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Abstract

Aim: Precise therapeutic strategies and simultaneous investigation of the mechanisms
involved in obesity are essential. Therefore, the present study aimed to investigate the effect of
high-intensity interval training on soleus muscle FGF21 expression and lipid profile in rats fed
a high-fat diet. Methods: For this purpose, 24 healthy adult male rats (Age: six weeks, weight:
200+20 grams) were randomly divided into four groups: control (CON) (N=6), control+exercise
(CON+EXE) (N=6), high-fat diet (HFD) (N=6), and high-fat diet+exercise (HFD+EXE) (N=6).
Diet and exercise interventions were initiated simultaneously and continued for 10 weeks. HIIT
training consisted of eight periods of interval activity (90% MRC for 2.5 min) with active rest .
periods (50% MRC) for 2.5 min). The PCR_ method was used to examine FGF21 expression in  ocan this QR code to see the
the soleus muscle. Serum lipid indices were also measured. One-way ANOVA and Tukey's post accompanying V|de9, or visit

hoc test were used to analyze the data. The significance level was considered to be P<0.05, and Jahssp.azaruniv.ac.ir

statistical analyses were evaluated using SPSS27 software. Results: By performing HIIT, weight

and BMI were reduced, and LDL, cholesterol, HDL, and HDL/LDL ratio were increased in the 1. Department of Physical
training groups compared to those in the control group (P=0.001). The expression of FGF21 in Education and Sport Sciences,
the soleus muscle was significantly higher in the training group than in the control group Tarbiat Modares University,
(P=0.001). Conclusions: Ten weeks of HIIT without caloric restriction could potentially Tehran, Iran.

increase FGF21 expression and improve lipid profiles and weight loss. Therefore, this type of *(corresponding author)
training can modulate and regulate obesity and its complications, without caloric restriction. ( molanouri@modares.ac.ir )

Keywords:  Obesity, High-Fat Diet, Skeletal Muscle, Fibroblast Growth Factor 21 (FGF21),
High-Intensity Interval Training (HIIT)

Cite as: Mozhgan Rezvani Rad, Mahdieh Molanouri Shamsi, Reza Gharakhanlou, Shahnaz Shahrbanian. The Effect of High-Intensity
Interval Training on Soleus Muscle FGF21 Expression and Lipid Profile in Rats Fed a High-Fat Diet. Applied Health Studies in Sport
Physiology. 2026; 13(1): 118-130.

Owner and Publisher: Azarbaijan Shahid Madani University

Journal ISSN (online): 2676-6507

Access Type: Open Access

DOI: 10.22049/jahssp.2025.30245.1714

Copyright ©The authors Publisher: Azarbaijan Shahid Madani University



https://portal.issn.org/resource/ISSN/2676-6507

JAH SS P http://jahssp.azaruniv.ac.ir/

http://dx.doi.org/10.22049/jahssp.2025.30245.1714

The Effect of High-Intensity Interval Training on ... 0118

Extended abstract
Background

The increase in obesity worldwide has been accompanied by an unprecedented increase in metabolic disorders, including
dyslipidemia, type 2 diabetes, and nonalcoholic fatty liver disease. Although exercise alone may not induce weight loss,
it is recognized as an effective means of maintaining body weight or preventing weight gain and is recognized as an
effective behavioral intervention for the metabolic syndrome. Among the key factors in the effect of exercise on obesity-
induced metabolic improvements is fibroblast growth factor 21 (FGF21).Since obesity is a metabolic state that has been
previously associated with FGF21 resistance, the aim of the present study was to investigate the role of this key molecular
factor in rats that were simultaneously exposed to a high-fat diet during exercise. Therefore, the aim of the present study
was to investigate the effect of a high-intensity interval training session on soleus muscle FGF21 expression and lipid
profile in rats fed a high-fat diet.

Materials and Methods

The present study was experimental. Twenty-four healthy adults male Wistar rats (age: six weeks, weight: 200+20 g)
were purchased from the Pasteur Institute (Tehran-Iran) and maintained in the animal laboratory of Tarbiat Modares
University of Tehran (temperature: 25+2, humidity: 45%, light-dark cycle: 12-12 hours).

Experimental design

The purchased rats were randomly divided into four control groups (CON, standard diet and no exercise), exercise group
(CON+EXE, standard diet+exercise), high-fat diet group, and high-fat diet+exercise group (HFD+EXE) (N=6). This
study was approved by the Ethics Committee of Tarbiat Modares University (IR.MODARES.AEC.1402.016).

Training protocol

High-fat diet (HFD): HFD and HFD+HIIT groups received a high-fat diet (manufactured by Razi Serum Institute, Iran)
and CON and CON+EXE groups received a standard diet (manufactured by Razi Serum Institute, Iran) for 10 weeks. The
high-fat diet contained 60% of total energy from fat (derived from animal fat), 20% from carbohydrates, and 20% from
protein.

Maximal Running Capacity (MRC) Test: This test started at a speed of six meters per minute and gradually increased
the speed by three meters per minute every three minutes until reaching the fatigue threshold. Rats that were not in the
training group trained only during the adaptation period and the MRC test. The MRC test was subsequently re-
administered at the end of the training protocol.

High-intensity interval training protocol (HIIT): The HIIT training protocol, according to the guidelines used in the
sources, consisted of eight rounds of intense activity (90% MRC for 2.5 minutes) with active rest periods (50% MRC for
2.5 minutes).

Weight and BMI measurement: A digital scale with a sensitivity of 0.01 g was used to measure the weight of the rats.
The weight of the rats was measured and recorded regularly from the first week to the end of the training protocol on a
specific day and time of the day each week. The height of the rats was measured using a caliper from the tip of the nose
to the beginning of the tail. The height of the rats was also measured at the end of the diet period. The BMI was measured
using the Lee index. Therefore, after measuring the height (cm) and weight (g) of the rats, the Lee index was estimated
using the following formula. Lee index = cube root of body weight (g/) height (cm)

Extraction of laboratory animal tissue: The animals were anesthetized using a combination of xylazine (10 mg/kg) and
ketamine (80 mg/kg) by intraperitoneal injection. The separated serum and tissue samples stored in a freezer at -20 and -
80 degrees Celsius for subsequent research.

Assessment of studied factors: The lipid profile (total cholesterol, HDL, LDL, HDL/LDL and cholesterol) in serum was
measured at the end of the period with an automatic analyzer. The PCR-Qtr method was used to examine the expression
of the FGF21 gene.

Statistical analysis
The one-way ANOVA test was used, and if the results were significant, the Tukey post hoc test was used. Statistical

analyses were performed using SPSS27 software, and the significance level was considered to be P<0.05.
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Results

Weight and BMI variable, a significant increase was observed in the HFD group in the eighth and tenth weeks compared
to the CON group and a significant decrease in weight was observed in the HFD+EXE and CON+EXE groups compared
to HFD (P=0.001). A significant decrease in HDL and HDL/LDL was observed in the HFD group compared to the CON
group (P=0.001). A significant increase in LDL and T-Chol was observed in the HFD group compared to the CON group
(P=0.001). FGF21 was significantly increased in the CON+EXE and HFD+EXE groups compared to HFD (P=0.001).

Discussion

Overall, the findings of the present study showed that high-intensity interval training reduced weight and BMI and
improved lipid profile in the training groups compared to their controls. In fact, a 1% reduction in LDL and plasma
cholesterol concentrations leads to a 2% reduction in coronary heart disease. This indicates that our training program was
likely successful in significantly reducing the risk of coronary heart disease in samples with primary obesity without
caloric restriction. The HIIT protocol used may have been able to increase ligand-receptor sensitivity. With the reduction
of triglycerides and body weight, FFAs increase and consequently activate peroxisome proliferator-activated receptor-o.
(PPARa), which is a positive and upstream regulator of FGF21. It is likely that the levels of free fatty acids from adipose
tissue into the blood increased, followed by increased expression of intramuscular FGF21, and as a result, FFAs were
called to muscle cells for more energy production. So the source of inflammation, which was the same visceral fat
resulting from the constant consumption of a high-fat diet, was reduced following HIIT exercise.

Article message

The training protocol used in the present study also showed that, despite the continuous consumption of a high-fat diet,
it can activate the expression of muscle FGF21, which is a potential therapeutic agent, and improve lipid profiles.
However, researchers should consider the limitations of the present study when referring to the results of our research
and focus on resolving these limitations in their future studies.
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