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Objectives: Polycystic ovary syndrome (PCOS) is a condition that occurs frequently among
women of reproductive age and is a polygenic, multifactorial, endocrine, and metabolic
disorder. PCOS is becoming more common as a result of risk factors such as current life-
style, overnutrition, and stress. The use of traditional herbal medicine is higher among the
global population. Hence, this review article focuses on the potential of Nigella sativa to
manage women with PCOS.

Methods: A literature search was carried out using databases including Medline, Google
Scholar, EBSCO, Embase, and Science Direct, as well as reference lists, to identify relevant
publications that support the use of N. sativa in the management of women with PCOS.
Results: Several clinical and preclinical studies have demonstrated that the major bioac-
tive constituent of black seed (N. sativa), thymoquinone, has potential for managing wom-
en with PCOS. Moreover, N. sativa may help to manage oligomenorrhea and amenorrhea
in women with PCOS through its anti-inflammatory and antioxidant properties.
Conclusion: N. sativa has potential for use as a herbal medicine for managing women with
PCOS as an integrative medicine along with traditional and modern medicine in conjunc-
tion with calorie restriction and regular exercise.
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(FSH), sex hormone-binding globulin (SHBG), and hypothy-

roidism [2], while metabolic changes associated with PCOS in-

INTRODUCTION

Ametabolic polycystic ovary syndrome (PCOS) is a condi-
tion that occurs frequently among women of reproductive age
and it is an ametabolic and endocrine disorder. The global
prevalence of PCOS has been estimated to be 6-26% [1]. Endo-
crinological changes caused by PCOS include increased plasma
exposure to luteinizing hormone (LH), estradiol, testosterone,
epiandrostenedione, prolactin, and insulin, as well as decreased

serum levels of progesterone, follicle-stimulating hormone

clude visceral obesity, insulin resistance, and hyperinsulinemia
[3]. Polycystic ovaries are common in approximately 75% of an-
ovulatory women. The incidence of PCOS is increasing, mainly
due to risk factors such as current lifestyle, diet, and stress [4].
PCOS is caused by multiple factors, including insulin resis-
tance, hyperinsulinemia, hyperandrogenism, and obesity [5].
Insulin resistance induces excessive release of insulin (hyper-

insulinemia), which results in diminished SHBG levels and

Copyright © Korean Pharmacopuncture Institute

e This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/)
e \Which permits unrestricted noncommercial use, distribution, and reproduction in any medium, provided the original work is properly cited.


mailto:rajkapoorb@gmail.com
http://crossmark.crossref.org/dialog/?doi=10.3831/KPI.2023.26.1.1&domain=pdf&date_stamp=2023-03-31

Rajkapoor Balasubramanian, et al.

enhanced insulin-like growth factor-1 (IGF-1) concentrations.
Hyperandrogenism is caused by increased testosterone levels
and insulin-like androgen production from the ovaries, which
are caused by a decrease in SHBG and an increase in IGF-
1, respectively [6]. Dysregulation of steroidogenesis induces
functional ovarian hyperandrogenism (FOH), which is the
most frequent cause of PCOS in women. Hyperinsulinemia ag-
gravates the pathogenesis of PCOS through the stimulation of
LH by sensitizing ovarian theca cells. Hyperinsulinemia may
cause PCOS-associated obesity via enhanced adipogenesis and
lipogenesis, and diminished lipolysis. Ovarian androgen pro-
duction is upregulated by obesity, primarily via insulin-resistant
hyperinsulinemia [7].

Based on earlier studies, women with PCOS are well known
to have low-grade inflammation for the long term. Women with
PCOS have higher levels of inflammatory markers, such as C-
reactive protein (CRP), tumor necrosis factor (TNF), interleu-
kin 6 (IL-6), interleukin 18 (IL-18), monocyte chemoattractant
protein-1 (MCP-1), and macrophage inflammatory protein-1
(MIP-1) [8-10]. Moreover, several studies have confirmed that
PCOS is associated with oxidative stress. Women with PCOS
have significantly higher levels of circulating biomarkers of
oxidative stress, including malondialdehyde (MDA), nitric
oxide (NO), advanced glycosylated end products (AGEs), and
xanthine oxidase (XO). Women with PCOS also have lowered
levels of anti-oxidative biomarkers, including total antioxidant
capacity (TAC), superoxide dismutase (SOD), glutathione per-
oxidase (GPx), glutathione (GSH), vitamin E, and vitamin C
[11-13].

PCOS is characterized by polycystic ovaries, irregular men-
strual cycles, anovulation, hyperandrogenism, infertility, obe-
sity, insulin resistance (IR), hyperinsulinemia, impaired glucose
tolerance (type 2 diabetes), dyslipidemia, hirsutism, and acne
[14]. The risk of metabolic, cardiovascular, and reproductive
disorders is higher among women with PCOS [15]. PCOS-
associated problems such as infertility, hirsutism, acne, and
alopecia may cause some psychological issues in women with
PCOS, such as depression or anxiety [16].

According to the American Society of Reproductive Medi-
cine (ASRM), 70-80% of women with PCOS are infertile. In
addition, the Centers for Disease Control and Prevention
(CDC) state that PCOS is the most frequent cause of infertil-
ity [17]. Drugs like clomiphene citrate and letrozole are usually
employed for the induction of ovulation in women with PCOS

undergoing fertility treatment [18].
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The management of PCOS includes both non-pharmaco-
logical and pharmacological therapies. Various guidelines have
been proposed by different organizations for managing women
with PCOS. More importantly, a multi-year international
evidence-based guideline was published by the International
PCOS network, consisting of PCOS experts and consumers
from all over the world and sponsored by the ASRM and the
European Society for Human Reproduction and Embryology
(ESHRE) [19]. Moreover, a multidisciplinary international
guideline development group (GDG) consisting of experts from
71 countries and 37 organizations developed evidence-based
recommendations for the management of PCOS [20, 21].

Obese women with PCOS are recommended to modify their
lifestyle, which includes diet and exercise as first-line therapy. In
addition, PCOS can also be managed pharmacologically based
on major symptoms such as menstrual irregularities, androgen
excess, metabolic complications, and infertility. Menstrual ir-
regularities can be managed using dydrogesterone, low-dose
ethinylestradiol combined with a third-generation progestin
(desogestrel, gestodene, or norgestimate) or a fourth-generation
progestin (drospirenone), and metformin. Excess androgen can
be managed by drugs such as spironolactone, oral contraceptive
pills, and metformin. Metformin improves insulin sensitivity
and weight loss in women with PCOS. Moreover, metformin
may also help to resolve infertility through weight loss and
improved insulin sensitivity. Overall, calorie restriction and
regular exercise, followed by pharmacological symptom man-
agement, can effectively manage PCOS in women [22].

As per the estimation of the World Health Organization
(WHO), the use of traditional herbal medicine is increasing
among the global population. Patients with metabolic syn-
drome, including obesity, hypertension, diabetes, heart disease,
cancer, and other chronic conditions, may prefer traditional
herbal medicine [23]. Hence, our review focuses on the man-
agement of PCOS using Nigella sativa (black seeds). N. sativa is
commonly used as a spice and flavoring agent in bread, yogurt,
salads, and other food preparations. Numerous studies suggest
using N. sativa for the management of chronic conditions such
as obesity, diabetes, and hypertension [24].

The phytoconstituents of N. sativa include terpenes (thymo-
quinone, dithymoquinone, p-cymene, a-pinene, limonene, car-
vone, anethol, etc.), steroids (a.-hederin), alkaloids (nigellicine,
negillidine, nigellicimine, nigellicimine-N-oxide), flavonoids
(quercetin), saponins, fixed oil, coumarins, amino acids, and

many others [25]. Various clinical studies have revealed that the
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seeds and oil of N. sativa in different doses for different dura-
tions have shown no harm in the hepatic and renal parameters
of human subjects [26].

Moreover, acute and chronic toxicity studies with N. sativa
in mice and rats revealed that it has high LD, values, stability of
key hepatic enzymes, and integrity of organs [27]. In addition,
the sub-acute toxicity study of a mixture of N. sativa and honey
administered to Sprague-Dawley rats showed an LD,, value of
more than 2 g/kg along with delayed hepatoprotective effects
[28], while 20 mL/kg administration of a nanoemulsion of a
thymoquinone-rich fraction resulted in no mortality or signs
of toxicity in an acute and chronic toxicity study [29]. This
review article is focused on assessing the available clinical and
preclinical studies to support the use of N. sativa in conjunction
with diet restriction and increased physical activity to manage
women with PCOS.

A literature search was carried out using databases includ-
ing Medline, Google Scholar, EBSCO, Embase, and Science
Direct, as well as reference lists, to identify relevant publications
that support the use of N. sativa in the management of women
with PCOS, using keywords such as Nigella sativa, black seeds,
kalonji, poly cystic ovarian syndrome, PCOS, PCOD, anti-
inflammatory, and antioxidant. Observations from clinical and
preclinical studies written in English were included in this re-

view while duplicates were excluded.

RESULTS AND DISCUSSION

N. sativa possesses potent anti-inflammatory and antioxi-

dant properties along with anti-obesity and antidiabetic poten-
tial [30], which are all useful for managing women with PCOS.
Various clinical and preclinical studies suggest using N. sativa

for the management of women with PCOS.
1. Clinical trials

Numerous clinical studies have confirmed that N. sativa has
the potential to manage PCOS in women (Table 1). A signifi-
cant decrease in average menstrual cycle intervals, along with
a significant rise in the average duration of menstruation and
the ratio of menstrual cycles per month, was observed with the
administration of 2 g/day of N. sativa capsules for 16 weeks in a
pilot study, which recruited ten women diagnosed with PCOS
having oligomenorrhea and amenorrhea. Moreover, the study
participants showed significant improvements in plasma levels
of LH, fasting blood glucose (FBG), insulin, homeostatic model
assessment for insulin resistance (HOMA-IR) index, choles-
terol, triglycerides, and aspartate aminotransferase (AST) [31].

An open-label, non-randomized clinical trial of 40 women
with PCOS found that taking powdered N. sativa (Karunjchi-
rakam Chooranam) twice daily for 60 days resulted in a normal
menstrual cycle (28-day cycle) in 50% of participants, a normal
cycle duration (3-5 days) in 85% of participants, and complete
cyst clearance in 15% of study participants. In addition, the
study participants also attained mild improvements in their
scores for body mass index (BMI) and waist-hip ratio [32].

Furthermore, in a double-blind, placebo-controlled random-
ized clinical trial of 84 women with PCOS who had oligomen-
orrhea and amenorrhea, the administration of N. sativa oil
capsules (two capsules of 500 mg) daily at night for 16 weeks

resulted in a significant reduction in menstrual interval and a

Table 1. Clinical studies supporting the use of N. sativa to manage PCOS

S.No Type of study Findings
1 Pilot study [31] * Significant decrease in average menstrual cycle intervals.
* Significant raise of average duration of menstruation and the ratio of cycle per
month.
* Significant improvements in serum LH, insulin, FBG, HOMA-IR index, TC, TGs,
and AST.
2 Open-labeled, non-randomized clinical trial [32] ¢ Normal menstrual cycle, normal duration of cycle and complete clearance of
cysts.
¢ Mild improvements in BMI score and waist-hip ratio.
3 Double-blinded, placebo-controlled randomized * Significant reduction of menstrual interval.

controlled clinical trial [33]

* Significant elevation of frequency of menstrual cycle.
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significant elevation in menstrual cycle frequency [33].
2. Preclinical studies

Similarly, various experimental animal studies have deter-
mined that N. sativa exhibits potential effects against PCOS
(Table 2). The oral administration of a hydro-alcoholic extract
of N. sativa (600 mg/kg) for 63 days resulted in a significant
increase in TAC and a decrease in malondialdehyde (MDA) in
the ovary tissue of PCOS-induced rats [34]. In addition, intra-
peritoneal administration of 8 and 16 mg/kg of thymoquinone
for 30 days in estradiol valerate-induced PCOS rats resulted in
significant improvements in ovarian morphology, ovarian func-
tion, and ovulation, similar to those observed with metformin.
The number of follicular cysts decreased significantly with thy-
moquinone treatment along with an increase in the number of
primary follicles, Graafian follicles, antral follicles, and corpus
luteum. Thymoquinone treatment also reversed the elevated
biochemical parameters, including plasma glucose, triglycerides
(TGs), total cholesterol (T'C), low-density lipoprotein-cholester-

ol (LDL-c), high-density lipoprotein-cholesterol (HDL-c), LH,
and FSH [35]. Moreover, an experimental study of letrozole-
induced PCOS female Sprague-Dawley rats revealed that N. sa-
tiva oil administration (5 and 10 mL/kg) for 7 weeks resulted in
a significant increase in the number of rats undergoing regular
cycles, the average number of regular cycles, the appearance of
corpus luteum, and a decreased number of cystic follicles, along
with a reduction of LH, testosterone, FSH, body weight, FBG,
TC, LDL-c, TGs, and MDA. Treatment with N. sativa oil also
enhanced the levels of HDL-c, SOD, and glutathione peroxidase
(GPX) activities among them [36].

Significant improvements in maturation, fertilization, and
blastocyst formation were observed in the oocytes of dehydro-
epiandrosterone-induced PCOS mice after the administration
of 50 g/mL of a hydro-alcoholic extract of N. sativa. The N.
sativa treatment also increased the glutathione concentration
and glutathione peroxidase mRNA expression in oocytes [37].
Moreover, an experimental animal study demonstrated that the
administration of 300 mg/kg of a hydro-alcoholic extract of N.
sativa + 1,200 mg/kg of honey or 600 mg/kg of a hydro-alco-

Table 2. Preclinical studies supporting the use of N. sativa to manage PCOS

S.No Study design Outcome
1 Animal study (PCOS-induced rats) [34] * Marked elevation of TAC and reduction of MDA.
2 Animal study (estradiol valerate-induced PCOS rats) * Significant improvements in ovarian morphology, ovarian function, and
[35] ovulation similar to metformin.
* Significant reduction of number of follicular cysts along with an increase
in number of primary follicles, antral follicles, Graafian follicles and corpus
luteum.
* Reversal of serum biochemical parameters including glucose, TGs, TC, LDL-c,
HDL-c, LH, and FSH.
3 Animal study (letrozole-induced PCOS female * Significant increase of number of rats undergoing regular cycle, average

Sprague-Dawley rats) [36]

4 Animal study (dehydroepiandrosterone-induced PCOS .

mice) [37] .
5 Animal study (letrozole-induced PCOS Wistar rats) [38]  »
6 Animal study (dehydroepiandrosterone (DHEA)-induced ¢

PCOS Wistar female rats) [39]

number of regular cycles, appearance of corpus luteum and decreased
number of cystic follicles.

Reduction of LH, testosterone, FSH, body weight, FBG, TC, LDL-c, TGs, and
MDA.

Increased levels of HDL-c, SOD, and GPX.

Significant improvements in maturation, fertilization, and blastocyst formation.
Increased glutathione concentration and glutathione peroxidase mRNA
expression in oocytes.

Significant improvements in serum levels of LH, FSH, estrogen, testosterone
and progesterone.

Significant lowering of serum levels of LH, estrogen, testosterone, insulin,
insulin resistance, glucose, and malondialdehyde (MDA).

Increased serum levels of progesterone and antioxidant enzymes such as
SOD, GPX and CAT.

Reversal of pathological changes of primary follicles by increasing number of
graafian follicles and decreasing number of cystic follicles and atretic follicles.
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holic extract of N. sativa + 2,400 mg/kg of honey for 28 days in
letrozole-induced PCOS Wistar rats both resulted in significant
improvements in plasma levels of LH, FSH, estrogen, testoster-
one, and progesterone [38]. Furthermore, administration of 200
mg/kg of a hydro-alcoholic extract of N. sativa seeds reduced
plasma levels of LH, estrogen, testosterone, insulin, IR, glucose,
and MDA in dehydroepiandrosterone (DHEA)-induced PCOS
Wistar female rats, while it increased the plasma levels of pro-
gesterone and antioxidant enzymes such as SOD, GPX, and
catalase (CAT). N. sativa treatment has also been shown to re-
verse the pathological changes of primary follicles by increasing
the number of Graafian follicles and decreasing the number of
cystic follicles and atretic follicles in PCOS rats [39].

3. Anti-inflammatory effects of N. sativa

Higher levels of inflammation and inflammatory markers
are associated with the pathogenesis of PCOS and the dis-
turbance in the levels of inflammatory markers increases the
risk of ovary dysfunction [40, 41]. CRP, tumor necrosis factor
(TNF-q), interleukin 6 (IL-6), interleukin 18 (IL-18), white
blood cell count (WBC), monocyte chemoattractant protein-1
(MCP-1), and macrophage inflammatory protein-1 (MIP-1) are
all known to be elevated in women with PCOS [42].

A case-control study of 30 women with PCOS and 30 healthy
women revealed that the women with PCOS had elevated levels
of highly sensitive CRP (hsCRP) and TNF-q, [43], indicating
the presence of chronic inflammation, and higher levels of
platelet microparticles (PMP), indicating central adiposity and
hyperandrogenism [44]. Inflammation of the hypothalamus
could be one of the potential pathophysiologic basis for PCOS
as the hypothalamus is involved in food intake, weight balance,
libido, and reproduction [45]. In addition, mitochondrial dys-
function has also been suggested to be linked with the patho-
genesis of PCOS [46].

The anti-inflammatory properties of N. sativa (thymoqui-
none) might be responsible for its therapeutic efficacy against
PCOS, as PCOS is associated with chronic inflammation.
Several clinical and preclinical studies have demonstrated the
anti-inflammatory potential of N. sativa [47-51]. N. sativa (thy-
moquinone) is believed to produce anti-inflammatory activity
through various molecular and signaling pathways, including
suppression of cyclooxygenase-2 (COX2) expression, inhibi-
tion of nuclear factor kappa-light-chain-enhancer of activated
B (NF-K) pathway, inhibition of phosphatidyl inositol 3-kinase

(PI3K)/protein kinase B pathways, and activation of nuclear
factor erythroid 2-related factor 2 (Nrf2)-ARE (antioxidant re-

sponse element) [43].
4. Antioxidant properties of N. sativa

Oxidative stress plays a significant role in the pathogenesis of
PCOS [52]. Mitochondrial dysfunction occurs due to excessive
production of reactive oxygen species (ROS) via damage of mi-
tochondrial components such as mitochondrial DNA (mtDNA),
proteins, and lipids, and PCOS is associated with a decreased
number of copies of mtDNA [53].

A case-control study of 51 women with PCOS and 45 control
women determined that the women with PCOS had signifi-
cantly lowered levels of glutathione (GSH) and TAC, which in-
dicates the role of oxidative stress in the pathogenesis of PCOS
[54]. In addition, elevated levels of MDA and lowered levels of
SOD and TAC have been observed among women with PCOS
in a nested case-control study of 50 women with PCOS and 50
control women [55]. Furthermore, another case-control study
of 86 women with PCOS and 60 control women found that
oxidative stress was higher in the PCOS women’s serum and
follicular fluid [56].

The antioxidant efficacy of N. sativa has been confirmed by
numerous clinical and preclinical studies [57-61]. N. sativa’s an-
tioxidant activity may be mediated by a variety of mechanisms,

including increased free radical scavenging, inhibition of lipid

 OXIDATIVE
STRESS

INFLAMMATION

INSULIN
RESISTANCE

OF LH, LH/FSH
RATIO AND
ANDROGEN

INSULIN
LEVEL

Figure 1. Proposed mechanisms of N. sativa in PCOS management.
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peroxidation, increased activity of antioxidant enzymes, such as
SOD, GPX, and CAT, increased glutathione levels, inhibition of
NEF-K activity, and inhibition of enzymes such as cyclooxygen-
ase and lipoxygenase [62, 63].

5. Proposed mechanisms of action

N. Sativa may help in the management of women with
PCOS, probably through some remarkable mechanisms (Fig.
1), including its antioxidant and anti-inflammatory properties,
which may help to ameliorate PCOS-associated amenorrhea
and oligomenorrhea by affecting ovarian function positively. In
addition, the antioxidant and anti-inflammatory properties of N.
sativa may improve menstrual cycles with normal ovulation by
decreasing the plasma exposure of LH and the androgen LH/
FSH ratio via reduced IR and diminished insulin levels [33, 36].

CONCLUSION

The use of traditional herbal medicine is increasing among
the global population. Several clinical and preclinical stud-
ies have demonstrated that black seeds (N. sativa) with their
major bioactive constituent thymoquinone have potential for
managing women with PCOS. Various mechanisms, including
decreased inflammation, attenuated oxidative stress, decreased
IR, diminished insulin levels, lowered plasma concentrations
of LH, and androgen, and reduced LH/FSH ratio, have been
proposed to improve menstrual cycles with normal ovulation
in women with PCOS. The studies discussed in this review and
the proposed mechanisms suggest that N. sativa can be used
as a herbal medicine for the management of PCOS in women
as an integrative medicine, along with traditional and modern
medicine in conjunction with diet restrictions and increased

physical activity.
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