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Extended Abstract

Background and Objective: Male infertility represents a significant challenge in reproductive
health, with substantial medical and socioeconomic implications. In 30-50% of infertile
couples, the underlying cause is attributed to male factors. Heat stress is a well-recognized risk
factor that disrupts spermatogenesis and impairs fertility. This condition elevates testicular
temperature, stimulates the production of reactive oxygen species (ROS), and induces oxidative
stress, ultimately leading to structural and functional damage to testicular tissue. Oxidative
stress not only triggers apoptosis in germinal cells but also reduces testosterone production,
disrupts sperm morphology, and contributes to infertility. Among natural compounds,
astaxanthin, a carotenoid with exceptionally potent antioxidant properties, has demonstrated the
potential to mitigate such damage. Nevertheless, no comprehensive study has yet evaluated the
protective effects of astaxanthin against heat stress, induced testicular injury in animal models.
Therefore, this study was designed and conducted to assess the protective role of astaxanthin in
ameliorating testicular histological damage, spermatogenic disruption, and oxidative—
antioxidative imbalance caused by heat stress in Wistar rats.

Materials and Methods: In this experimental study, 40 male Wistar rats were randomly
divided into four equal groups (n = 10 each): (1) control group without heat stress, (2) heat
stress group, (3) heat stress group treated daily with a low dose of astaxanthin (0.5 mg/kg/day),
and (4) heat stress group treated daily with a high dose of astaxanthin (1 mg/kg/day). Heat stress
was induced by immersing the scrotum in a 42°C water bath for 20 minutes, while the control
group underwent immersion at ambient temperature (23°C). Astaxanthin was administered
orally via gavage in 0.2 mL olive oil daily for 8 weeks. At the end of the experimental period,
blood samples were collected to measure serum testosterone levels. The left testis was harvested
to assess total antioxidant status (TAS), total oxidant status (TOS), and oxidative stress index
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(OSI= TOS/TAS). The right testis was used for histopathological evaluation, Johnsen scoring
(to assess spermatogenesis), and Cosentino grading (to evaluate tissue damage). Data were
analyzed using one-way ANOVA, Tukey’s post hoc test, and Kruskal-Wallis test in SPSS
software (version 25). A p-value<0.05 was considered statistically significant.

Findings: Heat stress significantly decreased serum testosterone levels and significantly
increased TOS and OSI while decreasing TAS in testicular tissue (p<0.01). Conversely,
astaxanthin treatment, particularly at the higher dose, significantly elevated serum testosterone
and TAS levels and significantly reduced TOS and OSI (p<0.01). Moreover, Johnsen scores in
astaxanthin-treated groups were significantly higher than in the heat stress group, indicating
improved spermatogenesis. Histopathological findings further revealed that astaxanthin,
especially at 1 mg/kg/day, reduced testicular tissue damage in a dose-dependent manner and
restored the structural integrity of seminiferous tubules to near-normal levels observed in the
control group.

Conclusion: Astaxanthin, owing to its strong antioxidant properties, effectively mitigates heat
stress—induced testicular damage in Wistar rats by reducing oxidative stress, improving
antioxidant balance, increasing testosterone levels, and preserving the histological architecture
of seminiferous tubules. These effects were dose-dependent, with the 1 mg/kg/day dose yielding
superior outcomes compared to 0.5 mg/kg/day. The findings suggest that astaxanthin could
serve as a promising protective agent in conditions involving testicular exposure to heat stress.
However, further studies employing biochemical, molecular, and immunohistochemical
approaches are recommended to confirm these findings and explore its potential clinical
applications.

Keywords: heat stress, testis, astaxanthin, Wistar rat, oxidative stress, spermatogenesis,
testosterone.
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