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Background and Objectives: Non-Alcoholic Fatty Liver Disease (NAFLD) is one of the most common liver disorders
associated with fat accumulation in the liver in the absence of alcohol consumption. Endurance training and dietary
supplements—such as insect-derived proteins like mealworm—may be effective in improving NAFLD. This study aimed
to investigate the effects of endurance training and mealworm supplementation on the expression of Mitogen-Activated
Protein Kinase (MAPK) and alpha-Klotho (aKlotho) genes and muscle tissue alterations in rats with NAFLD.

Materials & Methods: In this experimental study, 15 male Wistar rats (250 + 50 g) were randomly divided into five
groups: healthy control, NAFLD, NAFLD + training, NAFLD + supplement, and NAFLD + training + supplement.
NAFLD was induced over 8 weeks using a high-fat diet. The endurance training protocol consisted of treadmill running
5 days per week. Mealworm protein supplement was administered by gavage at a dose of 20 mg/kg body weight, 5 days
per week. Gene expression of MAPK and aKlotho was assessed using Real-Time Polymerase Chain Reaction (RT-PCR).

Results: Endurance training and mealworm supplementation independently led to a significant increase in MAPK and
aKlotho gene expression (p < 0.001). Each intervention also significantly increased the number and diameter of muscle
fibers (p < 0.001), but their combined effect was not statistically significant (p = 0.941 and p = 0.688, respectively). SGPT
and ALP enzyme levels significantly decreased (p < 0.01), while SGOT levels showed no significant change.

Conclusion: Endurance training and mealworm supplementation had a beneficial effect on the expression of genes related
to cellular signaling pathways and liver function. However, their combined intervention did not result in significant
structural changes in skeletal muscle. These findings may serve as a foundation for future research on the treatment of
NAFLD.

Keywords: Endurance training, Mealworm protein supplement, Dietary supplement, Non-alcoholic fatty liver disease,
MAPK, aKlotho
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