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Background: Metabolic syndrome (MetS) is a complex clinical disorder that can lead to an increase in oxida-
tive stress. Patients with this syndrome are at risk of diabetes and cardiovascular disease. The Trigonella foenum-
graecum L. (fenugreek) plant has many therapeutic effects, including anti-diabetic and antioxidant. The present 
study aimed to investigate the effects of the hydro-alcoholic extract of fenugreek seeds (HEFS) on dyslipidemia 
and oxidative stress due to high-fructose diet-induced MetS. 
Methods: In this experimental study, to induce MetS, animals received water containing 20% fructose for 8 
weeks. After induction of MetS, 48 male Wistar rats (200–250 g) were randomized into six groups. HEFS was ad-
ministered to animals at doses of 100 and 200 mg/kg orally for 4 weeks. Animal blood samples were collected to 
measure biochemical and antioxidant parameters of fasting plasma glucose (FPG), total cholesterol (TC), high-
density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), triglycerides (TG), malondi-
aldehyde (MDA), glutathione peroxidase (GPX), catalase (CAT), and total antioxidant capacity (TAC). 
Results: The findings showed that the serum levels of FPG, TC, LDL-C, TG, and MDA were significantly reduced 
in HEFS-exposed groups compared with the control group (P<0.05). Also, significant increases in HDL-C, GPX, 
CAT, and TAC levels (P<0.05) were observed. 
Conclusion: Our results revealed that treatment with HEFS increases the levels of antioxidant enzymes, de-
creases FPG level, and at the same time, modifies the lipid profile in MetS. Therefore, HEFS may help to alleviate 
the risk of some chronic complications of this disease.
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INTRODUCTION

Metabolic syndrome (MetS) is characterized by clustering of 
metabolic abnormalities of central obesity, hypertension, elevated 
fasting plasma glucose (FPG), dyslipidemia, high body mass index, 
insulin resistance, and oxidative stress.1 MetS has become a signifi-
cant problem in public health, with a prevalence rate of 20% to 
25% among adults worldwide.2 Patients with this syndrome are at 

risk of various diseases, including diabetes, cardiovascular disease,3 
non-alcoholic fatty liver disease,4 and cancer.5 Excessive consump-
tion of fructose, a simple monosaccharide, is closely related to obe-
sity. Fructose-fed rats have been reported as a rat model of MetS6 
and were used as such in the present study. 

One of the products of biological systems is reactive oxygen spe-
cies (ROS), which are highly reactive and short-lived. One of the 
primary methods for removal of ROS is the antioxidant system.7,8 
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The most important antioxidant enzymes include catalase (CAT), 
glutathione peroxidase (GPX), superoxide dismutase (SOD), and 
ceruloplasmin.9,10 Imbalance between ROS (increased level) and 
the antioxidant system (reduced antioxidants) is the leading cause 
of oxidative stress.7,10 Malondialdehyde (MDA) resulting from oxi-
dation of unsaturated fatty acids is an important marker of oxida-
tive stress.11 

There is a relationship between oxidative stress and MetS, which 
aggravates MetS factors such as insulin resistance, hypertension, 
hypertriglyceridemia, and reduction of high-density lipoprotein 
cholesterol (HDL-C).12,13 The risk of MetS increases with an in-
crease in oxidative stress.14 Recent studies have shown that MetS 
patients exhibit a significant reduction in activity/expression of an-
tioxidant systems, including SOD, GPX, CAT, and reduced gluta-
thione (GSH).15 Currently, many chemical medications are sug-
gested for treatment and control of MetS factors, including lipid-
lowering agents (statins),16 insulin sensitizers (metformin, acarbose, 
and thiazolidinedione),17 and weight loss medications, but their 
various side effects limit their use. Finding a therapeutic approach 
with few side effects is a challenge for researchers that has prompt-
ed consideration of herbal medicines as treatment.18

Trigonella foenum-graecum L. (fenugreek) is an annual plant be-
longing to the family Leguminosae.19 Properties of fenugreek seeds 
include lowering total cholesterol (TC), triglycerides (TG), low-
density lipoprotein cholesterol (LDL-C), and very-low-density li-
poprotein cholesterol (VLDL-C)20 and being anti-diabetic,21 anti-
tympanites, anti-diarrheal,20,22 diuretic,23 anti-inflammatory, and an-
ti-cough.24 Beneficial compounds, including trigonelline, 4-hy-
droxyisoleucine, diosgenin, orientin, luteolin flavonoids, steroid sa-
ponins, vitamins, and minerals such as iron and calcium, have been 
found in fenugreek seeds,25 indicating its use as a valuable therapeu-
tic food. Moreover, studies of fenugreek in type 2 diabetes showed 
that active ingredients such as 4-hydroxyisoleucine, diosgenin, and 
galactomannan had positive effects on this pathologic state.24

Various studies have shown the effect of fenugreek on oxidative 
stress.26-28 One study reported that administration of aqueous ex-
tract of fenugreek plays a protective role against carbon tetrachlo-
ride-induced liver injury in rats. In that study, the ameliorative ef-
fects of the extract improved levels of serum transaminases, attenu-
ated hepatic lipid peroxidation, and activated hepatic antioxidant 

enzymes.29 Another study indicated that the combination of endur-
ance swimming training and fenugreek seed extract could signifi-
cantly decrease plasma glucose level and elevate the activity of car-
diac antioxidant enzymes in diabetic rats.30 Fenugreek seeds im-
prove irradiation-induced oxidative stress by increasing GSH and 
SOD levels.31 Zingerone and gingerol are the most abundant com-
pounds in the hydro-alcoholic extract of fenugreek seeds (HEFS) 
that have been reported to show antioxidant activity.32

Considering the seriousness and prevalence of MetS, finding a 
new treatment strategy to deal with this problem in modern society 
is important. On the other hand, no study has been performed on 
the antioxidant effects of fenugreek on MetS. Therefore, the pres-
ent study aimed to investigate the protective effects of fenugreek 
seeds on the lipid profile and oxidative stress in fructose-fed rats. 
The extract was expected to alter the levels of antioxidants and bio-
chemical parameters involved in MetS.

METHODS

Chemicals
Fructose, thiobarbituric acid (TBA), 1,1,3,3-tetra methoxy pro-

pane (TEP), reduced GSH, nicotinamide adenine dinucleotide 
phosphate (NADPH), glutathione reductase (GR), and other 
high-grade chemicals were purchased from Sigma Chemical Com-
pany (St. Louis, MO, USA). Hydrogen peroxide (H2O2) was pur-
chased from Merck (Darmstadt, Germany). FPG, TC, TG, LDL-
C, and HDL-C were calculated using Pars Azmoon kits with an 
automatic analyzer (Biochemistry analyzer BT 4500; Farasamed 
Co., Biotechnica, Rome, Italy) for biochemical testing.

Animals
In this experimental study, adult male Wistar rats (weighing 

200–250g) were obtained from the animal house of Rafsanjan 
University of Medical Sciences (RUMS). All the animals were kept 
on a 12/12 light-dark schedule with a humidity of 65%–70% and a 
temperature of 22°C ± 2°C and were given free access to water and 
food. All procedures of this study were approved by the Institution-
al Animal Care and Use Committee of Rafsanjan University of 
Medical Sciences with the IR code: IR.RUMS.REC.1395.11.
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Preparation of HEFS
The fenugreek seed was taken from the Davaran region located 

in Rafsanjan, Iran, and was confirmed by the Botany Research Di-
vision of the Valiasr University of Rafsanjan. The seeds were dried 
at room temperature and powdered in a laboratory blender (War-
ing Products Division, Torrington, USA). The extraction process 
was performed according to our previous work,33 using a Soxhlet 
(BAKHSHI Laboratory Industrial Co., Tehran, Iran) with a 75% 
(v/v) ethanol solution. The extract yield was calculated to be 6.67%.

Study design and induction of MetS 
Fig. 1 depicts the study design used in the present work. Forty-

eight male Wistar rats were randomly separated into control and 

fructose diet groups. The control group received tap water, and the 
fructose diet group was fed 20% fructose drinking water (FDW) 
daily for 8 weeks.6 The FDW was prepared by diluting 20 g of fruc-
tose in 100 mL of tap water at weight to volume; to induce MetS, 
D-fructose > 99% was used. The FDW was freshly prepared daily. 
To prevent evaporation, the bottle was covered with aluminum foil. 
After 8 weeks, the weight of the rats was measured using a digital 
scale (FEW, Tokyo, Japan), and blood samples were obtained after 
12 hours fasting by penetrating the retro-orbital plexus with a capil-
lary tube.

Subsequently, to confirm induction of MetS in rats, we analyzed 
indicators of MetS of body weight, FPG, TG, and TC changes in 
the case group after administration of 20% FDW for 8 weeks, as 

Figure 1.  Schematic of the study. C: healthy control group; C+HEFS 100: healthy control group that received 100 mg/kg/BW of HEFS; C+HEFS 200: healthy control group 
that received 200 mg/kg/BW of HEFS; MetS: metabolic syndrome group that did not receive HEFS; MetS+HEFS 100: metabolic syndrome group that received 100 mg/kg/
BW of HEFS; MetS+HEFS 200: metabolic syndrome group that received 200 mg/kg/BW of HEFS. FDW, fructose drinking water; HEFS, hydro-alcoholic extract of fenugreek 
seeds; FPG, fasting plasma glucose; TC, total cholesterol; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; TG, triglycerides; MDA, 
malondialdehyde; TCA, trichloroacetic acid; GPX, glutathione peroxidase; CAT, catalase.
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contrasted with the control group.34,35 The fructose-fed rats had sig-
nificantly higher body weight, FPG, TG, and TC compared with 
the control rats. Therefore, the rats were enrolled in the study. Af-
terward, the MetS rats were randomly divided into three groups 
(eight rats/group): a MetS group that received no extract (MetS), a 
MetS group that received 100 mg/kg/BW of HEFS (MetS+HEFS 
100), and a MetS group that received 200 mg/kg/BW of HEFS 
(MetS+HEFS 200). The healthy rats in the control group were 
also divided into three groups: a healthy group that received no ex-
tract (C), a healthy group that received 100 mg/kg/BW of HEFS 
(C+HEFS 100), and a healthy group that received 200 mg/kg/BW 
of HEFS (C+HEFS 200). All rats were fed a standard diet during 
the study. The doses of 100 and 200 mg/kg of HEFS were ob-
tained by diluting the HEFS in physiological saline, and rats  
underwent intra-gastric gavage at a volume of 1 mL per day for 4 
weeks.36 The doses of 100 and 200 mg/kg of HEFS were selected 
based on Gupta’s study.37 All experiments were performed between 
10:00 AM and 1:00 PM.

Biochemical assays
Following ethical considerations, the rats were anesthetized, and 

blood samples were collected from the corner of the eye in glass as-
say tubes without anticoagulant. The tubes were placed at room 
temperature to allow the blood to clot and then centrifuged at 
3,000 RPM for 10 minutes. The transparent and non-hemolytic 
supernatant was prepared for testing biochemical parameters of 
FPG, TC, HDL-C, LDL-C, and TG with fitting kits (Pars Azmoun, 
Tehran, Iran), and the results are expressed as mg/dL. 

Antioxidant assays
MDA was determined by thiobarbituric acid reactive substances 

(TBARS) using a colorimetric method.38 Briefly, 0.5 mL of plasma 
was added to 2 mL of TBA reagent containing 0.25 M/L HCl, 15 g 
trichloroacetic acid, and 375 mg TBA. The mixture was boiled in a 
water bath at 95°C for 30 minutes and, after fast cooling, was cen-
trifuged at 8,000 g and 4°C 15 minutes. The MDA was determined 
based on the absorbance of TBA reactive substances at 532 nm. 
The TBARS concentration was calculated using TEP as a standard 
and expressed as nmol/L of plasma. 

The GPX activity of the serum samples was defined by the 

coupled enzymatic reaction at 25°C according to the method of 
Paglia and Valentine.39 Briefly, the enzymatic reaction in a cuvette 
that contained NADPH, NaN3, GSH, and GR was initiated by 
adding H2O2, and the change in absorbance was monitored spec-
trophotometrically at 340 nm. The result was expressed as U/L of 
plasma.

Serum CAT activity was determined according to the proce-
dure of Aebi with H2O2 (30 mM) as the substrate.40 To 100 mL of 
30 mmol/L H2O2 solution in 350 mL phosphate buffer (pH 7.0), 
50 mL of serum sample was added, and the consumption of H2O2 
was followed spectrophotometrically at 240 nm for 3 minutes at 
25°C and expressed as U/L of plasma. Total antioxidant capacity 
(TAC) was determined by the ferric reducing antioxidant power 
assay (FRAP assay).41 Data were expressed as mmol/L in plasma.

Statistical analysis
Results are reported as mean ± standard error of the mean where 

indicated. One-way analysis of variance followed by Tukey’s multi-
ple comparisons test was used to analyze the data from the bio-
chemical and oxidative stress assessments before and after treat-
ment. Paired sample t-test was used to compare the variables before 
and after the intervention. Statistical results were evaluated using 
the SPSS version 18 (SPSS, Chicago, IL, USA). The significance 
level was P < 0.05.

RESULTS

To confirm that the rats acquired MetS, changes in FPG, TG, 
TC, and weight were considered after 8 weeks of drinking water 
containing 20% fructose. A significant increase (P < 0.001) in the 
levels of FPG (125.00 ± 3.52 mg/dL), TG (142.62 ± 6.62 mg/dL), 
TC (97.75 ± 2.11 mg/dL), and weight (290.62 ± 6.18 g) was ob-
served in the rats that received fructose (MetS group) compared 
with the healthy control group (C), indicating induction of MetS 
in the rats (Table 1).

Changes in biochemical parameters after extract 
administration

Administration of HEFS (100 and 200 mg/kg/BW) in the MetS 
and healthy groups resulted in significant decrease in FPG, TG, 
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TC, and LDL-C levels. MDA level was decreased significantly only 
in the MetS groups after administration of HEFS (100 and 200 
mg/kg/BW). In the MetS group that received 100 mg/kg/BW of 
HEFS, no significant change in the levels of GPX and CAT was ob-
served in comparison to those before treatment. However, the lev-
els of GPX, CAT, and TAC increased significantly after treatment 
with 200 mg/kg/BW of HEFS. In the healthy groups, the levels of 
GPX and CAT increased considerably (P < 0.001) after treatment 

with 200 mg/kg/BW of HEFS. However, in the healthy C+HEFS 
100 and C+HEFS 200 groups of Table 1, there was no significant 
decrease in MDA level and no significant increase in activity level 
of TAC after administration of HEFS (100 and 200 mg/kg/BW). 
In both MetS and healthy groups, treatment with HEFS signifi-
cantly decreased the TG level; this decrease was higher in the treat-
ed MetS groups. In the MetS groups receiving HEFS at the dose of 
200 mg/kg/BW compared with the dose of 100 mg/kg/BW, mean 

Table 1. Changes in biochemical parameters of the studied groups after the intervention compared with the baseline

Variable
Group

C C+HEFS 100 C+HEFS 200 MetS MetS+HEFS 100 MetS+HEFS 200

FPG (mg/dL)
   Before 95.87± 1.85  93.11± 2.84 93.37± 2.75 125.00± 3.52* 130.00± 1.58 134.00± 3.82
   After 95.37± 2.16 88.77± 2.72† 89.75± 2.95‡ 127.25± 3.49*  121.44± 2.35‡ 122.75± 2.90†

TG (mg/dL)   
   Before 76.50± 2.01  79.88± 1.98    72.12± 1.96 142.62± 6.62*  155.44± 4.74 160.25± 4.71
   After 79.75± 2.06     75.44± 2.30‡ 64.37± 1.05‡ 146.00± 6.76* 145.88± 5.22§  138.12± 4.29§

TC (mg/dL)
   Before 79.00± 3.24 78.55± 2.45 74.87± 2.37 97.75± 2.11* 115.44± 4.97  107.62± 5.24
   After 79.37± 2.57 73.88± 1.30† 65.37± 3.13§ 99.75± 1.93* 103.33± 5.19†  91.62± 6.90‡

LDL-C (mg/dL)
   Before 35.75± 2.72 36.88± 2.45 29.62± 1.61 43.75± 2.78      62.77± 4.72  50.75± 5.54
   After 37.50± 2.32 33.00± 2.29‡ 25.62± 1.38‡ 45.00± 3.56       56.88± 5.40†    40.25± 5.02‡

HDL-C (mg/dL)
   Before 29.62± 1.26 26.33± 0.97 36.37± 1.03 30.50± 1.10 23.88± 1.16  26.25± 1.12 
   After 30.00± 1.22 29.66± 0.93§ 39.25± 1.72† 30.37± 1.14 29.88± 0.87§   34.75± 1.72§

Weight (g)
   Before 224.00± 3.64 218.00± 6.32 228.50± 3.25 290.62± 6.18* 302.00± 4.09 290.62± 6.71
   After 241.87± 2.97 229.00± 6.46† 238.50± 4.98† 303.62± 6.44* 310.55± 2.81‡ 298.87± 4.34†

MDA (nmol/L)
   Before  31.50± 1.41 30.00± 1.24 23.12± 0.58 60.75± 4.46* 79.11± 2.50 80.00± 3.30
   After  28.50± 1.73 31.78± 1.30 21.62± 1.17 63.12± 3.89† 74.78± 3.05† 67.78± 3.14‡

GPX (U/L)
   Before  47.50± 1.29 53.44± 2.27 48.50± 1.87 41.75± 1.75* 44.22± 1.03 30.87± 1.75
   After  44.87± 3.44 57.56± 1.91† 58.87± 1.85§ 39.75± 1.76    45.00± 1.92 37.75± 2.18†

CAT (U/L)
   Before 30.62± 1.11 28.78± 1.03 27.50± 1.52 22.00± 1.03*   22.44± 1.30 19.62± 0.92
   After  31.87± 1.30 31.33± 1.52 36.00± 1.41§ 21.87± 0.87  23.33± 1.00 25.25± 1.25‡

TAC (mmol/L)
   Before  1.14± 0.08 1.00± 0.10 0.94± 0.09 0.49± 0.05 0.43± 0.07 0.45± 0.06
   After  1.11± 0.08 1.28± 0.15 1.31± 0.16 0.39± 0.03* 0.58± 0.08§ 0.86± 0.09§

C: healthy control group; C+HEFS 100: healthy control group that received 100 mg/kg/BW of HEFS; C+HEFS 200: healthy control group that received 200 mg/kg/BW of HEFS; MetS: 
metabolic syndrome group that did not receive HEFS; MetS+HEFS 100: metabolic syndrome group that received 100 mg/kg/BW of HEFS; MetS+HEFS 200: metabolic syndrome 
group that received 200 mg/kg/BW of HEFS. 
*P< 0.001: indicates a significant difference from the healthy control group; †P< 0.05, ‡P< 0.01, §P< 0.001: indicates a significant difference before and after the intervention in each 
group.
HEFS, hydro-alcoholic extract of fenugreek seeds; MetS, metabolic syndrome; FPG, fasting plasma glucose; TG, triglycerides; TC, total cholesterol; LDL-C, low-density lipoprotein 
cholesterol; HDL-C, high-density lipoprotein cholesterol; MDA, malondialdehyde; GPX, glutathione peroxidase; CAT, catalase; TAC, total antioxidant capacity.
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HDL-C (P = 0.030) and LDL-C (P = 0.040) significantly increased 
and decreased, respectively. The mean weight of the healthy groups 
that received 100 and 200 mg/kg/BW of HEFS was lower than 
those of the MetS control and healthy control groups after the in-
tervention. It can be concluded that use of HEFS may have a role 
in weight loss (Table 1). 

Changes in antioxidant activity 
The results of antioxidant assessments at baseline were compared 

between the MetS group and the healthy group. The mean serum 
MDA level (60.75 ± 4.46 nmol/L, P < 0.001) increased, and the  
activity levels of CAT (22.00 ± 1.03 U/L) and TAC (0.49 ± 0.05 
mmol/L) significantly decreased (P < 0.001), resulting in a decrease 
in the activity level of GPX (41.75 ± 1.75 U/L, P = 0.020). Overall, 
these results indicate oxidative stress in the MetS rats (Table 1).

The mean serum MDA level in rats after the intervention was 
significantly reduced in the MetS groups receiving HEFS at doses 
of 100 (P = 0.038) and 200 mg/kg/BW (P < 0.001). This decrease 
was greater with the dose of 200 mg/kg/BW (P < 0.001) (Table 1). 
A significant increase in MDA level in the MetS control group after 
the intervention compared with baseline could be indicative of dis-
ease progression and increased oxidative stress in the rats 
(P = 0.043). The serum levels of GPX and CAT increased in the 
groups receiving HEFS, and the increases were significant in the 
MetS group and the healthy group receiving HEFS at the dose of 
200 mg/kg/BW. In the healthy group receiving HEFS at the dose 
of 100 mg/kg/BW, the increase was significant only for GPX 
(P = 0.036). The TAC level showed a significant decrease after the 
intervention in the MetS control group (P < 0.001). As mentioned, 
this can indicate progression of MetS due to oxidative stress. Ad-
ministration of HEFS increased the TAC level significantly in all 
recipient groups. However, this increase was only significant in the 
MetS groups receiving HEFS at both doses (P < 0.001) (Table 1).

DISCUSSION

MetS is a collection of symptoms including abdominal obesity, 
hypertriglyceridemia, hyperglycemia, and high blood pressure, and 
a decrease in HDL-C level that depend on lifestyle.42 The World 
Health Organization considers the presence of three or more of 

these conditions to be MetS, which is also known as syndrome X, 
insulin resistance syndrome, and the deadly quartet syndrome.43,44 
Studies have shown that insulin resistance is a major disorder in 
MetS, which is associated with oxidative stress.45 

Our results showed that a long-term fructose diet (20% fructose 
in drinking water) induces MetS in rats, accompanied by increased 
body weight and blood glucose and abnormalities in lipid profile 
(increase in TC, LDL-C, and TG levels and decrease in HDL-C 
content), as well as oxidative stress dysregulation (decrease in TAC, 
lower enzyme activity of CAT and GPX, and elevated MDA serum 
level).

Also, the present study showed that oral administration of HEFS 
at doses of 100 and 200 (mg/kg/BW) for one month significantly 
reduced the levels of FPG, TC, LDL-C, and TG and increased 
those of HDL-C and antioxidants of GPX and CAT, as well as 
TAC, compared with the control group. In the MetS groups receiv-
ing the, the TAC and CAT values were significantly increased com-
pared with the MetS control group, and this increase was signifi-
cant at the dose of 200 mg/kg/BW.

A study showed that fenugreek seeds increase the secretion of 
glucose-dependent insulin from the beta cells of the islets of Lang-
erhans in rats, thereby reducing serum glucose. In addition, fenu-
greek seeds were found to decrease insulin resistance in the muscles 
and liver by activating insulin receptors and phosphoinositide 3-ki-
nase.46 Fenugreek seeds also reduced blood glucose by delaying 
glucose intake in the intestine and increasing cellular consump-
tion.47 The fibers of fenugreek seeds delay digestion and absorption 
of carbohydrates by slowing stomach emptying, inhibiting the ac-
tivity of the enzyme disaccharidase and the glucose carrier in the 
intestine, and increasing insulin activity.48,49 The alcoholic extract of 
fenugreek seeds inhibits glucose uptake by inhibiting the intestinal 
amylase enzyme and suppressing liver gluconeogenesis. On the 
other hand, it increases glucose 6-phosphate dehydrogenase activi-
ty and the hexose monophosphate pathway to ultimately increase 
glucose metabolism.36 

In line with our findings, Ramadan et al.36 showed that Egyptian 
fenugreek seed powder increased GPX activity and reduced TC, 
total lipids, triacylglycerol, and plasma glucose levels in rats receiving 
doses of 100 and 500 mg/kg/BW compared with the control group. 
These alterations were dose-dependent.36 Sharma and Choudhary50 
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evaluated the effects of fenugreek seeds and compared them to 
those of atorvastatin in hyperlipidemic rabbits. They reported that 
fenugreek powder and its extracts significantly reduced TC, LDL-C, 
and TG levels in rabbits after 4 weeks of treatment, while HDL-C 
level increased in the rabbits treated with fenugreek powder and its 
extracts. In this study, the levels of TC, LDL-C, and TG decreased 
significantly in all groups receiving the extract.50 Another study re-
ported that TC, LDL-C, and TG levels in hyperlipidemic rabbits 
significantly decreased after 4 weeks of treatment with 500 mg/kg/
BW of HEFS. In addition, consistent with our study, the HDL-C 
level increased significantly, but VLDL-C did not change.51 

Previous studies demonstrated that reductions in plasma levels 
of TC, TG, and LDL-C are related to the presence of saponins in 
fenugreek seed extract.52,53 Marzouk et al.54 demonstrated that fenu-
greek seed powder could decrease total lipids, TC, TG, and liver 
enzymes such as alanine transaminase and aspartate transaminase. 
At the same time, it increased ALP, GSH, glutathione S-transferase, 
and CAT compared with a diabetic control group. Findings from 
an animal study indicated that TC, TG, LDL-C, and VLDL-C in 
the liver and heart decreased in rats fed a high-fat diet that received 
doses of 100 and 200 mg/kg/BW of aqueous extract of fenugreek 
seeds. Furthermore, the HDL-C level increased, and the level of 
GSH and activity of SOD and CAT were significantly higher in 
comparison to the control group fed a high-fat diet.55 

In our study, a significant decrease in the levels of glucose and 
MDA in the groups receiving the extract was observed compared 
with the control groups. Another experimental study reported in-
creased levels of lipoprotein lipase, TG lipase, deoxycholic acid, and 
cholic acid in the liver tissue of rats that received alcoholic extract 
of fenugreek seeds.56 

It was demonstrated that the aqueous extract of fenugreek seeds 
decreased the levels of insulin, homeostatic model assessment of 
insulin resistance, TG, and TC in fructose-fed insulin-resistant rats. 
In contrast, the levels of HDL-C, adiponectin, glucose, and peroxi-
some proliferator-activated receptor gamma protein increased. The 
body weight of the rats did not change significantly in that study.57 
Another study has revealed that 4-hydroxyisoleucine, an atypical 
branched-chain amino acid derived from fenugreek, is responsible 
for the effect of this plant on glucose and lipid metabolism.46 The 
4-hydroxyisoleucine directly affects the pancreatic islets and subse-

quently stimulates glucose-dependent insulin secretion, as well as 
decreasing the elevated levels of TG and TC in diabetic hamsters. 
Therefore, 4-hydroxyisoleucine can be an effective herbal medicine 
for treatment of diabetes, obesity, and the main components of 
MetS.46 The findings of our study show that doses of 100 and 200 
mg/kg/BW of HEFS might have a considerable effect on MetS, 
and the dose of 200 mg/kg/BW had a greater effect than the dose 
of 100 mg/kg/BW on some of the parameters.

According to the findings of this study, HEFS increases the levels 
of antioxidant enzymes, decreases FPG level, and modifies the lipid 
profile in MetS. In summary, this extract shows hypoglycemic, hy-
polipidemic, and antioxidant effects, so it may be helpful in alleviat-
ing the risk of some chronic complications of MetS. However, it 
seems that treatment for 8 weeks is not sufficient to regulate the 
measured parameters thoroughly since none of the parameters has 
reached the level seen in the healthy control group. Furthermore, 
understanding the detailed molecular and cellular mechanisms af-
fecting the pharmacological function of fenugreek seeds extract on 
the treatment or control of MetS and other diseases with etiologies 
of dyslipidemia and oxidative stress requires further and compre-
hensive studies to enhance the knowledge of the potential effects of 
this medicinal plant.
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