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Abstract

Introduction: Obesity represents an increasing disease and a cause of
cardiovascular diseases, hypertension, hyperlipidemia, diabetes and
cancer. Therefore, the aim of the present study was designed to
investigate the changes in the expression of FOX01 and STRA13 genes
within the adipose tissue of obese rats following endurance training and
electrical stimulation with calorie restriction.

Methods: In this controlled experimental study, 35 male rats (8 weeks,
weighing 200+19g) were randomly allocated into five equal cohorts of
seven following the induction of obesity and weight gain: non-fasting,
fasting alone, fasting with endurance exercise, fasting with electrical
stimulation, and fasting combined with both endurance exercise and
electrical stimulation. The groups were subjected to training (speed 10
to 20m/min and duration 20 to 40min), electrical stimulation (foot shock
device 0.5mA and 20min) and fasting (8 to 16 hours) for four weeks.
After exercise and anesthesia, adipose tissue was sampled and after
performing molecular processes, gene expression was measured using
PCR machine. Statistical evaluations were conducted using two-way
analysis of variance at a significance level of p<0.05 with GraphPad
software.

Results: The results showed that endurance training, as well as its
combination with electrical stimulation, led to an increase in FOX01 and
a significant decrease in STRA13 expression in rats compared to the
control group (P=0.0001 and P=0.001, respectively). Furthermore,
electrical stimulation alone also induced a significant increase and
decrease in FOX01 and STRA13 genes (P=0.0001).

Conclusion: That seems that endurance training in fasted obese samples
has had positive effects on fasted obese samples by reducing STRA13
and converting white adipose tissue into brown tissue.

Keywords: Obesity, Fasting, Endurance Training, Electrical
Stimulation, FOX01, STRA13.

10473

CCBY-NC4.0


mailto:drmoradi59@iau.ac.ir
https://orcid.org/0009-0004-8283-8284
https://orcid.org/0000-0002-0844-5800
https://orcid.org/0000-0002-6463-4884
https://orcid.org/0000-0002-6858-5469
http://dx.doi.org/10.18502/ssu.v34i7.22994
https://jssu.ssu.ac.ir/article-1-6677-en.html

[ Downloaded from jssu.ssu.ac.ir on 2026-10-20 ]

[ DOI: 10.18502/ssu.v34i7.22994 ]

- Journal of Shahid Sadoughi University of Medical Sciences

Vol 34 |NO 7 | Oct 2026

Extended Abstract

Introduction

Obesity is a growing disease and a
contributing factor to cardiovascular disease,
hypertension, hyperlipidemia, diabetes, and
cancer. (1). Obesity is defined as the excessive
growth of adipose tissue resulting from an
increase in the number and size of adipocytes.
The human body comprises different types of
adipocytes—classified as white, brown, and
beige (brown-like) adipose tissue—which
participate in vital processes such as
metabolism, fat storage, and thermogenesis. In
this context, the FOXO1 and STRA13 genes
are directly linked to energy metabolism and
play a significant role in both brown and white
adipose tissue (3, 11). Consequently, engaging
in aerobic exercise is among the primary
recommendations for the prevention and
rehabilitation of these patients. Furthermore,
Islamic teachings advocate for fasting and
caloric restriction to promote health and
manage weight, particularly for overweight
and obese individuals. Fasting regimens have
recently gained attention and are being utilized
for weight loss (18). Finally, electrical
stimulation—distinct from physical activity
and fasting—is recognized as another
modality for weight loss and was employed in
the present study (24).

Methods

This experimental study utilized 35 eight-
week-old Wistar rats (weighing 200+19g),
which were kept in the laboratory for two
weeks under controlled conditions of 22+2°C,
12 hours of light and 12 hours of darkness, and
50+£5 humidity prior to the intervention.
Following this period, the rats were randomly
divided into five groups of 7 animals including
a moderate intensity aerobic exercise group
(MIT), an electrical stimulation group (ES), an
aerobic exercise-electrical stimulation group
(MIT.ES), a calorie-restricted control group
(FA; fasting), and a control group without
calorie restriction (CO). The groups
(excluding the control groups) participated in
an intervention protocol for four weeks. The
animals were placed on a high-calorie diet for
approximately eight weeks and became obese.
From the beginning of the training program,
the groups were fasted from 6:00 AM to 6:00
PM [29]. Peanuts, milk chocolate and sweet
biscuits were used in the ratio of 3:2:2:1 to
fatten the animals [28]. The aerobic exercise

protocol was of moderate intensity for 4 weeks
with a speed of 20-29 m/min in the second
week 20 m/min, in the third week 25 m/min, in
the fourth week 27/min and in the fifth week
29/min, 5 days a week, for 60 minutes with an
intensity of 55-60% Vo2max and a zero-
degree slope according to Table 1 [29]. The
electrical stimulation protocol (ES) was
applied using a stimulator connected to the
foot shock device with 0.5 mA. For four
weeks, 5 sessions per week, 20 minutes of
electrical stimulation were performed per
session [32, 33]. At the end of the intervention,
all rats were anesthetized 24 hours after the
final exercise and electrical stimulation
session. Subsequently, samples of leg adipose
tissue were analyzed to evaluate gene
expression.

Results

Descriptive  and  analytical statistics
regarding FOXOI1 levels following MIT and
ES interventions are presented in Table 3.
Figure 1 illustrates the relative expression
levels of the FOXO1 gene across the study
groups. Analysis of variance (ANOVA)
revealed significant differences between the
groups. Tukey’s post-hoc test indicated a
significant increase in the MIT group
compared to the FA and CO groups (F=2.7,
P=0.001). Furthermore, endurance training
(MIT) and its combination with electrical
stimulation (ES) resulted in a significant
upregulation of this gene compared to all other
study groups (F=21, P=0.0001). The ES group
showed a significant increase compared to the
FA group (F=5.3, P=0.006) and a significant
decrease compared to the MIT+ES group
(F=18, P=0.0001); however, no significant
difference was observed between the ES group
and the MIT or CO groups (F=4.3, P=0.521).

Descriptive and  analytical statistics
regarding STRA13 levels following MIT and
ES interventions are presented in Table 4.
Figure 2 illustrates the expression levels of the
STRA13 gene across the study groups.
ANOVA revealed significant differences
between the groups. Tukey’s post-hoc test
indicated a significant decrease in the MIT
group compared to the CO, FA, and MIT+ES
groups (F=39, P=0.0001), but no significant
difference was observed when compared to the
ES group (F=0.29, P=0.999). Furthermore,
endurance training—and its combination with
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electrical ~ stimulation—resulted in a
significant decrease in the expression of this
gene compared to the control (CO) group
(F=27, P=0.0001) and a significant increase
compared to the ES and MIT groups (F=31,
P=0.0001). Finally, no significant differences
were observed between the MIT and ES
groups, nor between the MIT+ES and FA
groups (F=1.1, P=0.847).

Conclusion

It appears that endurance training, electrical
stimulation, and their combination—in
conjunction with caloric restriction—have
proven effective in thermogenesis (via the
conversion of white adipose tissue to brown
adipose tissue) and weight control in obese
subjects, by reducing and suppressing
STRA13 gene expression; however, further
studies are required in this regard.
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