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II. High-Fat Diets Disturb Rat Epididymal Sperm Maturation

III. A short-term high-fat diet alters rat testicular activity through the SIRT1/NRF2/MAPKs

signaling pathways.

IV. Ameliorating high-fat diet-induced sperm and testicular oxidative damage

by micronutrient-based antioxidant intervention in rats

V. Conclusion

Abstract

High-fat diet (HFD)-induced obesity has emerged as a global health crisis, closely associated
with male reproductive dysfunction. Clinical evidence shows that obese men generally have
problems such as decreased sperm quality and reduced fertility, but the molecular mechanisms
are still not fully elucidated. This report systematically explores the multifaceted effects of
HFD on the reproductive system of male rats. The study found that HFD impairs reproductive
function through the following mechanisms:(1)Hormonal imbalance: testosterone levels are
significantly reduced, disrupting the hypothalamus-pituitary-gonadal axis;(2)Sperm
maturation disorder: changes in the epididymal environment lead to abnormal sperm
capacitation and impaired membrane stability;(3)Increased oxidative stress: excessive
accumulation of reactive oxygen species and inhibition of the SIRT1/NRF2/MAPK antioxidant
pathway, leading to DNA and lipid peroxidation damage;(4)Mitochondrial dysfunction:
imbalance in fusion/fission dynamics and impaired energy metabolism. Studies have
demonstrated that supplementation with antioxidant micronutrients such as folic acid, vitamin
B6, zinc, choline, and betaine can activate the NRF2 pathway and restore antioxidant enzyme
activity, thereby improving sperm motility and testicular histological parameters. HFD-induced
male reproductive impairment involves a complex network of dysregulation of oxidation,
metabolism, and endocrine function. Antioxidant micronutrient supplementation offers a
feasible and safe preventive/therapeutic strategy with significant potential for clinical

improvement of obesity-related male infertility.
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