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Abstract
Background: Several experimental and clinical studies support beneficial effects of Trigonella foenum-graecum (fenugreek) in the 
management of metabolic diseases and inflammatory disorders.
Objectives: The purpose of this study was to examine the effect of T. foenum-graecum seed extract in reducing the metabolic and 
inflammatory alternations associated with menopause.
Materials and Methods: In this experimental study, 49 rats were divided into seven groups: (I) sham-control, (II) ovariectomized-control, 
(III and IV) ovariectomized treated with 50 and 150 mg/kg of T. foenum-graecum seed ethanolic extract, (V and VI) ovariectomized treated 
with 50 and 150 mg/kg of T. foenum-graecum hexanic extract, (VII) ovariectomized-positive control treated with 10 µg/kg of estradiol. The 
extracts were injected intraperitoneally one day after ovariectomy and the treatments were lasted for 42 days.
Results: Fasting blood glucose and body weight gain increased significantly in the ovariectomized-control group compared with that 
in the sham animals (P < 0.05). Administration of estradiol and T. foenum-graecum (50 and 150 mg/dL of hexanic extract and 150 mg/kg 
of ethanolic extract) significantly diminished the increase in glucose and body weight (P < 0.05). The serum level of interleukin-1 (IL-1), 
interleukin-6 (IL-6), and tumor necrosis factor-α (TNF-α) in the ovariectomized control group was significantly higher than those in the 
sham animals (P < 0.05). Both hexanic and ethanolic extracts as well as estradiol were able to decrease level of these cytokines in the serum 
of ovariectomized rats (P < 0.05).
Conclusions: The results of the present study show that administration of T. foenum-graecum corrects metabolic and inflammatory 
alterations associated with ovariectomy and has a potential for the management of menopause.
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1. Background
Menopause is associated with increased risk of meta-

bolic diseases such as type 2 diabetes and metabolic syn-
drome (1, 2). Dyslipidemia, obesity, and insulin resistance 
are of the most common features of the metabolic syn-
drome in menopausal woman and known to be impor-
tant risk factors for cardiovascular diseases (3-5). Meno-
pause is also associated with a wide range of changes 
in the expression and secretion of proinflammatory 
cytokines which may explain increased incidence of os-
teoporosis, Alzheimer, arthritis, and other inflammatory 
diseases seen in a postmenopausal period (6-9).

For many years, hormone therapy was the first primary 
treatment modality for the management of menopause; 
however, it had own limitations like increasing risk of 
stroke, coronary heart disease, pulmonary embolism, 
and ovarian cancer (1, 10). Therefore, development of new 
agents with anti-inflammatory action and lesser side ef-
fects for management of menopause remains an attrac-
tive subject. It has been reported that a number of me-

dicinal plants may be useful for preventing or treating 
some menopausal related complications such as insulin 
resistance, dyslipidemia, hepatic steatosis, weight gain, 
inflammation, and loss of bone mass (11-13).

Trigonella foenum-graecum (fenugreek), a plant of Fa-
baceae family, has a long history for management of 
diabetes and dyslipidemia (14, 15). Several studies also 
support anti-inflammatory and immunomodulatory 
activities of T. foenum-graecum in adult male animals (16-
18). Recently, Sindhu et al. (19) reported that mucilage ex-
tracted from ethanolic extract (EE) of T. foenum graecum 
has anti-inflammatory and antioxidative properties on 
adjuvant-induced arthritis in female rats. Further, Ha-
kimi et al. showed that T. foenum graecum seed decreases 
the number of hot flashes and vasomotor symptoms 
in menopausal women (20). However, to the best of 
our knowledge, no study has yet evaluated the effect of 
this plant on the level of proinflammatory cytokines in 
menopause.
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2. Objectives
The present work was performed to investigate the ef-

fects of chronic treatment with T. foenum graecum seed 
extracts on serum concentration of interleukin-1 (IL-1), 
interleukin-6 (IL-6) and tumor necrosis factor-α (TNF-α) in 
ovariectomized rats.

3. Materials and Methods

3.1. Plant Material and Extraction
The seeds of T. foenum-graecum were purchased from 

local market (Guilan, Iran) and identified at the herbar-
ium of Agricultural Research Center of Guilan Univer-
sity (Iran). The EE and Hexanic Extract (HE) of T. foenum-
graecum were prepared using a maceration method as 
described previously (21, 22). Briefly, the air-dried powder 
of the seeds was suspended in 96% ethanol (5 mL per g of 
seed) and maintained for 72 hour at 37°C. Then the solvent 
was removed and a new extraction started again with 
fresh ethanol. This step was repeated once more to get 
the best extraction efficiency. Finally, the EE was filtered 
through Whatman No.1 filter paper and dried using a ro-
tary vacuum evaporator (GLF, Germany) at 50°C. The HE 
was prepared with the same procedure as for the EE.

3.2. Animals
Female Wistar rats initially weighing 190 to 220 g were 

obtained from Pasteur Institute, Hesarak Branch, Iran. 
The animals were maintained at 22°C ± 4°C on a light/
dark cycle of 12 hour and away from stress. At all stages of 
the study, they had free access to enough laboratory chow 
and tap water ad libitum. Ethical rules of working with 
laboratory animals were approved by Guilan University 
of Medical Sciences.

3.3. Experimental Design
This work was an experimental study. After two weeks ac-

climatization period, animals were randomly divided into 
the following 7 experimental groups, each group includ-
ing 7 animals: group I included sham control rats; group 
II comprised ovariectomized control animals; groups III 
and IV included ovariectomized animals and adminis-
trated intraperitoneally EE of T. foenum-graecum (50 and 
150 mg/kg, respectively); groups V and VI comprised ovari-
ectomized animals and treated intraperitoneally HE of T. 
foenum-graecum (50 and 150 mg/kg, respectively); groups 
VII included ovariectomized positive control rats, which 
administrated orally 10 µg/kg of 17-β estradiol valerate (Ab-
uraihan Pharmaceutical Co., Iran). The treatments were 
started one day after removal of ovaries and lasted for 42 
days. During this period, animals in the sham control and 
ovariectomized control groups received saline as a vehi-
cle. Fasting Blood Glucose (FBG) and body weight of all of 
the rats were recorded prior to the start and at the end of 
treatments.

3.4. Ovariectomy Surgery
After an overnight fast, each rat was anesthetized with 

intraperitoneally injection of 320 mg/kg chloralhydrate 
(Arya Pharmaceutical Co., Iran) (23). Then, a small abdomi-
nal skin incision was performed and after exposing ova-
ries, they were removed bilaterally and tubal ends were 
closed using 2/0 silk string to prevent internal bleeding. 
Then the fat pad was repositioned into the abdomen and 
muscle and skin were connected by 2/0 chromic catgut su-
tures in two layers. The animal was placed in a warm place 
to come intellect. The animals in the control group under-
went a similar procedure without eliminating the ovaries.

3.5. Biochemical Assays
At the end of the 42th day, blood sample was collected 

from tail vein of fasted animals for biochemical assays. 
The samples were centrifuged for 5 minutes at 3000 rpm 
and supernatants were maintained at -20°C for further 
analysis. The level of FBG was determined using Accu-
check glucometer (Roche Diagnostic, Germany). Concen-
trations of IL-1, IL-6 and TNF-α were measured by E0071Ra, 
E90079Ra, and E90133Ra Elisa kit, respectively (Life Sci-
ence Inc, China).

3.6. Statistical Analysis
Differences between means of different groups were 

analyzed using one-way analysis of variance (ANOVA) 
followed by Tukey’s post hoc test for multiple compari-
sons. Paired t-test was used to compare the differences 
between day 0 and day 42. The P-values less than 0.05 
were considered to be statistically significant. Results 
were exhibited as the Mean ± Standard Error of the 
Mean (SEM).

4. Results

4.1. Effects of T. foenum-graecum on Blood Glucose 
and Body Weight

In nonovariectomized sham group, the mean FBG on 
day 0 (5.72 ± 0.12 mmol/L) and day 42 (5.38 ± 0.11 mmol/L) 
was not significantly different. On the other hand, con-
centration of FBG at the end of the study was significantly 
higher than day 0 in ovariectomized control animals (6.16 
± 0.13 mmol/L vs. 8.77 ± 0.47 mmol/L, P < 0.05). Although 
the administration of estradiol or T. foenum-graecum (50 
and 150 mg/dl of HE and 150 mg/kg of EE) to ovariecto-
mized animals significantly diminished (P < 0.05) the 
increase of FBG, in all treated groups the level of FBG was 
still higher than that of day 0 (Table 1).

There was a significant difference regarding weight gain 
between the sham control (53 ± 9 g) and ovariectomized 
control groups (111 ± 7 g, P < 0.05). Estradiol and both ex-
tracts of T. foenum-graecum significantly decreased the 
body-weight gain compared to the ovariectomized con-
trol group (P < 0.05).
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Table 1.  Effects of Trigonella foenum-graecum on Body Weight and Fasting Blood Glucose of Ovariectomized Ratsa,b

Animal Groups Blood Glucose, mmol/L Weight Gain During 42 
days, gDay 0 Day 42

Control 5.72 ± 0.12 5.38 ± 0.11 53 ± 9c

OVA + Saline 6.16 ± 0.13 8.77 ± 0.47 111 ± 7
OVA + Estradiol 5.88 ± 0.14 7.44 ± 0.32 58 ± 6c

OVA + HE 50 mg/kg 5.22 ± 0.13 7.33 ± 0.16 c,d 66 ± 8c

OVA + HE 150 mg/kg 5.5 ± 0.13 7.11 ± 0.18 c,d 64 ± 7c

OVA + EE 50 mg/kg 5.61 ± 0.14 7.5 ± 0.15 d 81 ± 8d

OVA + EE 150 mg/kg 4.94 ± 0.13 d 7.16 ± 0.15 c,d 74 ± 9c

aAbbreviations: EE, ethanolic extract; HE, hexanic extract; and OVA, ovariectomy.
bValues are expressed as Mean ± SEM (n = 7).
cP < 0.05 vs. OVA + Saline.
dP < 0.05 vs. Day 0 at the corresponding group.

Figure 1. Effect of Trigonella foenum-graecum on Concentration of 
Interlukin-1 in Blood of the Ovariectomized Rats
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The animals were subjected to ovariectomy surgery and then treated in-
traperitoneally with 10 µg/kg estradiol or concentrations of 50 mg/kg and 
150 mg/kg of HE and EE of T. foenum-graecum seeds for 6 weeks. Values are 
expressed as Mean ± SEM (n = 7). *P < 0.05 vs. control group; #P < 0.05 vs. 
saline group.

4.2. Effects of T. foenum-graecum on Proinflamma-
toryCytokines

As shown in Figure 1, the serum IL-1 level of the saline-in-
jected rats in the ovariectomized group was significantly 
higher than those of the sham animals (990 ± 2.9 vs. 300 
± 2.8 pg/mL, P < 0.05). Administration of both HE and 
EE of T. foenum-graecum significantly decreased serum 
IL-1 in the ovariectomized rats compared to the saline 
group (P < 0.05). The level of IL-1 in groups received 50 
and 150 mg/kg of HE was 440 ± 2.8 pg/mL and 410 ± 2.2 pg/
mL, respectively. Also, concentrations of IL-1 in animals 
treated with 50 and 150 mg/kg of EE were 410 ± 2.2 pg/
mL and 610 ± 2.7 pg/mL, respectively. The effect of HE was 

Figure 2. Effect of Trigonella foenum-graecum on Concentration of 
Interlukin-6 in Blood of Ovariectomized Rats
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The animals were subjected to ovariectomy surgery and then treated in-
traperitoneally with 10 µg/kg estradiol or concentrations of 50 mg/kg and 
150 mg/kg ofHE and EE of T. foenum-graecum seeds for 6 weeks. Values are 
expressed as Mean ± SEM (n = 7). *P < 0.05 vs. control group; #P < 0.05 vs. 
saline group.

comparable to that of induced by 10 µg/kg of estradiol 
(389 ± 2.9 pg/mL).

Similarly, serum IL-6 significantly increased in ovariec-
tomized control group when compared to the sham ani-
mals (1258 ± 2.7 vs. 483 ± 3 pg/mL, P < 0.05). As shown in 
Figure 2, hexanic and ethanolic extracts of T. foenum-grae-
cum, like estradiol, diminished the IL-6 level in ovariecto-
mized animals (P < 0.05 as compared with saline group). 
Treatment with 50 and 150 mg/kg of HE was also able to 
significantly decrease serum TNF-α from 999 ± 2.4 pg/mL 
(saline group) to 457 ± 2.5 and 445 ± 2.6 pg/mL, respective-
ly, comparable to the effect of estradiol (430 ± 2.6 pg/mL). 
A similar decrease in TNF-α concentration was induced by 
both doses of EE (Figure 3).
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Figure 3. Effect of Trigonella foenum-graecum on Concentration of Tumor 
Necrosis Factor-α in Blood of Ovariectomized Rats
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The animals were subjected to ovariectomy surgery and then treated in-
traperitoneally with 10 µg/kg estradiol or concentrations of 50 mg/kg and 
150 mg/kg of HE and EE of T. foenum-graecum seeds for 6 weeks. Values are 
expressed as Mean ± SEM (n = 7). *P < 0.05 vs. control group; #P < 0.05 vs. 
saline group.

5. Discussion
The prevalence of metabolic syndrome and inflam-

matory diseases increases during menopause with the 
overproduction of proinflammatory cytokines. The 
present study showed that both HE and EE of T. foenum-
graecum seed are able to improve metabolic status and 
decrease level of these cytokines in ovariectomized 
rats. Ovariectomy is a standard experimental model of 
menopause in rodent to investigate pharmacological 
management of postmenopausal symptoms (11, 12, 24, 
25). In our study, in agreement with previous reports, 
ovariectomy led to increased body weight gain (25, 
26). This increase of body weight was accompanied by 
a significant raise of blood glucose. Administration 
of estradiol could diminish the increase of both body 
weight and FBG. Similarly, Abbas and Elsamanoudy ob-
served that estradiol decreases FBG, fasting insulin, and 
Homeostatis Model Assessment of Insulin Resistance 
(HOMA-IR, a predictor of insulin sensitivity) in ovariec-
tomized rats (24). The beneficial effects of estradiol on 
glucose homeostasis and body weight were mimicked 
by T. foenum-graecum. Hypoglycemic effect of T. foenum-
graecum has been demonstrated previously in several 
experimental and clinical studies (27). This effect may 
be achieved by inhibition of intestinal glucose absorp-
tion, enhancing insulin actions on tissues, and activa-
tion of hepatic enzymes (28, 29). The inhibitory effect 
of T. foenum-graecum on weight gain of ovariectomized 
rats may be related to improvement of insulin resis-
tance. This is in consistent with previous reports that T. 

foenum-graecum reduces the body weight gain and hy-
perlipidaemia induced by high-fat diet (30, 31).

As reported by other researchers, in our study ovariecto-
my led to increased level of proinflammatory cytokines. 
The mechanism underlying elevated inflammation 
markers in postmenopausal period is not exactly clear; 
however, excess production of cytokines by fat and bone 
marrow can be involved (4, 32). The cytokines TNF-α, IL-1, 
and IL-6 have obtained the most attention due to their 
prominent causal role in postmenopausal inflammatory 
diseases (7, 33). In this work, estradiol replacement could 
restore the level of these cytokines to near that of control 
animals. The mechanisms by which estrogen modulates 
the level and activity of cytokines may include altera-
tions of immune cell function, antioxidative actions, and 
changes in nitric oxide activity (6, 32, 33). Similar mech-
anisms may describe an inhibitory effect of T. foenum-
graecum on the level of TNF-α, IL-1, and IL-6. It has been 
reported that this plant has estrogenic activities in vitro 
(34). The presence of phytoestrogen compounds like di-
osgenin in T. foenum-graecum may be responsible for this 
estrogenic effect (35). On the other hand, several studies 
have shown that T. foenum-graecum has antioxidative, 
anti-inflammatory, and immunomodulatory activities 
in male and female animals (16-19). For example, it was 
demonstrated that diosgenin induces anti-inflammatory 
action in adipose tissue (36). Sindhu et al. reported that 
EE of T. foenum graecum decreases the blood levels of IL-1, 
IL-2, IL-6, and TNF-α in female rat model of arthritis (19) 
Also, treatment with hydroalcoholic extract of T. foenum 
graecum seed reduces oxidative stress and the proinflam-
matory cytokines TNF-α and IL-6 in diabetic rats (37). Fur-
ther, it has been reported that improvement in glucose 
metabolism with weight loss is independently associated 
with reduction of cytokine levels (38).

In this study, we used EE and HE of T. foenum-graecum to 
test beneficial effects of this plant in the management of 
metabolic and inflammatory alterations associated with 
menopause. For extraction of plant materials, the sol-
vents are chosen based on their selectivity for the com-
pounds to be extracted. Nonpolar solvent such as hexane 
is used to extract lipophilic constituents (e.g. fatty acids, 
alkanes, sterols, coumarins, and some terpenoids). Sol-
vents with medium-polarity such as ethyl acetate are 
used to extract constituents with intermediate polarity 
(e.g. flavonoids and some alkaloids). A more polar solvent 
such as ethanol is used to extract more polar constitu-
ents (e.g. tannins and glycosides) (39, 40). Interestingly, 
in our experiment, both EE and HE of T. foenum-graecum 
could correct metabolic and inflammatory alterations 
induced by ovariectomy (although the HE showed stron-
ger effects). Therefore, it can be concluded that both po-
lar and nonpolar constituents of T. foenum-graecum are 
involved in the beneficial effects of this plant. Diosgenin, 
a steroid saponin with anti-inflammatory, antioxidative, 
and estrogenic properties, may be of the candidate con-
stituents responsible for the above-mentioned effects of 
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T. foenum-graecum (31, 35, 36). Further works on isolation 
and characterization of active compound of the plant 
would be of interest.

This study described observations on the effect of T. foe-
num-graecum on metabolic and inflammatory alterations 
in a rat model of menopause, which may not mimic hu-
man menopause. Therefore, well-planned clinical studies 
on this topic are needed. Another limitation of the pres-
ent work is the failure to address exact compound respon-
sible for the effects of T. foenum-graecum. Also, long-term 
safety and potential adverse effects of T. foenum-graecum 
in menopause women should be well-defined.

In conclusion, the present study showed that the ad-
ministration of T. foenum-graecum improves metabolic 
features, and corrects inflammatory alterations associ-
ated with ovariectomy and thus has a potential for man-
agement of menopause.
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