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Abstract

Background: Polycystic ovary syndrome (PCOS) is one of the most common endocrine disorders of reproductive
age women with a prevalence of 4-12%. The study aimed to investigate the potential benefit of adding
thymoquinone to metformin in alleviating symptoms of polycystic ovarian syndrome. Two hundred seven
overweight and obese PCOS patients were divided into two groups. Patients in group A received metformin 500
mg three times daily for 6 months. Patients in 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. Follow-up was done
after 3 and 6 months from the beginning of the study for evaluation of menstrual cycle pattern, body mass index,
waist circumference, hip circumference, and waist:hip ratio, oral glucose tolerance test, glycosylated hemoglobin
A1C, superoxide dismutase activity, and malondialdehyde concentration.

Results: Patients who received a combination of black cumin oil capsules and metformin, showed a significant
decrease in number of patients suffering from amenorrhea or oligomenorrhea (P = 0.031), significant (P = 0.00)
weight reduction (reduced BMI), and body fat redistribution (reduced W/H ratio), regaining oxidative balance with
significant increase of SOD activity (P = 0.00) and decrease of MDA concentrations (P = 0.03). Regarding the
number of prediabetic patients, there was no statistically significant difference (P = 0.89) when both groups were
compared at the end of study period.

Conclusions: Black cumin oil supplementation constitutes a beneficial added value to metformin in ameliorating
PCOS-related disorders with resumption of menstrual regularity, weight reduction, change of body fat distribution,
and regaining oxidative balance.
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Background
Polycystic ovary syndrome (PCOS) represents the most
common endocrine disorder affecting 7% of females in
the reproductive age [1]. The estimated cost of diagnosis
and treatment in the USA is more than 4 billion dollars
per year. PCOS patients are subjected to an increased
risk of type 2 diabetes mellitus (DM) and almost one-

third of PCOS patients suffer from impaired glucose tol-
erance [2].
Oxidative stress has been implicated in the pathogen-

esis of the disorder and hence the role of antioxidants in
management of PCOS. The use of antioxidants has been
reported to improve the rate of ovulation and glycemic
control in PCOS patients [3, 4].
Insulin sensitizers have been used for reversal of

PCOS-related clinical and metabolic manifestations
based on the link between insulin resistance and the
pathogenesis of the disorder. Over the past 50 years,
metformin has been used as the most common sensitizer
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of insulin in patients with type 2 diabetes and in nondia-
betic ladies with PCOS with an evidence of both: repro-
ductive and metabolic advantages, especially restoration
of regular cycles and normal ovulation [5].
Nigella sativa (NS) is a member of the Ranunculaceae

botanical family (also called black seed, black cumin). It
has been used in the Middle and Far East for more than
2000 years as a traditional remedy in the form of seeds
and oil to treat various diseases like diabetes, asthma,
rheumatoid, and other related inflammatory diseases.
Thymoquinone (2-isopropyl-5-methylbenzo-1, 4-
quinone) (TQ) is the biologically active component of
the NS seeds, and hence most of the known actions of
NS have been attributed to it [6].
El-Dakhakhny was the first to extract TQ in 1963 by

using thin layer chromatography on silica gel [7, 8]. TQ is
present in two forms: the enol and the keto forms. The
keto form is responsible for the pharmacological proper-
ties and represents the major fraction (almost 90%) [9].
TQ is a hydrophobic molecule, and hence its solubility

represented a challenge for its bioavailability and caused
much of the limitations in drug formulation [10]. When
administered orally, the liver enzyme (quinine reductase)
transforms it into hydroquinone. Thus, TQ represented
a compound with rapid elimination and relatively slow
absorption after oral administration [6].
The use of natural antioxidants and phytochemicals has

gained increased interest in treatment of oxidative stress-
related diseases due to their abilities to quench free radicals
[9]. Reactive oxygen species (ROS) are continuously gener-
ated in the cells by aerobic metabolism and in response to
exposure to environmental pollution and ultraviolet radi-
ation. Generation of ROS leads to oxidization of membrane
lipids, proteins, and nucleic acids. Antioxidant enzymes
such as superoxide dismutase (SOD), glutathione (GSH),
catalase (CAT), glutathione peroxidase (GSH-Px), and
glutathione-S-transferase (GST) represent an essential part
of the cellular defense mechanism against ROS [6]. TQ is
considered a potent phytochemical antioxidant due to its
ability to scavenge several ROS and thus antagonizes the ef-
fects of elevated levels of ROS in various diseases [11]. TQ
reacts with glutathione (GSH), NADH, and NADPH to
form reduced metabolites, such as glutathionyl-dihydro-
TQ, that can remove free radicals [12].
TQ exerts anti-diabetic activity through enhancing glu-

cose utilization, decreasing the hepatic glucose production
(by decreasing the activity of the gluconeogenic enzymes),
and preserving the pancreatic beta-cell integrity (by de-
creasing Malondialdehyde (MDA) levels, along with in-
creasing SOD levels in the pancreatic tissue) [13, 14].

Aim of the study
This study aimed to investigate the potential benefit of
adding the biologically active component of Nigella

sativa oil (thymoquinone) to metformin in alleviating
symptoms of polycystic ovarian syndrome.

Methods
This randomized clinical trial was conducted in the De-
partment of Obstetrics and Gynecology at the Saudi
German Hospital, Madinah, KSA, during the period
from February 2019 to August 2020. The study included
207 patients who fulfilled the following inclusion criteria:
age of 18 to 35 years, overweight and obese PCOS pa-
tients (overweight defined as body mass index (BMI) 25-
29.9 kg/m2 and obesity defined as BMI ≥ 30 kg/m2) at-
tending the outpatient clinic, and complaining of amen-
orrhea or oligomenorrhea with or without hirsutism.
Amenorrhea was defined as absence of menstruation for
6 or more months. Oligomenorrhea was defined as cycle
interval of more than 35 days but less than 6 months.
PCOS was diagnosed according to the 2004 Rotterdam
ESHRE/ASRM Consensus workshop [15], with presence
of at least 2 out of 3 criteria: oligo- and/or anovulation,
clinical and/or biochemical hyperandrogenism, and poly-
cystic ovarian morphology identified by ultrasound with
more than 12 small antral follicles in an ovary, with ex-
clusion of other related etiologies like androgen-
secreting tumors, congenital adrenal hyperplasia, and
hyperprolactinemia. Prediabetes patients who are at in-
creased risk of developing diabetes, as defined by the
American Diabetes Association 2014 [16], were included.
Those patients had impaired fasting glucose (IFG) de-
fined as fasting plasma glucose (FPG) levels of 100 to
125 mg/dL (fasting was described as no caloric intake
for at least 8 h), or impaired glucose tolerance (IGT) de-
fined as 2-h readings of 140 to 199 mg/dL in the oral
glucose tolerance test (OGTT). Patients who were con-
sidered at very high risk of developing diabetes accord-
ing to the International Expert Committee 2009 [17]
were also included. Those patients had their glycosylated
hemoglobin A1C levels between 5.7 and 6.4%.
Exclusion criteria were as follows: lean or average

weight PCOS with BMI < 25 kg/m2, morbidly obese pa-
tients with BMI ≥ 35 kg/m2, patients suffering from any
other metabolic disorders, history of receiving any hor-
monal treatment or any drug affecting carbohydrate me-
tabolism 3 months prior to the beginning of the study,
and inability to attend the regular follow-up visits.
Already known and recently diagnosed diabetic patients
were excluded from the study. According to the Ameri-
can Diabetes Association 2014 [16], diabetes mellitus
was defined as glycosylated hemoglobin A1C levels ≥
6.5% or FPG ≥ 126 mg/dL or 2-h plasma glucose read-
ings ≥ 200 mg/dL during 75 g OGTT, or presence of
classic symptoms of hyperglycemia with random plasma
glucose levels ≥ 200 mg/dL. Thyroid diseases and hyper-
prolactinemia were treated before participation.
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The study was in accordance with the Helsinki Declar-
ation 1964 and its later amendments. The study protocol
was approved by the local ethics committee. All patients
signed an informed consent before participation.
During the first booking visit, initial assessment was

carried out with detailed history taking, including per-
sonal, medical, surgical, obstetric, and menstrual history.
General examination was done with measurement of
BMI, waist circumference (WC), hip circumference
(HC), and waist:hip ratio (WHR).
BMI had the disadvantage of not truly representing

the body fat distribution and hence the nature of obesity
as concluded by many studies. So, the waist circumfer-
ence, hip circumference, and waist:hip ratio were se-
lected as more convenient measures of abdominal
visceral fat and hence important clinical markers to pre-
dict patients at risk of developing DM and cardiovascu-
lar diseases [18].
Measurements were carried out according to the

World Health Organization (WHO) STEPS protocol
2008. Waist circumference was measured at the mid-
point between the lower margin of the last palpable rib
and the top of the iliac crest. Hip circumference was
measured around the widest portion of the buttocks. For
both measurements, the tape was adjusted parallel to the
floor at the level at which the measurement was made.
The tape was held snugly around the body, but not
pulled so tight. The patient was standing with feet close
together, arms at the sides, and body weight evenly dis-
tributed across the feet. The waist circumference was
measured at the end of a normal expiration, when the
lungs are at their functional residual capacity. Because
many individuals unconsciously react to waist measure-
ments by sucking their abdominal wall, the patients were
advised to relax and take a few natural breaths before
the actual measurement was made. Each measurement
was repeated twice; if the measurements were within 1
cm of one another, the average was calculated. If the dif-
ference between the two measurements exceeded 1 cm,
the two measurements were repeated [15, 19].
During the booking visit, a basal pelvic ultrasound was

done for virgin participants and transvaginal ultrasound
(TVS) for non-virgin patients. Blood samples were also
collected for OGTT, glycosylated hemoglobin A1C
levels, estimation of SOD activity, and MDA
concentrations.
The oral glucose tolerance test (OGTT) was per-

formed in the morning after an overnight fasting of at
least 8 h, utilizing a glucose load containing the equiva-
lent of 75 g of anhydrous glucose dissolved in water
[16]. Glycosylated hemoglobin A1C levels were also
measured.
For estimation of SOD activity, centrifugation of the

blood samples was done at 1000 g for 10 min, the serum

was frozen and stored at −80 °C until the time of ana-
lysis. SOD activity was based on the ability of the en-
zyme to inhibit the reduction of nitro blue tetrazolium
dye mediated by phenazine methosulphate. The purified
SOD inhibits the initial rate of reduction of (O2 to O2−)
mediated by the activated phenazine methosulphate
which then reduces the nitro blue tetrazolium. The per-
centage of inhibition was then calculated and compared
to the standard of 0.5 μg of the enzyme that produced
inhibition of 80% (activity = 3.000 units/mg protein).
The SOD activity was finally expressed as units of en-
zymatic activity per milligram of protein contained in
the samples (U/mg protein) [20].
Malondialdehyde (MDA) concentrations were mea-

sured in μmol/liter using the derivatization MDA with
thiobarbituric acid (TBA) based on spectrophotometric
determination of pink fluorescent MDA-TBA complex
produced after reaction with 2-thiobarbituric acid at
high temperature and low pH [21, 22]. The assay kits for
MDA and SOD were products of Cell Biolabs Inc., San
Diego, USA.
Patients were divided into two groups (A and B) using

a computer-based software Open Epi version 3.21. Pa-
tients in group A received metformin 500 mg three
times daily [5] with meals for 6 months (Metfor® 500
mg, metformin hydrochloride tablets; TABUK Pharma-
ceutical, KSA). Patients in group B received a combin-
ation of metformin 500 mg three times daily with meals
(Metfor® 500 mg, metformin hydrochloride tablets;
TABUK Pharmaceutical, KSA) and thymoquinone (TQ)
in the form of black cumin oil (Cumin Mar® black cumin
oil 500 mg soft gel capsules, MARNYS, Spain) three
times daily before meals for 6 months.
Patients were instructed not to receive any non-study

drug during the study period, to increase their physical
activity by performing aerobic physical exercise (moder-
ate level for 2 h and 30 min weekly or vigorous level for
1 h and 15 min weekly) divided over at least 3 days of
the week, and to consume a low caloric diet.
All patients were advised to attend for follow-up after

3 and 6 months from the beginning of the study for
evaluation of their BMI, waist circumference, hip cir-
cumference, and waist:hip ratio and to withdraw a blood
sample for OGTT, A1C, SOD activity, and MDA con-
centration. Patients were also asked about their men-
strual cycle pattern.
The primary study outcomes were as follows: the re-

sumption of regular menstrual cycles, weight reduction as
detected by decreased BMI, change of body fat distribu-
tion as proved by reduced waist:hip ratio, improvement of
the glycemic control as documented by normalization of
OGTT and A1C, and regaining the normal oxidative bal-
ance as evidenced by decreased MDA concentration and
increased SOD activity.
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Sample size calculation
This was carried out using a computer software G
Power® version 3.1.5 (Franz Faul, Universität Kiel,
Germany).

Results
During the study period, 343 overweight and obese
PCOS patients visited the obstetrics and gynecology
clinic, complaining of oligomenorrhea or amenorrhea
with or without hirsutism. Screening for eligibility was
done and 274 patients were found to fit the inclusion
criteria. The study protocol, the involved intervention,
and the follow-up process were fully explained to all pa-
tients. Two hundred fifty-three patients were willing to
participate in the study and signed an informed consent
for participation. Those 253 patients were simply ran-
domized into 2 groups: 126 patients in group A (metfor-
min 500 mg three times daily for 6 months) and 127
patients in group B (metformin 500 mg plus thymoqui-
none 500 mg, three times daily for 6 months). Patients
who got pregnant and those who dropped out from
follow-up during the study period were excluded from
the statistics and results (22 patients from group A and
24 patients from group B). Finally, statistical analysis
was done for 207 patients (104 patients from group A
and 103 patients from group B). The study flowchart is
shown in Fig. 1.

As regard the demographic and clinical parameters
(i.e., age, marital status, oligomenorrhea or amenorrhea,
BMI, waist:hip ratio, number of prediabetic patients),
there were no statistically significant differences (P >
0.05) between the 2 studied groups as shown in Table 1.
Regarding the oxidative stress markers (serum SOD ac-
tivity and MDA concentrations), there was no statisti-
cally significant difference (P > 0.05) between the 2
studied groups. The mean value for serum SOD activity
in group A was 44.36 ± 13.26 U/mg protein compared
to 44.25 ± 12.37 U/mg protein in group B. The mean
value for MDA concentrations for group A was 0.31 ±
0.03 μmol/l compared to 0.32 ± 0.04 μmol/l for group B
(Table 1).
Regarding the number of patients with oligomenorrhea

or amenorrhea, there was a highly significant difference
(P = 0.0008) after 6 months of treatment in group A as
43 patients (41.4%) achieved regular menstrual cycles. In
group B, there was a highly significant difference (P =
0.00) after 6 months of treatment with 64 patients
(62.2%) achieving regular menstrual cycles. Comparing
both groups after 6 months of treatment, there was a
statistically significant (P = 0.031) difference as shown in
Table 2.
In group B, there was a highly significant difference in

the body mass index (P = 0.00) after 6 months of treat-
ment. In group A, there was no significant difference (P
= 0.18) in the BMI at the end of study period.

Fig. 1 Flow chart of the study population
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Comparing both groups at the end of study period, there
was a highly significant difference (P = 0.00) in the BMI
as shown in Table 3. Regarding the waist:hip ratio, there
was a highly significant difference (P = 0.0001) at the
end of study period in group B. While in group A, there
was no significant difference (P = 0.36) after 6 months of
treatment. Comparing both groups at the end of study
period, there was a highly significant difference (P =
0.00) in the WHR as shown in Table 3.
In group A, there was a statistically significant de-

crease (P = 0.023) in the number of prediabetic patients
after 6 months of treatment. Also, in group B, there was
a significant decrease (P = 0.017) after 6 months of treat-
ment. Comparing both groups at the end of study
period, there was no statistically significant difference (P
= 0.89) as shown in Table 4.
As regard the serum SOD activity, there was a highly

significant increase (P = 0.00) after 6 months of treat-
ment in group A. Also, in group B, there was a highly
significant increase (P = 0.00) in the mean values after 6
months of treatment. Comparing both groups at the end
of study period, there was a highly significant difference
(P = 0.00) as shown in Table 5. Regarding the MDA
concentrations, there was a highly significant decrease (P
= 0.0004) after 6 months of treatment in group A. Also,
in group B, there was a highly significant decrease (P =

0.00) in the mean values after 6 months of treatment.
Comparing both groups at the end of study period, there
was a significant difference (P = 0.03) as shown in Table
5.

Discussion
Previous studies in literature demonstrated the role of
Nigella sativa oil supplementation in women with PCOS.
Naeimi et al. conducted the first double-blinded study of
the effect of N. sativa on the menstrual pattern in PCOS
patients. The intervention group of patients received two
soft gelatin capsules of 500 mg N. sativa oil (1000 mg)
while the placebo group received capsules of sunflower
oil at night. The menstrual interval was significantly
shorter after 16 weeks in the intervention group (45
days) compared to the placebo group (86 days), and
hence the frequency of menstrual cycles (cyclicity) in the
intervention group was significantly higher. But they re-
ported that there were no statistically significant differ-
ences regarding the body mass index, waist:hip ratio,
and oral glucose tolerance test [23].
Naeimi and his colleagues had previously carried out a

study in 2018 for the effect of N. sativa on oligo-
amenorrhea in PCOS patients but differently there was
no placebo group, the patients received only half the
previous dose of the drug and in the form of powder-

Table 1 Demographic and clinical data of the study population

Group A
N = 104

Group B
N = 103

P

Age 24.59 ± 5.3 24.48 ± 4.9 0.88

Marital status

Married 73 (70.2%) 71 (68.9%) 0.8

Single 31 (29.8%) 32 (31.1%) 4

Oligomenorrhea or amenorrhea 104 (100%) 103 (100%) 1.0

BMI (kg/m2) 29.65 ± 4.39 29.71 ± 4.13 0.94

Waist circumference (cm) 98.5 ± 10 98.3 ± 9 0.87

Hip circumference (cm) 120.4 ± 11 120.2 ± 10 0.89

Waist:hip ratio 0.86 ± 0.05 0.85 ± 0.04 0.67

Number of prediabetes cases 35 (33.6%) 34 (33.0%) 0.95

Serum SOD activity (U/mg protein) 44.36 ± 14.26 44.25 ± 19.37 0.96

MDA concentrations (μmol/l) 0.31 ± 0.03 0.32 ± 0.04 0.47

Table 2 Comparison between the two studied groups in number of patients with oligomenorrhea or amenorrhea

Number of patients with oligomenorrhea or
amenorrhea

At the beginning of the
study

After 3
months

After 6
months

P1 P2 P3

Group A 104 (100%) 93 (89.4%) 61 (58.6%) 0.42 0.0008** 0.01*

Group B 103 (100%) 91 (88.3%) 39 (37.8%) 0.38 0.00** 0.00**

P ---- 0.93 0.031*

*Statistically significant
**Highly significant (≤ 0.001)
P1, beginning of the study compared to after 3 months; P;2, beginning of the study compared to after 6 months; P3, after 3 months compared to after 6 months
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contained capsules. They reported a significant improve-
ment in the interval between menstrual cycles and the
insulin resistance parameters after 4 months of consum-
ing N. sativa [24]. Naeimi et al. postulated that the re-
duced effectiveness of N. sativa oil capsules on the
glycemic control and insulin resistance could be attrib-
uted to the loss of some structural components from the
oil form while being still preserved in the powder-
contained capsules [23].
One of the possible mechanisms by which thymoqui-

none is decreasing the menstrual intervals, is the phy-
toestrogenic effect [25]. Phytoestrogens were found in
many plants and represent weak estrogenic compounds
that react with estrogen receptors [26–28]. Parhizkar
et al. compared the effect of N. sativa versus conjugated
estrogen on the vaginal epithelium of menopausal rats
and reported that the methanol extract of N. sativa
exerted significant estrogenic effects [29].
Resumption of menstrual cyclicity has been also attrib-

uted to the anti-inflammatory and antioxidant activity of
TQ [30]. Oxidative stress refers to the imbalance be-
tween reactive oxygen species and the biologic antioxi-
dant capacity of the body [31]. Recent studies had much
implicated oxidative stress in the pathogenesis of PCOS
and reported significant improvement of symptoms
when using antioxidants [32].
Another postulated mechanism is the effect of TQ on

insulin resistance and glucose metabolism [33]. Admin-
istration of N. sativa (2-3 g daily) for 3 months in pa-
tients with type 2 diabetes mellitus can improve the
glycemic control and insulin resistance, possibly because
of the antioxidant activity of TQ that preserves and

enhances the performance of the pancreatic beta cells
and eventually improves insulin secretion and decreases
insulin resistance [23]. Hyperinsulinemia decreases the
hepatic production of sex hormone binding globulin
(SHBG) and increases the levels of free serum androgens
which eventually prevents the growth of ovarian follicles.
Thus, any remarkable decrease in serum insulin level
will improve the menstrual cyclicity with resumption of
normal ovulation [34]. Nafiu et al. reported that N.
sativa oil can induce activation of insulin receptors and
hence improves the tissue sensitivity to insulin with an
associated increase in peripheral glucose utilization in
rats [35].
Both obese and lean PCOS patients suffer from a de-

gree of insulin resistance. The included patients in the
current study were either overweight or obese, and thus
they suffered from their own burden of obesity-related
insulin resistance. Also, an intrinsic insulin resistance
has been implicated in the disorder. Metformin acts as
an insulin sensitizing agent that enhances the insulin
sensitivity and thus stops the stimulant effect of hyperin-
sulinemia on the androgen secreting theca cells in re-
sponse to high serum luteinizing hormone (LH) levels
[15]. Moreover, the significant reduction of body weight
in patients who received a combination of thymoqui-
none and metformin, may have eventually led to an in-
crease of SHBG and subsequently decrease of free
testosterone levels which contributed to the resumption
of regular menstrual cycles.
Metformin has been proved as an effective drug in re-

storing regular menstrual cycles in PCOS patients.
Talaat and Ammar reported that after 6 months of

Table 3 Comparison of the body mass index and waist:hip ratio between the two studied groups

At the beginning of the study After 3 months After 6 months P1 P2 P3

BMI (kg/m2) Group A 29.65 ± 4.39 28.75 ± 3.98 28.93 ± 3.21 0.14 0.18 0.71

Group B 29.71 ± 4.13 27.88 ± 4.01 24.32 ± 2.28 0.002* 0.00** 0.001**

P 0.93 0.12 0.00**

Waist:hip ratio Group A 0.86 ± 0.05 0.85 ± 0.04 0.84 ± 0.04 0.58 0.36 0.51

Group B 0.85 ± 0.04 0.82 ± 0.08 0.75 ± 0.04 0.24 0.0001** 0.007*

P 0.96 0.86 0.00**

*Statistically significant
**Highly significant (≤ 0.001)
P1, beginning of the study compared to after 3 months; P2, beginning of the study compared to after 6 months; P3, after 3 months compared to after 6 months

Table 4 Comparison of the number of prediabetic patients between the two studied groups

Number of prediabetes patients At the beginning of the study After 3 months After 6 months P1 P2 P3

Group A (N = 104) 35 (33.6%) 27 (25.9%) 18 (17.3%) 0.29 0.023* 0.21

Group B (N = 103) 34 (33.0%) 26 (25.2%) 17 (16.5%) 0.26 0.017* 0.16

P ----- 0.92 0.89

*Statistically significant
P1, beginning of the study compared to after 3 months; P2, beginning of the study compared to after 6 months; P3, after 3 months compared to after 6 months
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treatment with metformin 500 mg three times daily,
41.6% of patients achieved regular menstrual cycles [15].
Other studies in literature reported that a daily dose of
metformin, ranging from 850 to 2550 mg, can restore
ovulatory cycles within 5 months [36].
The majority of obese and 70% of lean PCOS patients

have an abnormal (android) fat distribution. Hyperinsuli-
nemia is mainly a result of increased visceral fat and it is
recommended, as per the UK guidelines, to achieve suc-
cessful weight reduction till BMI becomes less than 30
kg/m2 before either administration of metformin or
commencing induction of ovulation in obese PCOS pa-
tients [4]. Morbidly obese patients with BMI of ≥ 35 kg/
m2 were not included in the current study. Metformin is
not considered as a weight reducing drug and it is a
common problem to fail in regaining normal ovulation
in morbidly obese patients [15]. We did not find any sig-
nificant decrease in neither the BMI nor the waist:hip ra-
tio in the metformin only group (P = 0.18 and 0.36
respectively).
Metformin is well-known for its effectiveness in in-

creasing the sensitivity of insulin in the peripheral tis-
sues; reducing hepatic gluconeogenesis, insulin
resistance, and fasting serum insulin levels; and in acti-
vating the absorption of peripheral blood glucose
through an adenosine monophosphate activated protein
kinase (AMPK) [37]. Hyperglycemia induces an oxidative
stress with subsequent increase of reactive oxygen spe-
cies (ROS). Metformin can exert an antioxidant activity
by activating the AMPK and inducing the endogenous
antioxidant system with subsequent increase in super-
oxide dismutase (SOD) activity and reduction of malon-
dialdehyde (MDA) concentrations [38]. The insulin
sensitizing effect of metformin will eventually break the
vicious circle of PCOS [15]. This explains the resump-
tion of regular menstrual cycles in 41.4% of patients,
normalization of glycemic status in 48.6% of patients,
and the regaining of normal oxidative balance in the
metformin only group.
Moustafa et al. studied the administration of N. sativa

monotherapy in newly diagnosed patients with type 2

DM for 3 months. Their patients were assigned to either
metformin 2000 mg per day or Nigella sativa 450 mg
three times daily (1350 mg/day). There was a significant
improvement in fasting plasma glucose (FPG) levels,
BMI, and waist circumference at the end of the study
period in both groups. Only the metformin group
showed a significant improvement in the 2 h postpran-
dial glucose and A1C. Nigella sativa was inferior to met-
formin in terms of lowering FPG, 2 h postprandial
glucose, and A1C. However, NS was comparable to met-
formin in lowering the body weight, waist circumference,
and BMI significantly and was well tolerated with no
side effects [39].
As far as we know, this is the first study to investigate

the conferred advantage of adding the active component
of Nigella sativa oil (thymoquinone) to metformin in
controlling PCOS-related disorders when compared with
metformin alone.
Nigella sativa oil has a very low degree of toxicity and

it appears that thymoquinone can kill tumor cells effi-
ciently without any cytotoxic effect on normal cells.
Thus, nowadays, thymoquinone as a phytochemical has
successfully attracted the scientific research, as a promis-
ing alternative to the conventional drugs, for the fact
that it has a high biological activity and remarkably low
systemic toxicity. The role of plant-derived antioxidants
has recently gained much popularity as dietary supple-
ments due to their cheap cost, easy availability, religious
and cultural background, safety, and efficacy [6]. The
choice of thymoquinone in the present study was due to
its availability in the Saudi market, relatively reasonable
price, safety, and efficacy.

Limitations of this study
The studied drugs (metformin and black cumin oil
capsules) were unfortunately non-covered items by
medical insurance in KSA. So, the included patients
had to pay in cash. Also, patients had to return for
regular follow-up visits for their laboratory
investigations.

Table 5 Comparison of the serum SOD activity and MDA between the two studied groups

At the beginning of the study After 3 months After 6 months P1 P2 P3

Serum SOD activity (U/mg protein) Group A 44.36 ± 14.26 52.31 ± 14.2 60.27 ± 12.22 0.005* 0.00** 0.00**

Group B 44.25 ± 19.37 60.16 ± 13.8 76.08 ± 8.38 0.00** 0.00** 0.00**

P 0.98 0.00** 0.00**

MDA (μmol/l) Group A 0.31 ± 0.03 0.29 ± 0.03 0.26 ± 0.02 0.15 0.0004** 0.03*

Group B 0.32 ± 0.04 0.26 ± 0.02 0.23 ± 0.03 0.0002** 0.00** 0.03*

P 0.52 0.03* 0.03*

*Statistically significant
**Highly significant (≤ 0.001)
P1, beginning of the study compared to after 3 months; P2, beginning of the study compared to after 6 months; P3, after 3 months compared to after 6 months
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Conclusions
Black cumin oil supplementation, in the form of 500 mg
soft gel capsules three times daily for 6 months, consti-
tutes a beneficial added value to metformin in ameliorat-
ing PCOS-related disorders with resumption of
menstrual regularity, weight reduction, change of body
fat distribution, and regaining oxidative balance. How-
ever, further studies are warranted to study thymoqui-
none as a single agent when compared with metformin
or with placebo.
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