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Abstract

During sperm cryopreservation, oxidative stress is recognized as one of the major factors contributing to
reduced sperm motility, viability, membrane integrity, and ultimately fertilizing capacity. Compared with
other cell types, sperm cells are particularly vulnerable to oxidative damage due to their limited cytoplasmic
volume, low levels of intracellular antioxidants, high content of polyunsaturated fatty acids in the plasma
membrane, and pronounced susceptibility to lipid peroxidation. The supplementation of antioxidants into
semen extenders has been proposed as an effective strategy to mitigate cryoinjury and cold shock during the
freezing—thawing process; however, the stability and bioavailability of these compounds may be compromised
during cryopreservation. Berberine, a plant-derived alkaloid with potent antioxidant properties, is limited in
practical applications due to its low bioavailability. In this context, berberine-loaded nanoparticles (nano-
berberine) have emerged as a promising approach to enhance stability, cellular uptake, and protective efficacy
against oxidative stress. Accordingly, the present review aims to summarize and critically evaluate the
antioxidant effects of berberine and nano-berberine in semen cryopreservation media, with particular emphasis
on their roles in improving post-thaw sperm quality in animal species. This strategy may contribute to the
advancement of selective breeding programs, improvement of artificial insemination efficiency, enhancement
of frozen semen quality, preservation of valuable genetic resources, and conservation of endangered animal
species.
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