.

The treatment of Cangfu Daotan decoction (CFD) has been used clinically for gynecological diseases especially PCOS. Decoction
(CFD) on SD rats, when intragastrically administrated, reduced body weight and the weight and diameter of the ovary. Besides, CFD
caused decreasing in the serum levels of LH, Testosterone, E2, TNF-a, IL-18, IL-6, and CRP. CFD also restored Bcl-2 abnormal
expression and suppressed Bax and Bad expression. The expression of p-Akt/Akt, p-PI3K/PI3K was increased, which means that CFD
can improve insulin resistance and inflammation through the PI3K/Akt pathway [40].

Guizhi fuling wan (GFW) affected reproductive hormone levels, ovarian status, and insulin resistance, as seen by follicular
development, and the decrease in the serum levels of T, LH, and FINS in treated animals, as well as lower LH/FSH ratios and HOMA-IR
values. These results were attributed to the activation of the PI3K/AKT/mTOR signaling pathway that promoted granulosa cell
autophagy [41].

Cannula administration of Heqi san in an SD rats’ model of PCOS improved serum hormone level, insulin resistance, and
morphological lesion of the ovary [42]. Progesterone level, insulin sensitivity index, and organ coefficient increased and LH level,
testosterone level, estradiol level, HOMA-IR, and ovary volume decreased compared to the PCOS group. Moreover, the Heqi san group
improved the response to insulin stimulation by up-regulating p-ERK, p-AKT, and p-GSK3p and recovered the decrease in IRS-1 and
PTEN expression levels, which are all key factors in the PI3K/APT pathway. Hengxia et al. found some miRNAs including
rno-miR-144-3p, rno-miR-30c-2-3p, rno-miR-486, rno-miR-3586-3p and rno-miR-146b-5p, which seems to be critical in PCOS.

Liwei dihawung pills (LWDH) were orally administrated to rats showing improved ovarian polycystic pathogenesis and devel-
opment of follicles which seemed to be the effect of LWDH by acting on the PI3K/Akt signaling pathway [43]. LWDH regulated this
signaling pathway through up-regulating p-IRS-1, down-regulating PI3Kp85a, Akt, and FoxO1, and up-regulating mRNA levels of
FSHR and Cypl9al. LWDH also regulated serum hormone levels, by up-regulating progesterone levels and down-regulating LH and
testosterone levels.

Mahuang-Tang restored PCOS hormone levels by increasing estrogen levels and reducing LH levels and LH/FSH ratio [44]. Also,
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Table 5
In vivo studies on Wistar rats.
Classification =~ Compound/Extract Source Experimental Dose; Duration  Efficacy Mechanism Reference
Model
Flavone Baiclin Scutellaria 1) 1)0.1,1, 12.5, Improvement of |HSD3B2, GATA1 [48]
baicalensis NCI-H295R 25, 50, 100, hyperandrogenism
2)Wistar rats 200 mmol/L; in PCOS
24,48,72h
2)20 mg/kg/
day; 4 weeks
Alkaloid Berberine Coptis sp. and Wistar rats 100, 200 mg/ Improvement of 1Cypl9al [49]
Berberis sp kg/day; ovulation and | avp 3, LPAR3
endometrial
receptivity in PCOS
Tannin Hydrolyzable tannin Wistar rats 1.5, 2%/kg/ Improvement of 11gM [50]
body weight; PCOS
42 days
Isoflavone Nanocurcumin Curcuma longa Wistar rats 100, 200 mg/ Reduction of PCOS tmiR-223-3p, [51]
kg; 15 days risk GSH, CAT, p-cell
JLC3II, p62, IL-6,
NF-xB
Flavonol Quercetin Plants polyphenolic ~ Wistar rats 100 mg/kg Alleviation of 1SOD, CAT, GST, [52]
flavonoid BW/day; 15 polycystic ovary ATPase, Ca®*
days ATPase, H"
ATPase, Bcl2, E-
Cadherin
|MDA, VEGF,
TNF-a, mRNA AR
gene, Bax
Terpene Thymoquinone Nigella sativa L. Wister rats 0.75 mg/100 Improvement of 1Cypl9al, [53]
mL olive oil/ PCOS Sqstm1, P62/
rat, or 15 mg/ SQSTM1
kg body 1AR, Beclinl,
weight; 16 h, Atg5, Map-LC3- I,
40h Map-LC3- II, P65
Vitamin Vitamin C Tropical fruits Wistar rats 150 mg/kg Protection against 1CAT, ATPase [54]
BW/day; 15 polycystic ovary enzymes activity,
days Bcl-2, E-cadherin
MDA, TNF-q,
VEGF, AR, Bax
Plant Bee pollen Anthophila Wistar rats 50,100,200 Therapeutic effect on 1Bax, Caspase-3, [55]
mg/kg/day; 21 ~ PCOS Sirt-1
days |Bcl-2
Plant Caesalpenia Guilandina bonduc Wistar rats 200, 400 mg/ Improvement of 1SOD CAT, GST, [56]
bonducella ethanol kg; 28 days PCOS |1GPx, GR
extract
Plant Chamomile Matricaria Wistar rats 75 mg/kg/day;  Improvement of 1GPx, CAT [57]
chamomilla L. 30 days PCOS |caspase-3, MDA,
Plant Fennel seed extract Foeniculum vulgare Wistar rats 150 mg/kg/ Regulation of the 1FSH, HDL [58]
day; 15 days hormonal and |Insulin, LH, FBS,
biochemical changes  testosterone, total
of PCOS triglycerides, total
cholesterol
Plant F. religiosa 10 % fresh  Ficus religiosa Wistar rats 1.0 mL/kg/ Alleviation of PCOS 1GSH, GPx, SOD, [59]
leaf extract day; 30 days CAT, Cyp19al,
(oral, spray) PPAR-y
13 p-HSD, 17
p-HSD, HmG-CoA
reductase, TC
Plant F. religiosa aqueous Ficus religiosa Wistar rats 100, 300 mg/ Alleviation of PCOS 1GSH, GPx, SOD, [59]
dry leaf extract kg/day; 30 CAT, Cypl9al,
days PPAR-y
13 p-HSD, 17
p-HSD, HmG-CoA
reductase
Plant Ginger extract Zingiber officinale Wistar rats 175,350 mg/ Improvement of 1LH, estrogen; [60]
Roscoe kg/day; 88 PCOS |progesterone,
days FSH
Plant Gymnema sylvestre Gymnema sylvestre Wistar rats 100 mg/kg/ Inhibition in insulin 1Luteinizing [61]
ethanol extract day; 28 days resistance and hormone,
androgen production testosterone,

(continued on next page)
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Classification =~ Compound/Extract Source Experimental Dose; Duration Efficacy Mechanism Reference
Model
estrogen;
follicle-
stimulating
hormone,
progesterone
Plant Hedge woundwort Stachys sylvatica Wistar rats 100, 250, 500 Improved obesity. Improvement of [62]
L. mg/kg; Reduced cystic folliculogenesis
10 days follicles. and regulation of
gonadotropins
synthesis
Plant Majoram extract Origanum majorana Wistar rats 20 mg/kg/day;  Beneficial 1SOD, GPx [63]
24 days ameliorative effects 1IL-6
against PCOS
Plant Pergularia daemia Pergularia daemia Wistar rats 300 mg/kg/ Improvement of Ifollicle- [61]
ethanol extract day; 28 days ovulation and stimulating
menstrual hormone,
irregularity progesterone
Plant Chitosan-engaged Foeniculum vulgare Wistar rats 50 mg/kg/day;  Regulation of the 1FSH, HDL [58]
tripolyphosphate 15 days hormonal and |Insulin, LH, FBS,
ions and concurrent biochemical changes
loading of the of PCOS
biomolecules of the
ethanolic extract of
fennel seed
Decoction Combination of Gymnema sylvestre, Wistar rats 400 mg/kg/ Synergistic effects tLuteinizing [61]
Gymnema sylvestre, Pergularia daemia day; 28 days against PCOS hormone,
Pergularia daemia testosterone,
ethanol extract estrogen
Plant Actaea racemosa and Cimicifuga racemosa ~ Wistar rats AR extract Alleviation of PCOS 1GSH, Ki-67, [64]
Vitamin C 7.14 mg/kg, without hepatic Cypl9al
vitamin C 500 adverse effect IMDA
mg/kg; 28days
Decoction Chia seed, Walnut Salvia hispenica, Wister rats 40g,40¢g,20¢g Regulation of the Ibody and [65]
Prunus dulcis & 20 g/day; 15  hormone level ovarian weights
days
Decoction Fennel essential oil, Foeniculum vulgare, Wistar rats (1)100 mg/kg Improvement of the leystic follicles [66]
flaxseed oil Linum usitatissimum (2) 429 mg/kg follicle conditions of
(©)] PCOS
combination
100 mg/kg &
429 mg/kg; 50
days
Decoction Hochu-ekki-to Wistar rats 500 mg/kg/ Improvement of 1ER-q, ER-f, IL-2, [67]
day; 7 days ovarian reproductive  IL-4, IFN-y,
and immune |AR, NGFR, GR,
functions. MAP2K-2, Hsp 90
Decoction Kancanara Guggulu Bauhinia variegate Wistar rats 100 mg/kg/ Regularization of the ~ |body weight, [68]
L., Terminalia day; 28 days estrous cycle lipid profile,
chebula Retz., Blood glucose
Terminalia bellerica,
Emblica officinalis,
Zingiber officinale,
Pipernigrum, Piper
longum Linn.,
Crataeva nurvala,
Elettaria
cardamomum,
Cinnamomum
zeylanicum,
Commiphora mukul
Decoction Nisamalakt Curcuma longa, Wistar rats 0.9 g/kg/day; Correction of Ibody weight, [68]
Emblica officinalis 28 days changes induced by lipid profile,
PCOS Blood glucose
Decoction Sahoyao-gancao Radix Paeoniae rats 12.5, 25,50 g/ Treatment of PCOS 11IkB. [69]

decoction

Alba., Glycyrrhizae
uralensis

kg; 14 days

JTNF-o, IL-1p, IL-
6, and IL-18, P-
NF-kB, p- NF-kB
p65

(continued on next page)
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Table 5 (continued)

Classification =~ Compound/Extract Source Experimental Dose; Duration Efficacy Mechanism Reference
Model
Decoction Unkeito Paeonia lactiflora, rats Improvement of the tgonadotropins [70]
Cinnamomum cassia follicle conditions of
PCOS

PCOS, polycystic ovary syndrome; Bax, bcl-2-associated X protein; CYP19al, cytochrome P450, family 19, subfamily a, polypeptide 1; LPAR3,
lysophosphatidic acid receptor 3; GPx, glutathione peroxidase; CAT, catalase; MDA, malondialdehyde; miR, microRNAs; GSH, glutathione; LC3II,
light chain 3 II; p62, Sequestosome 1; IL-6, interleukin 6; NF-kB, nuclear factor-kappa B; SOD, superoxide dismutase; GST, glutathione-S-transferase;
MDA, malondialdehyde; VEGF, vascular endothelial growth factor; TNF-a, Tumor osis factor-a; mRNA AR gene, mRNA androgen receptor gene;
Cypl9al, Cytochrome P450 Family 19 Subfamily A Member 1; HSD3B2, Hydroxy-Delta-5-Steroid Dehydrogenase, 3 Beta- And Steroid Delta-
Isomerase 2; GATA1, GATA Binding Protein 1; GSH, reduced glutathione; GPx, glutathione peroxidase; PPAR-y, peroxisome proliferator-activated
receptor-y; 3 f-HSD, 3 p-Hydroxysteroid dehydrogenase; 17 $-HSD, 17 - Hydroxysteroid dehydrogenase; GR, glucocorticoid receptor; Sqstml,
Sequestosome 1; AR, androgen receptor; Beclinl, Atg5, Autophagy Related 5; Map-LC3- I, Microtubule-associated proteins 1A/1B light chain 3B; ER-
a, estrogen receptor-a; ER-f, estrogen receptor — f; IL-2, interleukin-2; IL-4, interleukin 4; IFN-y, interferon-y; NGFR, nerve growth factor receptor;
MAP2K-2, mitogen-activated protein kinase kinase 2; Hsp 90, heat shock protein 90; IkB, IkappaB kinase; IL-1f, interleukin-1p; IL-18, Interleukin-18;
1, up-regulation; |, down-regulation.

gonadotropin receptors; follicle-stimulating hormone receptor (Fshr), and luteinizing hormone receptor (Lhr) were decreased steroid
receptors; progesterone receptor (Pgr), and estrogen receptorl(Esrl) were increased one of the steroidogenic enzymes, Cypllal is
reduced and some enzymes like Cyp19al, Hsd17b1 are increased compared to PCOS included group.

Mina et al. found that the combination of spearmint extract and flaxseed extract is effective for improving the morphometric
features of PCOS such as body weights, duration of estrous cycles, and the number of follicles [45]. Also, the combination showed
changes in the endocrine profile by restoring serum levels of progesterone, estradiol, testosterone, and Dehydroepiandrosterone
(DHEA) compared to PCOS induced group.

Injection of Xiao-Yao-San increased estradiol and progesterone level and suppressed cystic follicles, apoptosis, autophagy of
granulosa cells, dopamine beta-hydroxylase (DbH), c-fos level in locus coeruleus, noradrenaline level and the expression of beta 2
adrenergic receptor (b2R) and induces Akt and S6K1 pathways [46].

Chang et al. reported that the combination of Yinyanghuo and Xianmao in rats improved PCOS conditions by regulating the key
protein AKT1 [47]. The combination of Yinyanghuo and Xianmao influences the AGE-RAGE pathway, FoxO1 pathway, and estrogen
signaling pathway. The most targeted proteins in these signaling pathways were AKT1, IL6, INSR, ESR, and GSK3B. Also, rats showed
morphological changes such as restoration of normal tissue with oocytes and an increase in the number of granule cell layers.

In almost all 14 studies conducted to test the effect of natural compounds against polycystic ovary syndrome using SD rats, serum
hormone levels were analyzed. Also, the ovarian micromorphological characteristics to identify the effect of the compounds were
observed by staining the ovary. Every compound showed improved conditions. Three studies only conducted one of two methods [34,
44,47]. Two studies that are blank in the table’s mechanism column only researched ovarian morphological features or serum hormone
levels [34,37,45]. Therefore, these studies may need additional research about the mechanism of plant-derived compounds to PCOS.
Except for the previous studies that were limited to effects, other studies additionally conducted immunostaining, western blotting,
real-time PCR analysis, etc, to investigate the mechanism of the experimented compound. Common features of PCOS were ameliorated
by plant-derived compounds through various mechanisms. Discovered mechanisms were related to PI3K/AKT signaling [41-43,46,
471, the Bcl-2/Bax pathway [40], antioxidant enzyme activity [35], and aromatase regulation [36,44]. Unlike other studies, Chang
et al. used network construction built by the Cytoscape program to identify key genes [47]. For future studies, this method can be an
effective way to evaluate the mechanisms by making it easier to find the key genes the compound influences.

3.2.2.2. Wistar rats studies. Twenty studies have been conducted in vivo experiments with Wistar rats to test the efficacy of the
compound on PCOS and Three studies have been conducted in vivo experiments with unspecified rats (Table 5).

Baiclin from Scutellaria baicalensis, in a dose- and time-dependent manner, down-regulated testosterone concentration and
inhibited the expression of HSD3b2, which is the key enzyme of androgen biosynthesis, in NCI-H295R [48]. Meanwhile, after baiclin
treatment in Wistar rats, the serum androgen level was restored. A decrease in the expression of Hydroxy-Delta-5-Steroidal Dehy-
drogenase, 3 Beta and Steroid Delta-Isomerase 2 (HSD3B2) and GATA Binding Protein 1 (GATA1) which is the transcription factor that
activates HSD3B2 was also identified.

Wang et al. revealed that berberine showed improved insulin resistance and endometrial receptivity [49]. Also, an increase of
luteinizing hormone receptor, Cyp19al, and enhanced morphological changes could be seen particularly in high doses, leading to
normal ovulation.

1.5, 2 % of hydrolyzable tannin (HT) had been attributed to preventing metabolic disorders induced by PCOS [50]. Antioxidant
activities and anti-inflammatory activity were shown. HT also influenced reproductive profiles and lipid profiles but had a negative
impact on nutrient digestibility.

Abuelezz et al. suggested that nanocurcumin could be an inflammation and autophagy modulator for the possible better man-
agement of PCOS complications [51]. Compared to the PCOS group, the nanocurcumin modulated inflammatory — autophagy by
upregulating microRNAs-223-3p (miR-223-3p), decreasing levels of light chain 3 II (LC3II), p62, interleukin 6 (IL-6), nuclear
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factor-kappa B (NF-xB), increasing in B cell mass, restoring GSH and CAT enzyme levels. Moreover, nanocurcumin helped restore
cellular homeostasis and combated the drastic impact of persistent high reactive oxygen species (ROS) levels.

One study revealed that Quercetin significantly increased antioxidant and anti-apoptosis activities by increasing the expression of
BCI2 and E-Cadherin and decreasing Bax [52].

Wister rats were injected with Ru486 along with thymoquinone through intraperitoneal [53]. The Thymoquinone group showed
reduced ovary size, LH: FSH ratio, and total testosterone level compared to the PCOS group. Thymoquinone down-regulated the
androgen receptors, autophagic biomarker Beclinl, Map-LC3- I, and Map-LC3- I, and active NF-kBsubunit P65 levels and up-regulated
PCO biomarker aromatase, cypl9A1, autophagy substrate p62/SQSTM1.

Olaniyan et al. reported that Vitamin C showed antioxidant activities in the polycystic ovary [54]. It also had anti-apoptotic effects
in PCOS rats. Plus, improved immune functions and changes in hormone levels were also observed.

Naseri et al. found that higher bee pollen (BP) doses induced antioxidant activities and apoptosis of ovarian cysts [55]. BP also
increased the expression of the Sirt-1 gene significantly, leading to improved insulin resistance. Moreover, BP and Metformin com-
bination was more effective in apoptosis and antioxidant capacity.

Administrating Caesalpenia bonducella (CB) dose-dependently increased enzymatic antioxidants and non-enzymatic antioxidants
[56]. PCOS rats showed decreased superoxide dismutase (SOD), catalase (CAT), and, glutathione-S-transferase (GST) and increased
glutathione peroxidase (GPx) and glucocorticoid receptor (GR), which were restored by the treatment of CB. CB restored the
disproportion of SOD, CAT, GST, GR, and GPx. Moreover, the treatment of CB showed changed morphological features such as a
reduction in cysts, regular luteinization of follicles, and proliferation of healthy follicles with a clear thecal layer.

Alahmadi et al. revealed that chamomile improved the function and histological structure of the thyroid gland in PCOS rats [57].
Adult virgin female Wistar rats were orally administered M. chamomilla flower extract. Treatment of PCOS rats with chamomile
extract increased the level of triiodothyronine (T3), thyroxine (T4), glutathione (GSH), glutathione peroxidase (GPx), catalase (CAT)
and decreased level of thyroid stimulating hormone (TSH), caspase-3, malondialdehyde (MDA).

Bayrami et al. suggested that Fennel seed extract (FSX) regulated reproductive hormone levels and lipid profiles [58]. However,
FSX anchored on Chit-TPP, which helps efficient delivery to targeted molecules, was more effective in PCOS rats than using FSX alone
concerning lipid metabolism.

Suriyakalaa et al. demonstrated that leaf extract of Ficus religiosa alleviated PCOS by correcting menstrual irregularities and serum
hormone/lipid profiles, stimulating aromatase and peroxisome proliferator-activated receptor-y (PPAR-y), and up-regulating 3f-
Hydroxysteroid (3 p-HSD) and 17p- Hydroxysteroid dehydrogenase (17 -HSD) [59]. Additionally, this study found that 3-acetoxy-3--
hydroxy-propionic acid, the component of Ficus religiosa, is the key component that caused Ficus religiosa to ameliorate PCOS.

Atashpour et al. found that ginger extracts at higher doses restored serum hormone levels to normal status without side effects
compared to clomiphene citrate [60].

Pachiappan et al. reported that Gymnema sylvestre and Pergularia daemia affected insulin sensitivity, androgen production, anov-
ulation, and menstrual irregularities [61]. However, a combination of G. sylvestre and P. daemia had a better synergistic effect.

Stachys sylvatica had been attributed to diuretic, digestive, emmenagogue, antispasmodic, anti-inflammatory, sedative, and tonic
properties in folk medicine and phytotherapy [62]. Alizadeh et al. treated thirty adult female Wistar rats with an average weight of 180
g with S. sylvatica extract. The S. sylvatica extract improved obesity in the PCOS group. In addition, it was observed that the number of
cystic follicles decreased significantly. In the group of animals that received 500 mg/kg of the extract, there was an increase in the level
of FSH and a decrease in the concentration of estrogen.

Rababa’h et al. elucidated that majoram had anti-inflammatory and antioxidant effects [63]. They also showed improvement in
insulin resistance and hormone levels. Furthermore, when using majoram with metformin, there was a synergistic effect on PCOS rats.

Azouz et al. reported that Actaea racemosa extracts and vitamin C regulated ovarian and uterine weights, lowered luteinizing
hormone (LH) and testosterone (T) hormone levels, and changed lipid profiles such as total cholesterol, triglyceride, low-density li-
poprotein (LDL) cholesterol and very low-density lipoprotein (VLDL) cholesterol [64]. Oxidative stress biomarkers (MDA and GSH)
were restored in the AR group. Moreover, vitamin C showed a prevention effect of mild hepatic oxidative stress in the combination
group. Ki-67; a cell proliferation marker, increased significantly in the granuloma cell layer and aromatase Cypl9al increased
significantly, especially in the combination group.

Wistar albino rats were administered either walnuts or chia seeds individually or in combination [65]. In all cases, the rats had
reduced body weight and ovarian weight and changes in hormone levels that correspond with increased levels of progesterone and
estradiol and decreased testosterone levels.

Ghasemi et al. found that fennel essential oil and flaxseed oil have anti-diabetic effects and anti-oxidative effects that can improve
PCOS conditions [66]. Both fennel oil and flaxseed oil respectively decreased body mass index and restored hormone levels, serum
glucose, insulin, homeostasis model assessment-estimated insulin resistance (HOMA-IR), homeostasis model assessment of p-cell
function (HOMA-b) and quantitative insulin-sensitivity check index (QUICKI) indices. However, the combination of fennel essential oil
and flaxseed oil adversely affected the fasting blood glucose and insulin resistance condition. The histomorphology study showed that
oils reduced ovarian weights and increased the number of follicles.

Park et al. reported that Hochu-ekki-to treatment regulated steroid hormones receptors like estrogen receptor (ER), AR, and GR by
reducing Hsp90 expression, leading to normalizing serum hormone levels [67]. It could also improve immune responses by reducing
various inflammatory markers.

Dawane et al. showed that Nisamalaki (NA) revised insulin resistance [68]. Kancanara Guggulu (KG) had less effect on insulin
resistance, however, enhanced morphological changes were seen in all treatment groups. When using NA with metformin, it was also
effective in insulin resistance.

10



W. Jung et al.

Heliyon 9 (2023) 20889

Table 6
Clinical studies in human trials verify the efficacy of natural products in the treatment of PCOS.
Classification =~ Compound/Extract Source Experimental Model Dose; Efficacy Mechanism Reference
Duration
Isoflavone Puerarin Pueraria lobate 51 patients with 150 mg/ Reduction of PCOS 1SHBG, SOD [73]
(Wild) Ohwi PCOS, aged 18-39 day; 3 risk 1TC,
months
Terpene Thymoquinone Nigella sativa 207 overweight and 500mg; 6  Reduction of PCOS 1SOD; [74]
obese PCOS months. risk |Body weight,
patients, aged 18-35 MDA
Plant Agnugol, Vitex agnus-castus 120 women with 3.2-4.8 Reduction of PCOS |menstrual [75]
Castleberry dry PCOS and mg/day; risk cycle interval
extract oligomenorrhea, 3 months
married, not
pregnant, aged 20-
45
Plant Canola oil Brassica napus L. 72 patients with 25 g; Reduce fatty liver |TG, TC/HDL, [76]
PCOS aged 10 weeks grade. LDL/HDL, TG/
18-45 years HDL
Plant Chamomile Anthemis L. 80 women of 370 mg; Decrease in | Testosterone [771
childbearing age 3 months testosterone level
with PCOS.
Plant Cinnamon Cinnamomum verum 66 women were 1,1.5g/ Reduce fasting insulin |HOMA-IR, [78]
J. Presl diagnosed with day; and insulin resistance ~ LDL, HDL
PCOS 12 weeks
Plant Common flax Linum usitatissimum 48 women aged 30 g/day; Increase of menstrual TQUICKI, HDL, [79]
L. 18-44 yearsold with 12 weeks regularity, QUICKI. adiponectin
PCOS Decrease of fasting |TG, IL-6, TNF-
blood glucose, and o, insulin,
body weight. HOMA-IR, hs-
CRP, leptin
Plant Common flax Linum usitatissimum 60 women aged 1000 mg; Decrease of Insulin |Insulin, serum [80]
L. 18-40 yearsold with 12 weeks level triglycerides,
PCOS VLDL-
cholesterol, hs-
CRP
Plant Common sage Salvia officinalis L. 60 patients 330 mg/ Inhibition of insulin TQUICKIE; [81]
diagnosed with day; 8 resistance in patients |Body Mass
PCOS weeks with PCOS Index, Insulin
levels (P <
0.001), and
HOMA-IR
Plant Fennel Foeniculum vulgare 61 women with 5 g/day; Reduction of |The mean pain [82]
Mill oligomenorrhea 6 months oligomenorrhea and severity
complaints and with PCOS risk
PCOS, aged 18-35
Plant Lilac chaste tree Vitex agnus-castus L. A 21-year-old 400 mg; Increase of estrogen |Endometrial [83]
female with a 10 and progesterone hyperplasia
history of PCOS months activity.
Plant Marjoram Origanum majorana 25 patients 1.3-1.5g  Reduction of PCOS |DHEA-S [84]
diagnosed with 1 month. risk
PCOS, aged 16-35
Plant Olive oil Canarium L. 72 patients with 25¢g; Reduce fatty liver |HOMA-IR [76]
PCOS aged 10 weeks grade.
18-45 years
Plant Sickle fruit fenugreek  Trigonella foenum- 50 premenopausal 500 mg; Reduced ovary 1 LH, FSH [85]
(Furocyst) graecum L. women (18-45 3 months volume and cyst size.
years, BMI<42) with Return of regular
PCOS menstrual cycle.
Plant Walnut Juglans regia 60 women with 150 gm/ Reduction of PCOS |TC, LDL, TG [86]
PCOS day; 90 risk
days
Decoction Cinnamon, Cinnamomum verum 122 women aged 3 months Inhibition of |fasting insulin [71]
Cultivated licorice, J. Presl, Glycyrrhiza 18-44 years with oligomenorrhea,
Common St. glabra L. Hypericum PCOS with a amenorrhoea.

Johnswort, Chinese
peony

perforatum L.
Paeonia lactiflora
Pall.

confirmed medical
diagnosis

11

Improved insulin and
luteinizing hormone,
blood pressure,
quality of life,
depression, anxiety

(continued on next page)
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Classification =~ Compound/Extract Source Experimental Model Dose; Efficacy Mechanism Reference
Duration
and stress, and
pregnancy rates.
Decoction Cinnamon, Cinnamomum 60 women with 700 mg; Increase in rate of 1CAT, GPx, SOD [72]
Spearmint, Ginger, aromaticum Nees, PCOS aged 18-35 3 months pregnancy, |Insulin, MDA,
Sweet orange Mentha spicata L., years old with antioxidant, and anti- FBS
Zingiber officinale primary and inflammatory
Roscoe, Citrus x secondary infertility properties
sinensis (L.) Osbeck
Decoction Celery, Apium graveolens L. 72 women aged 4.5¢g; Increase of menstrual |BMI, [87]
Anise burnet saxifrage  Pimpinella anisum L. between 18 and 40 15 days. cycle’s regularity. Testosterone
years from PCOS Improvement of
with a chief oligomenorrhea
complaint of
oligomenorrhea
Decoction Dihuang, Huanglian, Radix Rehmanniae, 95 women aged 4 Decrease in BMI, THDL-C, IS [88]
Baishao, Huangqin, Rhizoma Coptidis, 18-33 yearsold with  capsules; WHR, and blood |TG, LDL-C,
Ejiao, Fuling Radix Paeoniae Alba,  PCOS 6 months glucose levels. insulin, HOMA-
Radix Scutellariae Improvement of IR
Baicalensis, Colla insulin resistance.
Corii Asini, Poria
Decoction Femitex-SP4 Saraca indica L., 150 patients, aged 500 mg; 1 Reduction of PCOS |Testosterone [89]
Vitex agnus castus L., 18-44 year risk
Embelica officinalis
L., Symplocos
racemosa Roxb.
Decoction Individualized Paeonia japonica, 40 women presented 16 g/day;  Reduction of PCOS lwaist-to-hip [90]
Chinese herbal Bupleurum falcatum with 6 months risk ratio
formula (Bai Shao, L., Citri unshius oligomenorrhea or
Chai Hu, Chen Pi, Pericarpium, amenorrhoea with a
Chuan Xiong, Dang Cnidium officinale diagnosis of PCOS,
Gui Wei, Gan Cao, Makino, Angelicae aged 18-44
Gou Qi Zi, Gui Zhi, sinensis Radix,
Hong Hua, Tao Ren, Glycyrrhiza uralensis
Tu Si Zi, Xiang Fu, Yi Fisch, Lycium
Mu Cao, Zhi Ke) chinense Mill.,
Cinnamomum cassia
Presl, Carthamus
tinctorius L., Prunus
persica (L.) Batsch,
Cuscuta japonica
Choisy, Cyperus
rotundus L.,
Leonurus sibiricus L.,
Citrus aurantium L.
Decoction Lilac chaste tree, Vitex agnus-castus L. 150 women aged 500 mg; Induction of TMenstrual [91]
Sweet fennel, Queen Foeniculum vulgare between 18 and 43 3 months menstrual. cyclicity
Anne’s lace Mill. years Increase of menstrual
Daucus carota L. bleeding.
Decoction Persian herbal Foeniculum vulgare, 80 overweight 5 g/day; Reduction of PCOS |TC, LDL-C, TG, [92]
remedy Urtica dioica, Daucus ~ women with PCOS 12 weeks risk AST, ALT, HDL-
carota, Trifolium C,
pratense, Curcuman
longa
Decoction Shouwu Jiangqi Fallopia multiflora, 81 participants 3 months The expectation of 1Insulin [93]
Decoction Radix puerariae, diagnosed with efficacy of SWJQD on  sensitivity
Batryticated PCOS, aged 18-35 the treatment of
silkworm, Astragalus PCOS with kidney
propinquus deficiency, phlegm,
Schischkin, and blood stasis
Dioscorea
oppositifolia L.,
Euonymus alatus,
Cyperus rotundus L.,
Cuscutae semen.
Decoction Yijin-tang Pinellia ternata 15 PCOS women 6g; Decrease in the |Number of [94]
Breitenbach, with 12 weeks menstrual cycle and ovarian follicles
Citrus unshiu oligomenorrhea follicle number.

Markovich, Poria

12
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Table 6 (continued)

Classification =~ Compound/Extract Source Experimental Model Dose; Efficacy Mechanism Reference
Duration
cocos Wolf, Improvement of
Glycyrrhiza uralensis oligomenorrhea.

Fisch, Zingiber
officinale Roscoe

SHBG, sex hormone binding globulin; SOD, superoxide dismutase; TC, total cholesterol; TG, triglycerides; HDL, high-density lipoprotein; LDL, low-
density lipoprotein; HOMA-IR, homeostatic model assessment of insulin resistance; QUICKI, quantitative insulin-sensitivity check index; IL-6,
interleukin 6; TNF-a, tumor necrosis factor-o; hs-CRP, high-sensitivity C-reactive protein; VLDL-cholesterol, very-low-density lipoprotein-
cholesterol; DHEA-S, dehydroepiandrosterone sulfate; CAT, catalase; GPx, glutathione peroxidase; MDA, malondialdehyde; FBS, Fast blood sugar;
HDL-C, low-density lipoprotein cholesterol; LDL-C, low-density lipoprotein-cholesterol; AST, aspartate aminotransferase; ALT, alanine aminotrans-
ferase; ISI, insulin-sensitive index; 1, up-regulation; |, down-regulation.

Shaoyao-Gancao Decoction (SGD), which is consisted of Radix Paeoniae Alba and Glycyrrhizae uralensis is orally administered to
rats [69]. As a result, body weight and ovarian weight were dose-dependently reduced, estrous cycles were improved, the number of
cystic dilating follicles was decreased, and the layers of granular cells were increased. SGD reduced the serum levels of testosterone and
LH and increased the serum level of E2 and FSH and in mRNA levels, SGD lowered inflammatory factors such as TNF-a, IL-1p, IL-6, and
IL-18 and phosphorylation of NF-kB p65 and increased the expression of IkappaB kinase (IkB).

Unkeito-administrated rats showed increased numbers of small antral follicles and preovulatory follicles [70]. But there was no
significant difference in serum hormone levels and the numbers of preantral follicles and corpora lutea between the control group and
unkeito treated group.

Natural Products =
K3

/ INGREDIENT \ + Vo4
a»

Traditional Medicine Modern Medicine (D

Decoctlon of Cinnamon, Cultivated licorice, Common St. Puerarin from Pueraria lobate, Thymoquinone from
Johnswort, Chinese peony, Spearmint, Ginger, Sweet orange; Nigella sativa, Agnugol from Vitex agnuscastus, Olive oil
Individualized Chinese herbal formula (Bai Shao, Chai Huy, fsom Canarium L, Nanocurcumin, Quercetin, Resveratrol.

Chen Pi, Chuan Xiong, Dang Gui Wei, Gan Cao, Gou Qi Zi, Gui
Zhi, Hong Hua, Tao Ren, Tu Si Zi, Xlang Fu, Yi Mu Cao, Zhi Ke).

T Menstrual
cyclicity
s G

—Decrease free radical
.

Metabolic Syndromei

13 Fas}lng
" o (' Hyperlipidemia I)
Increase of menstrual
\eedng and 4 Number of [ gnificantly reduces ]
ovarian follicles isk factor of PCOS
e .0 50.
Reduces risk factor of PCOS ] Adipokines secretion Low Grade l
(TNF-q, IL-6 ,etc.) Inflammation
Unspecified Target Specific Target
(A whole body target/ VS (A single molecule/a single
organism as a target) macromolecules as a target)

Fig. 1. Comparison between traditional and modern drugs on PCOS treatment.
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A total of 20 studies have been performed to test the efficacy of the compound in polycystic ovary syndrome conditions using in vivo
Wistar rat model experiments. A total of 3 studies didn’t specify the rat model used in the experiment. Serum sex hormone level is
restored by the treatment of plant-derived compounds in many studies [48,49,53,54,57-61,63-65,67,69]. Histomorphology features
of PCOS-induced rats’ ovaries were improved by the compounds in eight studies [49,56,57,61,65,66,68,70]. In one study that analyzed
two compounds, compounds respectively showed improved PCOS conditions but in combination they adversely affected PCOS [66].
Therefore, this study may need future studies to evaluate the interactions between the two compounds on PCOS. Two studies
experimented with the effect of the compound alone and the combination of the compound and the treatment drug: metformin [55,
63]. In both studies, the combination of the compound and metformin showed synergetic effects on PCOS. Common features of PCOS
were ameliorated by the compounds through various mechanisms. Some substances improved PCOS through antioxidant effects [50,
52,56,59,63], some improved through anti-apoptosis [51,52,54], and others through restoration of the immune system [52,54,63].
Revealed mechanisms were related to the Bcl-2/Bax pathway [54,55] and NF-kB signaling [53,69]. Most of the studies were performed
only in vivo, but there was one study that was performed both in vivo and in vitro [48]. Six studies were insufficient about the
mechanism of the compound. Therefore, these studies may need additional research about the mechanism of the compounds to PCOS
[58,60,61,65,66,68].

3.3. Human studies provide clinical evidence of natural products in the treatment of PCOS

Polycystic ovary syndrome (PCOS) is a common, complex reproductive endocrinopathy characterized by menstrual irregularities,
hyperandrogenism, and polycystic ovaries [71]. PCOS is a leading cause of infertility with an incidence of 6-26 % among women of
childbearing age [72]. The symptoms of PCOS can be suppressed by engaging in lifestyle, but the intervention of natural products can
further enhance its effect. Thus, the development of more effective natural products for PCOS is imperative. Twenty-five human studies
regarding PCOS treatment with natural products were reported (Table 6) and compared between traditional medicine and modern
drug discovery as shown in Fig. 1. The underlying difference between traditional medicine and modern drug discovery from natural
products in PCOS treatment is the form of therapy given, in traditional medicine the target is more unspecified (a whole body tar-
get/organism as a target of natural product) and there can be more than one combination of natural products (Fig. 1). Whereas in
modern drug discovery it is a specific target (a single molecule/a single macromolecule as a target), usually more about compounds
observed in each natural product or plant used (Fig. 1).

Li et al. suggested that puerarin could be considered for the management of metabolic disorders and hyperandrogenism in PCOS
patients [73]. In the study, 70 patients were assigned into two groups, the obese group, and the non-obese group, and the obese group
was divided into an obese treatment group and an obese control group. Patients in the obese treatment group and non-obese group
orally received 150 mg/d of puerarin tablets for three months. As a result, improved blood levels of SHBG and SOD, and lower systolic
blood pressure, TC, and testosterone blood levels were observed in patients who received puerarin regardless of their obese status and
obese patients with puerarin respectively (Fig. 1).

Ammar et al. discovered that thymoquinone, black cumin oil supplementation constituted a beneficial added value to metformin in
ameliorating PCOS-related disorders [74]. Two hundred seven overweight and obese PCOS patients were divided into two groups,
group A received metformin 500 mg and group B received a combination of metformin 500 mg and thymoquinone in the form of black
cumin oil 500 mg capsules three times daily for 6 months. Group B showed a significant decrease in the number of patients suffering
from oligomenorrhea, weight reduction, and body fat redistribution, regaining oxidative balance with a significant increase in SOD
activity and a decrease in MDA concentrations.

Shayan et al. reported that agnugol could be presented as an herbal alternative to treat oligomenorrhea in patients with polycystic
ovary syndrome [75]. 120 women with PCOS and oligomenorrhea were randomly divided into two groups, Group A, patients taking
Agnugol, and Group B, patients taking Metformin. After the treatment with Agnugol and Metformin, menstrual intervals decreased and
the length of menstruation and the number of pads increased in both groups. But more side effects were reported in the group using
metformin.

Previous studies showed the positive effects of olive and canola oils in dyslipidemia modulation [76]. The participants included 90
patients with PCOS aged 18-45 years. The Canola oil effect resulted in a significant reduction in serum levels of TG and TC/HDL,
LDL/HDL, and TG/HDL ratios. Canola and olive oils could significantly reduce the fatty liver grade. Moreover, the Homeostasis model
evaluation for insulin resistance index (HOMA-IR) in both canola and olive groups was significantly decreased.

According to traditional herbal medicine, chamomile has been considered one of the herbal remedies for patients with PCOS [77].
Heidary et al. demonstrated this for 80 women of childbearing age with PCOS. The intervention group received 370 mg oral capsules of
chamomile three times a day for 3 months. The control group did receive starch capsules (three times a day). Decreased level of
testosterone was observed in the intervention group (in women with PCOS) who received chamomile capsules.

Cinnamon is an herbal remedy used traditionally by patients with PCOS to improve their menstrual cycle [78]. Out of 80 women
that were diagnosed with PCOS, 66 were enrolled in this randomized double-blind placebo-controlled clinical trial. Fasting insulin and
insulin resistance were reduced after 12 weeks in the cinnamon group. There was also a significant lower in low-density lipoprotein
(LDL), high-density lipoprotein (HDL), and Homeostatic Model Assessment of Insulin Resistance (HOMA-IR).

Haidari et al. were conducted on women aged 18-44 years old with PCOS [79]. Flaxseed powder was effective in controlling weight
since it decreases body weight, waist circumference, and insulin concentration. flaxseed powder increased Quantitative
Insulin-Sensitivity Check Index (QUICKI), High-Density Lipoprotein (HDL), and adiponectin. It also causes a decrease in Triglycerides
(TG), Interleukin 6 (IL-6), TNF-a, Homeostatic Model Assessment of Insulin Resistance (HOMA-IR), high-sensitivity C-Reactive Protein
(hs-CRP), and leptin. Flaxseed in patients with PCOS could improve some biochemical and anthropometric markers, through
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amelioration of dyslipidemia, obesity, IR, and inflammation.

Mirmasoumi et al. conducted research for women aged 18-40 years on the treatment of PCOS in women [80]. After the 12-week
intervention, compared to the placebo, flaxseed oil omega-3 supplementation significantly decreased insulin values, homeostasis
model of assessment-estimated insulin resistance, mF-G scores, and increased quantitative insulin sensitivity check index. Also,
supplementation with flaxseed oil omega-3 resulted in significant decreases in serum triglycerides, VLDL-cholesterol, and
high-sensitivity C-reactive protein (hs-CRP) compared to the placebo.

Amini et al. reported that salvia officinalis extract prevented insulin resistance in euglycemic patients with PCOS [81]. Sixty PCOS
patients were orally administered 330 mg S. officinalis extract daily for eight weeks. Results showed a significant decrease in BMI,
insulin levels, HOMA-IR, and FBS value, and an increase in QUICKI in S. officinalis groups compared with placebo groups.

Mokaberinejad et al. found that fennel seed infusion plus dry cupping used a safe and effective therapeutic intervention in the
management of oligomenorrhea in patients with polycystic ovary syndrome [82]. In the study, 61 patients were randomly divided into
two groups, Group 1 received fennel tea and dry cupping, and Group 2 received metformin. The fennel seed infusion plus dry cupping
reduced the days between two menstrual cycles compared to metformin. Moreover, the decrease in average pain was more significant
in the fennel-dry cupping group. Body mass index was also reduced in both groups.

Vitex agnus-castus was an herb that was commonly known for its ability to occlude prolactin release from the pituitary gland [83].
Alois et al. reported that on a 21-year-old female with a history of PCOS. As a result of taking Vitex agnus-castus, total and free
testosterone decreased. In addition, a persistently elevated LH to FSH ratio of just under 3:1. After 6 months, menstrual cycles
improved and dysmenorrhea decreased further.

Husein et al. reported that marjoram tea had beneficial effects on the hormonal profile of PCOS women [84]. Twenty-five patients
were assigned to receive marjoram tea or a placebo tea twice daily for 1 month. Compared to the placebo group, marjoram tea reduced
DHEA-S and fasting insulin levels. The results also showed an improvement in HOMA-IR and GIR, although this was not significant.

Swaroop et al. included in this study, 50 premenopausal women (18-45 years, BMI <42) diagnosed with PCOS [85]. Swaroop et al.
reported significant increases in luteinizing hormone (LH) and follicular stimulating hormone (FSH) levels were observed compared to
the baseline values. In addition, significant reductions in ovary volumes were observed following treatment, demonstrating reduced
cyst size. Also, it increased the menstrual cycle’s regularity.

Rashid et al. discovered that treatment with high-dose walnuts had a benefit effect on oxidative stress [86]. In the study, 60 women
with polycystic ovarian syndrome were divided into two groups, the metformin-treated group, and walnut treated group. Compared
with the metformin-treated group, for 3 months, total serum cholesterol, and LDL cholesterol were significantly reduced in the
walnut-treated group. In addition, serum triglyceride levels were reduced after one month of feeding with walnut.

Arentz et al. researched women aged 18-44 years on the treatment of PCOS in women [71]. When herbal mixture (Cinnamomum
verum, Glycyrrhiza glabra, Hypericum perforatum, Paeonia lactiflora) the proportion with normal menstrual cycles was large. Follicular
phase oestradiol was increased in the test group, and LH was lowered. There was a significant improvement in systolic and diastolic
blood pressure for women taking the herbal mixture compared with controls. In addition, anxiety, depression, and stress decreased.

A randomized clinical trial was carried out on 60 infertile participants with polycystic ovary syndrome (PCOS) willing to be
pregnant [72]. Herbal mixture (Cinnamomum aromaticum, Mentha spicata, Zingiber officinale, Citrus x sinensis) increased Catalase
(CAT), Glutathione peroxidase (GPx), and Superoxide dismutase (SOD) in patients with PCOS. It also causes a decrease in insulin,
Malondialdehyde (MDA), and Fast blood sugar (FBS). Consumption of an herbal mixture as a supplement alongside clomiphene citrate
(CC) can improve the serum antioxidant levels, glycemic status, and pregnancy rate in PCOS patients. In addition, the effect of
menstrual regulation can be seen.

The affirmative effects of Apium graveolens and Pimpinella anisum hydro alcoholic extracts on hormonal regulation, polycystic
ovarian tissue, and fertility have been shown in a few animal studies [87]. The experimental Model included women aged between 18
and 40 years suffering from PCOS with a chief complaint of oligomenorrhea. In total, 72 patients participated in this clinical trial. CAC
(Apium graveolens, Pimpinella anisum) fully increased the menstrual cycle’s regularity and improved oligomenorrhea. In addition, CAC
reduced the total serum testosterone and LH/FSH ratio in women with polycystic ovary syndrome.

One of the Chinese patented medicine Heyan Kuntai capsule (HYKT) consists of prepared Radix Rehmanniae (Dihuang), Rhizoma
Coptidis (Huanglian), Radix Paeoniae Alba (Baishao), Radix Scutellariae Baicalensis (Huangqin), Colla Corii Asini (Ejiao), and Poria
(Fuling) [88]. HYKT showed the BMI and WHR of all the patients were decreased. The fasting and postprandial 2 h blood glucose levels
significantly declined when treated with HYKT. Likewise, serum sex hormones including luteinizing hormone (LH), follicle-stimulating
hormone (FSH), and testosterone were lowered after being treated with HYKT. Besides, blood lipids outcomes such as total cholesterol,
triglyceride, and low-density lipoprotein cholesterol (LDL-C), as well as insulin and HOMA-IR were decreased with significance in the
HYKT group. Whereas high-density lipoprotein cholesterol (HDL-C) and insulin-sensitive index (ISI) increased.

Ishagq et al. discovered that Femitex-SP4 which included Saraca indica L., Vitex agnus castus L., Embelica officinalis L., and Symplocos
racemosa Roxb was proven to be clinically effective in most of the patients, particularly PCOS patients with menstrual irregularities
[89]. 150 patients aged between 18 and 44 received 500 mg of powdered herbs in capsule form twice daily. After treatment, there was
a noticeable change in the menstrual cycle, ovarian size, morphology, and a notable reduction in free testosterone levels.

Wong et al. suggested that both individualized and standardized CHM could improve outcomes of patients with polycystic ovary
syndrome [90]. 40 women who present with oligomenorrhea or amenorrhoea with a diagnosis of polycystic ovary syndrome
participated in the study. Compared to standardized CHM, individualized CHM did not show significant improvement in the mean
menstrual rate, mFG scores, and PCOS total scores at 6 months among women with polycystic ovary syndrome. However, individu-
alized CHM showed a significant reduction in WHR when compared to standardized CHM.

Aslagh capsule (Vitex agnus-castus, Foeniculum vulgare, Daucus carota) is used for the management of oligomenorrhea and
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amenorrhoea in ITM clinics [91]. 150 patients aged between 18 and 43 years with oligomenorrhea due to PCOS were included in the
study. Aslagh capsule was affecting in contributing to menstruation, being hepatoprotective and enhancing blood circulation in the
uterus and ovaries. Also, menstrual cyclicity has been greatly improved. Aslagh capsule showed beneficial effects similar to metformin.

Rouhani et al. revealed that Persian herbal remedies and electroacupuncture could be used as a better treatment of metabolic
complications and overweight problems in patients with polycystic ovary syndrome [92]. Eighty overweight women with PCOS were
randomly divided into four groups, the first group received metformin, the second group received metformin and Persian herbal
remedy, the third group received metformin and electroacupuncture, and the fourth group received both therapies. After 12 weeks of
intervention, in the herbal medicine and (herbal medicine + electroacupuncture) groups, BMI, BF, WHR, fasting insulin, HOMA-IR,
HOMA-B, total cholesterol, LDL, TG, AST, ALT, HDL decreased, and increased in QUICKI was observed.

Xu et al. found that the study will investigate whether the combination of Shouwu Jiangqi Decoction and acupuncture can alleviate
the clinical symptoms and improve insulin resistance in patients with PCOS [93]. 81 participants with PCOS will be divided into 3
groups: group A, SWJQD and acupuncture, group B, SWJQD and sham acupuncture, and group C, metformin. The outcomes include
the HOMA-IR index, the Oral Glucose Tolerance Test, sex hormone levels, body mass index, ovulation rate, clinical pregnancy rate, and
complete sequencing data. Adverse events will be also recorded.

Yijin-tang (YJT) is a traditional medicine prescribed for the prevention and treatment of diverse diseases, which is composed of
Pinellia ternata Breitenbach, Citrus unshiu Markovich, Poria cocos Wolf, Glycyrrhiza uralensis Fisch, and Zingiber officinale Roscoe [94].
15 patients with oligomenorrhea due to PCOS were included in the study. The menstrual cycle length significantly decreased at week
12 compared to baseline. In addition, the number of ovarian follicles was reduced after the 12-week treatment.

A total of 25 human studies have been conducted to confirm the effect of natural products on polycystic ovary syndrome. Most
studies were performed on women with PCOS, aged approximately 18-45, and were confirmed by mechanisms such as TC, LDL, TG,
and AST [73,75,76,78-80,84,86,88,89,92]. Five studies inhibit TC and six substances that inhibit T [73,76,77,83,86-89,92]. Studies
using 12 substances improved the menstrual cycle’s regularity and oligomenorrhea [71,74,75,79,82,85,87,89-91,93,94]. In addition,
8 studies controlled the effect of hormones, and 3 studies increased the rate of pregnancy [71,72,77,81,83,84,89,92,93]. These studies
also lowered insulin levels and fatty liver grade [71,76,78-81,84,88,92,93]. In particular, cinnamon was used in 3 studies, and
common flax was used in duplicated 2 studies [71,72,78-80]. Flax was used alone, in contrast to cinnamon which was mixed with
other natural products. Both experiments with flax showed lowered insulin levels in common. The drug doses in the two experiments
differed by 30 times. Experiments conducted by mixing cinnamon and other natural extracts decreased insulin and increased preg-
nancy rates. It also showed antioxidant and anti-inflammatory properties. However, when cinnamon was used alone, only the
insulin-reducing effect was shown. 6 studies were not confirmed by mechanisms [74,75,81,82,90,93].

4. Discussion

Polycystic ovary syndrome (PCOS) is one of the most common endocrine/metabolic disorders in women worldwide [73]. Although
there have been significant advances in medicine and technology, PCOS therapeutic interventions like oral contraceptives,
androgen-suppressing medications, ovulation stimulation, and metformin have serious side effects and complications. These include
the risk of vascular thromboembolism, menorrhagia, polyvinyl chloride, and digestive problems like nausea and dizziness [82].
Natural products with high safety and selectivity, as well as few reports of adverse reactions, are being introduced to medical research
and tests to see if they can treat PCOS because current efforts to control this condition are ineffective, particularly in adolescents and
young women.

The effectiveness of natural remedies in treating PCOS has already been studied in several studies. For instance, Zhou et al.
investigated the information on the effectiveness of Chinese herbal medicine (CHM) on the rates of live birth pregnancies and adverse
events in subfertile women with polycystic ovarian syndrome (PCOS) [23]. However, compared to the present study, there is insuf-
ficient evidence to support the use of CHM for women with PCOS and subfertility. There is no information on live births, and there is no
consistent evidence that CHM affects fertility. Furthermore, there isn’t enough evidence on side effects to say whether CHM is safe.
Linjing et al. reviewed the strength and validity of the existing evidence regarding the use of Chinese medicine for the treatment of
PCOS in another study [95]. However, unlike the current study, this one only included evaluations in Chinese, which may have
resulted in biased and incorrect conclusions. The current study is significant because it assesses the safety and pharmacological action
of natural compounds in PCOS using a larger sample size, a longer study duration, and a more systematic methodology.

In this present review, natural products have been suggested as an alternative to treat PCOS, and their hepatoprotective effects have
been extensively investigated in terms of pharmacological properties including anti-inflammatory, normalization of hormones,
antioxidant, and inhibition of autophagy.

4.1. Inflammation and PCOS

Inflammation is one of the potential risk factors of PCOS [96]. In the first stage of the inflammatory cascade, PAMPs and DAMPs
detect infection or damage. Toll-like receptors (TLRs) can detect a variety of damage signals, activating common signaling pathways
and NF-B. After signal transduction, IkB releases NF-B, which moves to the nucleus. Gene transcription and translation produce the
third stage of the inflammatory cascade, the inducible expression of pro-inflammatory cytokines like IL-1p, IL-6, TNF, and others. The
final stage is inflammation resolution, which minimizes host collateral damage [97]. According to recent studies mentioned earlier in
our review several compounds regulated these inflammation factors. The mechanisms of compounds were elucidated in Fig. 2. Cat-
echins, Sahoyao-gancao decoction, Bao Gui capsule, Cangfu Daotan decoction and nanocurcumin inhibited NF-KB mediated
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inflammation by decreasing the expression of phosphorylated NF-kappa-B p65 (p—-NF—«B p65), IL-1a, IL-6, and TNF- « [16,38,39,51,
69]. Moreover, studies found that Resveratrol, Berberis (B.) integerrima extract, a combination of berberis integerrrima hydroalcoholic
extract and resveratrol, quercetin, and vitamin C improved anti-inflammatory activities by decreasing TNF- a [35,52,54]. Further-
more, common flax could down-regulate inflammatory pathways in the body and reduce the levels of inflammatory agents such as
TNF- a, C-reactive protein (CRP), and IL-6 [79]. Rababa’h also reported that majoram extract reduced the level of IL-6 [63].

4.2. Hormones and PCOS

PCOS causes hormone imbalances. High androgen levels cause PCOS. Increasing luteinizing hormones (LH) and decreasing follicle-
stimulating hormone (FSH) due to increased gonadotropin-releasing hormone (GnRH) also contribute to PCOS. Insulin resistance is a
major cause of PCOS, which is linked to low sex hormone-binding globulin levels (SHBG) [98]. PCOS genes code for steroidogenic
enzymes. PCOS women’s ovarian theca cells overexpress enzymes involved in androgen biosynthesis, increasing 17-hydroxyproges-
terone, testosterone, and androstenedione production. In PCO granulosa cells, decreased expression of 3-hydroxysteroid dehydro-
genase (3p-HSD) after hCG and decreased aromatase activity increase androgens [99]. According to recent studies mentioned earlier in
our review, several natural products regulated these hormone factors, especially in the Hypothalamic-Pituitary-Ovary axis and ste-
roidogenesis pathway. The mechanisms of compounds were elucidated in Fig. 3. Lilac chaste tree and sickle fruit fenugreek etc.
normalized the hormone level by increasing both LH and FSH levels [39,50,83,85]. Tanshinone IIA also increased the level of FSH
[30]. Furthermore, a decoction of cinnamon, cultivated licorice, common St. Johnswort, and Chinese peony, etc. reduced PCOS risk by
decreasing LH levels [31,36,39-42,44,49,59,64,71,87,88]. In addition, Fennel seed extract, Ginger extract, etc. decreased LH levels
and increased FSH levels [28,29,43,58,60,61,69]. On top of that, Crocetin reduced the level of GnRH [29]. Studies also found that
there are several natural products which improved the level of insulin in the serum of PCOS patients, such as Common flax, decoction
of Cinnamon etc. [71,72,79,80,88]. Moreover, puerarin elevated the level of SHBG [73]. Marjoram tea also significantly reduced the
level of DHEA-s [84]. In the steroidogenic pathway, Mahuang-Tang and Paeoniflorin extract inhibited the enzyme CYP11A [15,44].
Paeoniflorin extract and Bao Gui capsule also inhibited the enzyme CYP17A1 [15,38]. Numerous studies in our review reported that
some compounds increased the level of progesterone such as the Hydroalcoholic extract of flaxseed, Guizhi fuling wan, etc. [37,41,42,
46,50,54,59-61]. Furthermore, Allium fistulosum root extract, Bao Gui capsules, etc. increased the level of aromatase which is
CYP19A1 [30,36,38,44,53,59,64]. Some studies also found that 10 % fresh leaf extract of F. religiosa, and F. religiosa aqueous dry leaf
extract increased the reduced enzyme 3BHSD the enzyme 17pPHSD [59]. Others related with estradiol, estrogen, androgen, and
testosterone are shown in Fig. 3.

4.3. ROS and PCOS

The imbalance between ROS and antioxidants causes the oxidation of lipids, protein, and DNA in spermatozoa, Leydig, and Sertoli
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Fig. 2. Schematic diagram of inflammation mechanisms of the natural compounds.
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Fig. 3. The modulation and regulation of PCOS-hormone by the natural product derivatives compounds.

cells in the testes, which can produce Malondialdehyde (MDA) [100]. GSH-Px, SOD, and CAT control antioxidant mechanisms in cells.
Glutathione peroxidase is the most important antioxidant because HyO; affects GSH [101]. These antioxidant enzymes also increase
the expression of y-glutamylcysteine synthetase (yGCS), the limiting enzyme in glutathione (GSH) synthesis [102,103]. Numerous
studies in our review reported antioxidant efficacy and their mechanisms were organized in Fig. 4. In our study, Resveratrol,
Chamomile, Quercetin, Vitamin C, the combination of Actaea racemosa and Vitamin C, and Puerarin downregulated MDA [35,52,54,

Resveratrol, Quercetin, Caesalpenia
Resveratrol, Chamomile, Quercetin, Vitamin C, the

bonducella ethanol extract, F. religiosa
leaf extract, Majoram extract, the
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combination of Actaea racemosa and Vitamin C
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Combination of Cinnamon, Spearmint, Ginger and Sweet orange

Fig. 4. Schematic diagram of ROS inhibitory activities by natural product derivatives compounds.
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57,64,73]. Resveratrol, Quercetin, Caesalpenia bonducella ethanol extract, F. religiosa leaf extract, Majoram extract, the combination of
Cinnamon, Spearmint, Ginger and Sweet orange, and Puerarin upregulated SOD [35,52,56,59,63,72,73]. Chamomile, F. religiosa leaf
extract, Majoram extract, and the Combination of Cinnamon, Spearmint, Ginger, and Sweet orange upregulated Gpx [57,59,63,72].
Chamomile, Nanocurcumin, Quercetin, Vitamin C, Caesalpenia bonducella ethanol extract, F. religiosa leaf extract, and the combination
of Cinnamon, Spearmint, Ginger and Sweet orange upregulated CAT [51,52,54,56,57,59,72]. Nanocurcumin, F. religiosa leaf extract,
and the combination of Actaea racemosa and Vitamin C upregulated GSH [51,52,59,64].

4.4. Autophagy and PCOS

Autophagy is involved in regulating the growth of follicles at different developmental stages [104]. However, in PCOS patients due
to functional ovarian hyperandrogenism, the autophagy system doesn’t work normally [105]. In PCOS GCs, testosterone induces
beclin-1 (BECN1), anti-thymocyte globulin (ATG), light chain 3 (LC3), and autophagy. In PCOS women, GCs have more ATG7, ATG5,
Beclinl, and LC3-I:LC3-I mRNA and less SQSTM1. Testosterone propionate increases Beclinl and LC3 in GCs, boosting autophagy
[104]. In our study, some natural compounds regulated these autophagy pathways, and their mechanisms were illustrated in Fig. 5.
ATGS5 and Beclinl were downregulated by Guizhi fuling wan and Thymoquinone [41,106]. LC3-II is down-regulated by Guizhi fuling
wan and Nanocurcumin (Fig. 5) [41,51]. Recent studies of Guilandina bonduc L. reveal its potential as a herbal remedy that strengthens
the immune system and helps regulate the menstrual cycle in PCOS [107].

We used PubMed, Web of Science, and Scopus as documents, and our literature search was limited to five years. Furthermore, the
results may have been influenced by the heterogeneity of the experiments. A protocol clinical experiment was also included in the
review, which could not guarantee the efficacy of products against PCOS [93].

Additionally, several studies have linked fennel and berberine to a reduction in PCOS. These natural ingredients should be
vigorously investigated as a potential clinical trial candidates because they have the potential to be future alternative therapeutics for
PCOS. When taken as a whole, this assessment can act as a starting point for information on the creation of new PCOS medications and
should be regarded as a suggestion for further investigation rather than a final judgment.

5. Conclusions

This review also highlighted and discussed the therapeutic benefits of several natural products on polycystic ovary syndrome
comprehensively. Natural products were categorized using experimental techniques such as in vitro, in vivo, and others. Interestingly,
72 latest studies on natural products with the potential to control PCOS were examined. By controlling the PI3K/AKT signaling
pathway and decreasing NF-kB and cytokines such as tumor necrosis factor, interleukin-1, and interleukin-6, certain plant-derived
chemicals might reduce inflammation. Other bioactive substances altered the HPO axis, which normalized hormones. More inter-
estingly, other plant bioactive components increased glutathione, superoxide dismutase, catalase, and glutathione peroxidase levels to
reduce radiation-induced oxidative stress and it helps to improve the condition of PCOS. The other bioactive substances prevented
autophagy by impairing beclin 1, autophagy-related 5, and microtubule-associated protein 1A/1B-light chain 3 - I It’s exciting that
natural remedies may one day be used to treat PCOS via modern drug discoveries. More clinical research on the use of such natural
compounds is needed.
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