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Introduction 

Menopause is the period in a woman’s life when 

hormonal changes cause menstruation to cease 

permanently
1
 and it is a natural part of the aging 

process. The experience of menopause varies greatly 

from one woman to another. For some, it is completely 

symptom free. Others may require assistance to cope 

with physical and psychological effects of menopause 

including hot flashes, vaginal atrophy, reductions in 

cardiovascular health and enhanced risk for developing 

osteoporosis and Alzheimer’s disease.
2
 For women 

requiring assistance, a range of options and supports 

are available such as lifestyle changes, medical 

treatments such as Hormone replacement therapy 

(HRT) and complementary approaches.
3
 Since some 

studies showed linkage between HRT use and some 

women cancers (e.g. Breast and endometrial cancer) 

and cardiovascular risk, therefore women tended to 

look for viable and safe alternatives.
4
 In addition due to 

the fear of developing cancer and discomfort, many 

users of HRT exhibit poor compliance.
5
 As a result, 

women frequently considered natural estrogenic 

alternatives for the treatment of menopausal 

pathologies and symptoms, because natural products 

offer the hope of improved safety and greater 

compliance. 

Nigella sativa seeds have traditionally been used in 

Middle Eastern folk medicine as a natural remedy for 

various diseases as well as a spice for over 2000 years. 

The seeds of Nigella sativa have been subjected to a 

range of pharmacological, phytochemical and 

nutritional investigations in recent years.
6-8 

It has been 

shown to contain more than 30% (w/w) of a fixed oil 

with 85% of total unsaturated fatty acid.
9
 Nigella sativa 

oil is a rich source of linoleic acid (LA) an omega‐6 

fatty acid. Because estrogens have typically been used 

for the treatment of menopausal symptoms and because 

Nigella sativa have been shown to have a remarkable 

number of 23 sterols have been identified in the seed 

which can improve some symptoms associated with 

menopause, we investigated the potential estrogenic 

effects of some of its active ingredients. Although there 

have been no studies to determine the specific impact 

of LA and other principles of Nigella sativa on 

reproductive performance, previous studies have shown 

essential Fatty Acids (EFA) have been implemented as 

key nutrients in sustaining reproductive performance.
10

 

In the present study, we evaluated the potential of some 

active ingredients on Nigella sativa including Linoleic 

Acid (LA), Gamma-Linolenic Acid (GLA) and 

thymoquinone (TQ) to exhibit estrogenic effects using 

vaginal cornification assay. 
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Purpose: This study aimed to evaluate the possible estrogenic activity of some 

ingredients of Nigella sativa including Linoleic acid and Gama-Linolenic acid by vaginal 

cornification assay. Methods: Forty ovariectomized (OVX) rats, aged 16 weeks were 

allotted randomly to five groups: negative control (taking 1 ml olive oil/ day); positive 

control (taking 0.2 mg/kg/day Conjucated Equine Estrogen-CEE); experimental groups 

(taking 50 mg/kg/day Linoleic acid or 10 mg/kg/day Gamma Linolenic acid or 

15mg/kg/day Thymoquinone ). All of supplements administered via intragastric gavage 

for 21 consecutive days. To assess estrogen like activity, vaginal smear was examined 

daily and serum estradiol was measured at baseline, after 10 days and at the end of 

experiment. Results: The significant occurrence of vaginal cornification cell (p<0.05) 

after Linoleic acid supplementation indicated estrogenic activity of Linoleic acid which 

was in consistency with serum estradiol level, but this effect was not as much as CEE. 

Gama-Linolenic acid also exist a few cornified cell in smear which was not significantly 

differ from those control group. Conclusion: Linoleic acid showed the beneficial effects 

on OVX rats’ reproductive performance, thereby indicating its beneficial role in the 

treatment of the postmenopausal symptoms. 
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Materials and Methods 

Experimental Design 

In order to induce menopause and to investigate 

reproductive changes following supplementation with 

different ingredients of Nigella sativa, the rats were 

ovariectomized under a combination of xylazine and 

ketamine (10 mg/kg + 75 mg/kg, i.p. respectively) 

anesthesia. Bilateral ovariectomy was performed via a 

dorso-lateral approach with a small lateral vertical skin 

incision.
11

 The ovariectomized animals were 

acclimatized at the Animal House of Faculty of 

Medicine and Health Sciences for one month prior to 

supplementation. Five experimental rat groups were 

established with 8 rats per group. The groups were as 

follows: group 1, negative control (1 ml Olive Oil), 

group 2, positive control (0.2mg/kg/day CEE diluted in 

distilled water), group 3 Linoleic acid (daily 50 mg/kg 

LA which calculated based on yielding Nigella sativa 

fixed oil (29%) and concentration of LA (57%) in fixed 

oil), group 4, Thymoquinone (daily 15mg/kg TQ which 

calculated based on yielding Nigella sativa fixed oil 

(29%) and concentration of TQ (16.1%) in fixed oil 

which analyzed and reported by Latiff et al.,
12

 on the 

same plant source) and group 5, Gamma Linolenic acid 

(daily 10 mg/kg GLA which calculated based on 

yielding Nigella sativa fixed oil (29%) and 

concentration of GLA (2%) in fixed oil and probability 

of its production through conversion from LA). All 

ingredients were diluted in olive oil as vehicle. Dosage 

of the ingredients were selected based on the optimum 

desired effect of Nigella sativa and its extracts in the 

previous experiments,
13,14

 which was at low dose 

(300mg/kg BW/day) and were administered by intra-

gastric gavage for 3 weeks. Serum estradiol were 

measured at baseline (day 0), 11th days, and at the end 

of experiment (21st day) and vaginal epithelium was 

checked daily. 

 

Animals 

Forty female Sprague–Dawley rats weighing between 

250 and 350g aged 4 months were used in this study. 

They were supplied by animal house of Faculty of 

Medicine and Health Sciences, University Putra 

Malaysia (Serdang, Selangor, Malaysia). Rats were 

individually housed in stainless steel cages in a well 

ventilated room with a 12/12h light/dark cycle at an 

ambient temperature of 29–32 °C and 50- 60 % relative 

humidity. Experiments were carried out according to 

the guidelines for the use of animals and approved by 

the Animal Care and Use Committee of the Faculty of 

Medicine and Health Sciences, University Putra 

Malaysia with UPM/FPSK/PADS/BR/UUH/F01- 

00220 reference number for notice of approval. They 

were fed standard rat chow pellets purchased from As-

Sapphire (Selangor, Malaysia) and allowed to drink 

water ad libitum. 

 

Chemicals 

Linoleic Acid (95%), Gamma-Linolenic Acid and 

thymoquinone (99%) were obtained from Sigma-

Aldrich Chemical Co. (St. Louis, MO, USA). 

Conjugated Equine Estrogen (0.625mg) was purchased 

from Wyeth, Montreal, Canada and prepared in a 

dosage of 0.2mg/kg
15-17 

by dissolving it in distilled 

water,
13-15

 and was used as a positive control for the 

purpose of comparison with the treated groups. All 

other reagents and chemicals were of analytical grade. 

 

Blood collection 

Fasting blood samples were collected under the deep 

ether anaesthesia by cardiac puncture using sterile 

disposable syringes at baseline (pre-treatment), day 11 

(during treatment) and day 21 (after treatment). The 

blood samples were then centrifuged at 3000 rpm for 

10 minutes to separate the serum. The serum was stored 

at -80°C until assays were carried out. Estradiol 

Radioimmunoassay (RIA) kit was purchased from 

Diagnostic Systems Laboratories (DSL), USA. The 

principle of the test is the competition of radioactive 

antigen and non-radioactive antigen for the fixed 

number of antibody binding sites. All tests were 

performed according to the manufacturer’s instructions. 

 

Vaginal Smear 

Vaginal smears were carried out to monitor cellular 

differentiation and to evaluate the presence of 

leukocytes, nucleated epithelial cells, or cornified cells. 

Vaginal smear samples were collected between 08.00 

and 10.00 am daily. The vaginal smears were prepared 

by washing with 10 µl of normal saline (NaCl 0.9%) 

and were then thinly spread on a glass slide. They were 

allowed to dry at room temperature and then stained 

using Methylene blue dripping. The slides were rinsed 

in distilled water after 30 minutes and allowed to dry. 

The smears were studied using the light microscope 

(40x) and the cell type and their relative numbers were 

recorded. Vaginal smear cell counts were performed on 

100 cells randomly. The percentage of cornified cells 

was determined according to Terenius
18 

using the 

following formula: 

 

100
  

 
 C   




LeucocytesCellsNucleatedCellsCornified

CellsCornified
CellsornifiedofPercentage

 
 

Statistical Analysis 

Data were expressed as means ± standard deviation. 

The data were analyzed using SPSS Windows program 

version 15 (SPSS Institute, Inc., Chicago, IL, USA) 

statistical packages. The One-Way Analysis of 

Variance (ANOVA) and General linear Model (GLM) 

followed by Duncan Multiple Range Test (DMRT) 

were used to determine which ingredients of Nigella 

sativa showed optimum effects. A p-value less than 

0.05 (p<0.05) was considered to be significant. 
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Results 

Serum estradiol 

Over the period of treatment, all groups showed 

reduction in the level of estradiol except positive 

control (CEE) which significantly increased (p<0.05). 

OVX rats supplemented with CEE showed 359% 

elevation in the estradiol level at the end of experiment. 

The means of serum estradiol level were not 

significantly different at baseline (day 0) among 

groups. In the first 10 days of treatment, serum 

estradiol level tend to reduce in TQ, GLA and control 

groups compared to baseline while in LA and CEE 

groups, the levels increase. There was a significant 

difference between estradiol level in CEE and other 

groups. Instead of a tendency to decrease in estradiol 

levels, the value of serum estradiol in LA (15.74± 4.39) 

remained much higher than other groups except CEE 

(Table 1). There was also a significant effect for 

treatments and duration of treatment (p<0.05) and the 

interaction effect (p<0.05). 

 

Table 1. Means of serum estradiol (pg/ml) of OVX rats supplemented with various ingredients of Nigella sativa or 

Conjugated Equine Estrogen. 

Treatment 
Day 

Total 
0 11 21 

TQ 13.23± 4.09 
a 

9.84± 3.50
 a

 7.55± 3.73
 a

 9.93± 4.24
 A

 

CEE 14.88± 12.11
 a

 15.89± 13.37
 a

 53.51± 34.77 
b
 28.09± 28.36 

B
 

LA 16.45± 5.53
 a

 19.91± 2.68
 a

 15.74± 4.39
 a

 17.36± 4.54
 A

 

GLA 12.77± 3.10
 a

 9.61± 2.07
 a

 5.87± 3.31
 a

 9.60± 4.00 
A
 

C 11.72± 7.43
 a

 5.94± 4.15
 a

 6.26± 5.51
 a

 7.98± 6.22
 A

 

Data are expressed as Mean ± SD. 

Treatment TQ=Thymoquinone (15mg/kg/day); LA=linoleic Acid (50mg/kg/day); GLA= Gamma Linolenic Acid (10mg/kg/day); CEE= 

conjugated equine estrogen (0.2mg/kg/day);  and C= control (1 ml Olive Oil/day)groups. 

AB: Comparison of the means between rows within column with different superscripts are significantly different at p<0.05. 

XY: Comparison of the means between columns within row with different superscripts are significantly different at p<0.05. 

ab: Comparison of the means between column and between row with different superscripts are significantly different at p<0.05. 

 

Vaginal epithelial cell cornification 
There was no significant difference in the percentage of 

cornified cells between groups at baseline and results 

confirmed a menopausal pattern in OVX rats. However 

after treatment, cornification was observed in all 

treatment groups which was significantly different from 

those negative control group (p<0.05) which remained 

in an atrophic pattern as observed in the absence of 

estrogen (Figures 1-5). In the first 10 days of treatment, 

percentage of cornified cells increased significantly 

(p<0.05) in all groups except control group. Extending 

the supplementation period to 21 days, consistently 

increased percentage of cornified cells among LA and 

CEE groups until end of the treatment period, while 

control group remained unchanged until the end of the 

experiment.  

 

Discussion 

In the current study, we compared the possible 

beneficial effects of active ingredients of Nigella 

sativa, thymoquinone, linoleic acid and gamma 

linolenic acid on reproduction function in OVX 

induced rats. Results indicated that active ingredients of 

Nigella sativa, linoleic acid, had a weak estrogenic 

effect as shown in its effect in serum estrogen level and 

percent of cornified cells. The results, however, fail to 

show a linear consistent time dependent effect of 

linoleic acid on the parameter studied. In general the 

level of estradiol was much higher in linoleic acid 

group compare to control and other active ingredients. 

Several studies have suggested that diet, particularly 

one enriched with either saturated or unsaturated fatty 

acids can alter serum steroid concentrations in a variety 

of species, including rodents and humans.
19-23

 The 

mechanisms underlying diet-induced alteration of 

steroid concentration are likely complex. Dietary fat 

can influence the expression of enzymes that 

metabolize sex steroid hormones.
24,25

 Adipose tissue is 

an important site of steroid hormone biosynthesis.
26,27

 

Moreover, ovarian derived ∆4 androstenedione and 

testosterone can be aromatized in adipose tissue to 

estrone and estradiol respectively.
28

 An additional 

potential mechanism of dietary influence on sex steroid 

concentration relates to the status of cholesterol as a 

precursor to steroid hormones. Diet can influence 

serum cholesterol
29

 and high cholesterol is correlated 

with high serum androgen and estrogen 

concentrations.
30,31 

Past studies in rodents, cattle, and 

humans have indicated that diet might underpin 

changes in serum hormonal concentrations, including 

testosterone and estrogen.
20,22,32

 Female rats fed a diet 

enriched with n-3 polyunsaturated fatty acids had a 

48% increase in serum concentrations of 17β-estradiol 

compared with rats fed a diet enriched with n-6 fatty 

acids.
18

 Similarly, female rats fed a low protein diet had 

a significant increase in 17β-estradiol compared with 

those fed a control diet.
32

 A high saturated fat diet 

induces an increase in estrogen, estrone, and 

dehydroepiandrosterone sulfate concentrations in 

women.
33

 A controlled clinical trial revealed that girls 
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fed a low fat (LF) diet exhibited higher serum 

testosterone concentrations during the luteal phase of 

the cycle but lower estradiol concentrations.
22

 In 

contrast, in other study there were no significant 

correlations between any measure of fat (total fat, 

saturated fat, and linoleic acid) and serum estrone and 

estradiol in 325 climacteric US women.
34

 

 

 

 
Figure 1. Vaginal smear of ovariectomized rat treated with 

thymoquinone (15mg/kg) for 3 weeks. A few number of 

cornified cells and also leukocytes are observed (methylene 

blue staining, 40x). 

 
 
 

 
Figure 2. Vaginal smear of ovariectomized rat treated with 

conjugated equine estrogen (0.2 mg/kg) for 3 weeks. A great 

number of cornified cells and also nucleated epithelial cells are 

observed (methylene blue staining, 40x). 

 

 

 

 
Figure 3. Vaginal smear of ovariectomized rat treated with 

linoleic acid (50mg/kg) for 3 weeks. A few number of cornified 

cells, nucleated epithelial cells and also leukocytes are 

observed (methylene blue staining, 40x). 

 

 
Figure 4. Vaginal smear of ovariectomized rat treated 

with gamma linoleic acid (10mg/kg) for 3 weeks. A few 

number of nucleated epithelial cells and also leukocytes 

are observed (methylene blue staining, 40x). 

 

 

 

 
Figure 5. Vaginal smear of ovariectomized rat from 

control group treated with olive oil for 3 weeks. A great 

number of leukocytes are observed (methylene blue 

staining, 40x). 

 

 

The insignificant change in the levels of estrogen in the 

present study suggests that linoleic acid may act 

directly on the estrogen receptors without enhancing 

the endogenous estrogen levels. 

Linoleic acid is a fatty acid, which is ubiquitous in 

nature. Some fatty acids have been reported to bind 

noncompetitively or with mixed-competition to a 

variety of receptors most likely based on 

hypodrophobic interactions.
35-38

 Arachidonic acid, 

palmitic acid, stearic acid, oleic acid, and 

docosahexaenoic acid have been reported to bind to the 

estrogen, progesterone, androgen, and glucocorticoid 

receptors at weak binding sites different from the 

endogenous steroid binding site.
35

 Linoleic acid 

demonstrated the ability to interact with the opioid 

receptor and the nucleoside transport protein.
38

  

The relationship between dietary fat and changes in 

reproductive function is not limited to affects on 

cholesterol and progesterone. Staples and Thatcher
39

 

proposed an elegant control feedback system that 

involves not only progesterone, but also affects 

prostaglandin synthesis and the role estrogen plays in 

biological (cellular) function as illustrated in Figure 6. 

Polyunsaturated fatty acids are proposed to decrease 



 

|    35 

Free Fatty Acids and Vaginal Cornification Assay 

Advanced Pharmaceutical Bulletin, 2013, 3(1), 31-36 

 

Copyright © 2013 by Tabriz University of Medical Sciences 

the release of prostaglandins that would augment the 

establishment of a pregnancy. In addition, the PUFA 

also decrease the effects of estradiol that enhance the 

action of prostaglandins. 

 

 

 
Figure 6. Possible mechanisms for the role of 

polyunsaturated fatty acids on reproductive function in 

dairy cows. (Staples and Thatcher, 1999). 

 

Liu et al.,
40

 reported the identification of linoleic acid 

as an estrogen receptor ligand capable of displacing 

estradiol from the ER and binding to the ligand binding 

domain of the protein using competitive binding assays 

and pulsed ultra filtration. They evaluated several other 

fatty acids for binding to the estrogen receptor. Among 

the 20 fatty acids tested, 13 bound to ER α and six 

bound to ER β. In general, fatty acids shorter than 16 

carbons did not bind to the receptor; however, saturated 

acids had no obvious selectivity for the receptor 

compared with unsaturated acids. 

Previous studies demonstrated the ability of conjugated 

linoleic acid to bind to PPAR gamma and alter the 

expression of some genes regulated by an estrogen 

response element (ERE).
41

 Liu and his colleagues
40

 

reported that linoleic acid present in the fruits of V. 

agnus-castus can bind to estrogen receptors and induce 

certain estrogen inducible ER mRNA up-regulation. 

The interaction of linoleic acid with the estrogen 

receptor did increase the mRNA of estrogen inducible 

genes in Ishikawa and T47:A18 cells. These data 

suggest that the likely pathway for upregulation of 

genes regulated by ERE natural promoters, such as the 

ones reported in previous studies, is by linoleic acid 

binding to and activating estrogen receptors. Additional 

characterization must be completed to determine if 

Nigella sativa contains more compounds that interact 

with estrogen receptors and stimulate estrogen 

inducible genes. Functional assays should be used to 

determine if linoleic acid bound to nuclear receptors 

have any effect on the regulation of gene expression. 

 

Conclusion 

The observed estrogenic effect following linoleic acid 

treatment suggests that this fatty acid could possibly act 

on the estrogen receptors with enhancing the 

endogenouse estrogen levels. Linoleic acid showed the 

beneficial effects on OVX rats’ reproductive 

performance, thereby indicating its beneficial role in 

the treatment of the postmenopausal symptoms. 
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