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Abstract

Nigella sativa seed extract has been shown to have a significant effect on endometrial
thickness and vaginal cytology in ovariectomized animal models, suggesting potential
benefits for managing menopausal symptoms. However, to the best of the author’s
knowledge, no human studies have been done to support these conclusions. The aim of
this study was to investigate the effects of N. sativa seed extract on estradiol, follicle-
stimulating hormone (FSH), and the vaginal maturity index (VMI) in postmenopausal
women. A single-blinded, randomized placebo-controlled experiment was carried out at
Haji Adam Malik Hospital, Medan, Indonesia, with 50 eligible postmenopausal women
patients randomized into three groups. Group 1 received a placebo, while groups 2 and 3
were given N. sativa seed extract at 910 mg/day and 1,365 mg/day, respectively. All
participants were blinded to the treatment they received. The study used Shad Nigella
Plus, an Indonesian herbal medicine containing 455 mg of N. sativa seed extract per
capsule. Before the treatments, estradiol levels, FSH levels, and VMI were measured at
baseline and remeasured after eight weeks of treatment. Two participants in the
intervention group withdrew due to nausea, a reported side effect of N. sativa seed extract
consumption. Both treatment groups showed significant increases in estradiol levels
(p=0.01 and p=0.001) and VMI (p=0.004 and p=0.001) after eight weeks of daily N.
sativa seed extract administration compared to the placebo group. However, no
significant differences were found between the two doses in estradiol levels and VMI
(p=0.12 and p=0.673, respectively). Moreover, FSH levels showed no significant
difference throughout both interventions (p=0.53 and p=0.96, respectively). In
conclusion, twice-daily N. sativa seed extract at 910 mg/day or 1,365 mg/day for eight
weeks significantly increased estradiol levels and VMI in menopausal women but had no
significant effect on FSH levels. These findings support the potential role of N. sativa seed
extract as a natural treatment for menopausal symptoms.
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@:ﬁ:rrai-org World Health Organization (WHO) predicts that by 2030, the global population of
postmenopausal women will be approximately 1.2 billion. Although menopause is a natural
BY NG physiological transition, not classified as a disease, its symptoms often significantly influence
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both physical and psychological well-being. Menopause is primarily characterized by follicular
depletion, which causes a significant decline in estradiol (estrogen) and inhibin-B secretion.
Consequently, circulating estrogen levels decrease, while follicle-stimulating hormone (FSH)
levels rise, often exceeding 40 mIU/mL [1].

Up to 75% of post-menopausal women have genitourinary symptoms, such as dyspareunia,
genital tract damage, decreased libido, and uterovaginal prolapse [2]. If not treated, these
symptoms may progressively worsen. Estrogen deficiency is a major factor in this process,
resulting in diminished vascularity, a decline in vaginal maturity index (VMI), as well as
decreased glandular secretion [3]. Hormone replacement therapy (HRT) with conjugated equine
estrogen is the primary treatment for these symptoms. While HRT can be beneficial for these
menopausal symptoms, it has side effects such as an increased risk of stroke and cardiovascular
disease [4].

Phytoestrogens, plant-derived compounds with a structure similar to 17-p-estradiol, can
bind to estrogen receptors and produce estrogenic effects in animal models and cell cultures [5].
Nigella sativa, a Ranunculaceae family plant native to Southwest Asia, the Middle East, and
Southeast Asia, is a rich source of phytoestrogens [6,7]. Thymoquinone, the primary bioactive
compound (30—48%), as well as flavonoid and phenolic compounds, contribute to its
uterotrophic activities. These compounds may help regulate hormonal imbalances and reduce
menopausal symptoms due to their phytoestrogen and antioxidant properties [6,7].

N. sativa seed extract has been reported to have a significant effect on endometrial thickness
[8] and vaginal cytology in ovariectomized rats (Rattus norvegicus) [9], suggesting its potential
benefits for treating menopausal symptoms [8,10-14]. While several previous animal studies have
shown its efficacy, clinical data in postmenopausal women remains limited. To the best of the
author’s knowledge, the present study is the first study to assess the N. sativa effects in
postmenopausal woman patients, as previous studies have mostly used animal models, which
may not directly reflect human physiological responses. Therefore, the aim of this study was to
investigate the effects of N. sativa seed extract on estradiol levels, FSH levels, and the VMI in
postmenopausal women.

Methods

Study design and setting

This study used a single-blind, randomized, placebo-controlled experiment to carefully evaluate
its aims. The experiment was conducted at Haji Adam Malik Hospital, Medan, Indonesia, and
specifically targeted postmenopausal women as participants. The study was held from September
to November 2023.

Sample size and sampling method

According to the minimum sample size calculation, 48 participants were required for this study.
However, the sample size was increased to 50 to account for potential loss of follow-up and
participant withdrawals. The study used successive sampling to enroll participants. To guarantee
adherence to the regular drug regimen, all participants received daily telephone follow-ups.

Patient criteria

The inclusion criteria for participants of this study included postmenopausal women with a
menopause duration of 2—10 years, a body mass index (BMI) <30 kg/m2, and no history of
unilateral or bilateral hysterectomy or oophorectomy. Moreover, participants were required to
have no smoking history or no chronic diseases such as diabetes mellitus, autoimmune disorders,
hypertension, and malignancy. In addition, participants who had taken HRT during the previous
three months were eliminated, as were those who consumed herbal remedies containing
phytoestrogens and antioxidants (vitamins E and C). Moreover, participants who had a history
of vaginal cleaning or intravaginal suppository use, as well as sexual activity within three days
before sample collection were also eliminated. The exclusion criteria for participants of this study
included participants who had defects in their vaginal smear cytology. While, the dropout criteria
included participants who were lost to follow-up, participants who withdrew from the
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experiment, and participants who suffered from drug intolerant such as nausea, vomiting, and
dizziness.

Randomization and treatments of participants

A total of 50 participants were chosen and randomly allocated to one of three groups using a
simple randomization method. Each participant drew a tiny ball labeled with the numbers 1, 2,
or 3, according to their group assignment. Group 1 served as the placebo group, while groups 2
and 3 received 910 mg/day and 1,365 mg/day of N. sativa seed extract, respectively. All
participants remained blinded to their assigned treatment. This study used Shad Nigella Plus, an
Indonesian herbal medicine containing N. sativa seed extract, with each capsule containing 455
mg of N. sativa seed extract. Participants were distributed as follows: Group 1 received two
placebo capsules per day (n=10). Group 2 received two capsules of N. sativa seed extract per day
(910 mg, n=20). Group 3 received three capsules of N. sativa seed extract per day (1,365 mg,
n=20). The treatment was administered for eight weeks, maintaining a consistent dosage
throughout the study.

Study procedure

Each participant in this study received a medical history and general physical assessments, and
the data were recorded. A 5 mL blood sample was collected to measure serum estradiol and FSH
levels before the treatment for the baseline data. Serum estradiol and FSH levels were analyzed
at the Laboratory of Gatot Subroto, Medan, Indonesia. Moreover, a vaginal smear was performed
to assess the VMI. Vaginal smears were obtained by swabbing the proximal one-third of the lateral
vaginal wall using an Ayre spatula, then transferring the material to a slide and fixing it with 96%
alcohol. Samples were stained with hematoxylin-eosin at the Laboratory of Anatomical
Pathology, Haji Adam Malik Hospital, Medan, Indonesia, and observed under a light microscope
at 200x magnification to determine vaginal cell types. Vaginal cell types (parabasal, intermediate,
and superficial) were then counted, and the VMI was calculated as: (0.2 x % parabasal cells) +
(0.6 x % intermediate cells) + (1.0 x % superficial cells) [15,16]. A VMI below 52 indicates vaginal
atrophy [16].

After the baseline assessment of estradiol levels, FSH levels, and VMI, participants received
their assigned treatment for eight weeks. Group 1 (placebo group) took one capsule twice daily,
group 2 (910 mg of N. sativa seed extract) took one capsule twice daily, and group 3 (1,365 mg of
N. sativa seed extract) took one capsule three times daily after meals. Compliance was monitored
through thrice-weekly telephone follow-ups and weekly home visits, with any adverse reactions
recorded. After eight weeks, blood sampling and vaginal smear examinations were repeated to
assess changes in estradiol levels, FSH levels, and VMI.

Statistical analysis

Data was analyzed using SPSS version 21.0 (IBM SPSS, Chicago, USA) with a statistical
significance level of p<0.05. For quantitative data, mean and standard deviation (SD) were
calculated. Bivariate analysis of pre- and post-study groups used the paired t-test, Chi-square test,
or analysis of variance (one-way ANOVA) for normally distributed data, with the least significant
difference (LSD) as a post hoc test after one-way ANOVA for comparison between groups. Non-
normally distributed data were analyzed using the Wilcoxon test for paired data (pre- and post-
study comparisons), and the Mann-Whitney test for independent data comparisons.

Results

Characteristics of participants

Initially, 50 participants participated in this study. However, after two follow-ups, two
participants withdrew due to unacceptable side effects, while one was eliminated for failing to
comply with the specified drug regimen. Medication adherence, measured by the number of
remaining capsules in returned packs was 95% in the intervention group and 100% in the placebo
group. The individuals' baseline characteristics are presented in Table 1. There were no
significant differences between the groups in terms of maternal age, age of menarche, duration of
menopause, or parity.
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Table 1. Characteristics of the study participants

Variables Total, Post-menopausal women p-value
mean+SD Placebo, Nigella Sativa  Nigella Sativa
mean+SD 910 mg/day, 1,365 mg/day,
mean+SD mean+SD
Maternal age 55.40+3.17 55.80+£2.93 55.94+2.93 54.63+3.33 0.42
Menarche 13.70+144 13.50+1.71 13.89+1.24 13.63+1.53 0.762
Duration of 5.20+2.28 5.50+2.32 5.37+2.19 4.89+2.42 0.742
menopause
Parity 0.6P
Nulliparity 4 (8.33%) 0 (0.00%) 1(2.08%) 3(6.24%)
Primiparity 3 (6.25%) 0 (0.00%) 1(2.08%) 2 (4.16%)
Multiparity 41 (85.42%) 10 (20.83%) 17 (35.42%) 14 (29.17)

SD: standard deviation
aAnalyzed using a one-way ANOVA test
bAnalyzed using the Chi-square test

Estradiol levels

In the placebo group, estradiol levels showed a non-significant decrease, falling from 15.67+9.11
pg/mL before the intervention to 13.32+4.87 pg/mL afterward (p=0.508). In contrast, both N.
sativa seed extract intervention groups (910 mg/day and 1,365 mg/day) experienced significant
increases in estradiol levels. The 910 mg/day group's levels increased from 34.22+30.95 pg/mL
to 52.51+32.05 pg/mL (p=0.01), while the 1,365 mg/day group showed an increase from
28.85+24.48 pg/mL to 71.32+46.11 pg/mL (p=0.01). These findings suggest that N. sativa seed
extract at both doses may have a positive effect on estradiol levels, unlike the placebo (Table 2).

Table 2. Comparison of the mean estradiol levels of postmenopausal women among study groups
before and after intervention

Groups Levels of estradiol (pg/mL), mean+SD p-value?
Before After

Placebo 15.67+9.11 13.32+4.87 0.508

Nigella sativa seed extract 910 mg/day 34.224+30.95 52.51+32.05 0.01"

Nigella sativa seed extract 1,365 mg/day 28.85+24.48 71.32446.11 0.001""

SD: standard deviation

aAnalyzed using the Wilcoxon test
“Statistically significant at p<0.05
“Statistically significant at p<0.01

Moreover, N. sativa seed extract supplementation at both 910 mg and 1,365 mg daily for
eight weeks showed similar effects on estradiol levels, with no statistically significant difference
observed between the two groups (p=0.12). This suggests that either dose provides comparable
benefits regarding estradiol levels (Table 3).

Table 3. Comparison of estradiol levels of post-menopausal women in the intervention group of
Nigella sativa seed extract 910 mg/day and 1,365 mg/day

Groups Estradiol (pg/mL), mean+SD p-value?
Before 0.24

N. sativa seed extract 910 mg/day 34.22+30.95

N. sativa seed extract 1,365 mg/day 28.85+24.48
After 8 weeks 0.12

N. sativa seed extract 910 mg/day 52.51+32.05

N. sativa seed extract 1,365 mg/day 71.31+46.11

SD: standard deviation
aAnalyzed using the Mann-Whitney test

Follicle-stimulating hormone (FSH) levels

In the placebo group, FSH levels increased significantly from 59.20+16.53 pg/mLto 70.62+17.44
pg/mL (p=0.04). In contrast, N. sativa seed extract supplementation, at both 910 mg/day and
1,365 mg/day, did not significantly alter FSH levels (p>0.05). The 910 mg/day group experienced
a slight, non-significant decrease from 60.23+18.43 pg/mL to 57.59+16.80 pg/mL (p=0.53),
while the 1,365 mg/day group showed minimal change, from 56.39+13.20 pg/mLto 56.17+22.09
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pg/mL (p=0.96). No significant difference in FSH levels was observed between the two N. sativa
seed extract treatment groups (p>0.05) (Table 4).

Table 4. Comparison of follicle-stimulating hormone (FSH) levels of postmenopausal women
among study groups before and after intervention

Groups FSH (pg/mL), mean+SD p-value?
Placebo 0.04"
Before 59.20+16.53
After 8 weeks 70.62+17.44
Nigella sativa seed extract 910 mg/day 0.53
Before 60.23+18.43
After 8 weeks 57.59+16.80
Nigella sativa seed extract 1,365 mg/day 0.96
Before 56.39+13.20
After 8 weeks 56.17422.09

SD: standard deviation
aAnalyzed using paired t-test
“Statistically significant at p<0.05

Vaginal maturity index (VMI)

The VMI increased significantly after 8 weeks of intervention in both the N. sativa seed extract
at 910 mg/day (p=0.004) and 1,365 mg/day (p=0.001) groups. In contrast, the placebo group
showed no significant change in VMI levels over the same period (p=0.06) (Table 5).

Table 5. Comparison of vaginal maturity index (VMI) in postmenopausal women across groups
before and after intervention

Groups Vaginal maturity index, mean+SD p-value?
Before After

Placebo 46.94+16.53 44.44+15.32 0.06

Nigella sativa seed extract 910 mg/day 51.52+19.41 59.96+12.29 0.004""

Nigella sativa seed extract 1,365 mg/day 48.46+17.38 58.71+11.58 0.001""

SD: standard deviation
aAnalyzed using paired t-test
“Statistically significant at p<0.01

After eight weeks of intervention (post-treatment), VMI was significantly elevated
(mean+SD: 56.23+13.77; p=0.007). Post hoc analysis showed significant differences between the
placebo group and both N. sativa seed extract treatment groups: 910 mg/day (p=0.003) and
1,365 mg/day (p=0.006). However, no significant difference was found between the two N. sativa
seed extract groups (910 mg/day vs 1,365 mg/day; p=0.763). This indicates that N. sativa seed
extract supplementation, at both doses, significantly impacts VMI compared to placebo, but the
two doses have comparable effects.

Table 6. The vaginal maturity index (VMI) after eight weeks of intervention among groups

Groups n Vaginal maturity index p-value2 _ Post hoc

Mean SD Median Min-max NS 910 NS 1,365
Placebo 10  44.44 14.95 41.60 25.20—70.00 0.007" 0.003" 0.006™
NS 910 19 59.96 12.29 62.00 38.00-79.60 0.763
NS 1,365 19 58.71 11.58 62.80 41.20—-81.20
Total 48  56.23 13.77 57.20 25.20—81.20

NS: Nigella sativa seed extract; SD: standard deviation
aAnalyzed using a one-way ANOVA test
“Statistically significant at p<0.01

Discussion

This study demonstrated that N. sativa seed extract, at both doses of 910 mg/day and 1,365
mg/day, significantly improved estradiol levels in postmenopausal women compared to placebo.
While both doses exhibited similar efficacy, a dose of 910 mg/day is recommended. These
findings align with previous studies demonstrating the estrogenic effects of N. sativa seed extract.
For instance, Sana et al. observed a significant increase in estradiol with 500 mg of N. sativa seed
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extract [17]. Another study by Parhizkar et al. also reported that N. sativa seed extract
significantly elevated estrogen levels, impacting uterotrophic assays and vaginal cornification
[18]. Moreover, this study found no significant difference in FSH levels following intervention
across all groups (placebo and both N. sativa seed extract dosages). These results are consistent
with previous findings by Sukatendel et al., which demonstrated no effect of N. sativa seed extract
on FSH levels in rats [12].

This study found a significant increase in the VMI following N. sativa seed extract
intervention (both 910 mg/day and 1,365 mg/day) compared to placebo. No significant difference
was observed between the two N. sativa seed extract dosages. The placebo group exhibited a
mean VMI <52, indicative of low estradiol and increased vaginal atrophy, whereas both N. sativa
seed extract groups demonstrated a mean VMI >52, suggesting reduced atrophy. These findings
are consistent with Lumbanraja et al., who reported significant VMI differences in groups
experiencing vaginal dryness and dyspareunia [19]. Furthermore, a study by Andriana and
Lestari demonstrated a dose-dependent effect of N. sativa seed extract on VMI in ovariectomized
rats, with the highest VMI observed in groups receiving the highest N. sativa seed extract doses
[9].

The underlying physiology of postmenopausal vaginal epithelial changes remains
incompletely understood. Decreased estrogen levels are associated with reduced paracellular
permeability of the vagina and cervix, potentially contributing to vaginal dryness [19]. Estrogen
deficiency during menopause leads to genitourinary tract atrophy, including the vaginal mucosa.
This atrophy manifests as decreased vaginal wall vascularity and elasticity, shortening, and loss
of rugae, potentially causing dyspareunia. In addition, thinning of the vaginal epithelium
increases the risk of post-coital trauma and bleeding. Furthermore, decreased glycogen and lactic
acid production result in a more alkaline vaginal pH, increasing susceptibility to infection and
symptoms such as irritation, dryness, burning, and itching. Estrogen reduction also impacts the
connective tissue of the bladder, urethra, and pelvic wall, potentially leading to dysuria, urinary
frequency, nocturia, urgency, recurrent urinary tract infections, and pelvic organ prolapse [20].

N. sativa seed extract has demonstrated promising effects in mitigating menopausal
symptoms. Sana and Parhizkar reported increased estradiol levels and improved menopausal
rating scale scores following N. sativa seed extract supplementation, enhancing quality of life in
postmenopausal women [17]. Nagy et al. observed estrogenic activity in female rats administered
N. sativa seed extract, with histological findings revealing active endometrial hyperplasia and
uterine gland dilation in the treatment group compared to controls [22]. These findings suggest
a potential mechanism for N. sativa seed extract's beneficial effects on menopausal symptoms.

Beyond menopause, N. sativa seed extract has shown promise in other gynecological
conditions. Mahmoudian et al. found that short-term N. sativa seed extract treatment (1000
mg/day for 16 weeks) may improve ovarian volume, hormonal balance, and menstrual
abnormalities in teenagers with polycystic ovary syndrome (PCOS) [23]. Khani et al. observed
significant changes in serum factors and improved ovarian tissue structure in PCOS rats treated
with N. sativa seed extract, noting a dose-dependent effect [24]. Several studies have also
indicated a protective effect of N. sativa seed extract against uterine and ovarian damage [12,25].
Further study has explored the potential benefits of N. sativa seed extract in primary
dysmenorrhea [26], hyperprolactinemia [27], candidiasis[28], cervical cancer [29] breast cancer,
ovarian cancer, premenstrual syndrome and pre-eclampsia [30].

N. sativa seed extract rich in flavonoids and phenolic compounds, exhibits significant
estrogenic activity [31]. While the precise mechanism of action of phytoestrogens remains
incompletely understood, evidence suggests both estrogen receptor-dependent and -independent
pathways may be involved [8,32]. It is important to note that much of the existing study on N.
sativa seed extract has been conducted in animal models. Therefore, extrapolating these findings
to humans requires caution, as the therapeutic effects may differ. This study demonstrated
comparable beneficial effects between the minimum and higher doses of N. sativa seed extract.
Consequently, the minimum effective dose is recommended.
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Conclusion
Supplementation with N. sativa seed extract (910 mg or 1,365 mg daily for eight weeks)

significantly increased estradiol levels and VMI in postmenopausal women compared to placebo.
However, no significant difference in FSH levels was observed. Therefore, N. sativa seed extract
may offer a safe and effective alternative therapy for managing menopausal symptoms related to
estrogen decline.
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