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impaired angiogenesis. Vascular endothelial growth factor (VEGF) is a key promoter
of blood vessel formation, while endostatin can serves as an endogenous inhibitor
of angiogenesis. Moreover, the High-intensity interval training (HIIT) has been shown
to improve vascular health and cardiac function, and when combined with electrical
stimulation (ES), may further enhance these effects. Caloric restriction (CR) is another
well-established intervention that improves metabolic and cardiovascular outcomes.
However, the combined impact of HIIT, ES, and CR on the expression of genes related
to angiogenesis in cardiac tissue remains unclear. This study aimed to investigate the
effects of 4 weeks of HIIT combined with ES under CR conditions on the expression of
VEGF and endostatin genes in the heart tissue of obese male rats. The findings may
provide some insight into non-pharmacological strategies to improve cardiac health in
obesity-related conditions.

Materials and Methods: This experimental study was conducted using 35 male Wistar
rats ( 8weeks old, body weight: 200£19 g), purchased from Bagiyatallah University,
Iran. The animals were housed in transparent polycarbonate cages under controlled
conditions: a temperature of 22 + 2 °C, a humidity of 50 + 5%, and a 12-hour light/dark
cycle. All rats had free access to water and a standard laboratory rodent diet unless
otherwise specified.

Following a one-week acclimatization period, obesity was induced using a high-fat diet

for 12 weeks, consisting of peanuts, milk chocolate, and sweet biscuits in a 3:1:1 ratio.
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The diet provided 20% protein, 60% fat, and 20% carbohydrates per 100 g. Following obesity induction, rats were randomly
divided into 5 groups (n=7 per group) including obese control (CO), CR, CR+ES (ES.CR), and CR+HIIT (HIIT.CR), CR+HIIT+ES
(HIIT.ES.CR). The CR was implemented using a time-restricted feeding model: 16 hours of food access followed by 8 hours
of fasting daily. The standard diet used during this phase followed AIN-93 guidelines. HIIT was performed on a treadmill for
4 weeks, 4 sessions per week. Each session included alternating high-intensity intervals (25-30 m/min, 70-95% VOz;max)
and low-intensity recovery intervals (21-23 m/min, 50-60% VOj;max), lasting 20—40 minutes. Warm-up and cool-down were
performed at 10—-12 m/min (30-50% VOzmax). Electrical stimulation (ES) was administered using an R12 electrical stimulator
(Parto Danesh Co., Iran) at an intensity of 0.5 mA for 20 minutes per session, three sessions per week. Surface electrodes were
placed on the hind limbs, and electrical stimulation was applied during the post-exercise recovery period. Forty-eight hours after
the final intervention, rats were anesthetized with Ketamine (75 mg/kg) and Xylazine (10 mg/kg), and cardiac tissue samples
were collected. Samples were washed with phosphate-buffered saline (PBS), frozen in liquid nitrogen, and stored at —80 °C.
Total RNA was extracted using standard protocols with LR buffer, B-mercaptoethanol, chloroform, and ethanol. cDNA synthesis
was performed using reverse transcriptase (Fermentas, USA). Gene expression of VEGF and endostatin was quantified using
real-time PCR (Kiagene, Iran), with GAPDH as the housekeeping gene. Primer sequences were designed based on NCBI
data. Statistical analysis was performed using GraphPad Prism (version 8). Normality was assessed with the Shapiro-Wilk test
and one-way ANOVA followed by Tukey’s post hoc tests were used to compare groups. A p<0.05 was considered statistically
significant.

Findings: The results showed that four weeks of calorie restriction combined with high-intensity interval training (CR+HIIT)
significantly reduced the mRNA expression levels of both VEGF and endostatin in the cardiac tissue of obese rats compared
with the obese control (CO) group. In this group, the reduction in VEGF gene expression (X=—0.94, p<0.0001) was greater than
that of endostatin (X=-0.93, p<0.0001). Similarly , in the obese group under the CR+ES intervention, the expression of both
genes was significantly reduced compared with the CO group, such that the reduction in VEGF expression (X=-0.73, p<0.0001)
was greater than that of endostatin (X=-0.67, p<0.0001). Furthermore, the combined intervention of CR+HIIT+ES also produced
significant reductions in the expression of both VEGF and endostatin compared with the CO group. The mean changes in gene
expression were —0.87 for VEGF (p<0.0001) and —0.70 for endostatin (p<0.0001).

Conclusion: Itappears that the combination of HIIT and ES [or RS], along with CR, effectively modulates the myocardial angiogenic
microenvironment in obese subjects. Rather than a simple reduction in vascular growth, the concurrent down-regulation of both

VEGF (pro-angiogenic) and Endostatin (anti-angiogenic) represents a crucial homeostatic resetting of the cardiac tissue. In
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Figure 1: Comparison of the absolute mean differences in vascular endothelium growth factor and
endostatin gene expression. Absolute values are shown for graphical clarity. **** indicator of significant

differences of intervention groups relative to CO group at p<0.0001. CR: Caloric restriction; CO: Obese

control; HIIT: High-intensity interval training; ES: Electrical stimulation
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obesity, chronic low-grade inflammation and tissue hypoxia typically trigger pathological, disorganized angiogenesis, driving an
abnormal compensatory increase in VEGF, which in turn up-regulates Endostatin as a counter-regulatory feedback. Therefore,
by alleviating myocardial metabolic stress and systemic inflammation, these combined non-pharmacological interventions
remove the pathological stimulus for dysfunctional vessel growth. Consequently, VEGF expression can be return to a stabilized
baseline, which naturally leads to a parallel reduction in Endostatin to maintain physiological angiogenic equilibrium. Ultimately,
this dual reduction serves as a molecular indicator of successful myocardial remodeling, enhanced metabolic efficiency, and the
resolution of obesity-induced vascular stress, rather than an impairment in cardiac vascularization.

Keywords: High-intensity interval training, Electrical Stimulation, Obesity, Caloric restriction, Angiogenesis.
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