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   :الملخص

تشككككطر ً راي اككككد داي ةلا المككككحة العامةف االالككككبة لففراس ال مككككااي  افيروس  (COVID-19) 9112لا تزال جائحة فيروس كورونا  البلدان،في معظم  الخلفية

ال لكككبي ل تة مة الز ا  التافلكككي الحاسي الوًي ة في متة مة الاكككائية التافلكككية  (SARSCoV-2) 9  ط  أن  تلكككبي فيروس كورونا  ،COVID-19 كورونا

ا في الاضكك رااات التافلككية الفيرو ككية  ال زماة فحلككي،الحاسي و ؤسي إلا الوفايف آليات الاكلككدي لا تشككارط في  في اضمران الانتطا ككية   تم  ل عد ةفاار تلعي سوري

ماكككاسات الاكلكككدي ل ا قدري  .SARS-CoV-2 الذي  تم ا كككتافافي في ةدو  ،(GSH) م  ًةل انخفان الزلوتاثيون لعي سور وقائي مركزي ضكككد ال ؤكلكككدات

 ،COVID-19 وة  طر ق تثبي  انز  ات توليد الاكلديف  كعامر مااس لـككككككك (ROS) مواج ة ة ر ال ؤكلدات ة  طر ق تاظيف أنواع اضكلزي  التفاةلية ةلا

ومشككتياته ةلا مز وةة وا ككعة م   NAC تحتوي فلك،له أه ية ًاصككة كعامر ماككاسف ةةوي ةلا  ،GSH وهو ميدمة لـككككككك ،N-acetylcysteine (NAC) فإن

ك ا هو  ،NAC وةةجهف قد  تُوقع أن  ؤسي الا تخدام الف وي لـككككككك COVID-19 الآليات ال اكاسي لفكلكدي وال اكاسي لةلت ااات التي   ط  ا تخدام ا للوقا ة م 

ةلا  NAC أظ رت قدري .COVID-19 إلا تيلير فرصككة الإصككااة اـككككككك االإنفلونزا، ككر ر ة يد ثة للتحييق في اضنفلونزا واضمران الشككبي ة موضككف في تزراة 

ا في التزارب اللككر ر ة لتعز ز نتائم مرن فيروس كورونا  GSH تزد د ملككتو ات لا  ككي ا في اضاككخام ال عرضككي  ل خاطر  ،(COVID-19) 9112مؤًري

ف   ال فيد  ،COVID-19 واضسلة التي تم ج ع ا يد ثيا يول فعاليت ا ال حت لة ضككد NAC لاظر إلا الخلفية البيوكي يائية والا ككتخدام العةجي الحالي لـكككككككةاليةف اا

 .COVID-19 إجراء مز د م  اضاحاث إفا كان   ط  ا تخدام هذا الدواء كعةج أو ملاةد لـ

 ف12- يلتي ف كوفيد -أ يتير-انالإج اس التأكلديف الزلوتاثيونف الكلمات المفتاحية: 

Abstract 

In most countries, the Coronavirus Disease 2019 (COVID-19) pandemic remains a severe public health threat. In COVID-

19 individuals, the causative severe acute respiratory syndrome coronavirus 2 (SARSCoV- 2) virus can cause acute 

respiratory distress syndrome and result in mortality. Not only do oxidative mechanisms play a role in chronic degenerative 

diseases, but as viral respiratory disorders. Reduced glutathione (GSH), which is decreased in SARS-CoV-2 infection, plays 

a critical function in protecting against oxidants. Antioxidants work by scavenging reactive oxygen species (ROS) and 

blocking oxidant-producing enzymes to counteract the effects of oxidants. As an anti-COVID-19 agent, N-acetylcysteine 

(NAC), a precursor of GSH, is of special relevance. Furthermore, NAC and its derivatives have a wide range of antioxidant 

and anti-inflammatory mechanisms that could be used to prevent and treat COVID-19. Oral use of NAC, as shown in a recent 

clinical trial investigating influenza and influenza-like diseases, may be expected to reduce the chance of developing COVID-

19. NAC's ability to replenish GSH levels has recently been shown in clinical trials to enhance coronavirus disease 2019 

(COVID-19) outcomes, particularly in high-risk people. Given the biochemical background, existing therapeutic usage of 

NAC, and newly collected evidence on its potential efficacy against COVID-19, it is worthwhile to research further if this 

medication can be utilized as a treatment or adjuvant for COVID-19. 
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1. INTRODUCTION 

Each winter, an increase in the number of infections caused by 

numerous human respiratory pathogens occurs; however, the 

timing and extent of the infection vary greatly [1]. Respiratory 

viruses, such as influenza, Respiratory syncytial virus (RSV), and 

the two previously known human coronaviruses, have two 

primary characteristics: seasonality and persistence [1,2].  

Coronavirus Disease (COVID-19) is caused by Coronavirus-2 of 

the Severe Acute Respiratory Syndrome (SARS-COV-2). It was 

first recognized as pneumonia of unknown reasons on December 

31, 2019, in Wuhan, China. The sickness then quickly spread 

over the globe. The number of cases is rapidly increasing and has 

spread to many countries throughout the world [3]. 

The common symptoms of COVID-19 include fever, cough, 

fatigue, shortness of breath, and muscle aches. Moreover, 

patients also experience sore throats, nasal congestion, headache, 

diarrhea, nausea and vomiting, loss of smell (anosmia), or loss of 

taste (ageusia) [3].  

 

Patients infected with COVID-19 may experience fever and 

respiratory symptoms and they are frequently admitted to the 

hospital as a result of progressive dyspnea and systemic 

complications that necessitate support measures ranging from 

supplemental oxygen to mechanical ventilation and intensive 

care [4]. 

The board for COVID-19 patients is given non-pharmacological 

and pharmacological treatment. Pharmacological treatment in 

asymptomatic COVID-19 patients incorporates directing vitamin 

C, vitamin D, and medications with antioxidant properties [5,6,7]. 

Different treatments or extra estimates that can be given to 

COVID-19 patients are Anti-IL-6 (Tocilizumab), Anti IL-1 

(anakinra), stem cells, intravenous immunoglobulin (IVIg), 

convalescent plasma treatment, vaccination, N-acetylcysteine, 

colchicine, spironolactone, bronchoscopy, and therapeutic 

plasma exchange (TPE) [8,9,10]. 

Most COVID-19 patients had severe pneumonia with excess 

mucus in the respiratory tract, and because of that, this review 

focused on N-acetylcysteine NAC as a mucolytic agent. The 

standard dose of NAC in pneumonia is (3x200 mg) orally, 
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utilized as a mucolytic agent. In addition, NAC has antioxidant 

and anti-inflammatory effects when used in high doses (600 – 

2400 mg/day) orally, intravenously, and via inhalation [3,11,12]. 

According to De Flora et al [13], oxidative pathways play a 

significant part in the development of practically all human 

diseases, and antioxidants therapy shares a wide spectrum of 

protective actions. It should be noted that, just as exposure to 

oxidants increases the risk of getting a disease, antioxidants alone 

are unlikely to totally prevent a pathological condition; rather, 

they are expected to contribute to lowering its risk and reducing 

the severity of its consequences. Oxidative stress, like a lack of 

antioxidant systems, has a role in the aging process, especially 

when it leads to changes in mitochondrial DNA. 

Studies have shown that oxidative stress OxS is a harmful 

condition caused by excess accumulation of reactive oxygen 

species and is linked to lung disease [14,15], heart disease [16,17], 

neurological disorders [18], diabetic complications[19], liver [20] 

and kidney diseases[21], and the biology of the aging process[22]. 

Under physiological conditions, OxS is neutralized by 

antioxidants among which glutathione (GSH) is the most 

abundant endogenous intracellular antioxidant [23]. 

Oter [24]suggested that free radicals include reactive oxygen 

species (ROS), which cause redox-modulated signaling cascades 

involving the transcription factors AP-1 (activator protein-1), 

NF- κB (nuclear factor kappa-light-chain-enhancer of activated 

B cells) and/or Nrf2 (nuclear factor erythroid 2–related factor 2), 

which can mediate a variety either of physiological functions or 

macromolecule alterations that lead to pathological conditions. 

Free radicals, according to De Flora et al [13], can be delivered 

into the body from external sources or created in the body 

through biochemical reactions, such as the Fenton reaction and 

the Haber-Weiss reaction. While the creation of reactive 

molecules is required for regular physiological and cellular 

activities, its unregulated or excessive production can result in 

‘oxidative/nitrosative stress. 

According to Alamdari et al [25] and Dominair et al [26], natural 

scavenging systems, such as the system of decreased GSH, are 

the principal defensive mechanism against free radical damage. 

GSH contributes an electron to an unstable molecule, such as 

ROS, and then becomes reactive and can rapidly bind to another 

reactive glutathione molecule, forming a glutathione disulfide. 

This is possible under normal circumstances because of the high 

concentration of GSH in cells. GSH deficiency, which can occur 

as a result of COVID-19 or as a result of low levels due to other 

factors, has been linked to the excessive stress that leads to 

COVID-19 problems. On the one hand, SARS-CoV-2 infection 

causes the production of free radicals, which depletes GSH 

stores. Given that intracellular GSH levels are relatively stable 

and regulated by many environmental stimuli, such as NF-κB, 

ROS, and reactive nitrogen species, it is not surprising that less 

GSH is available for other cellular processes in a COVID-19 

patient. Low GSH levels, on the other hand, have been linked to 

a number of pathologic diseases that are now thought to be risk 

factors for severe COVID-19, including advanced age, male sex, 

diabetes mellitus, hypertension, obesity, and even some drugs. 

The failure of antiviral and anti-inflammatory agents to exhibit 

favorable benefits, as well as the thorough investigation of the 

aforesaid biochemical pathways, has encouraged various 

researchers to investigate the effects of NAC as an adjuvant 

treatment in COVID-19 patients. 

N-acetylcysteine (NAC) is a drug that was first reported to have 

clinical benefits in the early 1960s [27]. Acetylcysteine, NAC, and 

Rmercaptate are just a few of the names for this medication. The 

organic compounds class is known as N-acyl-alpha-amino acids 
[28]. Cough, dry eyes, and influenza are just a few of the clinical 

benefits of NAC. It is also frequently used as an antidote for 

acetaminophen overdose and to lower nitrate tolerance. NAC is 

also a common ingredient found in certain cosmetics and vitamin 

supplements [29]. Also, it is known as an antioxidant that acts 

directly by increasing intracellular GSH, especially on hepatic 

tissue [30]. It has an optimal thiol redox state, which is of great 

importance to optimize the protective ability of the cell to 

counterbalance oxidative stress (OS) and inflammation [31]. 

N-acetyl cysteine is an amino acid that contains a thiol group. 

Cysteine includes sulfanyl (-SH) in its facet chain, which can be 

beneficial with inside the motion of living cells and ions the aid 

of using forming channels. The formation of disulfide bonds 

among cysteine is known to get to the bottom of unique proteins. 

Cysteine is a product of many occupied and unoccupied orbitals. 

Its structure can provide an explanation for the feature and 

medical importance of NAC [26,32,33]. 

Aldini et al [34] and Dominari et al [26] suggested that NAC has 

been proposed as a potential prophylactic or adjuvant for 

coronavirus disease-19 (COVID-19) therapy, a cost-effective 

alternative for mild to severe cases. Also, it is commonly used in 

the prevention and adjuvant treatment in conditions with thick 

and tenacious mucus production, such as pneumonia, cystic 

fibrosis, chronic bronchitis, and postoperative pulmonary 

complications. NAC contains unbound sulfhydryl groups that 

break disulfide bonds of the glycoprotein matrix within the 

mucus, which helps dissolve the mucus, making NAC a potent 

mucolytic. On the other hand, NAC is not only responsible for 

managing the redox state by replenishing the thiol stores, but it is 

also a cysteine precursor, making it a durable antioxidant.  

According to de Andrade et al [35] by extracellular deacetylation 

of NAC, cysteine is released and introduced into cells via amino 

acid transporters. The hypothesis is that free cysteine is required 

for the synthesis of GSH.  

The ways to provide NAC are oral and intravenous. The 

administration of NAC orally is preferred, despite some clinical 

situations that require intravenous administration [35].  It is a safe 

and inexpensive medication and has been commercially 

accessible for some time [36]. 

NAC consumed orally is absorbed in the stomach, and intestine 

and is delivered to the liver via the portal vein. In the liver, NAC, 

quickly, integrates peptides for the generation of proteins and a 

diversity of metabolites [37,38]. NAC in plasma can be found in 

various oxidized forms and in a reduced form. Also, it oxidized 

to a disulphide, diacetylcystine, and it may react with other low 

molecular mass thiols, such as cysteine and glutathione, forming 

mixed disulfides. In addition, NAC can suffer redox reactions 

with thiol groups of the plasma proteins and become oxidized [39].  

Rushworth and Megson [36] proposed that NAC crosses the intact 

cell membrane before suffering hydrolysis to cysteine within the 

cell with the action of N-deacetylases.  The rate-limiting step of 

the synthesis involves the conjugation of Cys with L-glutamate 

(glutamate–cysteine ligase; GCL), while L-glycine is added in a 

subsequent synthetic step involving GSH synthase. 
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The ability of an N-acetylcysteine to act as an antioxidant in a 

biologically relevant situation is a highly complex concept, but 

one that is central to understanding the mode of action of NAC 

in many of its potential therapeutic uses. In addition, the location 

of ROS generation, the ROS species generated, the relative 

abundance of endogenous antioxidants in the locality, and the 

rate constants of endogenous antioxidants for the ROS generated, 

together with their relative concentrations, will all be vital 

determinants of the success or failure of an administered 

antioxidant in helping to prevent cellular damage [36]. 

N-acetylcysteine has been used for the treatment of paracetamol 

toxicity [40]. Also, it has been used as a beneficial drug treatment 

for some disorders such as polycystic ovary syndrome, 

Alzheimer's and Parkinson's diseases and in some cases, such as 

improving pregnancy rate [33]. It has beneficial effects in other 

chronic clinical conditions, such as inflammatory bowel disease, 

obstructive pulmonary disease, systemic sclerosis, cystic fibrosis, 

human immunodeficiency virus (HIV) infection, septic shock 

and diabetes along with hepatic injuries [41,42]. 

In viral infections, NAC has been investigated since the early 

1990s. In 1992, Roederer et al [43] showed that NAC inhibited 

inflammatory stimulation in vivo, including that caused by HIV 

replication. On the other hand, Geiler et al [44] investigated that 

NAC inhibited H5N1 replication and H5N1-induced production 

of pro-inflammatory molecules. Molteni et al [45] showed that 

these findings are mostly explained by the effect of NAC on 

reactive oxygen species (ROS). During viral infections, ROS is 

produced via multiple pathways, including mitochondrial 

reactions, degradation of lipids and proteins, and importantly 

from respiratory burst reactions in phagocytes. Also, several 

viruses such as HIV-1, Respiratory Syncytial Viral, and H5N1 

have been shown to increase oxidative stress in the host by 

dysregulating the oxidative stress pathways and causing an 

escalation of ROS synthesis. On the other hand, high levels of 

ROS help in the phagocytosis and apoptosis of infectious 

organisms, while low levels promote viral replication and 

mutations resulting in the development of resistant strains. As a 

result of that, ROS causes significant host cell damage and lysis. 

According to Sun [46] NAC scavenges ROS directly through 

direct interaction with target proteins containing a cysteine 

residue or thiol group, and indirectly by increasing the synthesis 

of GSH. The potent antioxidant catalyzes the reduction of 

hydrogen peroxide to water and oxygen and the reduction of 

peroxide radicals to alcohols and oxygen. In addition, NAC 

protects cells from apoptosis by chemically forming inactive 

adducts or complexes. 

SARS-CoV-2 infection is associated with an imbalance of 

oxidants and antioxidants, resulting in inflammation and tissue 

damage [47]. Glutathione is an antioxidant widely found in the 

body and plays a role in protecting cells from oxidative stress [10]. 

Giving NAC as a "glutathione-boosting treatment" can reduce 

pro-inflammatory cytokines to reduce the risk of the severity of 

COVID-19 caused by cytokine storms in the body [48,49,50]. 

Gordon et al [51] suggested that NAC regulates pro-inflammatory 

kinases, such as nuclear factor kappa B (NF-kB) through 

activation of GSH and the direct antioxidant effect of its free thiol 

group. Increased ROS levels activate NF-KB, a redox-sensitive 

transcription factor that regulates the expression of pro-

inflammatory cytokines, like IL-1, IL-6, and tumor necrosis 

factor-alpha, as well as genes associated with apoptosis. NAC, a 

glutathione precursor, inhibits NF-kB, preventing tumor necrosis 

factor (TNF alpha) activation and nuclear translocation of NF-

kB. The latter leads to a decrease in the production of 

inflammatory cytokines. 

COVID-19 and N-acetylcysteine NAC Data from studies 

Nencini et al [52] indicated that oxidative stress is an imbalance 

between the production and scavenging of reactive oxygen and 

nitrogen species (ROS and RNS) and free radicals that can induce 

lipid peroxidation, DNA fragmentation, and protein oxidation. 

These damages result in the loss of membrane integrity, structural 

and functional changes in proteins, and gene mutations [53].  

Studies by [54,55,56] proved that the affected cells are trying to 

neutralise reactive molecules by deploying their anti-oxidative 

defense. Enzymatic antioxidants and non-enzymatic antioxidants 

under physiological conditions are essential for cellular response 

to deal with oxidative stress. They are affected and used as 

indexes to evaluate the level of oxidative stress. 

Oter et al [24] and De flora et al [13] suggested that NAC direct 

scavenge free radicals, and the constant reaction rate with ROS 

is smaller than that concerning antioxidant enzymes such as 

catalase and superoxide dismutase. Consequently, the direct 

elimination of radicals is not as significant as its antioxidant 

activity. Also, it is a strong antioxidant and a potential therapy 

option for diseases characterized by the generation of free oxygen 

radicals. 

Amin et al [57] and Elgindy et al [58] indicated that NAC increases 

intracellular levels of glutathione and decreases mitochondrial 

membrane depolarization by preventing apoptosis and oxygen-

related genotoxicity in endothelial cells. The antioxidant 

effectiveness comes from its position as a precursor to 

glutathione, one of the most powerful naturally occurring 

antioxidants. 

Kumar et al [59] have studied GSH deficiency and oxidative stress 

OxS in older humans, immunocompromised HIV patients and 

diabetic patients and have reported that adjusting these defects 

with GlyNAC (a mix of GSH precursor amino acids glycine, and 

cysteine given as N-acetylcysteine) significantly improves 

multiple additional defects and boosts health. Although GSH 

shortage is thought to be the most common cause of significant 

symptoms and death in COVID-19 patients, nothing is known 

about GSH adequacy, OxS, or oxidant damage in COVID-19 

patients. 

Orally administered NAC at a dose of 1200mg each day in 

hospitalised patients with moderate or serious COVID-19 

pneumonia, prevents their clinical deterioration to severe 

respiratory failure requiring invasive or non-invasive mechanical 

ventilation and reduces 14- and 28-day mortality.  Only serious 

disease and standard-of-care therapy (without NAC) were related 

to increased mortality. NAC survival benefit was mainly 

attributed to essentially reduced mortality in patients with serious 

19 pneumonia. As per the introduced outcomes, NAC 

administration improved oxygenation over time, and reduced 

leukocytes, CRP and d-dimers levels, which is suggestive of its 

anti-inflammatory action [60]. 

A recent study by Zhang et al [61], showed that the addition of 

1200 mg/d of NAC to conventional treatment reduced oxidative 

stress and the inflammatory response. NAC has been shown to 

prevent the development of ventilator-associated pneumonia in 
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intubated patients, leading to a shorter duration of hospital and 

intensive care unit (ICU) stays. 

Oral administration of NAC is expected to reduce the chance of 

developing COVID-19, as it has been previously demonstrated 

for influenza and influenza-like diseases, based on a broad range 

of antioxidant and anti-inflammatory mechanisms. Furthermore, 

high-dose intravenous NAC could be used as an adjuvant in the 

treatment of severe COVID-19 patients and in the control of its 

lethal complications, such as pulmonary and cardiovascular 

adverse events [62]. 

Clinical trials have recently shown that the ability of NAC to 

replenish glutathione stores may altogether improve coronavirus 

disease 2019 results, particularly in high-risk individuals. A 

similar study by Dominari et al [26] has concluded that NAC's 

capacity to mitigate the effect of the cytokine storm and prevent 

elevation of liver enzymes, C-reactive protein, and ferritin is 

related to higher achievement rates weaning from the ventilator 

and return to typical function in COVID-19 patients. 

Subsequently, the discoveries of the study by Kumar et al [59] 

showed that COVID-19 is related to excessively raised OxS and 

proof of oxidant harm is important, as it could contribute to 

COVID-19-related injury and mortality. Focusing on OxS and 

oxidant harm actually could be key in further developing health 

and survival in COVID-19-infected patients. OxS begins from 

the accumulation of excess reactive oxygen species which are 

formed in mitochondria during the process of energy generation. 

Cells usually depend on antioxidants for protection from OxS and 

oxidant harm, and GSH is the most abundant intracellular 

antioxidant. Along these lines, GSH lack can amplify the 

destructive potential of OxS because of compromised antioxidant 

defenses. In uninfected people, OxS tends to occur mainly in 

older humans (>60 years of age) and not in younger age groups. 

To be sure, the ‘free radical theory of aging’ was proposed in 

1956 to suggest that elevated OxS in older humans could be 

responsible for the aging process. Thusly, the observation in this 

study that COVID-19-infected patients in the young (21–40 

years) and middle-aged (41–60 years) groups have seriously 

raised OxS and oxidant harm is significant, as it could assist in 

explaining the health deterioration related to COVID-19 resulting 

in hospitalization and death. 

In published clinical trials by Kumar et al [59] on older adults OA, 

HIV-infected patients, and diabetic patients, it was reported that 

GlyNAC supplementation for 2 weeks rapidly improves GSH 

deficiency, OxS, and damage caused by OxS [63,64], and longer 

durations of supplementation correct these defects [4,65]. A 

computational analysis of therapeutic targets and the discovery 

of potential drugs against SARS-Cov-2 identified GSH as a key 

potential candidate [66]. GSH has been reported to inhibit 

replication of the influenza virus (which causes viral respiratory 

pneumonia with a high annual mortality rate in OA) [67], and the 

study speculated that if boosting GSH can inhibit replication of 

the SARS-Cov-2 virus which causes COVID-19, this could be a 

game changer in the global fight against the COVID-19 

pandemic. A small case study reported that increasing GSH 

levels improved dyspnea in 2 patients infected with COVID-19 

[68], and NAC supplementation is reported to have a beneficial 

impact in ventilated COVID-19 patients [69]. However, 

antioxidant supplements should be taken with caution in COVID-

19 due to the risk of generating reductive stress, a situation in 

which excessive reductions in reactive oxygen species can be 

harmful. Multiple clinical trials, [70] have shown that GlyNAC 

successfully lowers OxS, without triggering reductive stress. 

Additional advantages of GlyNAC supplementation come from 

its capacity to provide the vitally important amino acids glycine 

and cysteine. Glycine is a 1-carbon metabolite and a methyl-

group donor which is essential for DNA synthesis, cellular 

reactions, brain, cartilage and cellular health. 

De flora et al [13] and several other authors [71,72,73] have proposed 

the use of NAC in the prevention and/or treatment of COVID-19. 

Because of its low toxicity profiles, the 60-year-experience of 

clinical use and the way that NAC is supported by the FDA under 

various formulations and is well known as a health supplement, 

this drug might be repurposed as an anti-COVID-19 agent. 

Two strategies, in particular, can be considered. The first one is 

the oral administration of NAC, at the dose of 600 mg twice daily 

to reduce the risk of developing COVID-19 and to lessen its 

severity, especially during epidemic periods and in high-risk 

individuals due to age and/or concomitant pathological 

conditions or contact with infected SARS-CoV-2 carriers. 

Interestingly, because this protocol has previously been shown to 

reduce the incidence and severity of influenza and influenza-like 

illnesses [74], the hypothesis that NAC administration can provide 

broad protection against a variety of respiratory viral diseases is 

mechanistically sound. Oral NAC (600 mg/twice daily) was also 

found to be safe and beneficial in preventing and delaying 

ventilator-associated pneumonia, as well as improving the 

complete recovery rate in a high-risk (intensive care unit) ICU 

group [62]. A cross-sectional study of 164 COVID-19 patients in 

Kolkata (India) indicated that moderate-severe patients who got 

NAC along with standard medication had a variety of clinical 

advantages [75]. 

In the case of apparent COVID-19 forms, the second option is to 

employ NAC as an adjuvant therapy, maybe in combination with 

other medications, at the high intravenous doses similar to those 

used as an antidote to paracetamol overdose. It is worth noting 

that paracetamol, which is the chosen medicine for symptomatic 

and domiciliary therapy of COVID-19 in its early stages, can 

deplete GSH, especially in persons with greater COVID-19 risk, 

raising the chance of severe COVID-19 forms [76]. As a result, the 

use of paracetamol as a safer alternative to nonsteroidal anti-

inflammatory drugs (NSAIDs) in COVID-19 should be carefully 

reconsidered and it would be important to further investigate 

whether NAC supplementation should be used in cases of 

prolonged administration of high doses of this antipyretic and 

analgesic compound, regardless of COVID-19 [76]. The 

intravenous use of NAC improves a case of severe COVID-19 

infection treated with hydroxychloroquine in a patient lacking in 

glucose 6-phosphate dehydrogenase (G6PD), which enhances 

human coronavirus infection due to GSH depletion [71]. In 

contrast, a double-blind, randomized, placebo-controlled trial in 

Sao Paulo, Brazil, involving 135 individuals with severe 

COVID-19 (confirmed or suspected) found no benefit from a 20-

hour intravenous injection of 21 g NAC (approximately 300 

mg/kg) in terms of the need for endotracheal intubation and 

mechanical ventilation [77]. 

2. DISCUSSION 

Several in vitro and in vivo research have looked at the probable 

mechanisms of NAC beneficial actions. Beyond its well-known 

role as a precursor of glutathione, NAC has been shown to have 

a variety of antioxidant and anti-inflammatory properties, 

including  (i) downregulation of the inflammasome NLRP3, 
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which reduces pro-inflammatory cytokine expression and release 

from activated mononuclear phagocytes [78], (ii) inhibition of 

endotoxin-induced release of IL-1b, IL-8, and TNF-a [79], (iii) 

improves gut barrier dysfunction, preventing systemic 

endotoxemia and inflammatory response, while previous studies 

have linked COVID-19 to gut barrier dysfunction and systemic 

endotoxemia [80,81]. (iv) downregulates programmed cell death 

protein 1 expression in (T helpers cells) CD4 and (T suppressor 

cells) CD8 lymphocytes [82]. NAC may also have a direct antiviral 

effect against SARS-CoV-2.  

Previous case studies and series of patients with COVID-19 have 

shown that NAC administered at 1200 mg/d created a positive 

clinical impact [60,68,71]. 

Early NAC withdrawal in COVID-19 has been linked to a return 

of laboratory indices of inflammation, according to earlier 

research [71]. Clinically, very high doses of intravenous NAC (200 

mg/kg/d) have been used to treat (acute respiratory distress 

syndrome) ARDS. However, sector found no evidence of a 

survival benefit from high NAC dose administration, despite the 

fact the length of ICU stay was reduced [83]. It should not be 

forgotten that large doses of other free radical scavengers 

including beta-carotene, vitamin E, and vitamin C have been 

linked to increased oxidative stress in the past [84]. 

Previous in vitro and experimental animal studies have 

investigated that higher doses of NAC may have a pro-oxidant 

effect, depending on the nature of the radicals generated by the 

biological system. In particular, high NAC doses have been 

demonstrated to promote (ferrous) Fe2 / (hydrogen peroxide) 

H2O2-dependent oxidative stress and superoxide radical 

production [85,86]. 

A study by S.F . Assimakopoulos et al [60] provides evidence that 

1200 mg/d of oral NAC administration in patients with COVID-

19 pneumonia prevents the development of severe respiratory 

failure and improves survival.  

According to human clinical trials, Kumar et al [4] GlyNAC 

supplementation improves inflammation, mitochondrial 

dysfunction, endothelial vascular dysfunction, insulin resistance, 

genotoxicity, autophagy/mitophagy and muscle strength, in 

addition to GSH shortage and OxS [87]. This is significant because 

patients with COVID-19 have similar problems. Overall, the 

findings of this study, as well as previous clinical trials 

observations on the potentially beneficial role of GlyNAC 

supplementation in COVID-19-infected patients, indicate the 

need for more research to determine the impact of GlyNAC 

supplementation in COVID-19-infected patients [88,89]. 

NAC may be advocated in the prevention and treatment of 

COVID-19. Especially in the elderly and people with chronic 

conditions that predispose them to these diseases and make them 

worse. Individuals who have been in close vicinity to SARS-

CoV-2 carriers, especially those identified by smartphone contact 

tracing apps, may be an additional target for oral NAC to reduce 

the chance of getting COVID-19 [74]. NAC administration has 

been proposed as one of the viable methods for preserving 

endothelial function and reducing microthrombosis in COVID-

19 severe variants [90]. 

Intravenously administered NAC at the high doses commonly 

used in cases of paracetamol intoxication, given at the first onset 

of chest symptoms, would be expected to play an adjuvant 

therapeutic role in combination with antivirals or other drugs in 

case of severe COVID-19 forms with pulmonary and/or systemic 

symptoms. 

Because the redox environment of the ACE2 receptor of SARS-

CoV-2 spikes is regulated by the thiol-disulfide balance in the 

extracellular region, and because replenishment of depleted GSH 

stores by NAC exerts formidable antioxidant and anti-

inflammatory effects, NAC has been proposed as anti-SARS-

CoV-2 agents. These effects may be useful in controlling the 

cytokine storm that is a characteristic of COVID-19 [13]. The 

angiotensin-converting enzyme 2 (ACE2) receptor binds to 

SARS-CoV-2 spike proteins, which initiates the viral replication 

cycle in cells [91]. 

Many cell types carry angiotensin-converting enzyme (ACE) and 

ACE2 proteases on their surfaces, which have the same 

substrates, angiotensin I and angiotensin II, but the opposite 

actions [25]. SARS-CoV-2 reduces ACE2 availability and 

promotes ACE activity by binding it when it enters human cells 
[92]. In patients who have an inherent tendency to have larger 

levels of ACE the imbalance between ACE and ACE2 can be 

much more noticeable. It is well known that ACE/ACE2 ratios 

can differ among individuals and ACE-predominant people are 

more prone to excessive inflammation [25]. 

3. CONCLUSION 

In the treatment of several viral infections, NAC has shown 

encouraging benefits. It inhibits viral replication and lowers viral 

load by boosting GSH levels. Several studies have recently 

sought to investigate the effects of NAC in severe COVID-19 

patients, with mixed findings. Although it appears that the 

capacity of NAC to reduce pro-inflammatory cytokines 

production and moderate the impact of cytokine storms could 

contribute to better outcomes in COVID-19 patients, there is 

currently little evidence to support this.  Based on the information 

presented above, this paper's author suggests that using NAC will 

improve outcomes in COVID-19 patients. Furthermore, due to 

the high safety profile and inexpensive cost of oral NAC, its use 

as an adjuvant therapy in COVID-19 could be beneficial. 

According to recent studies, NAC efficacy and prognosis are 

based on the dose and duration of NAC administration. As a 

result, more in vivo and in vitro experiments are needed to 

determine the proper NAC doses in cases with COVID-19 

infection. Furthermore, the best timing to start NAC treatment 

initiation (e.g. just after symptoms appear or later in the disease 

course) has yet to be determined. 
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