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ABSTRACT 

Diabetes mellitus (DM) is a chronic metabolic disorder characterized by persistent hyperglycemia, which contributes 
to systemic complications including cardiovascular, renal, and reproductive dysfunction. Reproductive impairments 
in both males and females are increasingly recognized as significant consequences of DM, largely mediated by 
oxidative stress. Oxidative stress arises from an imbalance between the production of reactive oxygen species (ROS) 
and the capacity of endogenous antioxidant defenses, resulting in damage to lipids, proteins, and nucleic acids. In 
males, oxidative stress disrupts spermatogenesis, reduces sperm motility, and induces DNA fragmentation, all of 
which impair fertility. In females, oxidative damage affects ovarian follicles, granulosa cells, and oocyte quality, 
compromising ovulation and increasing the risk of early pregnancy loss. Antioxidant interventions, both 
endogenous and exogenous, offer potential therapeutic strategies to mitigate these effects. Endogenous antioxidants 
such as superoxide dismutase, catalase, and glutathione peroxidase are critical for neutralizing ROS, whereas dietary 
and pharmacological antioxidants, including vitamins C and E, polyphenols, and selenium, can further restore redox 
balance. These interventions have demonstrated improvements in gamete quality, hormone regulation, and 
reproductive outcomes in experimental and clinical studies. However, challenges such as bioavailability, optimal 
dosing, timing of administration, and individual variability influence therapeutic efficacy. This review explores the 
molecular mechanisms by which oxidative stress impairs reproductive function in diabetes and highlights current 
and emerging antioxidant strategies that may preserve or restore reproductive potential, emphasizing the need for 
targeted, individualized therapeutic approaches. 
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INTRODUCTION 

Diabetes mellitus is a rapidly growing global health concern, affecting millions of individuals worldwide. Beyond its 
metabolic consequences, DM has profound effects on reproductive health, with both men and women experiencing 
impaired fertility, altered sex hormone profiles, and increased risk of reproductive complications [1]. 
Hyperglycemia, insulin resistance, and chronic low-grade inflammation characteristic of diabetes contribute to an 
imbalance between reactive oxygen species (ROS) generation and antioxidant defenses, creating a state of oxidative 
stress [2]. Oxidative stress is now recognized as a key mediator of cellular and tissue injury across organ systems, 
including the reproductive system [3]. In males, the testes are highly susceptible to oxidative damage due to the 
high content of polyunsaturated fatty acids in sperm membranes and the rapid rate of cell division during 
spermatogenesis [4]. Elevated ROS levels can impair sperm motility, viability, and DNA integrity, reducing 
fertilization potential and increasing the risk of miscarriage [5]. Similarly, in females, oxidative stress adversely 
affects ovarian function by damaging granulosa cells, disrupting oocyte maturation, and interfering with steroid 
hormone production [6]. These alterations can lead to decreased fertilization rates, early embryonic loss, and 
complications during pregnancy. 
Understanding the interplay between oxidative stress and reproductive function in diabetes is critical for the 
development of effective therapeutic strategies. Antioxidants either produced endogenously or supplemented 
exogenously can scavenge ROS, protect gametes from oxidative injury, and support reproductive hormone 
homeostasis. Both experimental and clinical studies have shown that antioxidant interventions can improve sperm 
parameters, oocyte quality, and overall reproductive outcomes. Despite these promising findings, challenges remain. 
Variability in antioxidant bioavailability, dosage optimization, timing of administration, and individual patient 
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responses can affect efficacy. Therefore, a detailed understanding of oxidative mechanisms in reproductive tissues 
and careful design of antioxidant-based interventions are essential for clinical translation. This review aims to 
provide a comprehensive examination of oxidative stress–induced reproductive dysfunction in diabetes and to 
evaluate the potential of antioxidant strategies to preserve or restore reproductive health in affected individuals. 
2. Mechanisms of Oxidative Stress-Induced Reproductive Dysfunction 
2.1 Male Reproductive System 
In males, oxidative stress is a central mediator of diabetic infertility, affecting both sperm quality and testicular 
function [4]. Elevated levels of reactive oxygen species (ROS) in diabetes arise from hyperglycemia-driven 
mitochondrial dysfunction, increased formation of advanced glycation end-products (AGEs), and chronic low-grade 
inflammation [7]. These ROS target spermatozoa, which are particularly vulnerable due to the high content of 
polyunsaturated fatty acids in their plasma membranes and limited cytoplasmic antioxidant defenses. Lipid 
peroxidation of sperm membranes disrupts membrane fluidity and integrity, impairs motility, and reduces the ability 
of sperm to undergo capacitation and fuse with the oocyte [8]. 
ROS also inflict damage on both nuclear and mitochondrial DNA within sperm. Oxidative DNA lesions can induce 
strand breaks, base modifications, and chromatin crosslinking, which compromise the genetic integrity of sperm and 
may increase the risk of infertility, miscarriage, or congenital anomalies in the offspring [9]. Furthermore, diabetes-
related oxidative stress can alter testicular endocrine function by damaging Leydig and Sertoli cells, resulting in 
decreased testosterone production and impaired support for spermatogenesis [10]. The intrinsic antioxidant defense 
systems in the testes including superoxide dismutase, catalase, and glutathione peroxidase are often insufficient to 
neutralize excessive ROS under diabetic conditions, allowing oxidative damage to accumulate [11]. Experimental 
studies have demonstrated that enhancing antioxidant capacity, either through endogenous upregulation or 
exogenous supplementation, can partially restore sperm function, improve motility, and reduce DNA fragmentation 
[12]. 
2.2 Female Reproductive System 
In females, oxidative stress adversely affects ovarian function and overall reproductive potential. Oocytes and 
surrounding granulosa cells are highly susceptible to ROS, which can trigger lipid peroxidation, protein oxidation, 
and DNA damage [13]. Such damage disrupts follicular development and oocyte maturation, leading to impaired 
ovulation and reduced fertilization rates. Oxidative stress also interferes with steroidogenic pathways in the ovaries, 
altering estrogen and progesterone synthesis, which can further compromise endometrial receptivity and 
reproductive success [14]. 
Additionally, ROS can impair mitochondrial function within oocytes, reducing ATP production necessary for 
meiotic spindle formation, chromosomal segregation, and early embryonic development [15]. In diabetic animal 
models, antioxidant supplementation has been shown to mitigate these effects by scavenging ROS, preserving oocyte 
and granulosa cell integrity, and enhancing mitochondrial function [16]. Such interventions have improved oocyte 
quality, follicular development, and reproductive outcomes, indicating that redox modulation can counteract the 
detrimental effects of diabetes on female fertility. Collectively, oxidative stress disrupts reproductive potential in 
both males and females by compromising gamete quality, endocrine regulation, and supporting somatic cells. 
Targeted antioxidant strategies hold promise for restoring reproductive function under diabetic conditions and 
reducing the risk of infertility associated with chronic hyperglycemia and metabolic dysregulation. 
3. Antioxidant Modulation in Diabetes-Induced Reproductive Dysfunction 
Diabetes-induced reproductive dysfunction is closely linked to oxidative stress, making antioxidant modulation a 
promising therapeutic strategy. Both endogenous and exogenous antioxidants can mitigate ROS-mediated damage, 
protect gametes, and support reproductive tissue function. Understanding the mechanisms, efficacy, and limitations 
of these interventions is crucial for optimizing reproductive outcomes in diabetic patients. 
3.1 Endogenous Antioxidants 
The body possesses a sophisticated endogenous antioxidant defense system that neutralizes reactive oxygen species 
and maintains cellular redox balance. Key enzymatic antioxidants include superoxide dismutase (SOD), catalase, and 
glutathione peroxidase (GPx) [17]. SOD catalyzes the dismutation of superoxide anions into hydrogen peroxide, 
which is then detoxified into water and oxygen by catalase and GPx [18]. Non-enzymatic components, such as 
glutathione (GSH), thioredoxin, and coenzyme Q10, provide additional defense by directly scavenging free radicals 
and repairing oxidized molecules [19]. 
In diabetic conditions, chronic hyperglycemia, insulin resistance, and increased lipid peroxidation impair endogenous 
antioxidant defenses [20]. Reduced activity of SOD, catalase, and GPx has been reported in both male and female 
reproductive tissues, contributing to lipid peroxidation, DNA damage, and apoptosis of germ cells [21]. 
Mitochondrial dysfunction in gametes further amplifies ROS production, overwhelming intrinsic antioxidant 
capacity. Strategies to enhance endogenous antioxidants include pharmacological activation of transcription factors 
like nuclear factor erythroid 2–related factor 2 (Nrf2), which regulates the expression of antioxidant enzymes [22]. 
Upregulation of these pathways has been shown in experimental models to reduce oxidative damage in testes and 
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ovaries, improve sperm parameters, and preserve oocyte quality. Additionally, lifestyle interventions such as caloric 
restriction, regular physical activity, and adequate micronutrient intake can strengthen endogenous antioxidant 
defenses, indirectly supporting reproductive function [23]. 
3.2 Exogenous Antioxidants 
Exogenous antioxidants, obtained through diet or supplementation, provide an additional line of defense against 
ROS. Vitamins C and E are among the most studied, functioning as potent scavengers of free radicals [24]. Vitamin 
C, a water-soluble antioxidant, neutralizes aqueous-phase ROS and regenerates oxidized vitamin E, enhancing 
membrane protection [25]. Vitamin E, a lipid-soluble antioxidant, protects sperm and oocyte membranes from 
peroxidative damage [26]. Selenium, an essential trace element, acts as a cofactor for GPx, enhancing enzymatic 
detoxification of peroxides [27,28]. Polyphenols, including resveratrol, quercetin, and curcumin, exhibit both 
antioxidant and anti-inflammatory properties, modulating signaling pathways involved in reproductive function and 
cellular survival [29]. 
Clinical and preclinical studies indicate that exogenous antioxidants can improve sperm motility, reduce DNA 
fragmentation, enhance oocyte maturation, and normalize hormone levels in diabetic subjects [30]. However, 
variability in outcomes is observed due to differences in dosage, duration of administration, bioavailability, and 
individual metabolic status. Combination therapies, where multiple antioxidants are co-administered, may provide 
synergistic effects, but careful consideration of interactions and potential pro-oxidant effects at high concentrations 
is necessary. 
4. Challenges and Considerations in Antioxidant Therapy 
While antioxidants offer significant promise in mitigating diabetes-induced reproductive dysfunction, several 
challenges limit their clinical application. Poor bioavailability, particularly of polyphenols and lipid-soluble vitamins, 
reduces systemic and tissue-specific efficacy [31]. High doses of certain antioxidants may exert pro-oxidant effects 
or interact with other medications, posing safety concerns. Interindividual variability in absorption, metabolism, and 
baseline redox status further complicates the optimization of therapy. Additionally, the timing of antioxidant 
administration relative to disease progression and reproductive cycles can influence effectiveness. 
Addressing these challenges requires a multifaceted approach, including the development of targeted delivery 
systems such as nanoformulations, sustained-release capsules, and mitochondria-specific antioxidants. Personalized 
therapy based on redox profiling and reproductive hormone assessment may also enhance outcomes. Future research 
should focus on establishing standardized dosing regimens, identifying the most effective antioxidant combinations, 
and conducting large-scale clinical trials to confirm efficacy and safety in diabetic individuals with reproductive 
impairments. In summary, antioxidant modulation—both endogenous enhancement and exogenous 
supplementation represents a promising strategy for preserving reproductive potential under diabetic and oxidative 
stress conditions. Careful consideration of dosage, bioavailability, and patient-specific factors is essential to maximize 
therapeutic benefits and minimize risks. 

CONCLUSION 
Oxidative stress plays a significant role in the reproductive dysfunction observed in individuals with diabetes 
mellitus. Antioxidant modulation, through both endogenous and exogenous means, offers a promising approach to 
mitigate oxidative damage and preserve reproductive health. However, to translate these findings into effective 
clinical therapies, challenges related to antioxidant delivery, dosage, and individual variability must be addressed. 
Continued research is essential to develop targeted antioxidant strategies that can improve reproductive outcomes 
in diabetic patient. 
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