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Introduction
Heat stress is a significant concern in modern agricultural practices, 

particularly in livestock management. Heat stress adversely affects reproductive 
performance in animals, including cows, leading to decreased fertility and 
productivity. Granulosa cells, essential components of ovarian follicles, play a 
crucial role in oocyte development and ovulation. Understanding the impact of 
heat stress on granulosa cell metabolism is imperative for devising strategies 
to mitigate its detrimental effects. In recent years, there has been growing 
interest in the potential role of vitamin C in alleviating heat stress-induced 
damage in various cell types. Exploring the impact of vitamin C on granulosa 
cell metabolism under heat stress conditions could provide valuable insights 
into potential therapeutic interventions to improve reproductive outcomes in 
livestock [1].

Description
Granulosa cells are key regulators of ovarian function, contributing to 

follicle growth, steroidogenesis and oocyte maturation. Heat stress disrupts 
normal cellular processes in granulosa cells, leading to impaired follicular 
development and decreased fertility. Studies have shown that heat stress 
induces oxidative stress and disrupts mitochondrial function in granulosa 
cells, compromising their metabolic activity. Vitamin C, a potent antioxidant, 
has been shown to mitigate oxidative stress and protect cellular function in 
various cell types. Additionally, vitamin C plays a crucial role in modulating 
mitochondrial metabolism and energy production. Therefore, investigating the 
impact of vitamin C supplementation on granulosa cell metabolism under heat 
stress conditions is of particular interest. Recent research has demonstrated 
the potential of vitamin C to mitigate heat stress-induced damage in granulosa 
cells. Supplementation with vitamin C has been shown to reduce oxidative 
stress, improve mitochondrial function and enhance cell viability in heat-
stressed granulosa cells. Moreover, vitamin C has been found to regulate key 
metabolic pathways involved in energy production and antioxidant defense in 
granulosa cells, thereby preserving their function under heat stress conditions. 
These findings suggest that vitamin C supplementation could represent a 
promising strategy to alleviate heat stress-induced impairment of granulosa 
cell metabolism and improve reproductive performance in livestock [2].

Research focusing on the impact of vitamin C on granulosa cell metabolism 
under heat stress conditions has provided valuable insights into its potential 
mechanisms of action. Studies have revealed that vitamin C supplementation 
attenuates heat stress-induced oxidative damage by scavenging Reactive 
Oxygen Species (ROS) and restoring antioxidant defense mechanisms 
in granulosa cells. Additionally, vitamin C has been shown to preserve 
mitochondrial function by maintaining mitochondrial membrane potential and 
enhancing ATP production in heat-stressed granulosa cells. Furthermore, 

vitamin C appears to modulate key metabolic pathways in granulosa cells, 
thereby promoting cell survival and function under heat stress conditions. 
It has been demonstrated that vitamin C supplementation upregulates the 
expression of genes involved in glycolysis and the Tricarboxylic Acid (TCA) 
cycle, enhancing energy production and metabolic resilience in heat-stressed 
granulosa cells. Moreover, vitamin C exerts anti-inflammatory effects by 
inhibiting the production of pro-inflammatory cytokines and modulating 
signaling pathways implicated in heat stress response, further contributing to 
its protective effects on granulosa cell metabolism [3,4].

The synergistic interactions between vitamin C and other antioxidants, 
such as vitamin E and glutathione, may potentiate its beneficial effects on 
granulosa cell metabolism under heat stress conditions. Co-supplementation 
with vitamin C and other antioxidants could enhance cellular antioxidant 
capacity and mitigate oxidative damage more effectively than vitamin C 
alone. Additionally, the timing and duration of vitamin C supplementation may 
influence its efficacy in alleviating heat stress-induced damage in granulosa 
cells, highlighting the importance of optimizing supplementation protocols 
based on specific heat stress conditions and animal characteristics. Overall, 
the accumulating evidence supports the notion that vitamin C supplementation 
holds promise as a practical and cost-effective strategy for mitigating heat 
stress-induced impairment of granulosa cell metabolism in livestock. By 
preserving cellular function and enhancing reproductive performance, vitamin 
C supplementation may contribute to the sustainability and resilience of 
livestock production systems facing increasing challenges from climate change 
and environmental stressors. Further research is warranted to validate these 
findings in diverse livestock species and production environments, ultimately 
translating scientific insights into actionable strategies for improving animal 
welfare and productivity in the face of heat stress [5].

Conclusion
In conclusion, heat stress poses a significant challenge to reproductive 

performance in livestock by disrupting granulosa cell metabolism. 
Understanding the underlying mechanisms of heat stress-induced damage 
in granulosa cells is essential for developing effective interventions to 
mitigate its adverse effects. Vitamin C emerges as a promising candidate 
for alleviating heat stress-induced damage in granulosa cells, owing to its 
antioxidant properties and ability to modulate cellular metabolism. Further 
research is warranted to elucidate the precise mechanisms underlying the 
protective effects of vitamin C and optimize its dosage and administration 
regimens for maximal efficacy. By targeting granulosa cell metabolism, 
vitamin C supplementation may offer a viable strategy to improve reproductive 
outcomes and enhance productivity in heat-stressed livestock populations.
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