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Abstract

Background and Aim: Despite the availability of antidiabetic drugs, they are not free from associated adverse side effects. 
This study aimed to evaluate the hypoglycemic and hypolipidemic effects of oral administration of seeds from two medicinal 
plants: (1) Milk thistle and (2) fenugreek.

Materials and Methods: Plant seeds were washed in distilled water and ground with a coffee grinder. Alloxan was used to 
induce diabetes in 20 male albino rats. Diabetic rats were randomly divided into two groups: (1) Group 1 (n=10), diabetic 
rats fed with 0.5 g/kg milk thistle and 2 g/kg fenugreek seeds per day and (2) Group 2 (n=10), diabetic rats fed standard 
rodent food for 4 weeks.

Results: Oral administration of milk thistle and fenugreek seeds for 2 weeks resulted in significant improvement in body 
weight, blood glucose, glycosylated hemoglobin (HbA1c), cholesterol, and triglyceride levels in alloxan-induced diabetic 
rats. After 4 weeks, this ameliorative effect was significantly elevated with respect to blood glucose (155.00±9.70 mg/
dL vs. 427.50±5.70 mg/dL; p<0.001), HbA1c (5.5±0.19% vs. 13.65±1.77%; p<0.001), cholesterol (281.50±10.95 mg/dL 
vs. 334.30±6.80 mg/dL; p<0.001), triglyceride (239.60±6.87 mg/dL vs. 284.20±9.95 mg/dL; p<0.01), and body weight 
(265.30±8.10 g vs. 207.40±11.4 g; p<0.01) as compared with non-treated diabetic rats.

Conclusion: Milk thistle and fenugreek seeds possess hypoglycemic and hypolipidemic properties and could be used as 
natural compounds that are suitable as parent compounds for the development of new antidiabetic drugs.
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Introduction

Diabetes mellitus (DM) is a chronic complex 
metabolic disorder that occurs in response to com-
plete or insufficient cessation of insulin secretion or 
synthesis and/or insulin peripheral resistance caus-
ing disturbances in carbohydrate, proteins, and fat 
metabolism [1]. An estimated 425 million adults 
worldwide have DM, and this number is predicted to 
rise to 629 million by 2045. This increase in the prev-
alence of DM will cause large social and economic 
burden, especially in low- to middle-income coun-
tries, where about 75% of people with DM live [2]. 

Although different types of antidiabetic drugs are 
available and most are effective in providing long-term 
glycemic control [1], they are not free from some asso-
ciated adverse side effects such as flatulence, cramps, 
diarrhea, nausea, and gastrointestinal irritation [3]. 
In addition, prolonged use of these drugs results in a 
response deficiency [4]. For example, after 6 years of 
sulfonylurea treatment, the effectiveness of the drug is 

insufficient in 44% of patients [5]. Thus, there is an urgent 
need to explore options that include traditional medicinal 
plants with no side effects for DM management.

Silybum marianum, or milk thistle, belongs to 
the family Carduus marianum and has been known 
for more than 2000 years to be an herbal remedy used 
for a variety of disorders [6]. The components of this 
plant scavenge free radicals to protect the body against 
oxidative peroxidation. In addition to its antioxidant, 
anti-inflammatory, and anticancer properties, it is 
regarded as a potent agent against diabetes-induced 
hyperglycemia and insulin resistance [7]. In addition, 
fenugreek, which belongs to the Fabaceae family, is 
reported to have neuroprotective, antioxidant, antilitho-
genic potential, antihyperlipidemic, and a stimulat-
ing/regenerating effect on β-cells and antidiabetic 
effects [8,9]. The hypoglycemic properties of fenu-
greek seeds have been demonstrated in experimentally 
induced diabetic rats, diabetic patients, and healthy 
volunteers [8,10]. Taken together, medicinal plants are 
useful dietary supplements to existing therapies as well 
as provide oral antidiabetic bioactive compounds for 
new pharmaceutical development [8]. Although vari-
ous kinds of medicinal plants have been reported to 
have hypoglycemic and hypolipidemic effects, these 
plants have failed to achieve greater effectiveness. 

Therefore, the aim of this study was to inves-
tigate the effect of oral administration of combined 
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milk thistle with fenugreek seeds on body weight, 
blood glucose, glycosylated hemoglobin (HbA1c), 
cholesterol, and triglyceride levels of alloxan-induced 
diabetic rats.
Materials and Methods

Ethical approval

All animal experiments were performed in accor-
dance with the guidelines of the National Council 
for Animal Experimentation Control  and the Ethical 
Committee approval was obtained from ethical com-
mittee of Middle East University, Jordan.
Study period and location

 The study was conducted from May 2019 to 
December 2019 at Middle East University, Amman, 
Jordan.
Plant material 

Fenugreek seeds were purchased from a local 
supermarket of Syrian origin, and milk thistle was 
purchased from Frontier Herbs. Seeds were washed in 
distilled water and ground with a coffee grinder to an 
average particle diameter of 0.3 mm.
Animals and induction of experimental diabetes

Twenty male albino rats weighing between 250 
and 300 g were obtained from the Faculty of Pharmacy, 
Middle East University, Amman, Jordan. Before initiat-
ing the experiments, rats were fed standard rodent food 
for 1 week for acclimation to the laboratory conditions. 
Diabetes induction in these rats was carried out 4 weeks 
before the start of the experiment. Immediately before 
use, alloxan monohydrate (Sigma-Aldrich Chemical) 
was dissolved in sterile normal saline. The dose of 
alloxan for 160 mg/kg body weight was injected intra-
peritoneally to all male adult albino rats after 6 h. For the 
next 24 h, the rats were maintained on 5% glucose solu-
tion bottles in their cages to prevent hypoglycemia [11]. 
Fasting blood glucose values >7 mmol/L (126 mg/dL) 
were considered diabetic [12].
Experimental design

Before the diabetic rats were feed milk thistle 
and fenugreek seeds, their body weight was recorded 
and blood samples were collected from the tail vein to 
estimate blood glucose, HbA1c, cholesterol, and tri-
glyceride levels. The 20 diabetic rats were randomly 
divided into two groups (10 rats/group) as follows: 
Group 1 (n=10), diabetic rats fed daily with 0.5 g milk 
thistle and 2 g fenugreek seeds per 1 kg of body weight 
per day (~0.5 g fenugreek/rat with 0.125 g milk thistle/
rat/day) for 4 weeks by mixing the ground fenugreek 
and milk thistle with digestive biscuits (sugar free), 
which were prepared as dough (1.5 g) and Group 2 
(n=10), diabetic rats fed standard rodent food with-
out milk thistle and fenugreek seeds for 4 weeks. The 
body weight of the rats was recorded at the 2nd week 
and at the end of the experiment (4th week), and blood 
samples were collected to measure glucose, HbA1c, 
cholesterol, and triglyceride levels.

Blood collection

Blood samples were collected from the 
tail vein, during which a large volume of blood 
(up to 2 mL/withdrawal) was drawn. Briefly, local 
anesthetic cream was applied to the surface of the 
tail for 30 min, and then, the tail was dipped into 
warm water (40°C). A 23G syringe with a needle was 
inserted into the vein, and blood was collected in the 
EDTA Vacutainer tubes [13].
HbA1c test

HbA1c was determined using whole EDTA 
blood. In the test samples, HbA1c was absorbed 
onto the surface of the latex particles, which reacted 
with anti-HbA1c (antigen-antibody reaction) to pro-
vide agglutination. The amount of agglutination was 
measured as the absorbance. The HbA1c value was 
obtained from a calibration curve. The procedure is 
described in the insert (Spectrum, Egypt).
Biochemical analysis

Plasma was separated by centrifugation at 3000 rpm 
for 10 min and then subjected to biochemical analysis. 
The plasma sample was used for the quantitative deter-
mination of glucose using the enzymatic colorimetric 
method (glucose oxidase-peroxidase), of cholesterol 
using the enzymatic colorimetric method (PAP), and of 
triglycerides using the enzymatic colorimetric method 
(glycerol-3-phosphate oxidase) level in blood using 
commercial kits (Arcomex, Jordan). The procedure fol-
lowed the instructions described in the kits [14].
Statistical analysis

Data were presented as mean±SD of three par-
allel measurements. Statistical significance was 
assessed by t-test (using two-tailed distribution) using 
SPSS software version 20.0 (SPSS Inc., Chicago, IL). 
p<0.05 was set as statistically significant.
Results

Diabetes induction with alloxan was associ-
ated with body weight loss and elevated levels of 

Figure-1: Body weight, blood glucose, glycosylated 
hemoglobin, serum cholesterol, and serum triglyceride in 
alloxan-induced diabetic rats. In pre-treatment.
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glucose, HbA1c, cholesterol, and triglyceride levels. 
In contrast to pre-treatment findings (Figure-1), 
oral administration of 0.5 g/kg milk thistle and 
2 g/kg fenugreek seeds per day (~0.5 g fenugreek/
rat with 0.125 g milk thistle/rat per day) for 2 weeks 
resulted in a significant reduction in blood glucose 
(271.80±35.60 vs. 415.80±29.10 mg/dL; p<0.01), 
HbA1c (5.21±0.35% vs. 7.61±0.4%; p<0.001), choles-
terol (275.90±6.50 vs. 316.20±9.80 mg/dL; p<0.01), 
and triglyceride (235.70±6.86 vs. 270.10±6.99 mg/
dL; p<0.05) levels in alloxan-induced diabetic rats 
and led to a significant improvement in the body 
weight of diabetic rats (270.20±9.90 vs. 213.70±21.70 
g; p<0.05; Figure-2; Table-1). 

After 4 weeks of oral administration of seeds, 
this ameliorative effect was significantly elevated for 
blood glucose (155.00±9.70 vs. 427.50±5.70 mg/dL; 

p<0.001), HbA1c (5.50±0.19% vs. 13.65±1.77%; 
p<0.001), cholesterol (281.50±10.95 vs. 
334.30±6.80 mg/dL; p<0.001), triglyceride (239.60±6.87 
vs. 284.20±9.95 mg/dL; p<0.01), and body weight 
(265.30±8.10 vs. 207.40±11.40 g; p<0.01) of diabetic 
rats (Figure-3; Table-1). Table-2 presents the decrease 
or increase in the percentage of body weight, glucose, 
HbA1c, cholesterol, and triglycerides in the treated dia-
betic rats as compared with the diabetic control group.
Discussion

DM is a growing health problem in most countries. 
It is a major and chronic endocrine disorder caused by 
acquired and/or inherited deficiency in insulin production 
by the pancreas or by secreted insulin ineffectiveness. In 
addition, DM is associated with many complications, 
such as neuropathy, kidney disease, retinopathy, and 
heart disease [15]. Although several drugs are used to 
reduce hyperglycemia, such as α-glucosidase inhibitors, 
metformin, and sulfonylureas, diabetes and its linked 
complications still constitute important medical prob-
lems [16]. Many natural medicinal plants and herbs have 
strong antidiabetic properties and are safe, relatively 
non-toxic, and even free from serious side effects [9]. 

Results of this study revealed that in alloxan-in-
duced diabetic rats, oral administration of 0.5 g/kg 
milk thistle and 2 g/kg fenugreek seeds per day for 
2 weeks caused a significant reduction in blood glu-
cose, HbA1c, cholesterol, and triglyceride levels and 
a significant improvement the body weight. This 
ameliorative effect was significantly elevated after 4 
weeks of oral administration of seeds. These results 
further suggest that milk thistle and fenugreek seeds 
could be used as a potential treatment for diabetes.

The results of many studies using diabetic exper-
imental models have demonstrated that milk thistle 

Figure-2: After 2 weeks of oral administration of 0.5 g/kg 
milk thistle and 2 g/kg fenugreek seeds per day, there 
was a significant improvement in the body weight, blood 
glucose, glycosylated hemoglobin, serum cholesterol, and 
serum triglyceride in alloxan-induced diabetic rats.

Table-1: Changes in body weight, blood glucose, HbA1c, serum cholesterol, and serum triglyceride in alloxan-induced 
diabetic rats after oral administration of 0.5 g/kg milk thistle and 2 g/kg fenugreek seeds per day.

Loss of weight Diabetes tests Lipid tests

Body weight (g) Glucose (mg/dL) HbA1c (%) Cholesterol (mg/dL) Triglyceride (mg/dL)

C T C T C T C T C T

Changes after 2 weeks (%)
−24.50 −6.30 +3.50 −33.90 +55.30 +5.89 +25.90 +8.70 +30.70 +12.20
Changes after 4 weeks (%)
−26.80 −8.00 +6.40 −62.30 +178.60 +11.70 +32.40 +10.90 +37.60 +14.10

C=Control, T=Treated, +=Increase, −=Decrease. Significantly different from control by *P<0.05, **P<0.01,  
***P<0.001, HbA1c=Glycosylated hemoglobin

Table-2: Decrease or increase the percentage of body weight, glucose, HbA1c, cholesterol, and triglyceride in treated 
diabetic rats comparing with non-treated diabetic control group.

Loss of weight Diabetes tests Lipid tests

Body weight (g) Glucose (mg/dL) HbA1c (%) Cholesterol (mg/dL) Triglyceride (mg/dL)

After 2 weeks (%)
+26.40 −34.63 −31.53 −12.74 −12.73
After 4 weeks (%)
+27.90 −63.70 −59.70 −15.79 −15.69

+=Increase, −=Decrease, HbA1c=Glycosylated hemoglobin
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plant seeds or extracts have an overall beneficial effect 
on weight, glucose level, and lipid profile [17-19]. It 
was suggested that by triggering the gut–brain–liver 
axis, milk thistle has functional potential as an antidia-
betic food ingredient. In this study, findings revealed a 
significant inhibition of blood glucose in diabetic rats 
administrated milk thistle for 4 weeks. In addition, 
the activation of neurons in the nucleus of the soli-
tary tract and expression of glucagon-like peptide-1 
receptor in the duodenum increased, whereas hepatic 
glucose production decreased after milk thistle admin-
istration [19].

On the other hand, peroxisome proliferator-ac-
tivated receptor γ (PPAR-γ), the molecular target of 
thiazolidinediones, is used clinically as an insulin 
sensitizer to lower blood glucose levels in diabetic 
patients. A substance from milk thistle has been shown 
to possess PPAR-γ agonist properties. Studies indicated 
that partial PPAR-γ agonism induces promising activ-
ity patterns by retaining the positive effects attributed 
to the full agonists, with reduced side effects [6]. 

Moreover, in hypercholesterolemic rats, treat-
ment with milk thistle had a significant ameliorative 
effect on lipid profile, and it decreased both serum and 
hepatic total cholesterol, triglycerides, very low-den-
sity lipoprotein cholesterol, and low-density lipopro-
tein cholesterol and increased high-density lipoprotein 
cholesterol [17]. Milk thistle has also demonstrated 
beneficial effects on several diabetic complications, 
including non-alcoholic steatohepatitis, diabetic 
nephropathy, and diabetic neuropathy mainly by 
means of its antioxidant properties [6]. 

Preliminary human [20,21] and animal [22-24] 
trials have suggested the possible hypoglycemic effect 
and antihyperlipidemic properties of oral fenugreek 
seeds. Fenugreek seeds have also previously been 
shown to have hypocholesterolemic and hypoglyce-
mic effects on diabetic patients and experimental dia-
betic animals [25]. 

Like insulin, fenugreek also induces phosphor-
ylation of the insulin tyrosine kinase receptor in 
adipocytes and liver cells [26]. In addition, the cir-
culating antioxidant activity of fenugreek has been 
reported through the significant decrease in lipid 
peroxide level, which exerts beneficial effects on the 
increased oxidative stress in diabetic patients [27,28]. 
Phytochemical screening demonstrated that fenu-
greek contains trigocoumarin, trigonelline, and trime-
coumarine alkaloids, which have antihyperglycemic 
effects [28]. Fenugreek seed fibers also decrease the 
glucose absorption rate and may delay gastric empty-
ing, thereby preventing a rise in blood glucose levels 
after a meal [29]. In diabetic patients, fenugreek guar 
gum prevents the rapid uptake of glucose in the small 
intestine, aids in blood glucoses retention, and may 
also be effective in the treatment of hypercholester-
olemia [30]. Moreover, seed fibers contain an amino 
acid, 4-hydroxyisoleucine, that stimulates insulin 
secretion, because the cells are more sensitive to insu-
lin, and increases the number of insulin receptor sites 
to burn cellular glucose [31]. Fenugreek seed extracts 
have also been reported to exhibit antidiabetic poten-
tial by protecting β-cells and restoring the function of 
pancreatic tissue, elevating the serum insulin level, 
possibly through stimulation of insulin release from 
existing β-cells of islets or by β-cell regeneration, and 
stimulating glycogen synthetase activity [9]. 
Conclusion

Our study demonstrated that the oral administra-
tion of dried milk thistle and fenugreek seeds is asso-
ciated with hypoglycemic and hypolipidemic effects 
and they can be used as natural compounds suitable 
for the development of new antidiabetic drugs.
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