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Extended Abstract

Background and Purpose

Cardiovascular diseases remain the leading cause of death globally, accounting for 31.5% of all deaths
(1). While advances in medical science have reduced the mortality rate from heart diseases compared
to the past, major risk factors, such as physical inactivity, continue to play a crucial role in their
prevalence (2) Exercise has a positive effect on long-term cardiovascular health. Specifically, regular
physical activity plays a key role in reducing vascular resistance and stiffness (2). By inducing
beneficial adaptations like angiogenesis, exercise enhances heart function, lowers the risk of
cardiovascular diseases and mortality, and provides protection against myocardial damage (3).
Resistance training (RT), which involves muscular contraction against an external force, helps
improve or maintain muscle mass and strength, and offers beneficial physiological and clinical effects
on cardiovascular diseases and related risk factors (4). A key factor in these positive effects is the
release of myokines (5). During and immediately after exercise, muscles produce and release
molecules, cytokines, or signaling peptides known as myokines. These myokines can exert both
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paracrine and endocrine effects. To date, several myokines have been identified as contributing to the
beneficial effects of exercise (6). One of the most well-known myokines is irisin, which is produced
by skeletal muscles in response to exercise (7). Irisin treatment has been shown to significantly
improve cardiac function, reduce infarct size, and minimize fibrosis (8). Research suggests that the
underlying mechanism for these benefits is related to angiogenesis, with irisin serving as a stimulus
for angiogenesis in the heart. Thus, irisin may mediate the cardiac health-promoting effects of
exercise training (6). Vascular endothelial growth factor (VEGF) is a key factor in angiogenesis,
particularly under hypoxic conditions, where it stimulates cell proliferation (9). VEGF promotes the
recruitment of stem cells into the bloodstream and serves as a potent initiator of angiogenesis. It plays
a crucial role in the migration, proliferation, matrix degradation, and formation of endothelial cell
networks that contribute to vascular network formation (10). VEGF is considered one of the primary
mediators of angiogenesis and is influenced by physical activity (9, 11). The aim of this study was to
comparatively assess VEGF gene and protein expression in heart tissue, and examine its correlation
with serum irisin levels, following resistance training, in comparison to exogenous irisin injection.

Materials and Method

Twenty-one male NMRI mice (5 weeks old, 18+2g) were used in this study. The mice were housed
under a controlled light-dark cycle (12 hours of light, 12 hours of darkness), with a humidity level of
50-60% and a temperature of 21°C. They had ad libitum access to food and water throughout the
study. The mice were randomly assigned to one of three groups: control (no intervention), resistance
exercise, and irisin injection. In the resistance exercise group, training involved climbing a 1-meter-
long ladder set at an 80-degree angle. The resistance training began after a 2-week period of
familiarization with the training conditions and the laboratory environment. To determine the
appropriate resistance for each session, the body weight of the mice was recorded. In the first week,
a weight equivalent to 30% of the mice's body weight was attached to their tails. The weight was
progressively increased over the course of the training period, reaching approximately 200% of their
body weight by the final week. This exercise protocol consisted of 4 sets of 5 repetitions with 2
minutes of rest between sets, performed 3 times per week for 8§ weeks. The irisin used in this study
was in powder form, with a dose of 100 micrograms. It was dissolved in a suitable solvent and injected
intraperitoneally 3 times a week, with a dose of 100 pg/kg/week. Thus, the mice in the irisin group
received 100 pg/kg of irisin weekly for 8 weeks. The cardiac expression of VEGF gene was measured
using real-time PCR, VEGF protein levels were assessed by immunohistochemistry (IHC) and
western blot analysis, and serum irisin concentration was evaluated using the ELISA method. Results
from all groups were evaluated using a one-way ANOVA test. Bivariate associations between serum
irisin concentration and VEGF gene/protein expression in the heart were assessed using Pearson’s
correlation coefficient. All data are presented as the mean + standard deviation (SD). A p-value of
<0.05 was considered statistically significant.

Results

Irisin concentration increased in exercise and irisin groups compared to the control group (P <0.001).
No significant difference was observed between the exercise and irisin groups (P=0.755). Both the
resistance exercise and irisin groups showed a significant increase in VEGF gene expression
compared to the control group (P < 0.001). No significant difference was observed between the
exercise and irisin groups (P = 0.439). Data analysis showed that all experimental groups had
significantly higher VEGF protein expression compared to the control group (P <0.001). The VEGF
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protein level in the resistance training group was significantly higher than that in the irisin group
(P = 0.02). Both the resistance training and irisin groups demonstrated significantly higher VEGF
protein expression compared to the control group (P < 0.001). No significant difference was found
between the exercise and irisin groups (P = 0.51). Pearson’s correlation analysis revealed a positive
correlation between the analyzed parameters in each group (P < 0.05 and r > 0).

Conclusion

It appears that resistance training exerts a dynamic effect on angiogenesis in the heart, driven by
complex signaling and molecular changes. This study underscores the potential role of irisin in
modulating VEGF expression. Future research focusing on the underlying molecular mechanisms
could lead to more effective and targeted treatments for cardiovascular health by targeting specific
molecules or signaling pathways

Article Message

If irisin can replicate the positive effects of exercise in humans, there is potential for irisin
supplements to serve as an effective therapeutic intervention to improve heart function and overall
cardiovascular health, particularly in patients. However, further studies are required to confirm these
findings and explore the long-term benefits of such interventions.
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1. Mitogen-Activated Protein Kinase

2. Hypoxia-Inducible Factor 1-alpha

3. Cardiac Puncture

4. Enzyme-Linked Immunosorbent Assay (ELISA)
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Figure 3- The Expression of VEGF Protein in Heart Assessed Through IHC
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A) THC images. B) data analysis indicated that compared to the control group, all other experimental
groups had higher VEGF protein expression (*P < 0.001). level of VEGF protein in resistance training
group had statistically significant higher in comparison to irisin group (#P = 0.02). All data were
presented as mean = SD.
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A) data analysis indicated that resistance training and irisin groups had higher level of VEGF protein
expression in comparison with the control group, that was statistically significant (*P < 0.001). No
significant difference was observed between the exercise and irisin groups (P =0.51). B) protein bands in
western blot analysis. All data were presented as mean + SD
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1. AMP-activated protein kinase (AMPK)

2. Protein kinase B (PKB)

3. Tuberous Sclerosis Complex 2 (TSC2)

4. The mammalian target of rapamycin (mTOR)
5. Glycogen Synthase Kinase-3 beta (GSK-3)
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1. Vascular Endothelial Growth Factor Receptor 2 (VEGFR2)
2. Extracellular Signal-Regulated Kinase (ERK)

3. c-Jun N-terminal kinase (JNK)

4. 90 kDa ribosomal S6 kinase

5. Chronic Obstructive Pulmonary Disease (COPD)
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