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ABSTRACT 
Background: Metabolic syndrome (MetS) is a medical condition associated with several health issues, including 
insulin resistance, obesity, hypertension, and dyslipidemia. Individuals with MetS, particularly older adult suffer 
from many chronic diseases, including cardiovascular diseases (CVD), type 2 diabetes mellitus (T2DM), and 
hypertension. Trifolium repens (T. repens), known as white clover (flowers and seeds), is a traditional medicinal 
plant used in Egypt and other countries. Its flower nectar is a precursor to honey bees. The flower extracts, 
prepared using water and ethanol (WT and ET), contain numerous acidic phenols and flavonoid compounds with 
antioxidant and anti-inflammatory properties. Therefore, this study aimed to evaluate the effects of T. repens 
flower extracts on oxidative and inflammatory markers and compare them with those of metformin (MF) in rats 
with experimentally induced MetS. 
Methods: This study involved 42 male albino rats weighing 120–150 g. Six rats were used as controls. MetS was 
induced in 36 male rats by providing 30% a high-fat diet and a 10% fructose solution in their drinking water for 
12 weeks. From the beginning of week nine, the MetS-induced rats were categorized into six groups: MetS 
positive control, MetS + WT50 and 100, MetS + ET50 and 100, and MetS + MF (200mg/kg) as the reference 
group. At the end of week 12, blood samples were drawn for biochemical examination. Liver tissue was harvested 
for histological examination and used for semi-quantitative scoring of steatosis, fibrosis, and inflammation. 
Results: Rats with MetS had higher body and organ weights (liver and internal fat), as well as elevated relative 
organ weights. Biochemical indicators, including liver function tests, were elevated, specifically alanine 
aminotransferase (ALT) and aspartate aminotransferase (AST) activities. Additionally, increased blood levels of 
the oxidative stress (OS) marker (MDA) were observed, alongside decreased antioxidant markers, such as 
glutathione (GSH) and glutathione peroxidase (GSHpx) activity, in rats with MetS. Inflammatory markers, 
including tumor necrosis factor-α (TNF-α) and C-reactive Protein (CRP), were substantially elevated and linked 
to a decrease in the anti-inflammatory marker interleukin-10 (IL-10) in the MetS group. Treatment with T. repense 
improved the last biochemical parameters. Histologically, MetS showed steatosis, ballooning degeneration, and 
inflammatory infiltration. The most improved histopathological analyses showed less liver damage in MetS + 
ET100, followed by MetS + WT100, and then MetS + MF rats than in untreated MetS rats. 
Conclusion: Trifolium flower extracts reduced symptoms of metabolic syndrome by lowering oxidative stress, 
inflammatory markers, and pathological liver changes. These findings suggest that Trifolium extract could be 
used for the non-pharmaceutical management of metabolic syndromes. 
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rats 
How to cite this article: Elpasty SSA, El-Gendy AM, Mohamed AK, Alkot AMF. Attenuation of Metabolic 
Syndrome by Trifolium repens Flower Extracts via Antioxidant and Anti-inflammatory Mechanisms in Male 
Albino Rats. Int J Drug Deliv Technol. 2026;16(22s): 269-285. DOI: 10.25258/ijddt.16.22s.29 
Source of support: Nil. 
Conflict of interest: None 
Graphical abstract  



Attenuation of metabolic syndrome by Trifolium repens Flower Extracts via Antioxidant and Anti-
inflammatory mechanisms in male albino rats. 

 

IJDDT, Volume 16 Issue 22s, 2026 Page 270 

 

 
 
Introduction 

Metabolic syndrome is a major public health 
issue that requires attention as it is significantly 
increasing worldwide (1,2). It is categorized as a 
group of distinct metabolic risk factors rather than 
as a disease. These include abdominal obesity, 
elevated triglyceride levels (hypertriglyceridemia), 
high blood sugar levels (hyperglycemia), and low 
levels of high-density lipoprotein- cholesterol 
(HDL-C) (3). The presence of these specific risk 
factors can significantly increase the risk of hepatic 
steatosis (1). The rising incidence of MetS is 
associated with obesity, which is a major public 
health concern in the twenty-first century (2). A 
complex interplay of lifestyle, environmental, and 
hereditary factors contributes to MetS. So, lifestyle 
changes are necessary for managing MetS. Regular 
exercise, healthy eating, and weight loss are 
essential components of effective treatment (4). 

All over the world MetS is increased yearly 
among Arab populations, the MetS estimates are 
39.8% according to the Adult Treatment Panel III 
(ATP III) criteria, 31.6% according to the 
International Diabetes Federation (IDF) criteria in 
Saudi Arabia, 17% in Oman, 40.5% in the United 
Arab Emirates (UAE) (5),30% in Tunisia, and 36.3% 
in Jordan (6). In Egypt, the prevalence is 38.7% in 

men, 46.2% in women, and 42.5% in the general 
population (6)(7). As the proportion of elderly and 
senior populations continues to rise, the incidence of 
MetS is anticipated to increase. This trend is 
expected to lead to a substantial increase in 
healthcare expenditures for both outpatient and 
inpatient medical services (8). MetS significantly 
leads to the development and progression of CVD, 
T2DT, hypertension and inflammation (9).  

HFD is a typical dietary pattern in which 
lipids account for at least 35% of total calories (10). 
There is growing evidence that HFD-induced 
inflammation hinders the metabolism of both energy 
and lipids, leads to insulin resistance, and promotes 
the development of atherosclerotic plaques and 
thrombi (11). MetS models have been created using a 
variety of high-fat diets, including plant oils (e.g., 
soybean and maize oils) and animal fats (e.g., lard 
and butter). Dietary models with 30–70% diet-fat 
content increase blood levels of free fatty acids, 
body weight, and promote insulin resistance, 
dyslipidemia, and hyperglycemia (12,13). 

The liver performs several functions, 
including primary detoxification of various 
metabolites and the synthesis of proteins, which play 
a significant role in regulating the body's 
metabolism (14) (15). Liver function tests are ordered 
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for inpatients and outpatients with suspected liver 
disease. Elevated ALT and AST levels indicate 
hepatocellular disease (15). Oxidative stress is 
implicated in acute and chronic liver injury and the 
pathogenesis of prevalent infectious or metabolic 
liver diseases, such as alcoholic fatty liver disease 
and non-alcoholic fatty liver disease (NAFLD). 
Moreover, OS plays a crucial role in the progression 
of liver disease to liver fibrosis, cirrhosis, and 
hepatocellular carcinoma (HCC) (16). The ability of 
HFD to modify inflammation may increase the risk 
of human diseases (17). In metabolic syndrome, 
chronic inflammation is triggered by TNF-α, a 
detrimental adipokine produced by enlarged 
adipocytes. Elevated CRP levels are often associated 
with infections, tissue damage, and various 
inflammatory conditions (18). Conversely, IL-10 is a 
key anti-inflammatory cytokine that plays an 
essential role in controlling immune responses and 
maintaining immune balance, which increases 
inflammation (19) .  

 However, according to World Health 
Organization (WHO) assessments, 80% of people 
prefer plant-based remedies for conditions such as 
diabetes, OS, cancer, and respiratory and 
dermatological disorders (20).  Biochemical 
substances found in abundance in plants, including 
phenols, fatty acids, saponins, essential oils, and 
alkaloids, have been shown to have therapeutic 
benefits but have received less research attention (21). 
Although Trifolium species have not been highly 
valued, interest in them has increased recently (22). 
Biologically active substances, such as phenolic 
acids and isoflavones, are abundant in Trifolium 
species which can be extracted by water or organic 
solvent (ethanol)  (23). Therefore, this study aimed to 
determine whether Trifolium extracts reduce OS and 
inflammation and protect liver histological structure 
in rats with MetS.  
 
2-Materials and methods  
2.1. Trifolium repens Flowers Collection and 
Extraction  

Clover flowers were gathered from the 
Dakahlia Governorate. Following two rounds of 
washing with distilled water, the samples were dried 
in ambient air at room temperature. The weights 
were then recorded. Water and ethanolic (300 g 
each) extractions of T. repens flowers were 
performed at the Regional Center for Mycology and 
Biotechnology (RCMB) at Al-Azhar University. 
The Folin-Ciocalteu reagent (FCR) method was 

used to calculate the total phenolic content (TPC) 
(24), and the antioxidant activity of the extract was 
assessed in triplicate using the DPPH free radical-
scavenging test. The mean values were considered 
(25). To avoid deterioration, the concentrated extracts 
were labeled and stored in a refrigerator at 4 °C. 
2.2. Metabolic Syndrome Induction and 
Experimental Design 

Forty-two adult male albino rats weighing 
between 120 and 150 g were purchased from El-Nile 
Company for Pharmaceutical Products, Cairo, 
Egypt.  The rats were housed in suitable cages 
measuring 40 × 32 × 40 cm, with a 12/12 light-dark 
cycle, regulated humidity, and a temperature of 22 ± 
2 °C. The Al-Azhar University Animal Care 
Committee approved all surgeries.  They were also 
given full access to water to help them acclimate 
before the two-week-long experiment began. 
Throughout the experiment, six rats were fed a 
regular diet and constituted the control group (Group 
1).36 rats were fed HFD with the following 
macronutrient composition: 30 % fat (butter), 18 % 
protein, and 52% carbohydrates (26). Additionally, 
the rats received 10% fructose in their drinking 
water (27) for three months to induce MetS. Before 
the final month of the experiment, the rats were 
divided into six groups as follows: 
Group 2 (MetS, positive control): continued on HFD 
and 10% fructose in drinking water throughout the 
entire experimental period (last 4 weeks) without 
any treatment. 
Group 3 (WT50) was fed as group 2 and treated with 
water extract at a dose of 50 mg/kg body weight 
(Bwt). 
Group 4 (ET 50) was fed as group 2 and treated with 
ethanolic extract at a dose of 50 mg/kg body weight 
(Bwt). 
Group 5 (WT100):was fed as group 2 and treated 
with water extract at a dose of 100 mg/kg body 
weight (Bwt). 
Group 6 (ET100): was fed as group 2 and treated 
with ethanolic extract at a dose of 100 mg/kg body 
weight (Bwt). 
Group 7(MF): was fed as group 2 and treated with a 
reference drug, metformin (MF) at a dose of 200 
mg/kg Bwt(28). 
All treatments were performed daily using a gastric 
tube, starting from the beginning of the third month. 
2.3. Body weight assessment  
    Initial and final Bwts evaluations (g)were 
conducted, and the animals were weighed weekly. 
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The following formula was used to calculate the 
percentage (%) change in Bwt (29): 
%change of the Bwt =!"#$%	'()*"#")"$%	'()

"#")"$%	'()	
×100 

 

     At the end of the study period, the body and organ 
weights (liver and internal fat) were measured. 
Relative organ weights (liver and internal fat)  were 
calculated as a percentage using the following 
formula: Relative organ weight (%) = organ weight 
(g)/body weight (g) × 100 (30). 
2.4. Blood Collection and Biochemical 
Measurements  
     The rats had unrestricted access to drinking water 
and underwent a 12-hour fasting period at the end of 
the 12-week study in the Medical Physiology 
Laboratory, Faculty of Medicine, Al Azhar 
University (boys' branch), Cairo, Egypt. 
Heparinized capillary tubes were used to draw blood 
from the retroorbital venous plexus of each rat’s eye. 
From each rat, blood was collected in clean, dry 
glass tubes. Serum was separated from each blood 
sample by centrifugation for ten minutes at 3000 
RPM.  Supernatants were collected in Eppendorf 
tubes and stored at -20°C till analysis. 
All biochemical measurements were done using kits 
from Biodiagnostic Company, Cairo, Egypt. 
2.4.1 Liver Function Enzymes activity 
     The activities of AST as well as ALT were 
measured by Tietz [31],  
2.4.2. Redox State Parameters. 
     Malondialdehyde (MDA), one of the 
peroxidation end products formed by the reaction of 
fatty acids with free radicals, was measured 
spectrophotometrically according to Placer et al. (32). 
GSH was assessed spectrophotometrically, 
following the method outlined by Beutler et al. (33). 
GSH-Px activity was determined using the method 
described by Paglia and Valentine (34). 
2.4.3. Inflammatory Process parameters: 

An enzyme-linked immunosorbent test 
(ELISA) was used to determine both TNF-α (35) 
and IL-10 (36) levels. CRP was measured 
according to Kasperska et al. (37) by the 
turbidimetric latex agglutination method. 
 All kits were purchased from Biodiagnostic 
Company. (Cairo, Egypt) . 

 
2.5. Histological Examination 
     Autopsy samples from the livers of different 
groups of rats were submerged for 48 h in a 10% 
formalin solution. After washing with tap water, the 
samples were serially dehydrated with ethyl alcohol. 

After clearing in xylene, the specimens were 
embedded in paraffin wax for tissue block 
preparation. These blocks were sectioned at 4 µm 
using a rotary LEITZ microtome. Following paraffin 
removal, the tissue sections were placed on glass 
slides and stained with hematoxylin and 
eosin(H&E) (38). Histological examinations were 
performed at RCMB (Al-Azhar University, Cairo, 
Egypt) using a LABOMED Fluorescence light 
microscope LX400 (cat no: 9126000; USA) (39).   
2.5.1. Histopathological Scoring: A semi-
quantitative scoring system was used in liver 
sections to rate the extent of steatosis, fibrosis, and 
inflammatory infiltration on a scale of 0 to 3, with 0 
absent, 1 mild, 2 moderate, and 3 severe (40).  
 
2.6.Statistical analysis  
    Each set of six rats is represented as the mean ± 
standard error (SE) of the biochemical data. The  
Statistics Package for the Social Sciences( SPSS) 
statistical software, version 25, was used to analyze 
differences between the control group and the 
control-positive group, as well as between the 
control-positive group and each of the treatment 
groups. One-way analysis of variance (ANOVA) 
followed by an independent t-test was employed to 
assess the data.  A p-value of < 0.05 was considered 
statistically significant. It was highly significant 
when the p-value < 0.01. 
3-RESULTS  
    3.1. Extraction of T. repens 
The extraction yield of T. repens flowers revealed 
that the ethanolic extract yield (29.62 g/kg) was 
higher than that of the water extract (24.43 g/kg) 
(Table 1). 
Table 1: Extraction yield (g/kg) and total phenolic 
content (mg gallic acid/g) in T. repens flowers. 

Sample  Extraction yield 
(g/Kg) (±) SE 

Total 
phenoli

c 
content 
(mg/g) 
(±) SE 

Water 
Extract  

24.43±0.95 65.04±1
.69 

Alcoholic 
Extract  

29.62±1.06 74.13±2
.05 

     High-performance liquid Chromatography 
(HPLC) analyzed T. repens of water flower extract 
identified Caffeic acid> Gallic 
acid>Naringenin>Vanillin>quercetin> chlorogenic 
acid>Rutin>Hesperetin>Kaempferol>Rosmarinic 
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acid>Methyl 
gallate>Pyrocatechol>Catechin>Ferulic 
acid>Coumaric acid>Daidzein >Cinnamic acid. 
While HPLC in T.repens ethanolic flower extract 
revealed ordered as follows: Caffeic acid 
>Naringenin > chlorogenic acid>Rutin 
>Kaempferol > Gallic acid>Catechin >quercetin 
>Vanillin Methyl gallate >Ferulic acid >Cinnamic 
acid >Rosmarinic acid >Daidzein Pyrocatechol 
>Hesperetin >Coumaric acid. (Table 2). 
Table 2: HPLC fractions of the water and ethanolic 
extracts of T. repens. 

Name Water 
sample 

(Conc.µg/g) 

Ethanolic 
sample 

(Conc.µg/g) 
Caffeic acid 
Catechin 
Chlorogenic 
acid 
Cinnamic 
acid 
Coumaric 
acid 
Daidzein 
Ferulic acid 
Gallic acid 
Hesperetin 
Kaempferol 
Methyl 
gallate 
Naringenin 
Pyro 
catechol 
Querectin 
Rosmarinic 
acid 
Rutin 
Vanillin 

4286.67 
28.97 
446.89 
4.60 
21.04 
16.86 
25.58 

1341.79 
220.80 
176.99 
72.34 

1260.79 
61.81 
646.19 
157.50 
280.74 
659.61 

17592.53 
806.59 
2612.33 
338.95 
88.68 
211.59 
448.43 
1271.10 
89.23 

1424.33 
452.19 
5135.69 
99.02 
770.37 
281.68 
1940.97 
576.06 

 
3.2. Morphological Results  
    3.2.1. Body Weight Assessment:  
    The initial body weights of the groups did not 
differ significantly.  BW increased substantially (P 
< 0.05) after two months of MetS induction 
compared to the control group. After one month of 
treatment, MetS-induced rats still recorded higher 
body weight compared to the control group, while 
MetS-induced rats treated with different T. repens 
flower extracts and MF showed a highly significant 
decrease (P < 0.01) in the final body weight 
compared with those in the MetS-induced group 
(Table 3). 

 
3.2.2. Liver absolute and relative weights 
    After 12 weeks of the experiment, the absolute 
and relative liver weights were significantly higher 
(P < 0.01) in the MetS group than in the control 
group. In contrast, relative liver weights were 
significantly decreased (P < 0.01) in all MetS-
induced treated (T repens extracts or MF) groups 
compared to the MetS-induced group only (Table 
3).  
3.2.3. Fat Absolute and relative weights 
     There were highly significant increases (P < 
0.01) in absolute and relative fat weights in the MetS 
group compared to those in the control group, but 
absolute and relative fat weights were significantly 
decreased (P < 0.01) in all treated groups (T repens 
extracts or MF) compared to those in the MetS group 
(Table 3).  
 
Table 3: Initial, final body weights (g), percentage 
body weight change, liver and fat absolute (g), and 
relative weights (%) in the control, MetS, and 
different treatment groups. 

Para
mete

r 

Cont
rol 

Met
S 

MetS
+ 

WT 
50 

MetS
+ET
50 

MetS
+WT
100 

MetS
+ET
100  

MetS
+MF 

Initi
al 

body 
weig

ht 

142.0
0±4.
24 

138.
00±3
.01 

140.0
0±2.4

0 

138.0
0±2.8

8 

140.0
0±2.8

4 

141.6
7±4.2

6 

140.0
0±3.7

0 

Fina
l 

body 
weig

ht 
  

272.0
0±10
.79 

295.
00±3
.83* 

262.5
0±8.8

7++ 

262.3
3±8.9

0++ 

238.1
7±5.2

9++ 

252.6
7±4.5

0++ 

219.0
0±4.3

3++ 

Bod
ywei
ght 
chan
ge 
  
%  

 
8.46
% 

-
11.02

% 

-
11.07

% 

-
19.26

% 

-
14.35

% 

-
25.76

% 

Abs
olute 
liver 

5.80
±0.1 

5  

7.77
±0.5
4 **  

7.30±
0.55 

6.93±
0.57 

6.05±
0.15  

7.02±
0.17 

6.73±
0.29  
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The 
relat
ive 

weig
ht of 
the 

liver 

2.20
±0.0 

7  

3.03
±0.0
2 **  

2.27±
0.10+

+ 

2.40±
0.06+ 

+  

2.45±
0.02+

+  

2.40±
0.03+ 

+  

2.40±
0.06 
++  

Abs
olute 
fat  

3.62
±0.1

9  

7.87
±0.2
3 **  

5.87±
0.35+

+  

4.38±
0.17+

+  

3.08±
.05++  

3.72±
0.16+ 

+  

2.17±
0.22 
++  

The 
Rela
tive 
weig
ht of 
fat  

1.02
±0.0. 

09   

3.03
±0.0
3 **  

2.27±
0.10 
++  

1.48±
0.0.0
7 ++  

1.27±
0.03+

+  

1.62±
0.07+ 

+ 

0.90±
0.01 
++  

 
The values represent the mean ±SE of six rats in 
each group.  Using ANOVA and t-test, *p<0.05, 
**P<0.01 when compared to the control group, and 
+p<0.05, ++p<0.01 when compared to the MetS 
group.  
 
 
 
Table 4: Liver function enzyme activities in the 
control, MetS, and different treatment groups. 

Pa
ra
me
ter 

C
on
tr
ol 

Me
tS 

Me
tS+ 
W
T 
50 

Me
tS+
ET
50 

Me
tS+
WT
100 

Me
tS+
ET
100  

Me
tS+
M
F 

AS
T(
U/
L) 

93
.2
±1
.4
2 

120
.00
±4.
43*

* 

91.
00
±6.
31+

+ 

86.23

±2.6

1++ 

84.20

±3.26

++ 

83.20

±5.57

++ 

90.
02
±1.
47+

+ 

A
LT
(U
/L) 

31
.4
±1
.7
0 

44.
83±
1.0
7** 

31.
60
±1.
61+

+ 

28.03

±1.8

9++ 

28.20

±1.86

++ 

27.
10±
1.9
3++ 

26.
00
±2.
59+

+ 

The values represent the mean ±SE of six rats in 
each group.  Using ANOVA and t-test, *p<0.05, 
**P<0.01 when compared to the control group, and 
+p<0.05, ++p<0.01 when compared to the MetS 
group.  
3.2.4. Redox State Parameters 
      MDA levels were substantially higher (P<0.01) 
in the MetS group than in the normal group, but 
there was a highly significant increase (P<0.01) in 

all treated groups compared to the MetS group. 
Although GSH level was not significantly different, 
it decreased in the MetS group compared to the 
normal group, but increased in all treated groups in 
comparison with the MetS induction group. GSHpx 
was also measured. All treated groups exhibited a 
substantial increase (P < 0.01), in contrast to the 
MetS induction group, while the MetS induction 
group demonstrated a highly significant reduction (P 
< 0.01) relative to the normal group (Table 8). 
 
Table 5: serum malondialdehyde, glutathione, and 
glutathione peroxidase activity in control, MetS, and 
different treatment groups. 

Pa
ra
me
ter 

Co
nt
rol 

Me
tS 

Me
tS+ 
W
T 
50 

Me
tS+
ET
50 

Me
tS+
W
T1
00 

Me
tS+
ET
100  

Me
tS+
M
F 

M
D
A 
(n
mo
l/m
g) 

2.
33
±0
.1
5 

3.0
5±
0.1
6** 

 

2.8
7±
0.1
8++ 

2.0
3±
0.1
9++ 

2.1
±0.
18+

+ 

2.0
0±
0.1
7++ 

2.0
5±
0.1
8++ 

GS
H 
Re
d 
(n
mo
l/m
g)  

24
.0
0±
2.
02  

20.
06
±1.
72 

21.
78
±1.
9 

22.
38
±1.
9 

23.
6±1
.7 

25.
2±
1.8 

26
±1.
5  

GS
Hp
x(
U/
L) 

26
.8
0±
0.
75 

17.
27
±0.
05
** 

28.
38
±0.
11
++ 

28.
00
±0.
13
++ 

29.
20±
0.2
2+
+ 

29.
20
±0.
22
++ 

26.
92
±0.
11
++ 

The values represent the mean ±SE of six rats in 
each group.  Using ANOVA and t-test, *p<0.05, 
**P<0.01 when compared to the control group, and 
+p<0.05, ++p<0.01 when compared to the MetS 
group.  
3.2.5. Inflammatory Process parameters 
    TNF-α and CRP levels in the MetS induction 

group were significantly higher (P < 0.01) 
than those in the normal group. In contrast 
to the MetS induction group, there was a 
significant reduction (P < 0.05) in TNF-α 
levels in the MetS+ET100 and MetS+MF 
groups and a significant reduction (P < 
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0.05) in CRP levels in all treated groups. In 
contrast to the MetS induction group, there 
was a substantial increase (P < 0.05) in 
MetS+WT100, MetS+ET100, and 
MetS+MF in IL-10, but a significant 
decrease (P < 0.05) in MetS (Table 8). 

 
Table 6: serum TNF-α, C-reactive protein, and IL-
10 in the control, MetS, and different treatment 
groups. 

Par
am
eter 

C
on
tr
ol 

Me
tS 

M
et
S+ 
W
T5
0 

Me
tS+
ET
50 

Met
S+

WT
100 

Me
tS+
ET
100  

M
et
S+
M
F 

TN
F-α 
(pg/
ml)  

4.
50
±0
.1
8 

5.9
2±
0.1
1** 

5.2
8±
0.2
3+ 

4.6
6±
0.1
2+ 

4.30
±0.
17+ 

4.2
±0.
18+ 

4.3
2±
0.1
7+ 

CR
P 

(mg
/l) 

3.
58
±0
.2
6 

5.6
8±
0.2
** 

4.6
2±
0.1
8+ 

4.6
8±
0.1
3+ 

4.10
±0.
10+ 

4.1
8±0
.19+ 

4.4
4±
0.1
5+ 

Inte
rleu
kinI
L-
10(
pg/
ml) 

2.
96
±0
.1
4 

2.3
4±
0.1
2* 

2.8
6±
0.1
0 

2.9
4±
0.1
6 

3.11
±0.
13+ 

3.1
2±0
.15+ 

3.1
0±
0.1
3+ 

The values represent the mean ±SE of six rats in 
each group.  Using ANOVA and t-test, *p<0.05, 
**P<0.01 when compared to the control group, and 
+p<0.05, ++p<0.01 when compared to the MetS 
group.  
3.2.6.Histological Scoring  
As shown in Table 7, a highly significant increase (P 
< 0.01) in liver steatosis was observed in the MetS 
group compared with the normal group. In contrast, 
all treated groups showed a highly significant 
decrease (P < 0.01) compared with the MetS-
induced group.  
Fibrosis: A highly significant increase in fibrosis (P 
< 0.01) was observed in the liver sections of the 
MetS-induced group compared to the normal group. 
In contrast, a highly significant reduction (P < 0.01) 
was observed in all treated groups compared with 
the MetS-induced group.  

Inflammatory infiltration: A highly significant 
increase (P < 0.01) was observed in the MetS group 
compared to the normal group, whereas a highly 
significant reduction (P < 0.01) was observed in all 
treated groups compared to the MetS group. 
Table 7: Semi-quantitative morphometric 
analysis of liver sections in the control, MetS, and 
different treated groups. 
 

Para
meter 

Con
trol 

Met
S 

 
MetS
+WT1
00 

 
MetS
+ET1
00  

Met
S+M

F 

Degre
e of 

steato
sis  

0.33
±0.2

1 

3.00
±0.0
0** 

1.33±
0.21++ 

0.67±0.2

1++ 

0.67
±0.2
1++ 

Fibro
sis 

 
0.00
±0.0

0 
 

2.67
±0.2
1** 

2.00±0.00

++ 
1.00±
0.00++ 

0.65
±0.2
2++ 

Infla
mmat
ory 

infiltr
ation 

0.33
±0.2

1 

3.00
±0.0
0** 

1.33±
0.21++ 

0.67±0.2

1++ 

0.67
±0.2
1++ 

The values represent the mean ±SE of six rats in 
each group.  Using ANOVA and t-test, *p<0.05, 
**P<0.01 when compared to the control group, and 
+p<0.05, ++p<0.01 when compared to the MetS 
group.  
3.4. Light microscopic results  
3.4. Light microscopic results  
The histopathological results of the liver 
Figure 1 showed  Normal architecture of liver 
tissue components in basic hepatic lobules. 
Hepatocytes are arranged in radial cords around a 
central vein and separated by blood sinusoids. a 
central vein (CV) surrounded by an inflammatory 
infiltrate. Hepatocyte with an enlarged nucleus and 
steatosis (lipid accumulation ). Dilated hepatic 
portal area with inflammatory cell infiltration, 
along with ballooning degeneration of hepatocytes, 
is shown in Figure 2A, B. Mild lymphoplasmacytic 
infiltrates were observed in the perivascular and 
periportal regions. A central vein surrounded by 
mildly normal hepatocytes and reduced-swelling 
hepatocytes compared to the positive control 
group. The hepatic duct and hepatic portal vein 
appear dilated. Hepatocytes with less inflammatory 
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infiltration compared to the positive control group, 
as observed in Figure 3C, D. Treatment group (ET 
100) hepatocytes appear near normal hepatocytes, 
where a central vein is surrounded by hepatocytes 
arranged in radiant cords and sinusoids near 
normal. Moreover, the hepatocytes in the less-
infiltrated group were compared to the positive 
control group, as shown in Figure 4. Decreased 
infiltration, especially in the perivascular region. 
Infiltration is decreased compared to the positive 
control group 
 
Figure 1: Liver section of the control group 
showing Normal appearance, hepatic lobules (H). 
central vein (CV), and blood sinusoids (BS 
).H&E, x400. The image scale bar represents 
100µum. 
 

 
Figure (2A, B): Liver section of MetS (Control 
Positive group) showing a central vein (CV) and 

inflammatory infiltrate ( ). Enlarged nucleus 
(green arrow) and steatosis (black arrow), as seen 
in Figure 2A. Dilated hepatic portal area (HPT) 
with inflammatory cell infiltration (HD), and 
ballooning degeneration (green arrow), is shown in 
Figure 2B. H&E, x400. The scale bar represents 
100 µm. 

 

 
Figure (3C, D): Liver sections of the MetS 
+WT100 group showed A central vein (CV), 
reduced-swelling hepatocytes (green arrow) 
(Figure 3C). The hepatic duct (hd) and portal vein 
(hpv) with less inflammatory infiltration (red 
arrow) (Figure 3C).H&E, x400. The image scale 
bar represents 100µum. 
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Figure (4): Liver sections from the MetS +ET100 
group show anear normal architecture, central vein 
(CV), radiant cords, and sinusoids near normal 
(green arrow) with less infiltration (yellow arrow), 
compared to the positive control group.  H&E, 
x400. The image scale bar represents 100µum. 
 

 
Figure (5): Liver section of the MetS+MF group 
shows an improved number of normal hepatocytes 
(green arrow), and infiltration (red arrow) is 
decreased compared to the positive control group.  
H&E, x400. The image scale bar represents 
100µum. 

 
 
DISCUSSION 

Numerous metabolic abnormalities were 
developed in rats fed HFD and high-fructose 
drinking water.  The last published data from this 
study revealed that the rats had hyperglycemia, 
accompanied by hyperinsulinemia and insulin 
resistance. Additionally, they had 
hypertriglyceridemia and decreased HDL-C levels, 
confirming the induction of MetS (3). This study 
aimed to examine the risks associated with MetS and 
to provide effective strategies for reducing them. 
Medicinal plants contain a wealth of physiologically 
active compounds with a range of pharmacological 
effects on animals.  Approximately 60–80% of the 

global population relies on traditional medical 
practices to treat common ailments.  Additionally, a 
main goal of drug development research is to 
identify plant-based antioxidants that effectively 
neutralize reactive oxygen species (ROS), as plants 
are rich in compounds such as phenols, saponins, 
and fatty acids (41).  

Our findings are consistent with those of 
others, who have shown that HPLC can be used to 
quantify polyphenols in plant extracts. This study 
validated the substantial impact of using alcohol as 
an extraction medium compared to water. Ethanol 
enhances the antioxidant capacity of clover extracts. 
Jakubczyk et al. (42) found that ethanolic extracts 
exhibited superior antioxidant activities compared to 
aqueous extracts. 

Phytochemicals have many health benefits. It 
can normalize BW and fat in mouse and rat models 
of diet-induced MetS (43) and in humans (44). 
Trifolium (Fabaceae) is an important plant species. 
All Trifolium species are recognized for their 
traditional medicinal use (45,46). In the current study, 
HPLC fractionation of T. repens flower extracts ( 
table 2) showed many active biochemical 
compounds, such as phenols (e.g.,  pyrocatechol and 
vanillin), Flavones (like naringenin), flavonols (like 
kaempferol and rutin), phenolic acids (including 
gallic acid, chlorogenic acid, caffeine, coumaric 
acid, ferulic acid, rosmarinic acid, ellagic acid, 
methyl gallate),  isoflavones (e.g.,  daidzein), as well 
as catechin (a flavonoid but not specifically under 
flavones or flavonols), and cinnamic acid (a 
derivative of phenolic acid). These phytochemicals 
could serve as therapeutic agents for addressing the 
side effects of MetS. Previous studies have used 
these phytochemicals to protect against oxidative 
damage and to reduce metabolic and inflammatory 
markers associated with MetS (47). 

Our study revealed the presence of a large 
group of polyphenolic compounds, including 
flavonoids, flavanones(e.g., naringenin and 
hesperetin), and flavonols (e.g., quercetin). The 
presence of unique isoflavonoids (e.g., daidzein) in 
clover plants affects the development of various 
chronic diseases. The bioavailability of daidzein has 
been the subject of numerous investigations, 
including studies on abdominal obesity and 
hypertension in rats (48, 49). Therefore, the 
consumption of isoflavones may impact the 
development of diseases and specific circumstances 
that contribute to the development of metabolic 
syndrome (50).  The primary phenolic molecule 
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identified in our plant, quercetin, exhibits several 
bioactivities, including antibacterial and antioxidant 
properties (51). Its role in the prevention of various 
pathogeneses is attributed to its ability to inhibit OS 
and inflammation, as well as to enhance endogenous 
antioxidant defense mechanisms (52).   

           Our results demonstrated that rats with 
MetS gained more BW than rats in the control 
group. This finding is supported by Marques et al. 
(53) and Moreno-Fernández et al. (54), who found 
significant increases in body weight in Wistar male 
rats after feeding HFD (high-fat/high-sucrose and 
high-fat/high-fructose). These findings may stem 
from an imbalance between energy expenditure and 
uptake, leading to the accumulation of fat in white 
adipose tissue. In the present study, the final body 
weights of MetS-induced rats treated (for one 
month) with T. repens flower extracts (W and E) or 
the MF drug showed a significant reduction in the 
following groups: MetS+W50T, MetS+E50T, 
MetS+W100T, MetS+E100 T, and MetS+MF, 
compared to the MetS group. Rufino et al. (55) found 
that body weight decreased significantly in T. 
repens, suggesting that flavonoids may have anti-
obesity properties. These effects include appetite 
control, reduced meal intake, and decreased 
intestinal fat absorption. 

 After 12 weeks of the experiment, both 
absolute and relative liver weights were higher in 
rats with MetS than in those without MetS. 
Increased levels are associated with lipid 
accumulation in hepatocytes resulting from insulin 
resistance. The influx of free fatty acids into the liver 
stimulates triglyceride synthesis and intracellular fat 
accumulation, leading to larger hepatocytes (56). 
Relative liver weight decreased in all MetS-induced 
groups treated with T. repens (W and E). These 
effects may result from the phenolic compound 
content in the flower extracts, which can serve as a 
source of beneficial bioactive compounds 
(quercetin) with hepatoprotective properties (57). 

      Absolute and relative fat weights increased 
significantly in MetS-induced rats compared with 
the control group, in agreement with Buettner et al. 
(58). They reported that HFD feeding can induce 
obesity, adipose tissue, and metabolic disorders in 
rodents that resemble human MetS. In contrast, 
absolute and relative fat weights significantly 
decreased in all treated groups with T. repens flower 
extract and the MF drug compared with the MetS 
induction group. These results are consistent with 
those of Oliveira et al. (59). The anti-obesity effects 

of flavonoids in T. repens occur by modulating 
proteins, genes, and transcription factors that 
contribute to reduced lipogenesis, increased 
lipolysis, and increased energy expenditure. 
Previous results in this paper indicated that water 
and ethanolic extractions of T. repens positively 
affected body and organ weights, as well as MF, 
according to Jakubczyk et al. (42).  

     In the present study, a significant increase 
in liver enzymes was linked to obesity and its 
associated comorbidities. Metabolically 
dysfunctional steatohepatitis (MASH) is a severe 
form of metabolic dysfunction-associated steatotic 
liver disease (MASLD). These disorders are 
associated with inflammatory changes and liver 
damage (60). Liver enzyme levels are decreased and 
improved in T. repens because this extract contains 
antioxidants, such as phenolic acids (e.g., gallic 
acid), that protect liver cells from damage, as well as 
anti-inflammatory compounds. Its mechanisms 
involve direct free-radical quenching, metal 
chelation, and the upregulation of endogenous 
antioxidant pathways (61). Additionally, naringenin 
is a flavonoid with broad preventive effects against 
liver disease. It causes lipid metabolism, 
inflammation, fibrogenesis, and liver cancer. In 
models of non-alcoholic fatty liver disease, it 
reduces steatosis by regulating lipid and cholesterol 
synthesis and oxidation (62).  

The results of the current study revealed that 
feeding rats a diet containing 30% HFD and 10% 
fructose in drinking water was associated with many 
symptoms of MetS. Histopathological results 
showed that, after 12 weeks of the experiment, 
hepatocytes in rats with MetS exhibited greater 
ballooning than those without MetS. These findings 
concur with those of Perumpail et al. (63), who 
demonstrated a high correlation between the 
characteristics of MetS and nonalcoholic fatty liver 
disease (NAFLD). Increased liver fat is associated 
with steatotic liver disease. The term "hepatic 
steatosis" refers to the accumulation of lipids in 
hepatocytes. This usually occurs when there is an 
imbalance between lipid synthesis and intake, and 
between the export and oxidation processes that 
dispose of them. The liver receives more free fatty 
acids when lipolysis is inhibited, particularly in the 
presence of insulin resistance (64). In the present 
study, liver function improved in all MetS-induced 
groups treated with T. repens (W and E). Several 
isoflavonoids, such as daidzein in the flower 
extracts, possess antioxidant and anti-inflammatory 
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properties and can serve as sources of bioactive 
compounds with hepatoprotective effects, 
potentially reducing liver necrosis (65).   

 
OX results from a high-fat diet, as it increases 

the generation of reactive oxygen species (ROS). 
MDA is a byproduct of lipid peroxidation caused by 
ROS, and elevated MDA levels indicate increased 
oxidative damage (66). This process damages cell 
membranes and other structures, contributing to 
various metabolic disorders (67). GSH-Px is an 
enzyme that helps neutralize ROS by converting 
lipid peroxides and hydrogen peroxide into lipid 
alcohols and water, respectively. A high-fat diet 
increases OS, prompting the body to upregulate 
GSH-Px activity as a protective mechanism. The 
impact of HFD on GSH-Px activity can vary among 
individuals (68). While some tissues may show a 
decrease in activity due to overwhelming OS, others 
may exhibit an increase as part of the body's 
adaptive response to counteract elevated ROS levels 
(69). The current study revealed a decrease in MDA 
levels but an increase in GSH-Px levels in T. repens, 
most likely as a result of caffeic acid (one of the 
components of T. repens). It is a polyphenolic 
compound known to improve redox status. 
According to Pavlíková (70), it contains antioxidants 
that can inhibit obesity-associated inflammation (71). 
Caffeic acid can positively influence the gut 
microbiota, which, in turn, can help reduce OS and 
inflammation. Caffeic acid can improve overall 
metabolic health and reduce the negative effects of 
a HFD (72). The simultaneous decrease in MDA but 
increase in GSH-px reflects a biological response in 
which the body attempts to balance oxidative 
damage (indicated by MDA) with an enhanced 
antioxidant defense (indicated by GSH-px) in 
induced MetS (73). 
MetS is characterized by a chronic, low-grade 
inflammatory state, reflected in elevated levels of 
pro-inflammatory cytokines such as TNF-α and 
CRP, and decreased levels of anti-inflammatory 
cytokines, primarily IL-10. The liver is the primary 
source of CRP production in response to 
inflammatory cytokines, and abdominal obesity and 
increased visceral fat are associated with elevated 
CRP levels in the blood. This is attributed to the 
increased secretion of a group of adipokines with 
inflammatory effects by fat cells, in addition to the 
association of this condition with insulin resistance 
(74). Fat cells are a significant source of TNF-α 
production, and their levels are elevated in the 

adipose and muscle tissues of individuals with 
insulin resistance. TNF-α contributes to disrupting 
the insulin signaling pathway within fat cells and 
inhibits lipoprotein lipase activity, thus limiting fat 
storage and promoting the production of 
triglyceride-rich lipoproteins. This results in 
impaired lipid metabolism and elevated triglyceride 
levels in the blood. In addition, inflammatory 
processes affect insulin sensitivity and the 
regulation of cholesterol uptake and excretion 
within phagocytic cells (75). The anti-inflammatory 
cytokine IL-10, produced in several organs, 
including the spleen, plays a crucial protective role 
against pathological inflammation in the liver. Low 
levels of IL-10 have been linked to an increased risk 
of metabolic syndrome and worsening of liver 
cirrhosis (74). This study has shown that caffeic acid 
(CA), extracted from Trifolium flowers, possesses 
anti-inflammatory properties by reducing OS and 
enhancing antioxidant defenses. It also elevates IL-
10 levels, thereby enhancing its anti-inflammatory 
effect (76,77). 
 
Conclusion:  
Trifolium flower extracts possess antioxidant 
properties; therefore, they can help reduce OS, 
which plays a key role in the development of various 
metabolic disorders, including harmful effects on 
the structure and function of different organs. 
Lowering oxidative stress benefits inflammation by 
decreasing levels of TNF-α and CRP. These 
biochemical improvements were supported by 
histopathological examinations, where Trifolium 
flower extracts were used as a hepatoprotective 
therapeutic in MetS. 

• References 
• Rossi J, Barbalho S, De Araujo R, Bechara 

M, Sloan K, Sloan L. Metabolic syndrome 
and cardiovascular diseases: Going beyond 
traditional risk factors. Diabetes Metab Res 
Rev. (2021);38:e3502. 
https://doi.org/10.1002/dmrr.3502 

• Chen MY, Meng XF, Han YP, Yan JL, 
Xiao C, Qian LB. Profile of crosstalk 
between glucose and lipid metabolic 
disturbance and diabetic cardiomyopathy: 
inflammation and oxidative stress. Front 
Endocrinol. (2022);13:983713. 
https://doi.org/10.3389/fendo.2022.98371
3 

• 3.Elpasty, S. S., El-Gendy, A. M., 
Mohamed, A. K., & Alkot, A. M. (2024). 



Attenuation of metabolic syndrome by Trifolium repens Flower Extracts via Antioxidant and Anti-
inflammatory mechanisms in male albino rats. 

 

IJDDT, Volume 16 Issue 22s, 2026 Page 280 

 

The Impact of Trifolium repens Flower 
Extracts on Morphological and 
Biochemical Changes in Male Rats with 
Metabolic Syndrome. Frontiers in Health 
Informatics, 13(3).  

• Rus M, Crisan S, Andronie-Cioara FL, 
Indries M, Marian P, Pobirci OL, Ardelean 
AI. Prevalence and risk factors of 
metabolic syndrome: A prospective study 
on cardiovascular health. Medicina. 
(2023);59(10):1711. 
https://doi.org/10.3390/medicina59101711 

• Al-Rubeaan, K., Bawazeer, N., Al Farsi, 
Y., Youssef, A. M., Al-Yahya, A. A., 
AlQumaidi, H., & Al Rumaih, F. I. (2018). 
Prevalence of metabolic syndrome in Saudi 
Arabia-a cross sectional study. BMC 
Endocrine Disorders, 18, 1-9. 
https://doi.org/10.1186/s12902-018-0244-
4 

 
• El Brini, O., Akhouayri, O., Gamal, A., 

Mesfioui, A., & Benazzouz, B. (2014). 
Prevalence of metabolic syndrome and its 
components based on a harmonious 
definition among adults in 
Morocco. Diabetes, Metabolic Syndrome 
and Obesity, 7, 341–346. 
https://doi.org/10.2147/DMSO.S61245 

• Rere N, Soliman S, Foda M, Eyada T, Saad 
N. Effect of patient education on metabolic 
syndrome components among females in 
Zagazig University outpatient clinics, 
Egypt: An intervention study. Diabetes 
Metab Syndr. (2019);13(3):1897–1900. 
https://doi.org/10.1016/J.DSX.2019.04.02
1 

• Refeat, M. M., Hassan, N. A. M., Ahmad, 
I. H., Mostafa, E. R. M., & Amr, K. S. 
(2021). Correlation of circulating miRNA-
33a and miRNA-122 with lipid metabolism 
among Egyptian patients with metabolic 
syndrome. Journal of Genetic Engineering 
and Biotechnology, 19, 1-
8.https://doi.org/10.1186/s43141-021-
00246-8 

• Agarkov N, Titov A, Korneeva S, 
Kolomiets V, Aksenov V, Kolpina L. 
Metabolic syndrome as an actual health 
problem (analytical review). Health Care 
Russ Fed. (2023). 

https://doi.org/10.47470/0044-197x-2023-
67-2-136-141 

• 9.Podeanu M, Subțirelu MS, Stepan MD, 
Ionele C, Gheonea D, Vintilescu BȘ, Sandu 
RE. C-Reactive Protein as a Marker of 
Inflammation in Children and Adolescents 
with Metabolic Syndrome: A Systematic 
Review and Meta-Analysis. Biomedicines. 
(2023);11(11):2961. 
https://doi.org/10.3390/biomedicines1111
2961 

• Liu J, Wong SSC. Molecular mechanisms 
and pathophysiological pathways of high-
fat diets and caloric restriction dietary 
patterns on pain. Anesth Analg. 
(2023);137(1):137–152. 
https://doi.org/10.1213/ANE.0000000000
006289 

• Tang C, Wang Y, Xu Z, Chen D, Xu J, 
Yang D, Kan J. The relationships between 
high-fat diet and metabolic syndrome: 
potential mechanisms. Food Biosci. 
(2024);104261. 
https://doi.org/10.1016/j.fbio.2024.104261 

• Crawford MSS, Gumpricht E, Sweazea 
KL. A novel organic mineral complex 
prevented high-fat diet-induced 
hyperglycemia, endotoxemia, liver injury, 
and endothelial dysfunction in young male 
Sprague-Dawley rats. PLoS One. 
(2019);14(8):e0221392. 
https://doi.org/10.1371/journal.pone.0221
392 

• Nascimento AR, Gomes F, Machado MV, 
Gonçalves-de-Albuquerque C, Bousquet P, 
Tibiriçá E. I1-imidazoline receptor-
mediated cardiovascular and metabolic 
effects in high-fat diet-induced metabolic 
syndrome in rats. Auton Neurosci. 
(2019);217:18–25. 
https://doi.org/10.1016/j.autneu.2018.12.0
07 

• Kalas, M. A., Chavez, L., Leon, M., 
Taweesedt, P. T., & Surani, S. (2021). 
Abnormal liver enzymes: A review for 
clinicians. World journal of 
hepatology, 13(11), 
1688.https://doi.org/10.4254/wjh.v13.i11.
1688 

• Lala, V., Zubair, M., & Minter, D. (2023). 
Liver function tests. StatPearls.  



Attenuation of metabolic syndrome by Trifolium repens Flower Extracts via Antioxidant and Anti-
inflammatory mechanisms in male albino rats. 

 

IJDDT, Volume 16 Issue 22s, 2026 Page 281 

 

• Allameh A, Niayesh-Mehr R, Aliarab A, 
Sebastiani G, Pantopoulos K. Oxidative 
Stress in Liver Pathophysiology and 
Disease. Antioxidants. 2023; 12(9):1653. 
https://doi.org/10.3390/antiox12091653 

• Telle-Hansen VH, Christensen JJ, Ulven 
SM, Holven KB, Retterstøl K, Narverud I. 
Does dietary fat affect inflammatory 
markers in overweight and obese 
individuals?—A review of randomized 
controlled trials from 2010 to 2016. Genes 
Nutr. (2017);12:26. 
https://doi.org/10.1186/s12263-017-0580-
4 

• Wan F, Zhong R, Wang M, Zhou Y, Chen 
Y, Yi B, Hou F, Liu L, Zhao Y, Chen L, 
Zhang H. Caffeic acid supplement 
alleviates colonic inflammation and 
oxidative stress, potentially through 
improved gut microbiota community in 
mice. Front Microbiol. (2021);12:784211. 
https://doi.org/10.3389/fmicb.2021.78421
1 

• Castro M, Stefanello N, Assmann C, 
Baldissarelli J, Bagatini M, Da Silva A, Da 
Costa P, Borba L, Da Cruz I, Morsch V, 
Schetinger M. Modulatory effects of 
caffeic acid on purinergic and cholinergic 
systems and oxi-inflammatory parameters 
of streptozotocin-induced diabetic rats. Life 
Sci. 
(2021);119421Shttps://doi.org/10.1016/j.lf
s.2021.119421 

• Craig, W. G., 2025). The impact of plant-
based diets on erythrocyte function, 
oxidative stress, and vascular inflammation 
in Type 2 Diabetes Mellitus. 

• Antonescu AI, Miere F, Fritea L, Ganea M, 
Zdrinca M, Dobjanschi L, Ciumarnean L, 
Toma MM, Pallag A, Marti D, Cavalu S. 
Perspectives on the combined effects of 
Ocimum basilicum and Trifolium pratense 
extracts in terms of phytochemical profile 
and pharmacological effects. Plants. 
(2021);10(7):1390. 
https://doi.org/10.3390/plants10071390 

• Aloush R, Ahmed PS. Morphological and 
anatomical characterization of the species 
Trifolium incarnatum L. cultivated in Iraq. 
SABRAO J Breed Genet. (2023). 
https://doi.org/10.54910/sabrao2023.55.4.
21 

• Ahmad, S., & Zeb, A., 2021). 
Phytochemical profile and 
pharmacological properties of Trifolium 
repens. Journal of Basic and Clinical 
Physiology and Pharmacology, 32(1), 
20200015. https://doi.org/10.1515/jbcpp-
2020-0015 

• Gheibi, S., Kashfi, K. and Ghasemi, A. 
(2017): A practical guide for induction of 
type-2 diabetes in the rat: Incorporating a 
high-fat diet and streptozotocin. Biomed. 
Pharmaco, 95: 605-
613.https://doi.org/10.1016/j.biopha.2017.
08.098).  

• Elseweidy, M. M., Amin, R. S., Atteia, H. 
H., and Aly, M. A. (2018): Nigella sativa 
oil and chromium picolinate ameliorate 
fructose-induced hyperinsulinemia by 
enhancing insulin signaling and 
suppressing insulin-degrading enzyme in 
male rats. Bio. Trace Element Res, 184(1): 
119-126.https://doi.org/10.1007/s12011-
017-1167-z) 

• Pérez M, Domínguez-López I, Lamuela-
Raventós RM. The chemistry behind the 
Folin-Ciocalteu method for estimating 
(poly) phenol content in food: Total 
phenolic intake in a Mediterranean dietary 
pattern. J Agric Food Chem. 
(2023);71(46):17543–17553. 
https://doi.org/10.1021/acs.jafc.3c04022 

• Al Zahrani NA, El-Shishtawy RM, 
Elaasser MM, Asiri AM. Synthesis of 
novel chalcone-based phenothiazine 
derivatives as antioxidant and anticancer 
agents. Molecules. (2020);25:4566. 
https://doi.org/10.3390/molecules2519456
6 

• Ansari A, Bose S, Lim S, Wang J, Choi Y, 
Kim H. Combination of Scutellaria 
baicalensis and metformin ameliorates 
diet-induced metabolic dysregulation in 
mice via the gut-liver-brain axis. Am J Chin 
Med. (2020);1–25. 
https://doi.org/10.1142/S0192415X20500
69X 

• Elpasty, S. S., Helal, E. G., Algendy, A. 
M., & Yousef, H. N. (2022). Effects of the 
Antiobesity Drugs Aplex and Venera on 
Certain Biochemical and Physiological 
Indices in Obese Adult Male Albino 
Rats. Advances in Pharmacological and 



Attenuation of metabolic syndrome by Trifolium repens Flower Extracts via Antioxidant and Anti-
inflammatory mechanisms in male albino rats. 

 

IJDDT, Volume 16 Issue 22s, 2026 Page 282 

 

Pharmaceutical Sciences, 2022(1), 
3776676.  

• https://doi.org/10.1155/2022/3776676 
• Aka, L. O., Obidike, R. I., Igibokwe, C. O., 

& Ezema, W. S. (2009). The effect of 
feeding differently prepared breadfruit 
(Artocarpus altilis) on the hematology, 
serum biochemistry, live and relative organ 
weights in Albino rats. Nigerian Veterinary 
Journal, 30(1). 
https://doi.org/10.4314/nvj.v30i1.65158  

• Nweze EC, Ukweni IA, Agbo CC, 
Ukwueze IJ, Odo BC. Evaluations of the 
effect of genetic variations on the serum 
renal function markers, bilirubin, and lipid 
profile of laying domestic fowls. J Sustain 
Vet Allied Sci. (2023);5(2). 
http://doi.org/10.54328/covm.josvas.2023.
129 

• Placer ZA, Cushman LL, Johnson B. 
Estimation of the product of lipid 
peroxidation (malonyl dialdehyde) in 
biochemical systems. Anal Biochem. 
(1966);16(2):359–364. 
https://doi.org/10.1016/0003-
2697(66)90167-9 

• Beutler E, Duron O, Kelly BM. Improved 
method for the determination of blood 
glutathione. J Lab Clin Med. 
(1963);61:882–888. 

• Paglia DE, Valentine WN. Studies on the 
quantitative and qualitative 
characterization of erythrocyte glutathione 
peroxidase. J Lab Clin Med. 
(1967);70(1):158–169. 

• Swaroop JJ, Rajarajeswari D, Naidu JN. 
Association of TNF-α with insulin 
resistance in type 2 diabetes mellitus. 
Indian J Med Res. (2012);135(1):127–130. 
https://doi.org/10.4103/0971-5916.93435 

• Kizil O, Akar YAS, Saat N, Kizil M, 
Yuksel M. The plasma lipid peroxidation 
intensity (MDA) and chain-breaking 
antioxidant concentrations in the cows with 
clinic or subclinical mastitis. Rev Med Vet. 
(2007);158(11):529–533. 

• Kasperska-Zajac A, Grzanka A, Machura 
E, Misiolek M, Mazur B, Jochem J. 
Increased serum complement C3 and C4 
concentrations and their relation to the 
severity of chronic spontaneous urticaria 
and CRP concentration. J Inflamm. 

(2013);10:22. 
https://doi.org/10.1186/1476-9255-10-22 

• . 
• Hristu R, Stanciu SG, Dumitru A, Paun B, 

Floroiu I, Costache M, Stanciu GA. 
Influence of hematoxylin and eosin 
staining on the quantitative analysis of 
second harmonic generation imaging of 
fixed tissue sections. Biomed Opt Express. 
(2021);12(9):5829–5843. 
https://doi.org/10.1364/BOE.428701 . 

• Slaoui M, Bauchet AL, Fiette L. Tissue 
sampling and processing for 
histopathology evaluation. Drug Saf Eval 
Methods Protoc. (2017);101–114. 
https://doi.org/10.1007/978-1-4939-7172-
5_4 

• Klopfleisch, R., 2013). Multiparametric 
and semiquantitative scoring systems for 
the evaluation of mouse model 
histopathology - a systematic review. BMC 
Veterinary Research, 9, 123 - 123. 
https://doi.org/10.1186/1746-6148-9-123 

• Rathor L. Medicinal plants: a rich source of 
bioactive molecules used in drug 
development. Evid-Based Validation Trad 
Med. (2021);195–209. 
https://doi.org/10.1007/978-981-15-8127-
4_10 

• Jakubczyk K, ŁukoMetSka A, Gutowska I, 
Kochman J, Janił J, Janda K. Edible 
flowers extracts as a source of bioactive 
compounds with antioxidant properties: in 
vitro studies. Appl Sci. (2021);11(5):2120. 
https://doi.org/10.3390/app11052120 

• Chen MY, Meng XF, Han YP, Yan JL, 
Xiao C, Qian LB. Profile of crosstalk 
between glucose and lipid metabolic 
disturbance and diabetic cardiomyopathy: 
inflammation and oxidative stress. Front 
Endocrinol. (2022);13:983713. 
https://doi.org/10.3389/fendo.2022.98371
3 

• Kumar A, P N, Kumar M, Jose A, Tomer 
V, Oz E, Oz F. Major phytochemicals: 
recent advances in health benefits and 
extraction methods. Molecules. 
(2023);28(2):887. 
https://doi.org/10.3390/molecules2802088
7 

• Kolodziejczyk-Czepas J. Trifolium 
species: latest findings on chemical profile, 



Attenuation of metabolic syndrome by Trifolium repens Flower Extracts via Antioxidant and Anti-
inflammatory mechanisms in male albino rats. 

 

IJDDT, Volume 16 Issue 22s, 2026 Page 283 

 

ethnomedicinal use, and pharmacological 
properties. J Pharm Pharmacol. 
(2016);68(7):845–861. 
https://doi.org/10.1111/jphp.12568 

• Amer M, El-Habibi ES, El-Gendy A. 
Effects of Trifolium alexandrinum extracts 
on streptozotocin-induced diabetes in male 
rats. Ann Nutr Metab. (2004);48(5):343–
347. https://doi.org/10.1159/000081664 

• Al-Shami AS, Essawy AE, Elkader HTAE. 
Molecular mechanisms underlying the 
potential neuroprotective effects of 
Trifolium pratense and its phytoestrogen-
isoflavones in neurodegenerative 
disorders. Phytother Res. 
(2023);37(6):2693–2737. 
https://doi.org/10.1002/ptr.7870 

• Kwiecień A, Ruda-Kucerova J, Kamiński 
K, Babinská Z, Popiolek I, Szczubiałka K, 
Nowakowska M, Walczak M. Improved 
pharmacokinetics and tissue uptake of 
complexed daidzein in rats. 
Pharmaceutics. (2020);12:2162. 
https://doi.org/10.3390/pharmaceutics120
20162 

• Rivera P, Pérez-Martín M, Pavón F, 
Serrano A, Crespillo A, Cifuentes M, 
López-Ávalos MD, Grondona J, Vida M, 
Fernández-Llebrez P, Fonseca FR, Suárez 
J. Pharmacological administration of the 
isoflavone daidzein enhances cell 
proliferation and reduces high-fat diet-
induced apoptosis and gliosis in the rat 
hippocampus. PLoS One. (2013);8:e64750. 
https://doi.org/10.1371/journal.pone.0064
750 

• Gan M, Shen L, Wang S, Guo Z, Zheng T, 
Tan Y, Zhu L. Genistein inhibits high-fat 
diet-induced obesity through miR-222 by 
targeting BTG2 and adipor1. Food Funct. 
(2020);11(3):2418–2426. 
https://doi.org/10.1039/C9FO00861F 

• Roby MH, Abdelaliem YF, Esmail AHM, 
Mohdaly AA, Ramadan MF. Evaluation of 
Egyptian honeys and their floral origins: 
phenolic compounds, antioxidant 
activities, and antimicrobial 
characteristics. Environ Sci Pollut Res Int. 
(2020);27:20748–20756. 
https://doi.org/10.1007/s11356-020-
08586-7 

• Alharbi, H. O. A., Alshebremi, M., 
Babiker, A. Y., & Rahmani, A. H. (2025). 
The role of quercetin, a flavonoid, in the 
management of pathogenesis through 
regulation of oxidative stress, 
inflammation, and biological 
activities. Biomolecules, 15(1), 
151.https://doi.org/10.3390/biom1501015
1 

 
• Marques C, Meireles M, Norberto S, Leite 

J, Freitas J, Pestana D, Faria A, Calhau C. 
High-fat diet-induced obesity rat model: a 
comparison between Wistar and Sprague-
Dawley rats. Adipocyte. (2016);5(1):11–
21. 
https://doi.org/10.1080/21623945.2015.10
61723 

• Moreno-Fernández S, Garcés-Rimón M, 
Vera G, Astier J, Landrier JF, Miguel M. A 
high-fat/high-glucose diet induces 
metabolic syndrome in an experimental rat 
model. Nutrients. (2018);10(10):1502. 
https://doi.org/10.3390/nu10101502 

• Rufino AT, Costa VM, Carvalho F, 
Fernandes E. Flavonoids as antiobesity 
agents: a review. Med Res Rev. 
(2021);41(1):556–585. 
https://doi.org/10.1002/med.21740 

 
• Al-Shami AS, Essawy AE, Elkader HTAE. 

Molecular mechanisms underlying the 
potential neuroprotective effects of 
Trifolium pratense and its phytoestrogen-
isoflavones in neurodegenerative 
disorders. Phytother Res. 
(2023);37(6):2693–2737. 
https://doi.org/10.1002/ptr.7870 

• Kwiecień A, Ruda-Kucerova J, Kamiński 
K, Babinská Z, Popiolek I, Szczubiałka K, 
Nowakowska M, Walczak M. Improved 
pharmacokinetics and tissue uptake of 
complexed daidzein in rats. 
Pharmaceutics. (2020);12:2162. 
https://doi.org/10.3390/pharmaceutics120
20162 

• 58.Buettner, R., Schölmerich, J., & 
Bollheimer, L. C. (2007). High‐fat diets: 
modeling the metabolic disorders of human 
obesity in rodents. Obesity, 15(4), 798-808. 
https://doi.org/10.1038/oby.2007.608  



Attenuation of metabolic syndrome by Trifolium repens Flower Extracts via Antioxidant and Anti-
inflammatory mechanisms in male albino rats. 

 

IJDDT, Volume 16 Issue 22s, 2026 Page 284 

 

• 59.Oliveira, A. K. D. S., de Oliveira e 
Silva, A. M., Pereira, R. O., Santos, A. S., 
Barbosa Júnior, E. V., Bezerra, M. T., & 
Quintans, J. S. (2022). Anti-obesity 
properties and mechanism of action of 
flavonoids: A review. Critical Reviews in 
Food Science and Nutrition, 62(28), 7827-
7848. 
https://doi.org/10.1080/10408398.2021.19
19051 

• 60. Verma MK, Tripathi M, Singh BK. 
Dietary determinants of metabolic 
syndrome: focus on the obesity and 
metabolic dysfunction-associated steatotic 
liver disease (MASLD). IntechOpen. 
(2024). 
https://doi.org/10.5772/intechopen.114832 

• 61. Reckziegel P, Dias VT, Benvegnú DM, 
Boufleur N, Barcelos RCS, Segat HJ, Pase 
CS, dos Santos CMM, Flores ÉMM, 
Bürger ME. Antioxidant protection of 
gallic acid against toxicity induced by Pb in 
the blood, liver, and kidney of rats. Toxicol 
Rep. (2015);3:351–356. 
https://doi.org/10.1016/j.toxrep.2016.02.0
05 

• 62. Hernández-Aquino E, Muriel P. 
Beneficial effects of naringenin in liver 
diseases: molecular mechanisms. World J 
Gastroenterol. (2018);24(16):1679. 
https://doi.org/10.3748/wjg.v24.i16.1679 

• 63. Perumpail RB, Wong RJ, Ahmed A, 
Harrison SA. Hepatocellular carcinoma in 
the setting of non-cirrhotic nonalcoholic 
fatty liver disease and the metabolic 
syndrome: US experience. Dig Dis Sci. 
(2015);60:3142–3148. 
https://doi.org/10.1007/s10620-015-3821-
7 

• 64. Verma MK, Tripathi M, Singh BK. 
Dietary determinants of metabolic 
syndrome: focus on the obesity and 
metabolic dysfunction-associated steatotic 
liver disease (MASLD). IntechOpen. 
(2024). 
https://doi.org/10.5772/intechopen.114832 

• 65. Ahmad S, Zeb A. Effects of phenolic 
compounds from aqueous extract of 
Trifolium repens against acetaminophen-
induced hepatotoxicity in mice. J Food 
Biochem. (2019);43(9):e12963. 
https://doi.org/10.1111/jfbc.12963 

• 66. Huang Y, Chen H, Liu Q, Hu Y, Zhao 
Y, Zhang Y, Zhang Y. Obesity difference 
on association with blood malondialdehyde 
level and diastolic hypertension in the 
elderly population: a cross-sectional 
analysis. Eur J Med Res. (2023);28:44. 
https://doi.org/10.1186/s40001-022-
00983-7 

• 67. Dhibi M, Brahmi F, Mnari A, Houas Z, 
Chargui I, Sakly M, Fetoui H. The intake 
of high-fat diets with different acid levels 
differentially induces oxidative stress and 
nonalcoholic fatty liver disease (NAFLD) 
in rats. Nutr Metab (Lond). (2011);8:65. 
https://doi.org/10.1186/1743-7075-8-65 

• 68. Wang Y, Bian X, Wan M, Li D, Wang 
W, Wang Y, Liu L. Effects of riboflavin 
deficiency and high dietary fat on hepatic 
lipid accumulation: a synergistic action in 
developing non-alcoholic fatty liver 
disease. Nutr Metab (Lond). (2024);21:1. 
https://doi.org/10.1186/s12986-023-
00775-8 

• 69. Li H, Liu F, Lu J, Shi J, Guan J, Yan F, 
Wang Y, Wang L, Zhao Y, Zhang H, Huo 
G. Probiotic mixture of Lactobacillus 
plantarum strains improves lipid 
metabolism and gut microbiota structure in 
high-fat diet-fed mice. Front Microbiol. 
(2020);11:512. 
https://doi.org/10.3389/fmicb.2020.00512 

• 70. Pavlíková N. Caffeic acid and diseases: 
mechanisms of action. Int J Mol Sci. 
(2022);24(1):588. 
https://doi.org/10.3390/ijMetS24010588 

• 71. Vávrová L, Kodydková J, Zeman M, 
Dušejovská M, Macášek J, Staňková B, 
Žák A. Altered activities of antioxidant 
enzymes in patients with metabolic 
syndrome. Obes Facts. (2013);6(1):39–47. 
https://doi.org/10.1159/000348569 

• 72. Wan F, Zhong R, Wang M, Zhou Y, 
Chen Y, Yi B, Hou F, Liu L, Zhao Y, Chen 
L, Zhang H. Caffeic acid supplement 
alleviates colonic inflammation and 
oxidative stress, potentially through 
improved gut microbiota community in 
mice. Front Microbiol. (2021);12:784211. 
https://doi.org/10.3389/fmicb.2021.78421
1 

• 73. Wu P, Zhang F, Dai Y, Han L, Chen S. 
Serum TNF-α, GTH, and MDA of high-fat 



Attenuation of metabolic syndrome by Trifolium repens Flower Extracts via Antioxidant and Anti-
inflammatory mechanisms in male albino rats. 

 

IJDDT, Volume 16 Issue 22s, 2026 Page 285 

 

diet-induced obesity and obesity-resistant 
rats. Saudi Pharm J. (2016);24(3):333–
336. 
https://doi.org/10.1016/j.jsps.2016.04.011 

 
• 74. Giri, A. P., & Shanmugam, L. (2021). 

An update on inflammatory markers in 
metabolic syndrome. International Journal 
of Advances in Medicine, 8(6), 852–855. 
https://doi.org/10.18203/2349-
3933.IJAM20212111 

• 75. Garg M, Dutta M, Brar K. 
Inflammatory markers in metabolic 
syndrome. Int J Diabetes Dev Ctries. 
(2012);32:131–137. 
https://doi.org/10.1007/s13410-012-0080-
4 

• 76. Wan F, Zhong R, Wang M, Zhou Y, 
Chen Y, Yi B, Hou F, Liu L, Zhao Y, Chen 

L, Zhang H. Caffeic acid supplement 
alleviates colonic inflammation and 
oxidative stress, potentially through 
improved gut microbiota community in 
mice. Front Microbiol. (2021);12:784211. 
https://doi.org/10.3389/fmicb.2021.78421
1 

• 77. Castro M, Stefanello N, Assmann C, 
Baldissarelli J, Bagatini M, Da Silva A, Da 
Costa P, Borba L, Da Cruz I, Morsch V, 
Schetinger M. Modulatory effects of 
caffeic acid on purinergic and cholinergic 
systems and oxi-inflammatory parameters 
of streptozotocin-induced diabetic rats. Life 
Sci. 
(2021);119421Shttps://doi.org/10.1016/j.lf
s.2021.119421 

 

 
 
 
 

 
 


