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Introduction

The Coronavirus disease of 2019 (COVID-19) was firstidentified
in Wuhan (Hubei, China) in December 2019 [1] the virus responsible
for this disease was identified as severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2). In March of 2020, it was declared
by the World Health Organization as a pandemic [2]. Within the
coronavirus (Coronaviridae) family, the Alphacoronavirus and Beta
coronavirus subfamily are known to be transmissible to humans
[3]. Clinical symptoms vary widely, but the Beta coronavirus strains
MERS-CoV (Middle East respiratory syndrome coronavirus), SARS
coronavirus (severe acute respiratory syndrome coronavirus)
now named SARS-CoV-1, and SARS-CoV-2 (the causing agent for
COVID-19) seems to be of the most pathogenic strains of the group

[4].

The clinical picture and presentation are widely ranged and
can vary from asymptomatic carrier to the drastic extreme acute
respiratory distress syndrome and death. in between the clinical
presentation of fever, fatigue, lethargy, myalgia, dyspnea, headache,
and diarrhea are frequently found symptoms among those patients
who test positive for SARS-CoV-2 [5]. Multiple risk factors have been
suggested as an increase in the risk of morbidity and mortality in a
population such as advanced age, obesity, and prior medical illness
[6-9]. In one case series in China, the mortality was 86% among
those critically ill who required mechanical ventilation, and 79%
among those who only required noninvasive ventilation [8]. The
underlying pathophysiology of Covid-19 infection critical outcomes

is still to be understood. It has been demonstrated that Covid-19
binds to the cell membrane protein angiotensin-converting enzyme
2 (ACE2) via its spike (S) glycoprotein with higher affinity than
the severe acute respiratory syndrome (SARS)-CoV-1 [10] after
binding to the cells Sars Covid-19 undergoes protein priming by
cellular surface proteases, such as transmembrane protease serine
2 (TMPRSS2) allowing the entry and replication of the Covid-19
virus in the target cell [11] (Figure 1).

Many Covid-19 positive patients have been noted to have a
significantincrease in serum ferritin, C-reactive protein, erythrocyte
sedimentation rate, and lactate dehydrogenase [12]. This is thought
to be related to increased inflammation and stress in the body. In
one computational study, they theorized that the increased ferritin
marker in those patients is a protective mechanism related to
the increased release of iron from the dissociation of heme into
iron and porphyrin [13]. The heme group is a very large group of
metalloproteins that is very important in different biological roles
such as carrying oxygen, electron transfer, and other important
biological processes. It is commonly present in hemoglobin, but
also present in many other hemeproteins such as myoglobin,
cytochromes, and catalases. In this study, they hypothesized that
the Covid-19 virus attacks the hemoglobin and binds to porphyrin
causing an increase in stress markers and disrupting the normal
oxygen-carrying capacity and increasing the oxidative stress [13].
This theory is only based on computational methods and has been
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criticized and still lacks any further experimental methods to

support it [14].
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Figure 1: Overview of SARS-CoV2 stages and progression.

The cytokine storm that is described commonly with Covid-19
infection is related to the powerful activation of the immune

system. The immune response and the release of pro-inflammatory
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cytokines IL-1lalpha and IL-1beta, IL-6, IL-18, interferons (IFNs),
Tumor necrosis factor (TNF), and chemokines (CXC, CC, C, and
CX3C) are likely to be related to the pulmonary inflammation and
extensivelunginvolvementin Covid-19infection,leadingtotheacute
respiratory distress syndrome (ARDS), coagulopathy and death
[15-17]. The inflammatory response that activates the signaling
pathway coordinates and regulates the pro- and anti-inflammatory
mediators in tissue cells [18]. Proinflammatory cytokines such as
TNFa and IL-1 when activated lead to triggering the nuclear factor-
kappa (BNF-k) signaling pathway [19]. The activation of the NF-xB
pathway has an important role in the pathogenesis of inflammatory
diseases [20, 21]. when stimulated by the release of TNFq, or other
cell stressors, the BNF-k pathway can have a neuroprotective or a
proinflammatory role depending on influence cell regulation and
survival based on the tissue location and pathological state [18].

Other studies have demonstrated inhibition of NF-«kB in
macrophages resulted in the release of cytochrome c in the
cytoplasm, which is an important key step in triggering cell
apoptosis [22]. The binding of the Covid -19 virus to the ACE 2
receptors leads to the accumulation of angiotensin II which can
also activate the (BNF-x) and IL-6 pathway [23]. Angiotensin II
accumulation will lead to increased vasoconstriction, increased
oxidative stress, inflammation, and fibrosis [24]. The ACE2
receptors are concentrated in type II alveolar cells, macrophages,
bronchial, and tracheal epithelial cells [25] (Figure 2). Normally,
angiotensin Il is converted to angiotensin 1,7 by the ACE2 receptor.
when they are inhibited by the viral binding this results in decreased
angiotensin 1,7 and its regulatory mechanism, causing a disruption
in the balance of the major components of the renin-angiotensin-
aldosterone system (RAAS) [24].
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Figure 2: The ACE2 receptors are concentrated in type Il alveolar cells, macrophages, bronchial and tracheal epithelial cells.
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This inflammatory damage is further exacerbated by the
oxidative stress caused by increased reactive oxygen species (ROS).
Animal studies have demonstrated the enhanced ROS expression
with disturbance in the function of the antioxidant systems which
along with different factors can tremendously affect and exacerbate
thehostcellresponse [26]. Oxidative stress, mainly Toll-like receptor
4 (TLR4) pathway, is thought to be triggered by viral pathogens
such as Covid-19 virus amplifying host inflammatory response
and leading to Acute Lung Injury (ALI) [27]. In another animal
study, they have linked acute lung injury to the local generation of
reactive oxygen species and the subsequent formation of oxidative
phospholipids. In this study, it was noted that loss of IL-6 will result
in alleviating acute lung injury [26, 27].

The Covid-19 triggers the ROS which plays a key role in the
initiation phase of Acute Respiratory Distress Syndrome (ARDS).
The disruption in ACE2/ nitric oxide pathway will result in the
inability of blood vessels to dilate, and aldosterone stimulation that
will further exacerbate edema formation locally in the lung. This
will cause an increase in pulmonary arterial pressures and worsen
gas exchange [28]. NADPH oxidase mediates ROS production,
and aldosterone induces NADPH oxidase of macrophages via
[26]. The
lung inflammation, alveolar damage, and increased endothelial

the mineralocorticoid receptor (MCR) activation

permeabilities all are noted when developing (ARDS) [29].
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Neutrophils are also recruited by the released pro-inflammatory
cytokines TNF-q, interleukin 1 beta (IL-1f), interleukin 6 (IL-
6), and interleukin 8 (IL-8), which in turn becomes activated and
release further toxic mediators [30]. NF-kB plays a key role in
mediating the inflammatory response and regulation of the anti-
inflammatory gene expression [31]. It is a multi-protein complex
that has a main role in activating and triggering multiple cellular

defense mechanisms [32].

The extensive free radical mediators and ROS can easily
overwhelm the antioxidant system resulting in disseminated
oxidative cell damage in the lung tissues. The increased production
of ROS is associated with increased alveolar damage and histamine
release from mast cells and increased mucus secretion from
damaged airway epithelial cells [33] (Figure 3). In Acute lung
injury, the oxidation of a variety of crucial proteins in the alveolar
space has been shown to disrupt alveolar function and increase
inflammatory stimuli, causing further damage. The high fraction of
inspired oxygen (FiO2) is associated with increased oxidative stress
and increased production of NO and O02e [32]. Using antioxidant
therapies that can restore depleted mechanisms such as glutathione
(GSH), N-acetyl-cysteine (NAC) have been all reported to be used to
replenish antioxidants mechanisms in the body and regulate NF-«B
signaling [34, 35].
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Figure 3: NF-kB, IL-6, TNF-a mediating the inflammatory response. ROS production contributes to alveolar damage and mast cell histamine

During the metabolism of molecular oxygen several free
radicals are made en route before its complete reduction to H20.
This involves hydrogen peroxide (H,0,), hydroperoxyl radicals
(OH-), and Superoxide radical (02-). To be able to provide
maximum protection, most of the cells have multiple mechanisms
for scavenging different free radical species within the subcellular

organelles [36]. Various intracellular cytosolic defense mechanisms
have been identified and are crucial in maintaining cellular integrity
and suppression of free radical reactions. The most important
biological intracellular antioxidants are glutathione peroxidase,
Vitamin E, Vitamin C, catalase, and superoxide dismutase [37].

In normal circumstances, the body can counteract oxidative
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stress. other than enzymatic antioxidants, a thiol reducing buffer
(sulfhydryl containing compounds) consists of small proteins
with redox-active sulfhydryl moieties such as glutathione and
thioredoxin [38]. The glutathione is low molecular weight Thiol,
Glutathione is synthesized from glutamate, cysteine, and glycine
constituting a tripeptide that is considered the most abundant
sulfhydryl-containing compound [39]. Most of the cellular GSH is
present in the cytoplasm with the remainder in different organelles.

N-acetylcysteine (NAC) is a thiol, a mucolytic, a precursor of
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L-cysteine, and reduced glutathione [38]. It is a powerful scavenger
of OH radical. It has multiple mechanisms that have been studied
as a ROS scavenger or an anti-inflammatory prooxidant agent [38,
40] (Figure 4). NAC have been demonstrated to replenish depleted
intracellular glutathione in overwhelmed cellular oxidative stress
situations [41]. It acts to increase intracellular GSH concentrations
in alveolar macrophages and as a cysteine donor which is the
rate-limiting step in GSH synthesis. It inhibits H,0,and O, from
circulating neutrophils [32].

0
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Figure 4: NAC proposed mechanisms as antioxidant.

It has also been shown to suppress NF-kB activation and
neutrophilic lung inflammation and TNF-a mRNA expression which
attenuated endotoxin-induced neutrophilic alveolitis [42, 43].
(NAC) was also shown to inhibit IL-1and TNF-alpha gene expression
in inflammatory arthritis where ROS production was demonstrated
to be inhibited by (NAC) and stimulated by (H202) which constitute
second messengers for IL-1 and TNF-induced JNK activity [38, 40,
44, 45]. The use of NAC in Acute respiratory distress syndrome
(ARDS) is not a new concept. This has been an attractive strategy
in the treatment of (ARDS) but the benefit is still to be proved
[46]. Despite the growing evidence of oxidant stress impact on
hypoxia and inflammatory genes, the use of antioxidant treatment
in critically ill patients is yet to be explored. Studies mostly failed
to demonstrate the best way to utilize these therapy options, and
which subgroup population would benefit the most from it. This
is probably related to diminishing the immune response in these
patients where it is most needed to overcome the illness [46, 47].
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