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ABSTRACT 
Aims: This study was aimed to compare the metabolic impact of unsaturated 
fatty acids in experimental menopause induced rats  
Study design:  Animal model experimental design  
Methodology: Forty female Sprague Dawley rats, aged 16 weeks were 
ovariectomized in order to induce menopause pattern and were randomly 
allotted into 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.  Food and water 
intake were measured daily and body weight and biochemical parameters 
were measured at baseline, 11th day and at the end of experiment. 
Results: All treatment groups showed significant (P<.05) improvement with 
reference to blood glucose and serum HDL level in the first 10 days while the 
serum glucose level increased significantly (P<.05) until the end of 
experiment in all groups. Similarly, all treatment groups showed a decline in 
serum triglyceride 10 days, but the effect was much higher in LA and GLA 
groups respectively. Significant weight reducing effect (P<.05) existed in 
gamma linolenic group. 
Conclusion: These results suggested that supplementing with unsaturated 
fatty acids exert a therapeutic and protective effect by modifying weight gain, 
improving lipid profile and blood glucose which can reduce menopause 
burden in this context. 
Keywords: Gamma-Linolenic acid, Linoleic acid, Menopause, Metabolic 
Syndrome.  

 
1. INTRODUCTION 
The risk of metabolic syndrome and cardiovascular disease 
increases in women after menopause due to changes in 
the body (increase accumulation of abdominal fat) that 
occur in response to a decrease in estrogen levels (1-3). 
Therefore, postmenopausal status might be a predictor of 
metabolic syndrome in this area (4,5). Studies have shown 
that approximately half of the coronary events in women 
can be attributed to metabolic syndrome (6). 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 (7-9). It has been shown to contain more than 30% 
(w/w) of a fixed oil with 85% of total unsaturated fatty 
acid (10). Nigella sativa oil is a rich source of linoleic acid 
(LA) an omega‐6 fatty acid. Although there have been no 
studies to determine the specific impact of LA and other 
principles of Nigella sativa on metabolic syndrome, 
previous studies have shown LA impact on some of the 
syndrome’s components. Several studies have shown 
decreased blood pressure with higher LA intake (11,12). 
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Diets rich in omega‐6 polyunsaturated fatty acids (PUFA) 
have been shown to decrease total cholesterol levels, low 
density lipoprotein (LDL) levels and the ratio of total 
cholesterol to HDL (12). Since Nigella sativa has shown 
beneficial effect on metabolic syndrome, we hypothesized 
that its active ingredients would be more effective than 
negative control in reducing plasma lipids concentration 
among ovariectomized (OVX) rats. This study sought to 
examine the impact of some ingredients of Nigella sativa 
including linoleic acid, gamma linolenic acid and 
thymoquinone on the attenuation of the risk factors of 
metabolic syndrome in ovariectomized rats as menopause 
induced animal model. Therefore the present study aimed 
to evaluate modulatory effects of some active ingredients 
of Nigella sativa on metabolic syndrome components 
among OVX rats.  
2. MATERIAL AND METHODS  
2.1. Experimental Design 
In order to induce menopause and to investigate 
metabolic 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 (13). All surgical procedures were performed by a 
veterinary surgeon. High degree of aseptic procedure was 
maintained throughout the operation.  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/day), 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 Latiffah et al. (14) on the same 
plant source) and group 5, Gamma Linolenic acid (GLA-
daily 10 mg/kg considering presence of GLA in methanolic 
extract and production of it through conversion from LA 
with taking in account recommended dosage for 
maintaining health). Dosage of the ingredients were 
selected based on the optimum desired effect of Nigella 
sativa and its extracts in the previous experiments(15,16), 
which was at low dose (300mg/kg BW/day) and were 
administered by intra-gastric gavage for 3 weeks. All 
ingredients were diluted in olive oil as vehicle to reach its 
total volume equal to 1ml. Lipid profile, blood glucose and 

body weight were measured at baseline (day 0), 11th 
days, and at the end of experiment (21st day). 
2.2. 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, Universiti 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, Universiti 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. 
2.3. Chemicals 
Linoleic Acid (95%), Gamma-Linolenic Acid and 
thymoquinone (99%) were obtained from Sigma-Aldrich 
Chemical Co. (St. Louis, MO, USA). Conjugated Equine 
Estrogen (CEE 0.625mg) was purchased from Wyeth, 
Montreal, Canada and prepared in a dosage of 0.2mg/kg 
(17-19) by dissolving it in distilled water (16, 17, 20) 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. 
2.4. 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. Triglycerides (TG), LDL, 
high density lipoprotein (HDL), total cholesterol (TC) and 
glucose level in the serum were determined using kits 
(Roche System) in the Hitachi Chemical Analyzer (Model 
902, Japan).  All tests were performed according to the 
manufacturers’ instructions. 
2.5. 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. Variables exhibited a normal distribution, so the 
One-Way Analysis of Variance (ANOVA) and General linear 
Model (GLM) followed by Duncan Multiple Range Test 
(DMRT) were used to determine which extract of Nigella 
sativa showed optimum effects. A p-value less than 0.05 
was considered to be significant. 
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3. RESULTS  
3.1. Body weight 
Over the period of treatment, the body weight of OVX rats 
tended to increase in Control, TQ and LA, while there was 
a tendency to reduce mean of body weight among CEE 
and specially GLA groups (Figure 1). 

 
Figure1: Changes of body weight (gm) of OVX rats supplemented with 
various ingredients of Nigella sativa or Conjugated Equine Estrogen for 
21 Days. 
Data expressed as mean, 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. 

  

 
Figure 2: Changes of serum glucose level (mmol/L) of OVX rats 
supplemented with various ingredients of Nigella sativa or 
Conjugated Equine Estrogen for 21 Days. 
Data expressed as mean. 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. 

3.2. Blood glucose 
All experimental groups showed decline in the 
concentration of blood glucose in the first 10 days which 
were significant in all groups (P<.05) compared to 
baseline, but surprisingly the blood glucose return to the 
baseline at the end of experiment (Figure 2). 
3.3. Lipid Profile 
The sequential changes in serum TC, TG, LDL and HDL are 
summarized in Table 1. Supplementations with different 
ingredients of N. sativa for 21 days in OVX rats significantly 

improved HDL (P<.05), while no effects were observed on 
the total cholesterol, low density lipoprotein and serum 
triglyceride concentration. The higher tendency of 
ingredients to exert effect on lipid profile was belong to 
thymoquinone. 
4. DISCUSSION 
It is well known that estrogen deficiency significantly 
increased the weight gain in ovariectomized rats which 
can relief by estrogen therapy (21). As expected, over the 
period of the experiment, the body weight of OVX rats 
increased significantly (P<.05), while body weight of 
estrogen treated group remained unchanged.  In contrast, 
gamma linoleic acid in OVX rats treated group showed 
significant reduction in body weight which is consistent 
with Kaku study’s in both human and animals (22-24). 
The present study clearly showed that all active 
ingredients of Nigella sativa and both negative and 
positive control groups possessed a significant glucose 
lowering effect on OVX rats in the first 10 days of 
intervention. The effect of CEE and LA groups were more 
than other groups. After continuing of supplementation, 
the effect was disappeared and serum glucose level 
increased significantly until the end of experiment and the 
increment was more pronounced in the TQ, GLA and 
negative control groups. Results indicated that active 
ingredients of NS have a promising reducing effect on the 
blood glucose levels in OVX rats. Similarly, Hawsawi (25) 
also showed desirable effect of TQ on blood glucose of 
normal rats. Some studies (21) showed that ovariectomy 
increased the level of plasma total cholesterol and LDL 
cholesterol causing the development of atherosclerosis 
and CHD.  The result of the present study illustrated the 
beneficial effect of active ingredients of Nigella sativa on 
lipid profile which caused a lowering effect on total 
cholesterol, triglyceride and LDL. The PUFAs of the n-6 and 
n-3 series have beneficial effects on plasma lipids. Those 
of the n-6 series are more effective in reducing cholesterol 
(26) whereas those of the n-3 series exert their main effect 
on triglycerides and their effect on lipoproteins is still 
unknown (27) . 
Some studies (21) showed that ovariectomy increased the 
level of plasma total cholesterol and LDL cholesterol 
causing the development of atherosclerosis and CHD.  The 
result of the present study illustrated the beneficial effect 
of active ingredients of Nigella sativa on lipid profile which 
caused a lowering effect on total cholesterol, triglyceride 
and LDL. The PUFAs of the n-6 and n-3 series have 
beneficial effects on plasma lipids. Those of the n-6 series 
are more effective in reducing cholesterol (26) whereas 
those of the n-3 series exert their main effect on 
triglycerides and their effect on lipoproteins is still 
unknown (27) . 
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Some studies (21) showed that ovariectomy increased the 
level of plasma total cholesterol and LDL cholesterol 
causing the development of atherosclerosis and CHD.  The 
result of the present study illustrated the beneficial effect 
of active ingredients of Nigella sativa on lipid profile which 
caused a lowering effect on total cholesterol, triglyceride 

and LDL. The PUFAs of the n-6 and n-3 series have 
beneficial effects on plasma lipids. Those of the n-6 series 
are more effective in reducing cholesterol (26) whereas 
those of the n-3 series exert their main effect on 
triglycerides and their effect on lipoproteins is still 
unknown (27) 

 

 
Total 

Control Groups NS ingredients Day Parameter
s +ve(CEE) -ve (C) GLA LA TQ 

1.55± 0.34 XY
 1.74± 0.54 ab 1.42± 0.25 bc 1.49± 0.26 bc 1.49± 0.26 bc 1.62± 0.27abc 0  

TC 
 

1.62± 0.30 X
 1.51± 0.37 bc

 1.47± 0.27bc
 1.52± 0.24 bc

 1.65± 0.22 ab
 1.92± 0.22 a 11 

1.47±  0.23 Y
 1.32± 0.29 c

 1.41± 0.17 bc
 1.56± 0.14 bc

 1.53± 0.21 bc
 1.56± 0.28 bc 21 

 
 

1.52± 0.44 B
 1.44 ± 0.23B

 1.52 ± 0.21 B
 1.56± 0.23 AB

 1.70± 0.29 A
 Total 

1.05± 0.42 X
 0.96± 0.37 def

 0.89± 0.36 def
 1.13± 0.45 def

 1.37± 0.42 def
 0.91± 0.39def

 0  
 

TG 

0.75± 0.29Y
 0.78± 0.50 ef

 0.73± 0.30ef
 0.65± 0.09 f

 0.75± 0.20ef
 0.82± 0.25 ef

 11 

1.75± 0.90Z
 1.10± 0.99 def

 1.89±1.00 abc
 2.00± 0.89ab

 1.53± 0.65 bcd
 2.23± 0.65 a

 21 

 
 

0.95 ± 0.66B
 1.17± 0.80 AB

 1.26± 0.79 AB
 1.22± 0.56AB

 1.32± 0.79 A
 Total 

1.28± 0.27X
 1.38± 0.39 ab

 1.20± 0.27bc
 1.26± 0.21bc

 1.20± 0.19 bc
 1.36± 0.28ab

 0  
 

HDL 
 

1.35± 0.26X
 1.28± 0.32 bc

 1.22± 0.20 bc
 1.30± 0.18 bc

 1.38± 0.19 ab
 1.59± 0.24 a

 11 

1.12± 0.19 Y 1.06± 0.28 c
 1.06± 0.14c

 1.17± 0.11 bc
 1.17± 0.17 bc

 1.17± 0.23 bc
 21 

 
 

1.24± 0.35 AB
 1.16± 0.21 B

 1.24± 0.17 AB
 1.25± 0.20 AB

 1.37 ± 0.29 A
 Total 

0.19± 0.10 X
 0.24± 0.17 bc

 0.20± 0.06 bcd
 0.15± 0.07cd

 0.16± 0.09 cd
 0.20± 0.06bcd

 0  
 

LDL 
 

0.26± 0.10Y
 0.21± 0.09 bcd

 0.18± 0.07 cd
 0.24± 0.07 bc

 0.29± 0.09 b
 0.38± 0.07 a

 11 

0.17± 0.07 X
 0.17± 0.07 cd

 0.13± 0.05d
 0.17± 0.08cd

 0.17± 0.08cd
 0.18± 0.04cd

 21 

 
 

0.21± 0.12 AB
 0.17± 0.06 B

 0.19± 0.08 B
 0.21± 0.10AB

 0.25± 0.11 A
 Total 

Table 1: Lipid Profile level (mmol/L) of OVX rats at different days of supplementation with various Ingredient of Nigella sativa or Conjugated 
Equine Estrogen 

Data are expressed as Mean ± SD. 
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 columns within row of the same parameter 
significant at p<.05.    XYZ: Comparison of the means between rows within column of the same parameter significant at p<.05. 

abcdef: Comparison of the means between column and between row of the same parameter significant at p<.05 

 
Some studies (21) showed that ovariectomy increased the 
level of plasma total cholesterol and LDL cholesterol 
causing the development of atherosclerosis and CHD.  The 
result of the present study illustrated the beneficial effect 
of active ingredients of Nigella sativa on lipid profile which 
caused a lowering effect on total cholesterol, triglyceride 
and LDL. The PUFAs of the n-6 and n-3 series have 
beneficial effects on plasma lipids. Those of the n-6 series 
are more effective in reducing cholesterol (26) whereas 
those of the n-3 series exert their main effect on 
triglycerides and their effect on lipoproteins is still 
unknown (27) . 
Similarly, Bregman (28) reported that animals fed a normal 
linoleic acid diet showed a worse lipid profile (higher 
concentrations of LDL and lower levels of HDL) when 
compared to those fed with high linoleic acid diet. 
Conjugated linoleic acids (CLAs) is a group of naturally 

occurring isomers of linoleic acid that differ in the position 
or geometry of their double bonds (29, 30), in a 
hypercholesterolemic diet in rabbits led to a significant 
reduction in serum triglyceride (TG), LDL and cholesterol 
(CHO) levels (31). Similar results also have been reported 
for hamster hypercholesterolemia models (32, 33). 
In this study, there was no significant decrease in total 
cholesterol, LDL and increase in HDL level in LA group. 
Purred linoleic acid was used via intera gastric gavage. 
Recent in vitro and in vivo studies suggested that the 
individual CLAs isomers may have different effects on lipid 
metabolism. In human studies regarding lipid profile 
parameters were inconsistent with the animal ones. The 
inconsistency of results may arise from the differences 
between LA and CLA and also differences of spices as 
mentioned by Braun et al.,(34) that rodents are especially 
inadequate models to study some aspects of lipid 
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metabolism in reference to humans. Moreover, the rout of 
administration was different, gavage vs supplementation 
to food. Aryaeian and colleagues (35) stated that the effects 
of the CLAs-enriched dairy products on blood lipids were 
more complex. In our study similar to Desroches and 
colleagues’ (36) study after oral administration of LA 
supplements, LDL, HDL and total cholesterol 
concentrations were not significantly changed. Other 
studies have also shown that CLAs supplementation had 
no effect on HDL lipid composition (32, 37, 38). 
In current study, LDL increased in the first 10 days in all 
groups except controls and afterward reduced at the 
baseline levels and the difference between LA and TQ 
groups was significant. In this study, TQ was more 
effective than LA in reducing LDL and total cholesterol.  On 
the other hand, it was showed that all active ingredients 
of Nigella sativa reduced plasma triglycerides in the first 
10 days while further supplementation until the end of 
study increased it. This result was consistent with our first 
and second experiments using either different dosages or 
different extracts of Nigella sativa, where it showed an 
increase in the TG level following the initial reduction. As 
Cascio and his colleagues (39) mentioned free fatty acids 
(FFA) are not indeed only essential fuels for the organism. 
They also act as legends for both membrane and nuclear 
receptors involved in different signalling pathways. 
5. CONCLUSION 
In conclusion our study provided convincing evidence that 
ingredients of Nigella sativa can reduce metabolic 
syndrome burden in the context of menopause which 
provides novel evidence in support of the traditional use 
of Nigella sativa as an anti aging remedy. Moreover, 
further studies are required to establish the beneficial 
effect of active principles of Nigella sativa seeds in human 
beings as well as its molecular sites of action responsible 
for desirable effects of those ingredients. 
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