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ABSTRACT 

Few peculiarities have been observed in the aetiology of coronavirus disease 2019 

(COVID-19), one such being its greater prevalence in men than women partly due to the higher 

expressions of angiotensin-converting enzyme-2 (ACE2) in the male reproductive tissues. 

Recent scientific reports are in line with some of the evidence-based hypotheses in the initial 

phase of the COVID-19 pandemic, regarding the involvement of oxidative stress (OS) and 

oxidant-sensitive pathways in severe acute respiratory syndrome coronavirus 2 (SARS-CoV-

2) infection-mediated male reproductive disruptions. The seminal dissemination of SARS-

CoV-2 or its components, testicular disruptions due to viral infection and oxidative damage in 

the testis have all been evidenced recently. High-dose of antioxidants, such as vitamin C, have 

been shown to be a useful treatment for COVID-19 patients, to alleviate systemic inflammation 

and OS. In addition, vitamin C is a major testicular antioxidant that neutralizes excess reactive 

oxygen species (ROS), prevents sperm agglutination, prevents lipid peroxidation, recycles 

vitamin E, and protects against DNA damage. Thus, the present review aims to discuss the 

mechanism of COVID-19-mediated male reproductive dysfunctions, based on the evidence 

available so far, and explore the possibility of using vitamin C in alleviating testicular OS and 

associated damage caused by COVID-19. 
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INTRODUCTION 

Coronavirus disease 2019 (COVID-19) was first identified in the Wuhan City, 

China, in December 2019 as a result of a newly emerged coronavirus (CoV), severe 

acute respiratory syndrome coronavirus (SARS), named as SARS-CoV-2. This lethal 

virus has infected 210 countries and territories worldwide [1]. As a result, the World 

Health Organization (WHO) retorted on 30 January, 2020 by declaring the novel 



coronavirus (2019-nCoV) epidemic a public health emergency of international concern 

(PHEIC), the sixth time since 2005 [2]. SARS-CoV-2, like other CoVs, is an RNA virus 

that is a member of the subfamily Orthocoronavirinae, the order Nidovirales, and the 

genus coronavirus. Coronaviruses are enclosed and have positive sense single-

stranded RNA genomes ranging in size from 26 to 32 kb [3]. The electron microscopic 

appearance of the SARS-CoV-2 particle resembled that of a solar corona, with a 

diameter of 60 to 140 nm and spikes measuring approximately 9 to 12 nm. It is the 

eighth coronavirus to be identified as the cause of COVID-19 [4]. Recent research 

indicates that SARS-CoV-2 shares 79% nucleotide identity with SARS-CoV and 51.8% 

with middle-east respiratory syndrome-related coronavirus (MERS-CoV) [5], 

demonstrating a significant degree of genetic similarity between SARS-CoV-2, MERS-

CoV, and SARS-CoV. This infection has a direct effect on the respiratory, digestive, 

and central neurological systems [4]. Men have been discovered to be more 

susceptible to this condition than women [6, 7], and the underlying causes of this 

phenomena remain unknown. 

 

PATHOGENESIS OF SARS-CoV-2: ACE2 IN MALE REPRODUCTIVE TISSUES 

The angiotensin-converting enzyme-2 (ACE2) receptor facilitates the entrance 

of SARS-CoV-2 into host cells and consequently plays an important role in the 

pathogenesis of COVID-19. ACE2 expression has been detected in a variety of 

organs, including the gonads [8]. Cells expressing higher levels of ACE2 are, however, 

more susceptible to COVID-19 infection because the viral attachment to the ACE2 

receptors allows it to enter and replicate within the cell [9]. The transmembrane 

protease serine-2 (TMPRSS2) is a key protease involved in the priming of the viral 

spike proteins with the target host cell receptor, and it is responsible for cleaving the 



ACE2 receptor in particular [9]. Evidence suggests that androgen receptor activity is 

required for the transcription of the TMPRSS2 gene. Given that both the androgen 

receptor and the ACE2 gene loci are located on chromosome X, it is possible that 

enhanced X-linked inheritance of genetic polymorphisms, as well as an increase in 

androgen activities, may explain why males are more vulnerable to SARS-CoV-2 

infection [9]. Furthermore, the startling fact that testicles are among the bodily tissues 

with the highest ACE2 expression suggests that SARS-CoV-2 infections are 

associated with male reproductive dysfunctions [9]. The expression of ACE2 mRNA 

and protein in the seminiferous duct cells, spermatogonia, Leydig cells, and Sertoli 

cells is extremely high [8].  

 

SARS-CoV-2, INFLAMMATION, OXIDATIVE STRESS AND MALE 

REPRODUCTION 

Infection with SARS-CoV-2 in males results in acute stage hypogonadism, 

which can be deadly in certain circumstances [10, 11]. Hypogonadism has been 

associated with elevated levels of pro-inflammatory cytokines, including interleukin-1 

(IL-1), interleukin-6 (IL-6), and tumour necrosis factor-alpha (TNF-α), suggesting an 

exacerbated inflammatory response following SARS-CoV-2 infection [12]. Animal 

models infected with SARS-CoV and MERS-CoV have been shown to develop 

significant inflammatory and immunological responses as a result of the induction of a 

“cytokine storm,” which results in apoptosis, vascular leakage, and aberrant T cell and 

macrophage responses [13]. Patients with COVID-19 are likely to experience a 

cytokine storm as well, as previously stated in relation to genetic homology and clinical 

manifestations of the condition. When comparing the blood of COVID-19 patients to 

that of SARS patients, there was a significant increase in interleukin 1 (IL-1), interferon 



gamma (IFN-Ɣ), interferon-inducible protein 10 (IP-10), monocyte chemoattractant 

protein 1 (MCP-1). According to this, there may be some differences between SARS 

and MERS in the pathophysiology of coronaviruses [4, 14]. A putative repressed 

immune function has also been identified in COVID-19 patients who had 

hypoalbuminemia, lymphopenia, neutropenia, and decreased CD8+ T cell percentage 

[15, 16], among other symptoms. According to recent findings, certain COVID-19 

patients, despite testing negative for the viral nucleic acid, may nonetheless present 

with a high amount of inflammation in their bodies. Patients with COVID-19 may 

benefit from a clinical trial involving certolizumab pegol (a TNF blocker) in conjunction 

with other anti-viral medications, according to the findings of the study. Collectively, 

the findings suggest that inflammation is a significant characteristic of COVID-19 

individuals' conditions. To this end, we postulate that COVID-19 pathophysiology is 

influenced by excessive inflammation, a suppressed immune system, and an activated 

cytokine storm, among other factors. In the early stages of coronavirus infection, 

dendritic cells and epithelial cells become activated and secrete a large number of pro-

inflammatory cytokines and chemokines, including IL-1, IL-2, IFN-Ɣ, TNF-α, CeC motif 

chemokine 3 (CCL3), CCL5, CCL2, and IP-10. The overproduction of these cytokines 

and anti-inflammatory chemokines contributes to the development of disease in this 

way [17, 18]. It is believed that infection with coronaviruses causes a significant 

decrease in the production of IL-10, which is produced by T-helper-2 (Th2) cells [19]. 

Interestingly, people infected with COVID-19 occasionally have a considerably high 

level of IL-10 [4]. Whether this is a characteristic of the COVID-19 infection, or a side 

effect of medical treatment is still unclear. Inflammatory cells would die or be killed as 

a result of the increased apoptosis or necrosis of the affected cells, which would further 

fuel the inflammation. This would be followed by increased permeability of blood 



vessels and an abnormal accumulation of inflammatory monocytes, macrophages, 

and neutrophils in the affected organ [16, 20]. As the immune system's ability to 

regulate itself is compromised, the “cytokine storm” is further exacerbated, resulting in 

potentially fatal implications for the patient. It is possible that coronaviruses are 

responsible for this pathology known as “cytokine storm”. Another study found that the 

deletion of the IFN-Ɣ receptor or the depletion of inflammatory 

monocytes/macrophages resulted in a significant increase in the survival rate of 

coronaviruses in the host without a change in the viral load [21]. 

Increased OS is associated with cellular injury, organ failure, and mortality as 

a result of the fast release of free radicals and cytokines. Additionally, this virus has 

been found to produce orchitis, which can result in the production of OS, 

spermatogenic disturbances, and germ cell death, resulting in decreased sperm 

quality [22]. OS has been shown to impair testicular function at both the macro and 

micro levels, as seen by lipid peroxidation of sperm membranes and intracellular 

oxidative damage to spermatozoa, most notably sperm DNA fragmentation (SDF) [23-

25]. Additionally, OS-induced SDF may be associated with miscarriage and infertility. 

Sperm chromatin is prone to OS-induced damage because to its indiscriminate 

protamination and poor compaction [26]. OS impairs spermiogenesis and results in 

spermatozoa with defective chromatin remodelling. Defective spermatozoa have a 

proclivity for initiating apoptotic pathways through caspase activation and 

mitochondrial free radical production. The radicals generated cause sperm lipid 

peroxidation and SDF [26]. Additionally, this may employ a major immunoinvasive 

technique similar to that described for SARS-CoV and influenza virus, namely 

inhibiting the host's cortisol stress response. In this regard, an intriguing observation 

is that SARS-CoV encodes specific amino acid sequences that can resemble host 



adrenocorticotropic hormone (ACTH), so triggering the formation of antibodies against 

the actual circulating ACTH. This ultimately results in the inhibition of the stress-

induced cortisol increase [27]. This will disrupt the hypothalamo-pituitary adrenal 

(HPA) and hypothalamo-pituitary-gonadal (HPG) signalling pathway in stressful 

settings but will have no effect on testosterone or luteinizing hormone (LH) production 

[28]. As a result, it implies that SARS-CoV-2 infection also results in HPG-independent 

testosterone downregulation [29]. 

A recent report by Falahieh et al. (2021) has demonstrated the SARS-CoV-2-

caused OS-induced negative impacts on semen parameters (including SDF) and OS 

markers in COVID-19 patients 14 and 120 days after diagnosis [30]. Holtmann and 

colleagues (2020) found that sperm concentration and motility were considerably 

lower in patients who had recovered from a mild kind of COVID-19 infection as 

compared to control subjects. In that study, 18 semen samples were collected from 

recovered men between the ages of 8 and 54 days after their symptoms had subsided, 

depending on their age [31]. Moghimi et al. have reported that infection with COVID-

19 can result in spermatogenesis being disrupted. This disturbance occurs through 

the OS route, which then results in the induction of apoptosis. As OS biomarkers, the 

study indicated an increase in the generation of ROS and a decrease in the activity of 

glutathione reductase. The findings of the immunohistochemical and TUNEL assays 

revealed that the expression of ACE2 as well as the quantity of apoptotic cells were 

considerably higher in the COVID-19 group than in the control group [32]. 

 

 

 



VITAMIN C and COVID-19: POSSIBLE REMEDY FOR MALE REPRODUCTIVE 

DISRUPTIONS 

From the above evidence, it is apparent that OS caused by SARS-CoV-2 

infection results in the disruption of male reproductive systems during infection. Early 

usage of high-dose antioxidants, such as vitamin C, may prove to be a useful treatment 

for these patients in order to offset their negative effects. Clinical investigations have 

also shown that high-dose oral vitamin C can provide some protection against viral 

infection in some circumstances (34-37). This regimen should therefore be included in 

the treatment of COVID-19 and utilized as a preventive precaution for susceptible 

populations, such as healthcare professionals who are at higher risk of exposure. It 

has been reported that vitamin C is advantageous to critical care management since 

it is a vital component of the cellular antioxidant system [33, 34]. Cytokine storm has 

been found in both viral and bacterial infections [35], and it is associated with 

enhanced overall survival through a non-specific and general route. Because high 

doses of antioxidants have been shown to be effective in the prevention and 

management of OS, the results of three previous clinical studies involving a total of 

146 patients with sepsis suggest that this approach may be applicable to COVID-19 

in combination with intravenous high-dose vitamin C may be promising [36]. It has 

been demonstrated that dietary antioxidants (vitamin C and sulforaphane) can reduce 

OS-induced acute inflammatory lung damage [37].  

Considering the intricate role of OS in the COVID-19-mediated male infertility, 

therapeutic approaches targeting the mitigation of OS may possibly be effective [38]. 

Numerous antioxidants, essentially vitamin C, pentoxifylline, L-carnitine, arginine, 

zinc, and coenzyme Q10, are proven to be effective for ameliorating semen 

parameters in infertile men [39-43]. Vitamin C is highly effective in neutralising ROS 



and preventing sperm agglutination, and it is considered to be a major antioxidant in 

the testis. It donates electrons to redox systems, prevents lipid peroxidation, recycles 

vitamin E, and protects against DNA damage caused by the hydrogen peroxide radical 

[44] all of which can contribute in protecting the testicular cells from oxidative damage 

and also in preventing SDF  (Figure 1). It has also been shown to enhance serum 

testosterone levels in mice after they have been exposed to OS [45]. Thus, including 

vitamin C in the treatment regime of COVID-19 patients may address the occurrence 

of primary hypogonadism in men. Additionally, oral vitamin C (e.g., 6 g daily) was found 

to be effective in reducing the likelihood of viral infection [46] or in alleviating symptoms 

[47]. Additionally, in China, high-dose intravenous vitamin C has been found to be 

effective in the treatment of 50 moderate to severe COVID-19 patients who were 

treated with success. Dietary dosages ranged from 10 g per day to 20 g per day and 

were administered over a period of 8-10 hours. When patients are in critical condition, 

it is possible that an additional vitamin C bolus will be required. The oxygenation index 

was improving in real-time, and all of the patients were eventually treated and released 

from the hospital [48]. In fact, high-dose vitamin C has been clinically utilized for 

several decades, and a recent National Institutes of Health expert panel paper 

confirms unequivocally that this regimen (1.5 g/kg body weight) is safe and does not 

cause any significant side effects [49]. Vitamin C and other antioxidants are among 

the treatments now available to minimise COVID-19-associated acute respiratory 

distress syndrome (ARDS). This is due to the fact that developing effective 

vaccinations and antiviral medications takes time. Given the fact that high-dose 

vitamin C is considered to be safe, healthcare professionals should take note of this 

chance to expand their knowledge. It goes without saying that well-designed clinical 

investigations are required in order to explore the potential of vitamin C therapy in 



combination with standard treatment for COVID-19 male patients which will hold 

promise of addressing to the viral infection as well as restoration of male reproductive 

functions. 

 

CONCLUSIONS 

Vitamin C (ascorbic acid) is a water-soluble non-enzymatic highly potent 

antioxidant, which has been found effective against sepsis and elevated OS in COVID-

19 patients. In severely ill COVID-19 patients, intravenous vitamin C administration in 

gram amounts have been shown to decrease mortality. COVID-19 has adverse impact 

upon male reproductive functions as well, mediated either by direct viral infestation in 

the reproductive tissues, via the chain of inflammatory reactions following systemic 

inflammation. Vitamin C, by the virtue of its pleiotropic physiological functions, mainly 

anti-inflammatory, antioxidant, and immuno-modulatory, may be a potent candidate to 

be included in the treatment regime for men with COVID-19. In physiological state, the 

seminal plasma vitamin C concentration is 10-fold higher as compared to serum, which 

is required to safeguard spermatozoa against endogenous oxidative damage by 

neutralising the free radicals and preventing sperm agglutination. Vitamin C 

concentration in the seminal plasma has also been found to positively correlate with 

the percentage of morphologically normal spermatozoa and improved testosterone 

levels. It is also effective towards preventing DNA damage and thus may protect 

against the OS-mediated SDF in COVID-19 patients, too. Future research and clinical 

investigations should be undertaken to find the effectiveness of vitamin C in preventing 

or treating male reproductive disruptions induced by COVID-19. 

 

 



LIST OF ABBREVIATIONS 

ACE2   angiotensin-converting enzyme-2 

ARDS   acute respiratory distress syndrome 

ACTH   adrenocorticotropic hormone 

CCL   CeC motif chemokine 

CeC   chromo domain-containing protein 

CoQ10  coenzyme Q10 

COVID-19  coronavirus disease-19 

HPA   hypothalamo-pituitary adrenal 

HPG   hypothalamo-pituitary gonadal 

IFN   interferon 

IL   interleukin 

IP   interferon-inducible protein 

LH   luteinizing hormone 

MCP   monocyte chemoattractant protein 

MERS-CoV  middle-east respiratory syndrome-related coronavirus 

nCoV   novel coronavirus 

ROS   reactive oxygen species 

SARS-CoV  severe acute respiratory syndrome coronavirus 

SDF   sperm DNA fragmentation 

TMPRSS2  transmembrane protease serine-2 

TNF   tumor necrosis factor 
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FIGURE LEGENDS 

Figure 1. Role of vitamin C in combating SARS-CoV-2 induced infection and 

projections of vitamin C mediated amelioration of male reproductive functions in 

COVID-19 patients. 

SARS-CoV-2 may adversely affect male reproductive functions either via direct viral infection 

of the testis and other male reproductive tissues, or via the systemic inflammation and OS-

mediated disruptions of hormonal axes and damage to the male reproductive tissues. These 

ultimately impair spermatogenesis, steroidogenesis, induce germ cell apoptosis, SDF and 

overall reduction in semen quaity. Vitamin C administration (either as food supplement or IV 

treatment) is effective in controlling the inflammatory and OS progression as well improving 

the host immune response to COVID-19. Vitamin C, being a potent antioxidant and anti-

inflammatory agent, is beneficial to male reproductive health. It prevents OS-induced testicular 

damage, SDF and also improves testosterone level, which project towards its possible 

therapeutic efficacy in ameliorating male reproduction in COVID-19 patients. 

 

 


