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The selenoperoxidase GPx4, discovered in 1982, plays a pivotal role in preventing ferroptosis. In a 

moonlighting function, GPx4, in its mitochondrial and nuclear forms, also contributes to 

spermatogenesis. The critical advantage of Selenium vs. Sulfur catalysis is the stability of the oxidized 

form of the chalcogen in the catalytic cycle. While the mechanisms of catalytic cycle are understood, 

its regulation remains largely unknown. Existing evidence supports the notion that ferroptosis is 

activated when GPx4 is inhibited, glutathione (GSH) concentration is lowered, or the labile iron pool 

is expanded. The outcome is framed in the context of oxygen toxicity playing the physiological function 

of controlling cell death. GPx4 stands out as the sole peroxidase indispensable to aerobic life. 

Moreover, a recent study exploring the role of the residue Arg152 in GPx4, linked to a fatal although 

not embryonically lethal disease, revealed that the wild-type enzyme exhibits surface-sensing and 

positive cooperativity in the presence of cardiolipin. This adds complexity to the mechanism of 

physiological function encompassing the interaction with acidic phospholipids in mitochondrial 

membranes. Ferroptosis is implicated in both physio-pathological conditions, including 

embryogenesis, cancer suppression, neurodegenerations, inflammatory disorders, metabolic 

syndrome, heart and kidney diseases. No antioxidant enzymatic system can substitute for GPx4 in 

inhibiting ferroptosis, emphasizing the vital role of selenium. Phenolic antioxidants, which reduce lipid 

hydroperoxyl radicals, can only inhibit lipid peroxidation under physiological conditions, and thus 

ferroptosis, when the lipid hydroperoxides formed are immediately reduced by GPx4. In contrast, the 

ferroptosis inhibitor Ferrostatin-1 (Fer-1) proves to be significantly more efficient than phenolic 

antioxidants. Analytical and computational evidence supports the notion of a pseudo-catalytic cycle 

where the ferrostatin-iron complex, both produces and reduces lipid alkoxyl radicals from lipid 

hydroperoxides. This discloses the roadmap for the identification of innovative antioxidants 

competent for preventing ferroptosis. 

 

 


