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Background and aims. Muscle mass regeneration relies on intricate energy metabolism, mitochondrial dynamics, and cellular repair. Fulvic acid, a bioactive natural compound, may help regulate cellular homeostasis and muscle adaptation, though its molecular effects are not fully understood. This study aims to investigate fulvic acid’s impact on creatine kinase activity and mitochondrial function using computational modelling and cellular assays, aiming to uncover new therapeutic strategies for muscle mass degeneration.

Methods. A combined in silico and in vitro approach was used to study fulvic acid’s effects on muscle energy metabolism and mitochondrial biogenesis. Molecular docking predicted fulvic acid’s binding to creatine kinase and mitochondrial regulators. L6 myotubes were treated to assess creatine kinase activity, mitochondrial DNA content, and PGC-1α expression. Cell viability, serum creatine kinase activity, and muscle histopathology were evaluated by in vivo techniques to determine cellular health and structural integrity.

Results. Computational analyses revealed strong interactions between fulvic acid and creatine kinase, indicating that fulvic acid may influence this enzyme’s function in muscle energy metabolism. In vitro, fulvic acid treatment of L6 myotubes reduced creatine kinase levels, increased mitochondrial DNA, and upregulated mitochondrial biogenesis genes like PGC-1α. In vivo studies showed reduced serum creatine kinase, improved muscle tissue morphology, highlighting fulvic acid’s potential benefits for muscle health.

Conclusion/Discussion. The findings showed that fulvic acid aids muscle recovery by preventing creatine kinase leakage, preserving muscle fibre integrity, and promoting mitochondrial biogenesis at molecular and cellular levels. These benefits are likely due to its direct enzyme interactions, modulation of genes related to energy metabolism, and its antioxidant properties, all of which reduce muscle damage and speed recovery, supporting fulvic acid’s use as a supplement for improving muscle mass degeneration.
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