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Background: The use of dietary herbal products as potential anti-obesity agents has
gained considerable traction in recent years. Objective: The purpose of the current study
was to assess the effects of silymarin supplementation with and without exercise training
on a high-fat diet-induced metabolic disorder in male Wistar rats. Methods: 36 male
Wistar rats were divided into six groups; 1) control group with a regular diet; 2) high-fat
diet (HFD); 3) HFD + Silymarin 25 (S25); 4) HFD + Silymarin 50 (S50); 5) HFD +S25 +
ART (aerobic resistance training); 6) HFD + S50+ART (n = 6 for each group). HFD + S25
+ ART and HFD + S50 + ART groups performed aerobic exercise three days/week and
resistance exercise two days/week. Blood specimens were obtained for biochemical
assessments and gene expression at the end of the 12-week intervention. The data were
analyzed using one-way ANOVAs and Tukey’s post hoc test with SPSS21 at a
significance level of P < 0.05. Results: Final body weight, the levels of glucose, insulin,
and Homeostatic Model Assessment for Insulin Resistance (HOMA-IR) in all of the
treatment groups were significantly less compared with the HFD group (P < 0.05). Lipid
profile was significantly improved in treatment groups in comparison with the HFD group
(P < 0.05). Leptin and Neuropeptide Y (NPY) levels were significantly lower in HFD +
S50, HFD + S25 + ART, and HFD + S50 + ART groups compared to HFD group (P <
0.05). Exercise plus silymarin consumption (HFD + S25 + ART and HFD + S50 + ART)
increased Peptide Y'Y levels (PYY) (P= 0.013 and P < 0.001, respectively). Conclusion:
Our findings suggest that combined silymarin consumption and exercise training is a
promising non-pharmacological treatment for multiple simultaneous HFD-induced risk
factors.

Abbreviations: ART, Aerobic Resistance training; FEC, Functional Exercise Capacity; HDL, High-Density
Lipoprotein; HFD, High-Fat Diet; HOMA-IR, Homeostatic Model Assessment for Insulin Resistance; LDL, Low-
Density Lipoprotein; MLT, Maximal Load Test; NPY, Neuropeptide Y; PYY, Peptide YY; S, Silymarin; TC, Total
Cholesterol; TG, Triglyceride

*Corresponding author: Behnam.Roozbeh@Hakimtoos.ac.ir

doi: 10.61186/jmp.23.90.17

Received 18 February 2024; Received in revised form 12 July 2024; Accepted 24 August 2024
© 2023. Open access. This article is distributed under the terms of the Creative Commons Attribution-NonCommercial
4.0 International License (https://creativecommons.org/licenses/by-nc/4.0/)



http://www.jmp.ir/
file:///C:/Users/Behnam/Downloads/Behnam.Roozbeh@Hakimtoos.ac.ir
http://dx.doi.org/10.61186/jmp.23.90.17
http://dx.doi.org/10.61186/jmp.22.86.1
https://creativecommons.org/licenses/by-nc/4.0/
http://dx.doi.org/10.61186/jmp.23.90.17
http://jmp.ir/article-1-3619-en.html

[ Downloaded from jmp.ir on 2026-01-02 ]

[ DOI: 10.61186/jmp.23.90.17 ]

Silymarin supplementation could improve

1. Introduction

Tackling rising levels of obesity is a global
challenge [1]. There is a growing interest in how
exercise, diet, and non-pharmacological
supplementation can interact to help manage
obesity and the associated risk factors. Some
studies show that well-structured exercise
programs and calorie restrictions can help
prevent or reduce obesity levels; however, these
strategies are not effective for everyone and
don’t always lead to long-term changes. Thus,
there remains a need for further research into
additional strategies that can help tackle obesity
and other metabolic disorders [2].

In recent years, dietary herbal products have
garnered significant attention because of their
anti-obesity properties [2]. Silybum marianum,
is a flower that has been utilized for an
extensive period of time for medicinal purposes.
Silymarin has been shown to have anti-
inflammatory, antioxidant, hepatoprotective,
anticancer, and cardioprotective activities [3].
As such, several studies have examined whether
silymarin could improve lipoprotein profile in
rats [4-6]. In one study, Sayin et al. reported that
silymarin supplementation improved insulin
resistance, hyperlipidemia, and hepatopathy in
response to a high-fat diet (HFD) [7]. Thus,
adding silymarin supplementation to an exercise
program could support metabolic health.

Neuropeptide Y (NPY) and peptide YY
(PYY) are expressed by cell systems at various
points along the gut-brain axis, contributing to
the regulation of appetite. In this regard,
researchers suggest that PYY affects not only
food intake and energy expenditure, but
systemic administration of PYY may also
diminish the drive to pursue high-fat food after
exposure to pellet priming or pellet cues [8].
This indicates that PYY may help to regulate
the desire to consume a high-fat diet [9]. As
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silymarin could improve insulin resistance and
hyperlipidemia following a high-fat diet [7], it
may also positively influence serum PYY or
NPY. To date, little is known about the
association between serum PYY levels, NPY
expression, and silymarin supplementation or
the potential synergistic effect of silymarin
consumption and exercise training on serum
PYY levels and NPY expression.

Therefore, this study aimed to determine
whether  different doses of  silymarin
supplementation could ameliorate metabolic
disorders in HFD-fed rats. We also sought to
determine whether various doses of this
supplementation would augment the
advantageous effects of exercise training on
metabolic outcomes in HFD-fed rats.

2. Materials and methods
2.1. Animals and treatment protocol

Thirty-six male Wistar rats (150-170 g) of 8 - 10
weeks were used in this study. All the animals were
housed in a standard animal care facility with a
12:12 hour light-dark cycle (lights on at 7:00 AM)
and the temperature maintained at 20 + 4 °C. Rats
in the control group were fed a standard food,
including crude carbohydrate (48.5 %), crude
protein (23 %), crude fat (3.5 %), crude fiber (4-5
%), ash (8 %), calcium (0.95-1 %), phosphorus
(0.65 %), moisture (10 %) and rats in other groups
were fed a high-fat food including crude
carbohydrate (43 %), crude Protein (17 %) and
crude Fat (40%) contained powdered rat feed (68
%), maize oil (6 %), ghee (6 %), milk powder (20
%) [10]. All studies and experimental protocols
were approved by the Ethics committee of the
Sport  Sciences Research Institute of Iran
(IR.SSRI.REC.1403.053) and adhered to the EU
animal experiments ethical guidelines
(2010/63/EU). The overall characteristics of the
experimental groups are depicted in Table 1.
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2.2. Experimental groups with a regular diet, high-fat diet (HFD), HFD +
At first, 36 male Wistar rats were divided S25, HFD + S50, HFD + S25 + ART, and HFD
into six groups comprising the control group + S50+ ART (n = 6 for each group) (Fig. 1).

Table 1. Aerobic exercise training protocol

Weeks 1 2 3 4 5 6 7 8 9 10 1 12
Speed (m/min) 6 8 10 12 15 18 21 24 25 25 25 25
Slope (°) 0 0 0 0 0 5 5 5 10 10 10 10
Duration (min) 10 14 18 22 26 30 34 38 40 40 40 40
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Fig. 1. Experiment design. After a ten-day acclimation period to the new environment, HFD groups (n = 30) were
divided into five groups, HFD, HFD + S25, HFD + S50, HFD + S25 + ART, and HFD + S50 + ART (n = 6 for each
group). These groups were fed a high-fat food. The control group (n = 6) was fed the standard food. Following this,

aerobic-resistance training or Silymarin supplementation was administered for 12 weeks. Finally, biochemical
assessments and molecular studies were conducted by drawing blood samples and removing the hypothalamus,
respectively. Exercise plus silymarin consumption can decrease some multiple simultaneous HFD-induced risk factors
by affecting leptin, peptide YY (PYY), and neuropeptide Y (NPY) levels.

2.3. Silymarin supplementation

Silymarin (25 and 50 mg/kg) [11] was
purchased from Sigma Aldrich (St. Louis, MO,
USA). Silymarin was mixed with olive oil based
on the manufacturer’s guidelines (Barij Essence
Pharmaceutical Company) and administered by
gavage for 12 weeks.

2.4. Exercise protocol

The exercise training protocol was carried
out in the afternoon (2.00-4.00 p.m.). We
initially performed a pilot study on five rats to
estimate maximal load test (MLT) and
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functional exercise capacity (FEC). Afterward,
animals belonging to the groups of HFD + S25
+ ART (aerobic-resistance training) and HFD +
S50 + ART performed combined aerobic and
resistance training three days/per week.

To estimate the FEC, the rats were performed
running on a graded treadmill for 3 min, while
the speed and the incline progressively
increased. Exhaustion was characterized as a
condition in which a rat was avoiding running
for about 90 seconds (50 % of the target time)
or staying on the shock grid for 10 consecutive
seconds.
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The training session included running at the
speed of 6 m/min for 10 minutes, then the training
period was gradually increased to 26 min/day at
15 m/min, 0 % slope (fifth week), up to 40
min/day at 25 m/min, 10 % slope for the last four
weeks. The exercise sessions were equivalent to
70-85 % VO2max (Table 1) [12, 13].

To estimate MLT, all rats carried a load
equal to 75 % of their body weight and this load

B. Roozbeh, et al

was progressively increased by 15 % each
subsequent climb until they were unable to
climb to the next step of the ladder after three
attempts. The resistance training protocol was
performed 2 days a week, 15-20 climbs per
session, with a 1-min rest between each interval
per session, with a 1-min rest between each
climb, from a moderate to a high intensity (70-
85 % of the MLT) for 12 weeks (Table 2) [14].

Table 2. Resistance exercise training protocol

Week 1 2 3 4 5 6 7 8 9 10 11 12
Load (MLT) 70 70 75 80 &5 85 70 70 75 80 85 85
Times 15 16 17 18 19 20 15 16 17 18 19 20

2.5. Biochemical assessments

Blood specimens were gathered under
anesthesia with ketamine 75 mg/ kg and
xylazine 10 mg/kg from the vena cava, and then
the samples were centrifuged [14]. The
collected serums were stored at -20°" for
additional biochemical assays. Serum total
cholesterol (TC) and triglyceride (TG) were
measured using commercial ELISA Kits (Cat.
No, MBS161594; MyBioSource, USA and Cat.
No, MBS726298; MyBioSource, USA,
respectively), and serum levels of high-density
lipoprotein cholesterol (HDL-C) and low-
density lipoprotein cholesterol (LDL-C) were
measured using an HDL and LDL Assay Kit
(Cat. No, KA1671; Abnova, Taiwan). Fasting
plasma glucose was determined using a
commercial kit (Cat. No, MBS7233226;
MyBioSource, USA). Serum insulin levels were
determined using a commercial
radioimmunoassay kit (Cat. No, CSB-E05070R;
CUSABIO, USA). Homeostatic  model
assessment of insulin resistance (HOMA-IR)
was calculated by the formula: [glucose
(nmol/L) x insulin  (uU/mL)/22.5] [15].
According to the manufacturer's instructions,
plasma leptin and PYY levels were determined
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using a Rat Leptin ELISA Kit (Cat. No,
RABO0335; Sigma-Aldrich; Merck) and Rat
PYY ELISA Kit (Cat. No, MBS702436;
MyBioSource, USA), respectively. Finally,
under deep anesthesia, visceral adipose tissue in
rats (VAT) was dissected and weighed
(epididymal, perirenal, and omental fat) [16].

2.6. Reverse transcription-quantitative
polymerase chain reaction (RT-qPCR)
Immediately after blood sampling, the

hypothalamus was removed. Then, tissues
stored in liquid nitrogen were homogenized.
Total RNA was isolated from the hypothalamus
using RNAzol (Sigma-Aldrich; Merck KGaA)
following the manufacturer's instructions. Then,
cDNA synthesis was performed with the
Enhanced Avian RT First-Strand Synthesis Kit
(Sigma, St. Louis, MO, USA). gPCR for
Neuropeptide Y (NPY) was performed using
SYBR-Green PCR master mix (Sigma-Aldrich;
Merck KGaA) and primer sequences: Forward,
5-GTGGATCTCTTCTCTCACAGAGG-3' and
reverse, 5-GCCCAAACACACGAGCAGAG-
3. The PCR cycling conditions for the gene
expression were as follows: Pre-denaturation
temperature was first set up at 5 min at 95°C, 30
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cycles of 60 secs at 95'C, 40 secs at 55'C, and
60 secs at 72'C. GAPDH was run in parallel and
served as a loading control. The gPCR reactions
were performed in triplicate, and the raw data
were analyzed [17].

2.7. Statistical Analyses

Normality for all variables was estimated by
Shapiro-Wilk tests. After confirming data
distribution (P < 0.05 considered normally
distributed), multiple one-way ANOVAs with
Tukey’s post hoc test were used to test for
between-group differences for all outcomes.
The level of significance was P < 0.05 in all
statistical evaluations. Data were analyzed in
Graph Pad Prism 8 version 8.4.3. (GraphPad

B. Roozbeh, et al

Software, San Diego, CA, USA) and expressed
as mean + SD.

3. Results

Table 3 illustrates the attributes of the
animals. There was no significant difference in
their initial body mass or food intake, but after
the 12-week intervention body mass was
significantly higher in the HFD group compared
with the control group (22.1 %, P < 0.001).
Compared with HFD, final body mass was
significantly lower in the exercise and
supplementation groups (P < 0.05). The greatest
reduction in mass was observed in the
HFD+S50+ART group (125 %, P < 0.001)
compared with the HFD group (Table 3).

Table 3. Characteristics and measured indices after eight weeks of the treatment protocol

Groups Control HFD HFD+S25 HFD+S50  HFD+S25+ART  HFD+S50+ART
Initial body 166 + 4.3 159+73 163457 160 + 6.4 160+ 6.3 163+ 6.7
weight (g)
Final body 276 +8.3 337 + 8.7%%x 320 + 10 318+ 7.4 305+17°¢ 295 + 10 © && 1
weight (g)
Fofg%g;‘;ke 117.6+5 128+7.8 122+81 119+7.9 126+58 121+6.2
visceral fat (g) 58+12 15.02 + 1.88*** 12.75+1.12 12.23+1.37 9.68 + 1.29%% 9.06 + 147041
Glucose (mg/dl) 220+ 42 321 % 21%** 273 % 18° 265 + 18° 264 + 19° 256 + 18°
Insulin (ng/ml) 19607  3.66£032%*  302£019°  2.90 035 2.89 +0.26° 2.30 + 0.27°8&
HOMA-IR 1150422 306 3% 238+3.3° 218+ 4.1° 2045 + 2° 15.01 + 4.7°8&
TG (mg/dI) 86.8+7 138.6 + 9%~ 118+ &° 116+ 7° 110 + 12° 94 + GR&TT
TC (mg/dl) 169+6 216 « 7*** 187 12 182 « 12° 156 + 20° 140 + 15°8&&FT
HDL (mg/dI) 38+4 43+7.8 51+7 52 +5.6 57 +6.5° 60+ 7.7°
LDL (mg/dl) 43+ 4.7 56+ 5.4* 51+84 48+ 4.7 44+ 4 40+ 5.9°€

Data are presented as mean + SD.

TG, triglycerides; TC, total cholesterol; HDL, high-density lipoprotein; LDL, low-density lipoprotein; HFD, high-fat diet; Szs,so,
Silymarin 25 and 50 mg/kg; ART, aerobic-resistance training.

" (significant increase vs Control group; P < 0.05, and P < 0.001, respectively)

a.b,¢ (significant increase vs HFD group; P < 0.05, P < 0.01, and P < 0.001, respectively)

& && && (significant increase vs HFD + S25 group; P < 0.05, P < 0.01 and P < 0.001, respectively)

T, Tt (significant increase vs HFD + S50 group; P < 0.05 and P < 0.01, respectively)

3.1. Glucose and insulin levels

Whereas the levels of glucose (51 %, P <
0.001), insulin (87 %, P < 0.001), and HOMA-
IR (166 %, P < 0.001) in the HFD group were
significantly greater than those of the control
group, in the treatment groups these values were
significantly lower than the HFD group (P <
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0.05). Compared with HFD, the most significant
reduction in glucose, insulin, and HOMA-IR
belonged to the HFD + S50 + ART group (20
%, 37 %, and 48 %, respectively; P < 0.001 for
all) (Table 1).
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3.2. Lipid profile

Serum TG, TC, and LDL concentrations
were significantly higher in the HFD group
compared with the control group (change, 28 %,
P < 0.001; 30 %, P = 0.011; 61 %, P < 0.001,
respectively). However, TG levels were
significantly lowered in all treatment groups in
comparison with the HFD group (P < 0.05); the
most significant reduction was found in the
HFD + S50 + ART group (32 %, P < 0.001).
Serum TC levels decreased significantly in all
treatment groups except the HFD + S25 group
compared to the HFD group, with the greatest
reduction in the HFD + S50 + ART group (35
%, P < 0.001). LDL concentrations decreased
only in the HFD + S25 + ART and HFD + S50
+ ART groups (Table 1). By contrast, HDL
levels did not significantly differ between HFD
and the control group (P = 0.913). Nevertheless,
HDL concentrations increased in the HFD +
S25 + ART and HFD + S50 + ART groups
(Table 1).

A p < 0.001
! b = 0.002 !
b =0.009 1
1
p <0.001
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p=0.021
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3.3. Leptin, PYY, and NPY levels

Serum leptin levels were significantly higher
in the HFD group than those in the control
group (P < 0.001). Compared to HFD, exercise
and silymarin supplementation significantly
decreased leptin in HFD + S50, HFD + S25 +
ART, and HFD + S50 + ART groups (P < 0.05).
Moreover, serum leptin concentrations were lower
in the HFD + S50 + ART than in the HFD + S25
group (P < 0.05). There was no change in serum
leptin levels in the HFD+S25 group (Fig. 2A).

HFD  significantly  decreased PYY
concentrations compared with the control rats
(24 %, P = 0.004). However, exercise

accompanied by silymarin consumption (HFD +
S25 + ART and HFD + S50 + ART) was
beneficial in increasing PYY. Moreover, PYY
concentrations were significantly different in the
HFD + S25 + ART and HFD + S50 + ART
groups compared to the HFD + S25 group (Fig.
2B).

p <0.001
I p = 0.001 1

1.5
p=0.008

p=0013 1

PYY (ng/ml)

o
]
1

0.0

% <o0.97

O

00&

S &
~a 9
& &

Fig. 2. Serum levels of leptin (A) and PYY (B). Data are expressed as mean + SD (N = 6 for each group). HFD, high-fat
diet; Szs,50, Silymarin 25 and 50 mg/kg; ART, aerobic-resistance training; PY'Y, peptide tyrosine.
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The serum NPY levels were significantly
higher in the HFD group than those in the
control group (P = 0.020). However, NPY levels
decreased substantially in HFD+S50, HFD +

B. Roozbeh, et al
S25 + ART, and HFD + S50 + ART groups

compared to the HFD group (P = 0.009, 0.007,
and 0.001, respectively) (Fig. 3).

p=0.001

p =0.007
150 I p = 0.009 1
p=0.020| 1
1
c
S 100~ o
’E. °
w
X
2 50+
0 L] 1 1 1
N < (NY A A
£ L & & F F
o Q x &
d & & S

Fig. 3. Serum levels of NPY. Data are expressed as mean £+ SD (N = 6 for each group). HFD, high-fat diet; Ss 5o,
silymarin 25 and 50 mg/kg; ART, aerobic-resistance training; PY'Y, Neuropeptide Y.

4. Discussion

In experimental studies, HFDs are a strategy
used to induce obesity and dyslipidemia in
animals [18]. In the present study, the body
weight and visceral fat of rats fed an HFD for
12 Weeks significantly increased compared to
the control group and dyslipidemia was evident.
The main finding was that a combined exercise
and silymarin intervention (HFD+S25+ART
and HFD + S50 + ART) significantly attenuated
the negative effects of an HFD, diminishing
gains in body mass and improving lipid and
glucose  profiles.  While  silymarin-only
interventions (HFD + S25 and HFD + S50) did
not affect body weight, suggesting the positive
effects in the combined groups stemmed from
the exercise, they did improve insulin sensitivity
and lipid profile. In addition, the negative
impacts of an HFD on serum leptin, NPY, and
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PYY levels were significantly decreased
following the administration of silymarin alone
(HFD + S50) or in conjunction with exercise
(HFD + S25 + ART and HFD + S50 + ART),
reducing increases in leptin and NPY levels and
enhancing serum levels of PYY.

On the contrary, Sayin et al. reported that 11
weeks of Silymarin supplementation in HFD-fed
rats decreased body weight and body mass
index. This disparity might be due to the dosage
of Silymarin consumed in this study (200
mg/kg/day). Silymarin administration may
reverse HFD's effects on body weight and BMI,
and this effect may be attributed to decremented
fat absorption. Other potential mechanisms such
as fatty acid synthesis reduction and increment
of fatty acid oxidation need further investigation

[7].
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Consistent with Hamza et al [19], our results
confirm that HFD-induced metabolic defects are
associated with of type 2 diabetes, such as
higher glucose levels, insulin concentrations,
and HOMA-IR. Recent studies have begun to
examine whether these symptoms can be
modulated by Silymarin supplementation in
HFD-induced obese animal models [20-22].
When Silymarin was ingested by mice alongside
a HFD, it significantly improved glucose
tolerance, ameliorated insulin resistance, and
prevented excessive weight gain [20]. In
another study, Silymarin has been reported to
increase lipolysis favorably, decrease visceral
fat, ameliorate insulin resistance, and suppress
gluconeogenesis through the down-regulation of
related genes [21]. In the current study, the most
striking result from the data is that glucose
level, insulin concentration, and HOMA-IR
ameliorated after 12 weeks of administration of
Silymarin, either 25 or 50 mg/kg doses. This
amelioration was increased when a high amount
of Silymarin was supplemented with exercise
training. Our results are consistent with previous
studies [23-25]. To be mentioned specifically,
glucose level was significantly lower in all
groups than in the HFD group, which can be
concluded that low and high doses of Silymarin
supplementation effectively decreased the
glucose level.

Moreover, in the present study insulin
concentration and HOMA-IR were improved by
Silymarin supplementation. These
improvements were greatest when a high dose
was consumed in conjunction with exercise
training. Several previous studies show that that
different kind of exercise training elicits
improvements in insulin concentrations and
HOMA-IR [26, 27]. A novel finding of the
current study is that adding Silymarin
supplementation to exercise training led to
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further improvements in these markers of
metabolic health. Several studies reported that
Silymarin not only could improve endocrine
function and pancreatic morphology but also the
pancreatic activity of antioxidant enzymes in
diabetic models [20, 22, 28, 29].

In line with previous studies, Dyslipidemia is
characterized by an increase in TG, TC, and
LDL-C levels; changes we observed in the
HFD-fed rats in our study. Interestingly, we
found that their lipid profiles significantly
improved following combined Sylimarin and
exercise training, especially in HFD + S25 +
ART and HFD + S50 + ART groups. Other
recent studies have also shown that Silymarin
improves lipid profile in rats and humans [4,
30]. However, these findings are not consistent;
Hadad et al. (2011), reported that 12 weeks of
Silymarin administration in HFD-fed rats had no
significant influence on TC concentrations,
despite reducing LDL levels [4]. However,
Skottova and Ramakrishnan showed that
Silymarin supplementation decreased TC levels
in  hepatocellular  carcinoma and high
cholesterol-fed rats. Additionally, Sobolova et
al. found that Silymarin attenuates TC
absorption in rats fed on high cholesterol diet,
attenuating changes in TC, TG, and VLDL in
the liver [5, 6].

According to Silymarin's impact on HFD-fed
animals in this study and others suggests this
herb influences lipoproteins [31]. It has been
suggested that Silymarin affects lipoprotein
concentration not only by decreasing cholesterol
absorption from the intestine [32] but also via

up-regulation of the ABC transporters
associated with lipid metabolism [31].
Accordingly, suppression of  cholesterol

absorption by Silymarin may be the major
mechanism driving improvements in lipid
metabolism [32]. In the present study, we found
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that HDL levels were significantly raised when
Silymarin was consumed in conjunction with
exercise training but not Silymarin alone; thus,
changes in HDL and LDL levels in the present
study were likely a result of the exercise
training, as shown before [33].

A recent study reported that Silymarin
reduces circulating leptin levels [7]. Our result
demonstrates that a high dose of Silymarin
could attenuate a rise in leptin levels in HFD
rats. This improvement was augmented when
low and high doses of Silymarin were consumed
with exercise training. Leptin reduction owing
to Silymarin  supplementation may be
attributable to its effects on adipose tissue, as it
has been reported that Silymarin remarkably
reduced pro-inflammatory cytokines such as
TNF-0, IL-6, and IL-1B levels at both the
MRNA and protein level [22, 34]. As leptin may
reduce insulin sensitivity and alter insulin
signaling in hepatocytes, increases in this
hormone could contribute to hepatic steatosis
[35]. Combined with our results on insulin
concentrations, the decrease in leptin levels by
Silymarin supplementation suggests this herb
may play an adjunctive role in managing the
potentially deleterious effects of chronically
consuming a HFD [7].

We found that HFD significantly reduced
PYY compared with the control group,
indicative of an increased appetite. However,
neither low nor high doses of Silymarin
supplementation altered PYY levels when
consumed alone, but when combined with
exercise training, both doses markedly increased
PYY levels. It has recently been documented
that exercise training has a favorable impact on
PYY. Martins et al. [36] reported that
postprandial  PYY  concentrations  were
significantly increased in overweight/obese men
and women after a 12-week exercise
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intervention. In addition, Jones et al. [8] found
that fasting plasma PYY concentrations
following 32 weeks of exercise training, which
resulted in significant body fat loss, were raised
in overweight males and females. Collectedly,
these findings suggest that exercise can
positively influence appetite and appetite-
regulating hormones such as PPY facilitating a
negative energy balance and weight loss [37].
Since it has been shown that chronic PYY
administration shifts substrate mobilization in
favor of fat oxidation in rodents [38-40],
reduced body weight and visceral fat in the
present study following consumption of
Silymarin in conjunction with exercise training
could be related to the increase in PYY
concentrations. Postprandial PYY levels are
also correlated with postprandial energy
expenditure and the thermic effect of food [41].
Collectively, these findings suggest that PYY
increases after exercise training, and this may
help to regulate body weight by increasing
energy expenditure and reducing food intake.
HFD-induced NPY values were significantly
higher compared with the control condition.
Recent studies have also demonstrated that NPY
increases in response to HFD. The combined
Silymarin and exercise training groups had
significantly reduced NPY concentrations in
comparison with the HFD-induced NPY values.
Additionally, HFD + S50-induced NPY levels
were also significantly lower than the HFD-
induced NPY levels. That exercise decreased
NPY levels is consistent with the results of Wu
et el. (2019) but differs from Khajehnasiri et
al.'s study [43]. Wu and colleagues identified
that the expression of NPY and its receptors in
the vasculature was decreased by physical
activity, and this expression was significantly
correlated with the progress of atherosclerosis
[42]. They also stated that exercise might
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decrease macrophage activity by down-
regulating the expression of NPY Y1 receptors,
thereby decreasing the release of inflammatory
cytokines. On the other hand, Khajehnasiri and
colleagues found that NPY levels remained
unchanged after one month of regular intensive
exercise in male Wistar rats [43]. In another
study, it was revealed that HFD-induced
metabolic syndrome was inverted by exercise
training, illustrating that these beneficial
exercise impacts may be mediated by shear
stress-induced Akt/eNOS pathway activation.
Hence, the authors stated that exercise training
may be a valuable approach to invert almost a
wide range of risk factors related to obesity
[44]. The evidence confirmed that the reduced
NPY levels after exercise are likely because of
the rising negative energy balance in the
organism as previously mentioned [45] and
appears to validate earlier discoveries indicating
that energy balance is the primary factor
influencing changes in leptin levels during
exercise [46, 47].

5. Conclusion
Our  results
consumption, especially a

showed that silymarin
higher  dose,
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