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4.1  INTRODUCTION

Friedreich’s ataxia (FRDA) is one of the most challenging inherited neurodegenerative disorders, 
characterized by progressive deterioration of the nervous system, cardiac complications, and 
impaired muscle coordination (1). As an autosomal recessive disease, FRDA is primarily seen 
in childhood or adolescence, affecting approximately 1 in 50,000 individuals (2). The molecular 
basis of FRDA lies in the reduced expression of frataxin, a mitochondrial protein crucial for iron 
homeostasis and cellular energy production, resulting from expanded GAA triplet repeats in the 
FXN gene (3).

The pathophysiological cascade initiated by frataxin deficiency encompasses multiple cellular 
perturbations, including mitochondrial dysfunction, oxidative stress accumulation, impaired iron-
sulfur cluster biosynthesis, and disrupted cellular energy metabolism (4). These molecular altera-
tions culminate in progressive neurodegeneration, particularly affecting the dorsal root ganglia, 
spinocerebellar tracts, and heart tissue, leading to the characteristic clinical manifestations of 
ataxia, loss of proprioception, and hypertrophic cardiomyopathy (5).

In recent years, there has been a paradigm shift toward exploring natural ingredients as potential 
therapeutic agents for FRDA, driven by their diverse biochemical properties, multiple mechanisms 
of action, and generally favourable safety profiles (6). Natural compounds offer several advantages, 
including their ability to target multiple pathological pathways simultaneously, their potential for 
synergistic interactions, and their long history of traditional use in various medical systems (7). The 
scientific rationale for investigating natural ingredients in FRDA management is further strength-
ened by emerging evidence of their antioxidant, anti-inflammatory, and neuroprotective properties, 
which directly address key pathological features of the disease (8).

Research has identified several promising natural compounds that may influence FRDA patho-
genesis through various mechanisms. These include potent antioxidants such as coenzyme Q10, 
vitamin E, alpha-lipolic acid, and resveratrol, capable of neutralizing reactive oxygen species, 
compounds that enhance mitochondrial function and energy production, agents that modulate 
iron homeostasis, and molecules that potentially increase frataxin expression (9). Additionally, 
natural ingredients often possess pleiotropic effects, potentially addressing multiple aspects of 


