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Letter

N-acetylcysteine in Severe COVID-19: The Possible Mechanism
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Dear Editor,
Coronavirus Disease 2019 (COVID-19) caused by Severe

Acute Respiratory Syndrome Coronavirus-2 (SARS-CoV-2), a
new beta coronavirus, was officially declared a global pan-
demic by the World Health Organization (WHO) on March
11, 2020, after coming under the spotlight through a pneu-
monia outbreak in Wuhan, China, first reported on De-
cember 30, 2019. As of June 2, 2020, 6,194,533 confirmed
COVID-19 cases, and 376,320 associated deaths were re-
ported worldwide (1). The clinical investigation of COVID-
19 cases shows that patients with COVID-19 are admitted
to hospitals with common viral pneumonia symptoms,
mostly including fever, dry cough, fatigue, sore throat, and
shortness of breath (2). Hyperinflammation-associated
Acute Lung Injury (ALI) is the leading cause of death among
patients with severe COVID-19, and highly expressed in-
flammatory cytokines, including interleukin (IL)-6, IL-10,
IL-1β, and Tumour Necrosis Factor-α (TNF-α) play a pivotal
role in aggravating the inflammatory responses (3, 4).

SARS-CoV-2 binds to the Angiotensin-Converting
Enzyme-2 (ACE-2) receptor in human alveolar epithelial
cells to enter the host cell; in response, the activated
innate and adaptive immune systems of the host release
a variety of pro-inflammatory cytokines, including IL-6,
IL-10, TNF-α, and MIP-1-α, leading to a cytokine storm. In
addition, the released chemokines activate the secretion
of other inflammatory mediators from peripheral blood
into the site of inflammation and potentiate the cytokine
storm (Figure 1). Increased vascular permeability and fluid
accumulation in alveoli is due to the activities of these pro-
inflammatory cytokines, resulting in respiratory failure
(3, 5).

The WHO declares N-acetylcysteine (NAC), a relevant
medication intended to use in the basic health system,
and it is generally used as a mucolytic, anti-inflammatory,
and antioxidant agent (6). As an anti-inflammatory agent,

NAC prevents the release of pro-inflammatory cytokines
in the initial state of immune proliferation in disease pro-
gression, and this mechanism is based on the inhibition
of the activities of lipopolysaccharides. Nuclear Factor-
kappa B (NF-κB) plays a pivotal role in inflammation cas-
cades, and the bonding between I-κB kinase (I-κB) and NF-
κB prevents its nuclear translocation. IκB kinase β (IKKβ)
regulates the separation of I-κB from NF-κB by phospho-
rylation (lipopolysaccharide-induced) and its degradation
by the proteasome and allows NF-κB to enter into the nu-
cleus where this transcription factor (NF-κB) activates the
release of pro-inflammatory cytokines, mostly including
IL-6, IL-1β, and TNF-α (6), which are also found in high lev-
els in patients with severe COVID-19 (3, 4). NAC exhibits its
sole anti-inflammatory characteristic by inhibiting the ac-
tivation of NF-κB activities through the suppression of the
activities of lipopolysaccharides (Figure 1). Multiple stud-
ies found high serum IL-6 levels in COVID-19 patients (3-5),
and its release is significantly enhanced by the action of
both IL-1β and TNF-α in early inflammation state. In effect,
NAC inhibits the expression of IL-6 by significantly reduc-
ing the levels of IL-1β and TNF-α (3, 7, 8). Furthermore, in
severe COVID-19 patients, high levels of IL-10 are detected
(3, 5), which significantly contributes to immune prolifer-
ation. An in-vitro study showed that IL-10 mRNA expression
was highly downregulated by NAC, resulting in the sup-
pression of the proliferation of inflammation cascades (7,
8).

In its primary role, NAC is a precursor of glutathione
(GSH) synthesis, which is the principal antioxidant that
the body produces to protect its cells from serious injury
or death due to high levels of Reactive Oxygen Species
(ROS), resulting in intracellular oxidative stress (6). In ad-
dition, inflammation extensively accelerates the produc-
tion of ROS, leading to massive oxidative stress at the site
of inflammation (Figure 1). An increased level of TNF-α al-
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Figure 1. Anti-inflammatory role N-acetylcysteine in patients with severe COVID-19; (a) Release of pro-inflammatory cytokines in direct response to SARS-CoV-2-host cell interac-
tion; (b) Proliferation of intracellular oxidative stress due to the release of pro-inflammatory cytokines; (c) Inhibitory role of NAC in the extensive release of pro-inflammatory
cytokines and chemokines; (d) Inhibitory role of NAC in the exacerbation of intracellular oxidative stress

lows more ROS to generate in mitochondria, which signifi-
cantly potentiates NF-κB to exacerbate the cytokine storm,
leading to cell death (9) (Figure 1). In addition, in re-
sponse to oxidative stress, lung epithelial cells predomi-
nantly release pro-inflammatory cytokines, including IL-
6, IL-10, IL-1β, and TNF-α (Figure 1). NAC improves the cel-
lular total antioxidant capacity through improving GSH
concentration and directly interacts with ROS, including
hydroxyl radicals, nitrogen dioxide, and carbon trioxide
ion using its free thiol side-chain (8). Even at a low intra-
cellular concentration, NAC replenishes the GSH level, re-
sulting in a healthy intracellular environment (8, 9). The
lower the level of intracellular oxidative stress, the higher

the chance of overcoming pulmonary damage in severe
COVID-19 infection (9). Thus, NAC inhibits the expression of
pro-inflammatory cytokines, which may potentially sup-
press the progression of ALI in patients with severe COVID-
19.

An extensive release of pro-inflammatory cytokines
and excessive intracellular oxidative stress in a severe stage
of COVID-19 causes massive cytokine storm that devel-
ops severe ALI, leading to respiratory failure (2-5). The
multi-dimensional target-specific anti-inflammatory roles
of NAC significantly suppress the release of IL-6, IL-10, IL-1β,
and TNF-α, which are the most robust components of in-
flammation cascades, and the primary antioxidant prop-
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erty of NAC reduces the intensity of intracellular oxidative
stress in severe COVID-19 (7-9). Therefore, NAC may be ef-
fective in the management of severe pulmonary inflamma-
tion in viral pneumonia, including COVID-19, and may re-
duce the risk of acute respiratory failure-associated mor-
tality in patients with severe COVID-19.
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