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Abstract

Background & Aims: Obesity has tripled worldwide and is associated with the death of at
least 2.8 million people every year and is very worrying (1). It seems that the disruption of
endothelial function in obese people in multiple tissues and organs causes cardiovascular
disorders, diabetes and cancer (2). Adipose tissue is an endocrine organ that is surrounded by
a dense network of blood capillaries and regulates the production of hormones, angiogenesis
factors, and cytokines (3). On the other hand, fat tissue needs angiogenesis to grow. With the
increase of angiogenesis, the size of adipocytes increases and this leads to a relative decrease
in oxygen pressure in obese people (3). Establishing a balance between the processes of
proangiogenesis and antiangiogenesis in the tissues of obese people is of special importance,
especially to prevent the pathogenesis of neovascularization in heart patients (4). Vascular
endothelial growth factor (VEGF) and endostatin (Ens) are related to angiogenesis of heart
and fat tissue. VEGF is expressed by both vascular stromal cells and mature adipocytes and
plays an important role in their growth (5). Ens prevents its function by binding to vascular
endothelial growth factor-3. Sports activities, electrical stimulation and fasting are therapeutic
methods in complementary medicine related to obesity and related diseases (6). Brixios and
colleagues (2008) showed that the level of VEGF in the serum of obese men did not change
after regular aerobic exercise (7). In the research of Melekipooya et al. (2019), it was shown
that aerobic exercise in infarcted desert rats leads to a significant increase in VEGF and a non-
significant change in Ens(8, 9). Ivani et al. (2013) also showed that ES leads to an increase in
the thermogenesis of fat tissues (10). According to different research results, it is necessary to
examine it as an issue.

Methods: In this controlled experimental study with a control group of 40 male Wistar rats (8
weeks old weighing 200+19 g) after induction of obesity and weight gain were randomly
divided into 5 groups of 8: obese control, fasting, fasting-endurance exercise, fasting-
stimulation Electric and fasted-endurance exercise-electrical stimulation were divided.
Intervention groups for a period of 4 weeks under endurance sports activity (with a speed of
10 to 20 m/min and duration of 20 to 40 minutes), electrical stimulation (foot shock device for
0.5 mA and 20 minutes) and fasting (8 to 16 hours) were placed. After exercise and anesthesia,
tissue sampling was done and after performing molecular processes, gene expression was
measured using Real time-PCR machine. To analyze the data, one-way analysis of variance
test was used at a significance level of p<0.05 and GraphPad software.

Results: The results showed that obesity led to a significant increase in the expression of
VEGF and Ens genes in rats compared to the control group (P=0.004 and P=0.0001).
Endurance training led to a significant decrease in VEGF compared to obese and exercise-
stimulation groups (P=0.0001). Endurance training led to a significant decrease in Ens
compared to the obese and control groups (P=0.0002 and P=0.01). Electrical stimulation also
led to a significant decrease in VEGF and Ens compared to the obese group (P=0.0001 and
P=0.005).

Conclusion: One of the important findings of this research is the significant increase in VEGF
and Ens gene levels in the fasting group compared to the control group. It can also be said that
the levels of the VEGF indicator in the training group showed a significant decrease compared
to the control and obese groups. Hypoxia in obese people causes inflammation and angiogenic
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responses and leads to high expression of HIF-1 and HIF-2, which increases the expression of
IL-18, IL-6, TNF-q, and IL-8 factors. These inflammatory factors can cause metabolic and
ischemia adaptations by disrupting the endothelial (11). In this regard, Brixios et al. (2007)
showed that aerobic exercise decreased the serum levels of VEGF in overweight and obese
men (7). Also, Ranjber et al showed that there is no significant difference between exercise,
supplement and myocardial ischemia groups, and endurance training reduces VEGF (12).
Contrary to the results of the above research, Saidian et al. (2019) showed that acrobic exercise
on obese and overweight women led to a significant increase in the resting serum levels of
VEGF (13). In this research, endurance training showed a significant decrease in the Ens gene
compared to the obese group. In this regard, Brixios et al. (2007) showed that in both groups
of regular aerobic training and cycling, a decrease in Ens plasma levels was observed in
overweight and obese people (7). Also, Malekipooya et al. (2019) showed that a period of
increasing aerobic exercise program led to a decrease in Ens values in male desert rats with
heart disease (9). Contrary to the results of this research, Gu et al. (2004) showed that physical
training leads to an increase in blood flow Ens levels after sports training (14). It seems that
the reason for this discrepancy is the measurement of this indicator immediately after training.
Another result of the above research was a significant decrease in VEGF compared to the
obese group after ES. In the research of Malekipooya (2024), it was shown that ES and its
combination with sports training did not have significant changes on the serum levels of VEGF
and TSP-1 (8). Also, in another study by Malekipooya (2024), it was shown that ES and its
combination with exercise did not cause significant changes in the serum levels of Ens and
FGF-2 markers in infarcted rats (15). Due to the novelty of the topic and the research related
to sports rehabilitation with electrical stimulation in fasting conditions, investigating its mutual
effects with different stimulations and intensities, especially in the dominance of gene
expression, will require more research, and no precedent was observed in this regard.
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