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Abstract

Aim: Obesity is associated with structural and functional impairments in the heart and
increases the risk of cardiovascular diseases. The AMPK/SIRT1 signaling pathway plays a key
role in regulating cellular energy homeostasis and oxidative stress responses in cardiac tissue.
This study aimed to investigate the effect of aerobic exercise on the expression of AMPK and
SIRT1 genes in the cardiac tissue of obese male Wistar rats.Methods: In this experimental
study, 18 male Wistar rats (mean weight: 187.5 + 9.37 g) were randomly divided into thyé®€
groups: healthy control, obese control, and obese with exercise. Obesity was induced by a High-
fat diet for 8 weeks. The exercise group underwent aerobic treadmill training for 8 weeKSK(5
sessions per week). At the end of the intervention, gene expression levels of AMPKqand SIRTE
in cardiac tissue were assessed using real-time PCR. Data were analyzed by ongdWay ANOVA
followed by Tukey’s post-hoc test (p<0.05).Results: Obesity induction led ffo a sigffificant
reduction in the gene expression of AMPK and SIRT1 in cardiac tissue compard@togfie healthy
control group (p < 0.001). Aerobic exercise significantly increased the eXpressiofllévels of both
AMPK and SIRT1 in the obese exercise group compared to fiké] obese
0.001).Conclusion: Eight weeks of aerobic exercise can partialfjiféVerse obesitysinduced
metabolic dysfunctions in cardiac tissue by activating the AMPK/SIRT@signaling pathway.
These findings underscore the value of non-pharmacologiGalllifiterventionshsuch as aerobic
training in mitigating cardiometabolic complications assogigted Withiobesity.
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Extended abstract
Background

Obesity is a major global health challenge, contributing to cardiovascular diseases, metabolic syndrome, and oxidative
stress. In cardiac tissue, energy-sensing molecular pathways such as AMP-activated protein kinase (AMPK) and Sirtuin
1 (SIRT1) play central roles in regulating metabolism and stress responses. AMPK acts as a cellular energy sensor,
activated under conditions of ATP depletion, promoting fatty acid oxidation and inhibiting anabolic pathways. SIRT1, a
NAD*-dependent deacetylase, regulates gene expression related to mitochondrial biogenesis and oxidative stress
reduction. Together, AMPK and SIRT1 form a synergistic network that maintains energy homeostasis and protects cardiac
tissue.

Obesity disrupts these pathways, leading to impaired energy metabolism, chronic inflammation, and increased
susceptibility to cardiovascular dysfunction. Previous studies have reported inconsistent findifigs regarding the effects of
aerobic exercise on AMPK and SIRT1 expression. Some demonstrated significant u n, while others found
limited or non-significant changes, particularly under pathological conditions such obesity. These
discrepancies highlight the need for further investigation.

Aerobic exercise is widely recognized as a non-pharmacological intervention i icdtealth, enhances
mitochondrial function, and reduces oxidative stress. By activating AMPK an i
induced dysfunctions. However, the precise molecular mechanisms and -induced adaptations in
obese cardiac tissue remain incompletely understood. This study wasg tematically evaluate the
effects of eight weeks of aerobic exercise on AMPK and SIRT1 gene issue of obese male Wistar
rats.

.Materials and Methods

This experimental study employed a post-test design. Eigh ale Wistar rats (mean weight: 187.5 £ 9.37 g, age 8
weeks) were purchased from Razi Institute, Ma and atized for one week under controlled laboratory
conditions (temperature 25 + 3°C, humidity 35
water.
Experimental Groups:
Rats were randomly assigned to three groups (n

1. Healthy control (standard diet).

2. Obese control (high-fat diet).

3. Obese + aerobic exer
Induction of Opesi

when necessary to encourag
Sample Collection: Forty-eight hours after the final training session, animals were fasted for 12-14 hours and
anesthetized with ketamine (60 mg/kg) and xylazine (5 mg/kg). Cardiac tissue was excised, washed in saline, stabilized
in RNA later, and stored at —80°C.

Molecular Analysis:

Total RNA was extracted using TRIzol reagent. RNA concentration and purity were measured with NanoDrop
spectrophotometry. cDNA synthesis was performed, and Real-Time PCR was conducted using SYBR Green Master Mix
with specific primers for AMPK and SIRT1. GAPDH served as the housekeeping gene.

Statistical Analysis:

Data were expressed as mean + SD. Normality was assessed using the Shapiro—Wilk test. One-way ANOVA followed
by Tukey’s post-hoc test was used to compare differences between groups. A p-value < 0.05 was considered statistically
significant.

Results
Results Obesity induction significantly reduced AMPK and SIRT1 gene expression compared to the healthy control group
(p <£0.001). Aerobic exercise significantly increased the expression of both genes in the obese exercise group compared
to the obese control (p <0.001). Interestingly, SIRT1 expression in the exercise group exceeded that of the healthy control
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group, suggesting a strong adaptive response to training. Body weight in the obese exercise group was lower than in the
obese control group, and heart weight returned to near-normal levels.

Discussion

The findings confirm the detrimental impact of obesity on cardiac tissue, as evidenced by reduced AMPK and SIRT1
expression. Aerobic exercise reversed these changes, highlighting its role in restoring metabolic balance. Mechanistically,
aerobic training increases the AMPK/ATP ratio and activates the LKB1 pathway, leading to enhanced oxidative
metabolism and suppression of anabolic processes. The synergistic interaction between AMPK and SIRT1 was evident,
supporting their combined role in reducing oxidative stress and promoting mitochondrial biogenesis.

These results align with previous biomedical studies but emphasize the unique challenges of sports physiology research,
where exercise intensity and fatigue induction are integral to study design. The observed increase in SIRT1 expression
beyond healthy control levels suggests that aerobic exercise not only compensates for obesity-induced deficits but also
enhances protective mechanisms.

From an ethical perspective, this study underscores the importance of applying the 3Rs principles (Replacement,
Reduction, Refinement) in animal research. While animal models remain essential nderstanding complex
physiological interactions, researchers must prioritize minimizing harm and explorifig alternatives such as digital
simulations and organ-on-chip technologies.

Conclusion Eight weeks of aerobic exercise significantly improved AMPK al in the cardiac
tissue of obese Wistar rats. These findings highlight the potential of aer,
intervention to mitigate obesity-related cardiometabolic dysfunctions. Stre i i ucation, ensuring
transparent reporting, and integrating legal frameworks are essential

research.

1 gene expressi

Article message

Aerobic exercise is a powerful non-pharmacological stra 0 -induced cardiac dysfunctions. By
enhances protective mechanisms in
cardiac tissue. This study provides experimental evidence supp@rting the integration of lifestyle interventions into obesity
management. Beyond its scientific contribution, th : izes the ethical responsibility of applying the 3Rs
principles in animal studies and the need for dual —animal sports physiology research.
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