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ABSTRACT

Pharmacological Significance: India has a distinct position in history for using spices from cooking to prevent
and cure a variety of illnesses. Numerous studies have been conducted to evaluate the potential of these spices for
a variety of conditions such as diabetes, metabolic syndrome, and polycystic ovarian syndrome (PCOS). PCOS is a
condition in which women of reproductive age experience common health difficulties such as genetic, metabolic,
and endocrine abnormalities. Notably, this may be distinguished by symptoms such as hirsutism, acne, and obesity.
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Polycystic ovarian syndrome (PCOS) is a prevalent hormonal condition observed in
reproductive-aged women in which they may be unable to conceive a child, resulting in ovarian
enlargement due to the formation of cysts on the outer border.!"! PCOS was first reported by Stein
and Leventhal in 1935.2 It is characterized by hirsutism, acne, infertility, balding, fluctuations
in endocrine hormones (an increase in androgen, estrogen, and prolactin and a reduction in
progesterone), and metabolic dysfunctions (diabetes, insulin resistance, and dyslipidemia,
and Type-2 diabetes).[*®! It was initially identified in adults but has since spread to the pediatric
population. By examining essential components of normal adolescence, such as irregular periods
and ovulation, the diagnosis of PCOS becomes more challenging.*”? Weight control is critical in
the treatment of PCOS. Furthermore, McBreairty et al.® and Atashpour ef al.”? demonstrated the
favorable effect of weight loss in PCOS.

Symptoms associated with PCOS have an impact on the patients quality of life and psychological
status.'”! Evidence suggests that oxidative stress contributes to the advancement of PCOS and its
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accompanying symptoms such as infertility and an increase in
androgen levels.!"!! Natural plants can assist in avoiding major
illness conditions because of their multi-targeted efficacy.
The prevalence of PCOS is estimated to be between 2.2%
and 26% worldwide. Several studies were conducted in India
to determine the risk associated with PCOS. Hosseinkhani
et al. conducted a study in South India and Maharashtra and
the prevalence of PCOS was found to be 9.13% and 22.5%,
respectively.'” PCOS is found to be associated with other disease
conditions which include sleep deprivation, Type 2 diabetes
mellitus (DM-2), and non-alcoholic fatty liver diseasel™'!
thyroid disorders.'" However, the association of PCOS with
cardiac metabolic disorders is still being debated. Thus, the
natural product could be a possible therapeutic strategy for the
management of PCOS [Figure 1].01>16)

MATERIAL AND METHODS

All the data and information were collected through various
scientific databases including PubMed, Europe PMC, and
Google scholar. Apart from this, the data were also collected
from various scientific journals and covered various aspects
including health, physical life, medicinal plants, traditional
medicine, and folk medicines also sought information on
Indian herbs and spices.

PCOS-ASSOCIATED PATHOPHYSIOLOGY

PCOS causes irregular menstrual cycles, heavy bleeding,
obesity, hirsutism, acne, and acanthosis nigricans. It creates

Figure 1: Illustration of symptoms associated with polycystic ovarian
syndrome including high androgen level, infertility, obesity, insulin
resistance, hirsutism, acne, irregular menstruation, and ovarian cyst.
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enlarged ovaries in women, which may include a tiny
collection of fluid-filled follicles, also known as cysts, which
causes hormonal disruption essential for the onset of ovulation.
Ovulation does not occur in PCOS because the sacs are unable
to release eggs due to the presence of several harmful follicles
in matured sacs.! Women who experience PCOS may have
a high level of androgen that can induce chronic obstructive
pulmonary disease. However, PCOS diagnosis is critical since
it raises the risk of metabolic and reproductive problems.
Although PCOS is idiopathic, genetic, environmental, and
behavioral factors all play a role in the disease’s progression.™

Furthermore, complications such as environmental variables,
insulin resistance, and hyperinsulinemia may all contribute
to the development of obesity. The reason behind insulin
resistance is the impaired insulin receptor signaling pathway
that would affect pancreatic 3-cell functions. However, a lack
of insulin production may have an impact on gonadotropin-
mediated ovarian activities, which are more prevalent in
PCOS individuals.”! High insulin levels may contribute to
increased LH/FSH, and hormonal changes in theca as well
as granulosa cells (GCs) which further leads to an increase in
the synthesis of androgen and a decrease in the synthesis of
estradiol which regulates the inhibition of follicle maturation
results in PCOS™ [Figure 2].

COMMONLY USED INDIAN SPICES

India is well known for its variety of spices all over the world.
The word spice is originated from a commonly consumed
food in the Middle Ages known as “species,’!!! Spices are
obtained from parts of the plants such as flowers, leaves, seeds,
rhizomes, buds, and roots.”! They enhance the aroma and
appearance of food and are also used in cosmetics, fragrances,
and candies. It also carries the essential components of plant
products such as protein, carbohydrates, fibers, vitamins,
minerals, and tannins.®! Spices play an important role in
health and illness, including diabetes, cancer, rheumatism,
arthritis, and metabolic disorders. Even in today’s time,
spices are used as medicine and play a significant role
in the development of the national economy. The anti-
proliferative, anti-hypercholesterolemic, antidiabetic, and
anti-inflammatory properties of spices and their active
components play both ameliorative and preventive roles
in several diseases such as diabetes, arthritis, cancer, and
cardiovascular disorders."? Some Indian spices, including
turmeric, are utilized for medical purposes which are used to
treat injuries, gastrointestinal problems, rheumatic pain, and
esthetic purposes. According to a report, turmeric has anti-
inflammatory, antioxidant, and cholekinetic properties.™
Curcumin was discovered to boost detoxification enzymes,
promote deoxyribonucleic acid repair, and prevent mutation
and the creation of cancerous cells. It is evidenced that
curcumin may prevent programmed cell death.™
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Figure 2: Schematic representation of pathophysiology of the polycystic ovarian syndrome (PCOS).
Several factors play a key role in the progression of PCOS which includes insulin level, skeleton muscle,
obesity, brain, sympathetic stimulation, stress, and insulin receptors. An increase in insulin level is
responsible for damaging the liver which further increases the sex hormone binding globulin protein
level that transports the hormones testosterone dihydrotestosterone (DHT), and estradiol in the blood
that will lead to develop PCOS. The Skeleton muscle stimulates the sympathetic system which further
leads to converting testosterone to DHT which contributes to PCOS pathophysiology. Obesity affects
in two ways first is by causing macrophages infiltration that leads to increased pro-inflammation,
cytokines, tumor necrosis factor-o., interleukin-6 and causes low-grade cytokines inflammation and
second is by androstenedione convert into estrone and then estrone estimating release of luteinizing
hormone (LH) and further LH stimulates ovaries to produce more androsterone then after these both
processes lead to PCOS. In the brain, GABA increases the level of Cerebrospinal fluid that leads to
an increase Gonadotropin releasing hormones which increase the level of LH and contributes to the
pathophysiology of PCOS. Sympathetic stimulation and stress lead to an increase in reactive oxygen
species/RNS and which intern increases inflammation and deoxyribonucleic acid (DNA) damage
that contributes to the progression of PCOS. Insulin receptors stimulation causes DNA damage by
activation of the extracellular signal-regulated kinase (ERK1/2) pathway which also may involve in
the pathophysiology of PCOS.

It has been reported that spices also have an antimicrobial
property that prevents the spoilage of food."! According
to the report of the Indian Spice Board, India produces
3.2 million tons of spices. Indian spices have a good
reputation in over the world.”) Moreover, the cultivation
of spices is quite difficult as many factors such as rainfall,
soil, cultivation method, altitude, storage, and transport are
inevitable in determining the actual role of spices. However,
researchers have currently reported on the variant role of
spices in the management of PCOS.” They also reported
that PCOS patients should intake a protein-rich diet which
is generally present in many spices that makes it accessible
to the regulation of the menstrual cycle through several

mechanisms such as insulin resistance, lipid profile, and
weight.! Some spices are also helpful in hormonal regulation
in PCOS patients through decreased androgen levels in the
body.”! Although studies suggested that a high protein diet
is useful for the management of PCOS.[ The present study
highlighted the therapeutic potential of Indian spices in
PCOS.

GARLIC

Garlic (Allium sativum Linn) belongs to the family
Alliaceae." 1t is also known as Lahasun,®! and has a pungent
odor due to its oil-soluble organosulfur compounds, such as
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allicin, alliin, and ajoene. The main sulfur compound in both
raw garlic and garlic powder is alliin"” and a key constituent
of garlic is allicin, which has therapeutic effects such as
antioxidant, and anti-inflammatory. The study revealed that
allicin-containing compounds prevent oxidative stress.!'!!
Garlic is generally used for various medicinal properties such
as anticancer, cardioprotective, antithrombotic, and
antioxidant properties.'” Raw garlic or powdered garlic is a
part of the daily diet as its prolonged use can be beneficial as
an antioxidant.!'¥ It has the potential to lower the lipid profile
and can prevent atherosclerosis.'” Due to its antioxidant
properties, garlic can inhibit the production of reactive
oxygen species such as OH", NO, H,0,, O,” which can cause
organelle damage.'” Another study also suggested that
garlic could reduce total blood cholesterol and triglyceride
(TG) while another study contradicted this statement.!*
The reason behind contraindication could be the different
dosage of garlic, duration of the test, and characteristics of
an enrolled subject. It also possesses an anti-inflammatory
effect which may provide relief in PCOS.!" Studies clarified
that the risk ratio of PCOS is high in adult women who are
suffering from DM-2 at their reproductive age as compared
to normal women.!"”? Hence, as it is reported that garlic cures
diabetes mellitus; hence, it could be the better therapeutic
approach against PCOS in diabetic women as well.

GINGER

Ginger (Zingiber officinale) belongs to the family
Zingiberaceae.”) However, ginger is well known for its
flavoring and pharmacological properties (carminative, anti-
seizures, and anti-inflammatory), apart from this, it is also
used for the management of rheumatoid arthritis.”” Gingerol
and Shogaols are the active compounds of ginger which are
responsible for its antioxidant properties.®! It is reported that
ginger also has an important role in the management of an
altered menstrual cycle and can inhibit the unwanted growth
of ovarian cells.”!) However, studies also suggested that
the regular conception of ginger can prevent anti-fertility
activity and increase the fertility index and level of serum
testosterone.!'!l Moreover, it is a safe spice used as natural
medicine, especially in pregnant women for ease of nausea
and vomiting.'”’ Moreover, it has an antiemetic, antipyretic,
anti-ulcer, antioxidant, and anxiolytic activities."” Ginger’s
pharmacological properties differentiate from Non-steroidal
anti-inflammatory drugs (NSAIDS) as it suppresses the
synthesis of prostaglandin through the inhibition of
Cyclooxygenase (COX)-1 and COX-2" [Figure 3].

It has also been reported to have anti-clotting, and analgesic
property.'! Regular consumption of ginger does not affect
blood glucose level, but it can alter the serum TG, total
cholesterol (TC), increased insulin level, and prevent the loss
of body and kidney weight in DM-2-associated animals.!'*
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Another study suggests that ginger is also effective in the
improvement of the endocrine functions.!'”1*!

CINNAMON

Cinnamon (Cinnamomum zeylanicum) also known as
Dalchini is a commonly used spice for many years; it belongs
to family Lauraceae." The study revealed that cinnamon
having insulin-sensitizing effects in animals as well as in
humans.?” The flavonoids and polyphenols isolated from
cinnamon have free-radical-scavenging activity.?!! These
compounds have also been reported to inhibit 5-lipoxygenase
in a dose-dependent manner which results in decreased
oxidative stress.? Its anti-hyperlipidemic activity has been
reported along with its antioxidant property. Moreover,
several studies demonstrated that the consumption of an
aqueous extract of cinnamon improves the level of antioxidant
enzymes.”? In addition, cinnamon is also known to decrease
the TC and TG levels in a diabetic patient.? In vitro study
revealed that cinnamon showed anti-inflammatory responses
through the inhibition of NO, COX-2, and decrease the
production of prostaglandin E2%! [Figure 3].

It has been found that cinnamon could be utilized as insulin-
sensitizing agents for the management of PCOS. Oral
administration of cinnamon helps to tolerate and improved
insulin sensitivity in non-diabetic women associated with
PCOS. According to a survey, the level of insulin in women
with average body weight is 65% which elevates up to 95% in
obese women.™! Insulin resistance or hyperandrogenism in
women having PCOS has been implicated in the abnormal
function of a hypothalamic-pituitary-ovary axis, which leads
to menstrual irregularity and ovulation.®

Although it is evidenced, cinnamon has favorable
effects against oxidative stress and lipid profile in several
diseases.”! However, the pharmacological properties of
cinnamon against serum antioxidant levels and the lipid
profile in PCOS-associated women have not been studied yet.

FENNEL

Fennel (Foeniculum vulgare) also referred to as Saunf is a
famous aromatic plant that lies under the family Apiaceae,®’!
which has been used for the past years as traditional
medicine and as a spice, having a fragrant odor and a
pleasant aromatic taste.’” It is reported to have antioxidant,
anti-inflammatory, analgesic, and diuretic properties.®!! The
fennel seeds are used to promote menstruation and decrease
the symptoms of female climacteric and enhancement of
libido.*? The fennel seeds can be used for the management
of PCOS. The fennel is rich in phytoestrogen which helps
to decrease insulin resistance and results in a reduction of
PCOS-associated inflammation.®® Similarly, it acts as an
estrogen, which aids in the treatment of PCOS.F! It can also
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Figure 3: Anti-inflammatory and antioxidant mechanism of various spices is shown in the figure.
The effect is shown by inhibiting several inflammatory cytokines, inflammatory mediators such as
interleukins, cyclo-oxygenase, prostaglandin, and oxidative stress thereby, inhibiting polycystic
ovarian syndrome-mediated inflammation and stress.

enhance the milk flow, libido, and help to relieve menopausal
symptoms in PCOS patients.** The cellular imbalance is
markedly reduced with the phytoestrogen. Hence, it may be
beneficial in the management of PCOS-associated metabolic
disturbances.”® Nowadays, different parts of the plants are
used in the management of several complications such as
vomiting, nausea, kidney stone, bronchitis, diabetes, and
chronic cough.®!

NUTMEG

Nutmeg (Myristica fragrans) is also known as Jaiphal and it
belongs to the family Myristicaceae.” Its external cortex is
also known as mace, which is having variants of flavonoids,
phytoestrogen, and minerals.®” Nutmeg has aphrodisiac
effects as well as antifungal, antibacterial, hepatoprotective,
anti-inflammatory, and immunomodulation activities.*! The
study clarified that the levels of magnesium and calcium in
the blood reduced at the time of stimulation of ovulation and
downregulation of estrogen levels in infertile women.?”

TURMERIC

Scientifically, turmeric is known as Curcuma longa belonging
to the family Zingiberaceae.” The principal constituent
of turmeric is curcumin which gives the yellow color to
turmeric and is responsible to modulate several signaling
pathways.”*! Turmeric is a water-soluble spice having a low
molecular weight that has been used for many years as a
flavonoid and coloring agent, it has also been used as Indian
herbal medicine. Curcumin has various biological activities
such as anti-inflammatory, antioxidant, hypoglycemic, and

antihyperlipidemic activity.®® It is reported that curcumin
selectively inhibits COX-2, lipoxygenase, and inducible nitric
oxide synthase (iNOS) due to its anti-inflammatory property.
The disrupted regulation of COX-2, lipoxygenase (LOX),
and iNOS can lead to developing PCOS and associated

symptoms.©”

Mohammadi et al. reported the dual effects of curcumin as an
anti-inflammatory and antioxidant in PCOS possibly due to its
inhibition activity of tumor necrosis factor-a, interleukin-6,
and C-reactive protein levels® [Figure 3]. PCOS is common
in endocrinopathies in 5-8% of premenopausal women,
which is characterized by hyperandrogenism and ovulation
dysfunction.® The pathophysiological aspect of PCOS
seems to involve insulin resistance.” Curcumin possesses an
antioxidant property that can be determined using superoxide
dismutase and catalase.! "

CORIANDER

Scientifically, coriander is known as Coriandrum
sativum also referred to as Dhania, it belongs to the
family Umbelliferae."" 1t is reported to have several
therapeutic effects against burning sensations, flatulence,
indigestion, headache, colic pain, pyrexia, indigestion, and
thirst.*? The active chemical constituent of coriander is
linalool (coriandrol 60-70%) and also includes borneol,
p-cymene, o-pinene, camphor, geraniol, limonene, and
coumarins.®® Due to the presence of active components,
that is, echinulin, and arestricitin B, coriander tends to have,
antioxidant, antihyperlipidemic, and antihyperglycemic
properties.* Coriander also has antioxidant constituents
such as flavonoids, terpenes, catechins, and polyphenolic
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compounds that inhibit the increased oxidation in the
body." The study suggested that coriander has anti-diabetic
properties thus, it can inhibit the complication that arises
due to PCOS.**! Quercetin which is obtained from coriander,
has free radical scavenging, anti-inflammatory, anticancer,
antihyperlipidemic, and antiplatelet activity. However,
it also regulates steroidogenic activity which further
modulates ovarian function, helping in correcting hormonal
indices.""**”) Quercetin was found to have inhibitory activity
of phosphatidylinositol 3-kinase (PI3K). Thus, quercetin is
found to act on PI3K and tends to produce beneficial effects
in women with PCOS." Another study demonstrated the
efficient role of quercetin in inhibiting PI3K in ovarian theca
cells which further leads to decreased androgen production
through the down-regulation of Cytochrome P enzyme gene
expression.

CARDAMOM

The biological name of cardamom is Elettaria cardamomum (L.)
Maton it is also known as Elaichi and belongs to the family
Zingiberaceae.™ It can be found in India (Tamil Nadu,
Karnataka, and Kerala). Each pod of cardamom contains
15-20 brownish-black colored seeds. Cardamom seeds
are used since ancient times for the treatment of vomiting,
excessive thirst, burning sensation, pyrexia, and weakness
because of their refreshing properties. The active chemical
constituents present in cardamom are cineol, terpineol,
terpene, and volatile oil which show anti-inflammatory,
carminative, antipyretic, and aromatic properties.”"

SPEARMINT

Various plant species are well utilized in the treatment of
fertility-related diseases. The spearmint (Mentha spicata)
is one of them belongs to the family Lamiaceae.*! Mentha
piperita is another species of the genus Mentha that has anti-
inflammatory, antibacterial,? and antifungal activity.*’!
Several studies demonstrated that spearmint has antioxidant
properties as well as antiandrogenic properties in
females.[**¢1 The previous study revealed that spearmint
has a protective effect against PCOS.[*! Spearmint is also
used for its non-pharmacological benefits.* The Study
suggested that spearmint has been found to decrease the level
of free testosterone and increase the level of FSH, LH, and
estradiol.l*”!

The study demonstrated that spearmint leaves can be used
in the treatment of PCOS-associated mild hirsutism women.
It decreases the level of free testosterone in the blood due to
its anti-androgenic properties while there was no decrease
seen in overall testosterone level. The study explored
that spearmint can reduce body weight and also reduce the
production of androgen. The study revealed that spearmint
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can also reduce DM-2-associated symptoms, level of
cholesterol, and oxidative stress. 4!

CONCLUSION

Nowadays, PCOS has become one of the greatest concerns
in women’s life which greatly affects their health and
fertility. It may cause several health complications such
as mood disorders, irregular menstruation, obesity, and
cardiovascular diseases. Several factors may contribute to
the pathogenesis of PCOS such as insulin resistance, obesity,
and sympathetic stimulation. Several studies evidenced that
several Indian spices including E. cardamomum, M. spicata,
C. longa, M. fragrans, F. vulgare, C. zeylanicum, Z. officinale,
and A. sativum Linn play a crucial role in the management of
PCOS and associated symptoms. It is suggested that PCOS
patient should consume a high protein diet that is present in
most of the spices. However, it is also suggested that spices
may decrease insulin resistance, regulate the menstrual cycle,
improves lipid profile, and also decrease the weight in PCOS
patients. This review highlighted the therapeutic potential of
Indian spices for the management of PCOS.

Availability of data and materials

Data have been collected from Google scholar, PubMed,
Europe PMC, and Sci-Hub.

Declaration of patient consent

Patient consent not required as there are no patients in this
study.

Financial support and sponsorship

This work was supported by Department of Science and
Technology (DST), Science and Engineering Research Board
(SERB) under EEQ grant with File No. EEQ/2019/000690.

Conlflicts of interest

There are no conflicts of interest.

REFERENCES

1.  Hariri, M, Ghiasvand R. Cinnamon and chronic diseases. Adv
Exp Med Biol 2016;929:1-24.

2. History of discovery of polycystic ovary syndrome. Adv Clin
Exp Med 2017;26:555-8.

3. Panickar KS. Beneficial effects of herbs, spices and medicinal
plants on the metabolic syndrome, brain and cognitive
function. Cent Nerv Syst Agents Med Chem 2013;13:13-29.

4. Isha D, Milind P. Eat til and protect dil. Int Res J Pharm
2012;3:16.

5. Nowak DA, Snyder DC, Brown AJ, Demark-Wahnefried W.
The effect of flaxseed supplementation on hormonal levels



Sharma, et al.: Indian spices as key role player against PCOS

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

associated with polycystic ovarian syndrome: A case study.
Curr Top Nutraceutical Res 2007;5:177-8.

Piatti PM, Monti LD, Magni F, Fermo I, Baruffaldi L, Nasser R,
et al. Hypocaloric high-protein diet improves glucose oxidation
and spares lean body mass: Comparison to hypocaloric high-
carbohydrate diet. Metabolism 1994;43:1481-7.

Li Y, Tran VH, Duke CC, Roufogalis BD. Preventive and
protective properties of Zingiber officinale (ginger) in diabetes
mellitus, diabetic complications, and associated lipid and other
metabolic disorders: A brief review. Evid Based Complement
Alternat Med 2012;2012:516870.

McBreairty LE, Kazemi M, Chilibeck PD, Gordon JJ,
Chizen DR, Zello GA. Effect of a pulse-based diet and aerobic
exercise on bone measures and body composition in women
with polycystic ovary syndrome: A randomized controlled
trial. Bone Rep 2020;12:100248.

Atashpour S, Jahromi HK, Jahromi ZK, Maleknasab M.
Comparison of the effects of ginger extract with clomiphene
citrate on sex hormones in rats with polycystic ovarian
syndrome. Int ] Reprod Biomed 2017;15:561-8.

Dedov VN, Tran VH, Duke CC, Connor M, Christie M],
Mandadi S, et al. Gingerols: A novel class of vanilloid receptor
(VR1) agonists. Br ] Pharmacol 2002;137:793-8.

Shalaby MA, Hamowieh AR. Safety and efficacy of Zingiber
officinale roots on fertility of male diabetic rats. Food Chem
Toxicol 2010;48:2920-4.

Deswal R, Narwal V, Dang A, Pundir CS. The prevalence of
polycystic ovary syndrome: A brief systematic review. ] Hum
Reprod Sci 2020;13:261-71.

Vishwakarma SL, Pal SC, Kasture VS, Kasture SB. Anxiolytic
and antiemetic activity of Zingiber officinale. Phytother Res
2002;16:621-26.

Gunathilake K, Rupasinghe HV. Recent perspectives on the
medicinal potential of ginger. Bot Target Ther 2015;5:55-63.
Chrubasik S, Pittler M, Roufogalis BD. Zingiberis rhizoma:
A comprehensive review on the ginger effect and efficacy
profiles. Phytomedicine 2005;12:684-701.

Akhani SP, Vishwakarma SL, Goyal RK. Anti-diabetic activity
of Zingiber officinale in streptozotocin-induced Type I diabetic
rats. ] Pharm Pharmacol 2004;56:101-5.

Alsherbiny MA, Abd-Elsalam WH, Taher E, Fares M, Torres A,
Chang D, et al. Ameliorative and protective effects of ginger
and its main constituents against natural, chemical and
radiation-induced toxicities: A comprehensive review. Food
Chem Toxicol 2019;123:72-97.

Pournaderi PS, Hejazi SH, Yaghmaei P, Khodaei H,
Noormohammadi Z. Comparing the therapeutic effects of
6-gingerol and hydro-alcoholic extract of ginger on polycystic
ovary syndrome in Wistar rat. Adv Herb Med 2017;3:33-41.
Ranasinghe P, Pigera S, Premakumara GS, Galappaththy P,
Constantine GR, Katulanda P. Medicinal properties of
‘truecinnamon  (Cinnamomum zeylanicum): A systematic
review. BMC Complement Altern Med 2013;13:275.
Altschuler JA, Casella SJ, MacKenzie TA, Curtis KM. The effect
of cinnamon on A1C among adolescents with Type 1 diabetes.
Diabetes Care 2007;30:813-6.

Macut D, Bjeki¢-Macut ], Savi¢-Radojevi¢ A. Dyslipidemia and
oxidative stress in PCOS. Front Horm Res 2013;40:51-63.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Shatwan IA, Ahmed LA, Badkook MM. Effect of barley
flour, crude cinnamon, and their combination on glycemia,
dyslipidemia, and adipose tissue hormones in Type 2 diabetic
rats. ] Med Food 2013;16:656-62.

Borzoei A, Rafraf M, Niromanesh S, Farzadi L, Narimani F,
Doostan F  Effects of cinnamon supplementation on
antioxidant status and serum lipids in women with polycystic
ovary syndrome. ] Tradit Complement Med 2018;8:128-33.
Jamali N, Jalali M, Saffari-Chaleshtori J, Samare-Najaf M,
Samareh A. Effect of cinnamon supplementation on blood
pressure and anthropometric parameters in patients with
Type 2 diabetes: A systematic review and meta-analysis of
clinical trials. Diabetes Metab Syndr 2020;14:119-25.

Kwon HK, Hwang JS, Lee CG, So JS, Sahoo A, Im CR, et al.
Cinnamon extract suppresses experimental colitis through
modulation of antigen-presenting cells. World J Gastroenterol
2011;17:976-86.

Wang JG, Anderson RA, Chu MC, Sauer MV, Guarnaccia MM,
Lobo RA, et al. The effect of cinnamon extract on insulin
resistance parameters in polycystic ovary syndrome: A pilot
study. Fertil Steril 2007;88:240-3.

Carmina E, Lobo RA. Use of fasting blood to assess the
prevalence of insulin resistance in women with polycystic
ovary syndrome. Fertil Steril 2004;82:661-5.
Diamanti-Kandarakis E, Christakou CD. Insulin resistance in
PCOS. Diagn Manag Polycystic Ovary Syndr 2009;35-61.

Baig JA, Bhatti S, Kazi TG, Afridi HI. Evaluation of arsenic,
cadmium, nickel and lead in common spices in Pakistan. Biol
Trace Elem Res 2019;187:586-95.

Kavousi M, Ghaebi NK, Najafi MN, Mokaberinejad R, Feyzabadi
Z, Salari R. The effect of a natural vaginal product based on
honey on the success of intrauterine insemination (IUI) in
infertility treatment. Avicenna ] Phytomed 2019;9:310-21.
Shahin AY, Mohammed SA. Adding the phytoestrogen
Cimicifugae racemosae to clomiphene induction cycles with
timed intercourse in polycystic ovary syndrome improves cycle
outcomes and pregnancy rates-a randomized trial. Gynecol
Endocrinol 2014;30:505-10.

Tajuddin, Ahmad S, Latif A, Qasmi IA. Aphrodisiac activity of
50% ethanolic extracts of Myristica fragrans Houtt. (nutmeg) and
Syzygium aromaticum (L) Merr. & Perry. (clove) in male mice:
A comparative study. BMC Complement Altern Med 2003;3:6.
Vickers NJ. Animal communication: When i'm calling you, will
you answer too? Curr Biol 2017;27:R713-5.

Joe B, Vijaykumar M, Lokesh BR. Biological properties of
curcumin-cellular and molecular mechanisms of action. Crit
Rev Food Sci Nutr 2004;44:97-111.

Arun N, Nalini N. Efficacy of turmeric on blood sugar and
polyol pathway in diabetic albino rats. Plant Foods Hum Nutr
2002;57:41-52.

Pari L, Murugan P. Effect of tetrahydrocurcumin on
blood glucose, plasma insulin and hepatic key enzymes in
streptozotocin induced diabetic rats. J Basic Clin Physiol
Pharmacol 2005;16:257-74.

Menon VP, Sudheer AR. Antioxidant and anti-inflammatory
properties of curcumin. Adv Exp Med Biol 2007;595:105-25.
Mohammadi S, Bardei LK, Hojati V, Ghorbani AG, Nabiuni M.
Anti-inflammatory effects of curcumin on insulin resistance

Journal of Reproductive Healthcare and Medicine « 2023 ¢ 4(1) | 7



Sharma, et al.: Indian spices as key role player against PCOS

39.

40.

41.

42.

43.

44.

45.

index, levels of interleukin-6, C-reactive protein, and liver
histology in polycystic ovary syndrome-induced rats. Cell |
2017;19:425-3.

Chatterjee T. Polycystic ovary syndrome-a review. Res Rev
Biosci 2016;11:104.

Reddy PS, Begum N, Mutha S, Bakshi V. Beneficial effect of
curcumin in letrozole induced polycystic ovary syndrome.
Asia Pac ] Reprod 2016;5:116-22.

Bimakr M, Rahman RA, Taip FS, Ganjloo A, Salleh LM,
Selamat J, et al. Comparison of different extraction methods
for the extraction of major bioactive flavonoid compounds
from spearmint (Mentha spicata L.) leaves. Food Bioprod
Process 2011;89:67-72.

Juergens U, Stober M, Schmidt-Schilling L, Kleuver T,
Vetter H. Antiinflammatory effects of euclyptol (1.8-cineole) in
bronchial asthma: Inhibition of arachidonic acid metabolism in
human blood monocytes ex vivo. Eur ] Med Res 1998;3;407-12.
Sarbhoy A, Varshney J, Maheshwari ML, Saxena DB. Efficacy
of some essential oils and their constituents on few ubiquitous
molds. Zentralbl Bakteriol Naturwiss 1978;133:723-5.
Akdogan M, Tamer MN, Ciire E, Ciire MC, Koéroglu BK,
Delibag N. Effect of spearmint (Mentha spicata Labiatae) teas
on androgen levels in women with hirsutism. Phytother Res
2007;21:444-7.

Giiney M, Oral B, Karahanli N, Mungan T, Akdogan M. The
effect of Mentha spicata labiatae on uterine tissue in rats.

Journal of Reproductive Healthcare and Medicine « 2023 « 4(1) | 8

46.

47.

48.

49.

50.

51.

Toxicol Ind Health 2006;22:343-8.

Grant P. Spearmint herbal tea has significant anti-androgen
effects in polycystic ovarian syndrome. A randomized
controlled trial. Phytother Res 2010;24:186-8.

Kiltiir . Medicinal plants used in Kirklareli province (Turkey).
J Ethnopharmacol 2007;111:341-64.

Swiglo BA, Cosma M, Flynn DN, Kurtz DM, LaBella ML,
Mullan RJ, et al. Clinical review: Antiandrogens for the treatment
of hirsutism: A systematic review and metaanalyses of randomized
controlled trials. ] Clin Endocrinol Metab 2008;93:1153-60.
Pourteymour Fard Tabrizi F, Hajizadeh-Sharafabad F, Vaezi M,
Jafari-Vayghan H, Alizadeh M, Maleki V. Quercetin and
polycystic ovary syndrome, current evidence and future
directions: A systematic review. ] Ovarian Res 2020;13:11.
Ashokkumar K, Murugan M, Dhanya MK, Warkentin TD.
Botany, traditional uses, phytochemistry and biological
activities of cardamom [Elettaria cardamomum (L.) Maton] - A
critical review. ] Ethnopharmacol 2020;246:112244.

Kumar KM, Asish GR, Sabu M, Balachandran I. Significance
of gingers (Zingiberaceae) in Indian System of Medicine -
Ayurveda: An overview. Anc Sci Life 2013;32:253-61

How to cite this article: Sharma N, Kumar V, Langeh U, Singh C, Singh A.
A review on the pharmacological potential of Indian spices in polycystic
ovarian syndrome. ] Reprod Healthc Med 2023;4:1.




