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ARTICLE INFO ABSTRACT

Keywords: The World Health Organization has described the 2019 Coronavirus disease caused by an influenza-like virus
Arachidonic cascade called SARS-CoV-2 as a pandemic. Millions of people worldwide are already infected by this virus, and severe
COVID-19 infection causes hyper inflammation, thus disrupting lung function, exacerbating breath difficulties, and death.
COX . . . . . . . . . .

NSAID Various inflammatory mediators bio-synthesized through the arachidonic acid pathway play roles in developing

cytokine storms, injuring virus-infected cells. Since pro-inflammatory eicosanoids, including prostaglandins, and
leukotrienes, are key brokers for physiological processes such as inflammation, fever, allergy, and pain but, their
function in COVID-19 is not well defined. This study addresses eicosanoid’s crucial role through the arachidonic
pathway in inflammatory cascading and recommends using bioactive lipids, NSAIDs, steroids, cell phospholipase
A2 (cPLA2) inhibitors, and specialized pro-resolving mediators (SPMs) to treat COVID-19 disease. The role of
soluble epoxide hydrolase inhibitors (SEHIs) in promoting the activity of epoxyeicosatrienoic acids (EETs) and
17-hydroxide-docosahexaenoic acid (17-HDHA) is also discussed. Additional research that assesses the eicosa-
noid profile in COVID-19 patients or preclinical models generates novel insights into coronavirus-host interaction
and inflammation regulation.

1. Introduction

SARS-CoV-2 causes the coronavirus disease 2019 (COVID-19), a
highly contagious disease that was identified first in China in late 2019
[1,2]. SARS-CoV-2 is a positive RNA virus similar to the SARS and MERS
viruses that causes severe acute respiratory syndrome emerged as a
pandemic throughout the world. It is reported that SARS-CoV-2 shares
about 80 % identity with SARS-CoV and is 96 % identical at the whole
genome level to that of a bat coronavirus(CoV) [3]. Like other SARS-
CoV, SARS-CoV-2 exploits Angiotensin-Converting Enzyme-2 (ACE-2)
protein mainly and transmembrane protease serine-2 (TMPRSS2) as its
entry receptors to infect the host. The SARS-CoV-2 spike was about 20
times higher in binding ACE-2 [4]. ACE-2 is a peptidase that transforms
angiotensin I to angiotensin (1-9) and angiotensin II to angiotensin
(1-7), peptide hormones that regulate vasoconstriction and blood
pressure [5]. ACE-2 is a type I membrane protein expressed in the lungs,
heart, kidneys, and intestine [6]. Spike glycoprotein (S protein) of
SARS-CoV-2 cleaved into S1 and S2 subunit during the viral infection. S1
subunit, containing the receptor-binding domain, directly binds to the
protease domain (PD) of ACE-2, whereas the S2 subunit is responsible
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for membrane fusion. When S1 binds to the host receptor ACE-2, another
cleavage site on S2 expose and cleave by host proteases, a process that is
critical for viral infection [6]. Since some CoV hijack ACE-2, decreased
the expression of ACE-2 is associated with cardiovascular diseases,
hampering angiotensin II cleavage and causing pathological changes
due to angiotensin II type 1a receptor activation [7]. Vasoconstriction,
hypoperfusion, hypoxia in the myocardium, and oxidative stress in
endothelial cells also results from local increases in Ang II. So the in-
crease in Ang II could also result in dysfunction of the heart’s vascular
endothelium via the induction of oxidative stress [8]. SARS-CoV-2 also
seems related to a complex lung injury and worsening observed in
COVID-19 [5].

Being a cytopathic virus, SARS-CoV-2 causes the injury or death of
the infected cells and tissue associated with the cytokine storm. Cyto-
kines are polypeptide signaling molecules responsible for various bio-
logical processes via cell surface receptors [9]. Different types of
cytokines,i.e., pro-inflammatory (e.g.,IL-6, TNFa, MCP-1), anti-in-
flammatory (e.g.,IL-10), and immunomodulatory (e.g.,IL-2, IL-4),are
recorded. In response to viral and microbial infection, the host cell re-
leases cytokines for defensive action [10]. In contrast, the clinical study
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suggested that COVID-19 infected patients admitted in the intensive care
unit have elevated plasma levels of different pro-inflammatory cytokines
such as IL-2, IL-6, TNFa, MCP-1, and others [11]. A recent study
depicted a specific and wunsuitable inflammatory condition in
SARS-CoV-2 infection [12].

The most potent mediators are endogenous lipids, responsible for all
inflammation stages and active in modulating and fine-tuning its path
and healing process. Indeed, lipids play a crucial role in many inter-
cellular and intracellular systems’ pathophysiological activities, being a
significant component of cell membranes and potent energy sources
[13]. Innate immune cells, including granulocytes and mono-
cytes/macrophages, are recruited to damaged sites during tissue insults
or infections and release bioactive lipids [14]. Polyunsaturated fatty
acid and its metabolites play a critical role in the process of microbial or
viral infection. The current study carried out a literature search for
published materials on COVID 19 and the arachidonic acid (AA)
pathway. This study gathered information available in this field, defined
and discussed all findings on the eventual interaction between the AA
cascades and COVID-19 pathophysiology.

2. Bioactive lipids at different stages of inflammation

Classical eicosanoids as lipid mediators are responsible for acute
inflammation characterizing the cardinal signs: redness, heat, swelling,
and pain [14]. These are highly pro-inflammatory and ignite the in-
flammatory cascade during inflammation to remove injurious stimuli.
These eicosanoids actively terminate inflammation and drive full tissue
homeostasis restoration by activating resolution signs: removal, relief,
restoration, regeneration, and remission [15,16]. If there is something
wrong due to impaired resolution, it turns into chronic inflammation,
resulting in divergent tissue remodeling and organ dysfunction [17].
The inflammation outcome also depends on the other two families of
bioactive lipids, i.e., lysoglycerophospholipids/sphingolipids, and the
endocannabinoid system (eCBs), which are essential for triggering cell
proliferation and tissue adaption [18,19]. Indeed, prostaglandins (PGs),
particularly PGE2 and PGI2, appear to be involved in persistent
inflammation leading to chronic inflammation through functioning as
"cytokine amplifiers" [20-22]. PGs generally lead to chronic inflamma-
tion by five main mechanisms: (i) improvement of the cascade release of
pro-inflammatory cytokines [23]; (ii) amplification of innate immune
response to pathogen- and damage-associated molecular patterns
(PAMPs and DAMPs) [24]; (iii) activation of specific pro-inflammatory
subsets of T helper cells, e.g., TH1 and TH17 [25,26]; (iv) Recruit-
ment of chronic inflammation immune cells (for example, macrophages,
T cells, and B cells) by interacting with chemokines synergistically [21];
(v) The increase of pro-inflammatory genes induced by cytokines. In
acute inflammation, leukotrienes (LTs) cause an influx of inflamed tis-
sues along with prostanoids, edemas, and neutrophils [20]. However,
LTs are also central in perpetuating inflammatory signals that lead to
tissue damage in many chronic diseases.

3. Arachidonic acid (AA) cascade and COVID-19

AA is a polyunsaturated fatty acid released from the membrane
phospholipid by phospholipase Ay (PLA3) during inflammatory action.
There are 11 distinct classes of PLAgs categorized into Ca 21-dependent
(secretory and cytosolic) and Ca 21-independent (intracellular,
membrane-associated, cytosolic) categories [27]. AA regulates mem-
brane fluidity, regulating cellular signaling relevant membrane proteins
[28,29], and plays a fundamental role in maintaining cell and organelle
integrity and vascular permeability [30]. AA as a substrate for different
pathways metabolizes to synthesize different types of pro-inflammatory
lipid mediators like prostaglandins (PGs), thromboxanes (TXA2)
through the cyclooxygenase (COX) pathway, and leukotrienes (LTs)
through the lipoxygenase (LOX) pathway [31]. The ability of AA to
control infection with S. mansoni was demonstrated in Egyptian
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children. The chemotherapy efficacy of AA and praziquantel (PZQ) is
similarly high in low-infection settings and similarly low in
high-infection children living in high-endemic areas [32]. AA can
selectively destroy tumor cells in vitro by emitting lipid peroxidation
from the cell-surface membrane that can be blocked by vitamin E, uric
acid, superoxide dismutase, and glutathione peroxidase [33].

3.1. Cyclooxygenase (COX) pathway

COX catalyzes arachidonic acid oxidation into prostaglandin H2,
which then isomerizes to different prostanoids, such as PGE2 [34].
There are different PGs (PGE2, PGI2, PGD2, PGF2a), contributing to the
inflammatory process. Immune system activation occurs following the
virus infection, including the release of inflammatory media such as
pro-inflaming cytokines (IL-6, IL-1 B, TNF-a) and eicosanoids (PGs and
LTs) [35]. The second cyclooxygenase isoform (COX-2) is responsible for
forming the PGs’ central part responsible for pain and inflammation
[36]. The schematic diagram of the cyclooxygenase (COX) pathway
stimulated by SAR-CoV-2 infection is represented in Fig. 1. Similarly, the
SARS-CoV of the 2003 outbreak was increasing PG’s development by
binding to COX-2 [36].

Several studies show that PGE2 raises viral pathogens in many viral
infections such as CMV, RB, RSV, HSV, EV71, and CVB2 by interacting
with viral transcriptions and translations [35]. Virus infection induces
the accumulation of COX-2 mRNA, protein expression, and development
of PGE2 in most cell types. Although the disease’s overall subject is EBV,
it destroys accumulating PGE2 and COX-2 mRNA in peripheral mono-
nuclear blood cells [37]. Overall, the mechanisms by which viral
infection activates COX-2 expression and the pathways by which COX-2
development products attenuate the host response to the infection, or
the virus replicative life cycle have not yet been well explained. The
alteration of PGE2 synthesis might be a mechanism formed by viruses to
alter cells’ biological functions, enabling increased replication and viral
dissemination [38]. In pulmonary microvascular endothelial cells of
human, PGE2 can play an essential upstream role in inflammation. It
leads to increased COX-2 expression without affecting the COX-1 iso-
form and increasing IL-8 [39]. PGE2 was suggested to play a significant
role in hyperinflammatory and immune responses to COVID-19 patho-
physiology [35]; thus, PGE2 can assess in COVID-19 patients. The
author also hypothesizes the host-based immune sensitivity to
COVID-19 may be enhanced if PGE2 can reduce via human
micro-prostaglandin E synthase-1 (mPGES-1).

Moreover, it can be a promising therapeutic strategy for preventing
severe disease progression and death. There was an increased exposition
of COX-2 and PGE2 in humans during acute inflammation than women
showing gender variation [40]. Following these results, elevated PGE2
levels in males may be one of the main factors leading to a more sig-
nificant infection of COVID-19 in males [35]. Additional animal studies
have shown that levels of PGE2 are affected by age, which can also be an
underline factor of older patients’ hypersensitivity concerning children
with COVID-19 [35,41]. Because of the greater risk of disease aggra-
vation in the obese patient, PGE2 can also lead to insights in COVID-19
patients with comorbidities, such as obesity, as PGE2 increased in obese
patients in various studies [42]. Besides, PGE2 can aid intravascular
thrombosis [43], another challenge in patients with COVID-19. The free
radical attack of AA generates Isoprostans in vivo. Again, the increase in
intracellular ROS from mechanical damage stimulates time-sensitive
PGE2 development through COX-2 activation. The phosphorylation of
extracellular signal-regulated protein kinase (ERK) stimulates COX-2
[44]. These findings indicate ROS-induced ERK activation leading to
COX-2 activation and PGE2 synthesis in human keratinocytes that leads
to mechanical injury in the acute phase [44]. Sonlicromanol, a selective
ROS-1 inhibitor, demonstrated radical scavenging function, preventing
ROS-induced cell death in patients with acute respiratory distress syn-
drome (ARDS) in pulmonary and lung tissues. [45].

Another prostaglandin of importance for respiratory viruses is PGD2.
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Fig. 1. Arachidonic acid cascade through the cyclooxygenase (COX) pathway stimulated by SARS-CoV-2 infection.

In an experimental animal model infected with respiratory viruses, there
was a higher production of PGD2 and a greater level noticed in older
animals [46]. In the inflammatory pulmonary condition, PGD2 control
different steps of T cells’ response in mice with SARS-CoV and
MERS-CoV [46]. Besides, PGD2 production increased in patients with
severe syncytial virus (RSV) bronchiolitis, suggesting that prostaglandin
D (DP) receptor agonists may be useful antivirals for viral bronchiolitis
treatment [47]. This approach can consider as a crucial preventive step
for asthma patients in general.

In particular, phospholipase A2, group IID (PLA2G2D), predomi-
nantly contributes to anti-inflammatory/pro-resolving lipid mediator
expression [48]. Higher levels of PLA2G2D in middle-aged mice’s lungs
would disrupt lipid metabolism. The lipid mediators, other than PGD2,
would also be generated at higher levels. Levels of Pla2g2d+/+ in the
lungs were higher compared to Pla2g2d—/— mice, which indicated that
differences in AA levels resulted in differences in downstream metabo-
lite levels, some of which had anti-inflammatory function (PGD2 and
PGEZ2) levels of 6-keto PGFla, TXB2, PGF2a, PGD2 and PGE2 [49-51].
Anti-inflammatory PLA2G2D led to worse outcomes in SARS-CoV
infected mice. Of course, mice with no expression of PLA2G2D trans-
formed a homogeneously lethal infection into a nonlethal infection (>80
% survival). The increased Dendritic cell (DC) migration to draining
lymph nodes has increased cell response and decreased lung harm. In the
absence of a virus, a threat like SARS-CoV, the enhanced expression of
PLA2G2D supports the host by increasing the amount of different
immunosuppressive lipid mediators such as PGD2. However, the higher
basal levels of PGD2 and other pro-resolving lipid mediators negatively
affect the activation of a defensive innate immune response and, even-
tually, the adaptive immune response. Treatments, which increase the
levels of lipid mediators for resolution, can have unwanted effects in the
sense of infection. As a result, a single PLA2G2D inhibition is an
attractive therapeutic approach to restoring older patients’ immune
systems with a severe infection [52].

3.2. Lipoxygenase pathway

Besides COX-2 and PGE2, the 5-lipoxygenase (5-LOX) pathway is

also involved in virus pathophysiology. The AA cascade stimulated by
SARS-CoV-2 through the lipoxygenase pathway represents in Fig. 2.
Leukotrienes and lipoxins, which have pro- and anti-inflammatory ac-
tivities, are produced through the 5-LOX pathway. These pro-
inflammatory lipid mediators resolve inflammation, aid in wound
healing, possess potent anti-inflammatory activity, remove the debris
from the infection site and injury, and enhance microbial clearance [4].
The investigation of these agents’ use recommends that these fatty acids’
oral or intravenous administration may increase the recovery from these
infections and potentially avoid these infections if present in appropriate
concentrations in the immunocytes and body fluids (particularly in
alveolar fluids) [4].

Leukotrienes can cause hyperimmune and inflammation reactions
with COVID-19 progression with high leukotriene levels, as previously
identified by tracheal aspirates of ARDS patients [53]. The leukotriene
B4 (LTB4) is one of the most powerfully known chemoattractants in
neutrophils and subsets of lymphocytes via B leukotriene subtype 1
(BLT1) and G protein-coupled receptor (GPCR) signal [54-57]. The
5-LOX enzyme inhibitor such as zileuton inhibits the synthesis of all
downstream LTs. Again the cysteinyl leukotrienes 1 (CysLT1) receptor
antagonist (montelukast) and the leukotriene receptor antagonists
(LTRA) can be used for the treatment of mild-moderate asthma, allergic
rhinitis, and inflammatory symptoms in the airway with a unique safety
profile [58-63]. It was predicted that Montelukast would bind to
SARS-CoV-2 and can interrupt viral replication [64,65]. A regulated
network of molecules for lipid signaling, including LTs and cytokines,
orchestrates adequate leukocyte recruitment in inflammation situations
[66]. Leukotrienes, in particular LTB4, inhibit viral replication of
influenza in vivo [67]. The Influenza virus upregulates 5-LOX in the
lungs of either infected animal models (mice) or humans [68].
LTB4-treated neutrophils had enhanced virucidal activity against the
influenza virus, human CoV, and RSV [69]. PGE2 level reduces in
COX-1—/— airways, whereas cysteinyl leukotrienes (cysLTs) level ele-
vates in COX-2—/— airways following infection. A higher level of cysLTs
observed in mice with the influenza virus increased the survival rate,
reducing morbidity despite higher viral titers [70]. Lipoxin A4 was also
reported to attenuate adipose inflammation, decreasing IL-6 and
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Fig. 2. Arachidonic acid cascade through the lipoxygenase (LOX) pathway stimulated by SARS-CoV-2 infection.

increasing IL-10 expression in aged mice [71]. In recent years, the
healing effects of lipoxin A4 encapsulated in polylactic-co-glycolic acid
microparticles in topical treatments for skin lesions of dorsal-rats have
been considerable with its particular receptor on skin cells [72].

3.3. CYP and sEH pathway in arachidonic acid cascade

Pathway cytochrome P450 (CYP) is the prospective third branch of
AA metabolism. AA can convert to hydroxyeicosatetraenoic acids

(HETEs) by CYP hydroxylase enzymes. The essential metabolic product
in the pathway is 20-HETE, the major vasoactive eicosanoid in the
microcirculation [73]. It contributes to regulating the vascular tone in
the brain and peripheral organs and promotes inflammatory cytokines
and adhesion molecules [73]. The CYP epoxygenase enzymes generate
epoxyeicosatrienoic acids (EETs), catalyzing arachidonic acid’s epoxi-
dation, resulting in four major isomeric EETs (e.g., 5,6-EET, 8,9-EET,11,
12-EET, and 14,15-EET) [74,75]. EETs are essential molecules for
signaling biological processes involving anti-inflammation and pain
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Fig. 3. Arachidonic acid cascade through the cytochrome P450 (CYP) and soluble epoxide hydrolase (sEH) pathway stimulated by SARS-CoV-2 infection.
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relief [74,76]. The enzyme hydrolysis easily converts these epoxy me-
tabolites by the soluble epoxide hydrolase (sEH) as the main disposal
pathway. After hydrolysis, sEH can convert into their corresponding
biologically less active 1,2-diol molecules like dihydroxyeicosatrienoic
acids (DHETs), dihydroxyeicosatetraenoic acids (DHEQs), dihydrox-
ydocosapentaenoic acids (DiHDPAs) [77]. The use of suitable sEH in-
hibitors can prolong the anti-inflammatory activity of EETs and be used
to treat lung and heart [78]. The overall biosynthetic pathway is rep-
resented in the Fig. 3.

4. Arachidonic acid cascades and covid-19 management strategy

Several COVID-19 management strategies can develop by modifying
specific inflammatory pathways of the AA cascade. Some COVID-19
management strategy through blocking or stimulating specific inflam-
matory pathways is outlined in the Fig. 4.

4.1. Bioactive lipids inactivating coronavirus (COVID-19)

Mechanisms by which invasive microorganisms are eliminated or
neutralized involve the generation of unique immunocyte antibodies. It
helps destroy microorganisms by producing different cytokines, reactive
oxygen species (ROS), complement system activation, and other unique
and non-specific ways of capturing and killing microorganisms with
little or no damage to different tissues. Streptococci, which is present on
normal human skin, is made ineffective by skin surface lipids. Staphy-
lococci in the lung alveoli are killed in the highly unsaturated AA in the
surface material, often outside alveolar macrophages [4]. AA has been
proposed as an antiviral medication because it can inactivate the viral
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protein that encloses various viruses, including influenza virus, HIV, or
SARS-CoV. The ability to induce leaching or lysis of the cells, inhibit
respiratory activity, and decouple oxidative phosphorylation are some
mechanisms that cause AA and other fatty acids’ antimicrobial effect [4,
79]1.

Consequently, alveolar macrophages, T and B cells, leukocytes,
macrophages, and other cells release AA and other unsaturated fatty
acids when affected by viruses, such as SARS-CoV-2, SARS, and MERS.
They can inactivate the invading microorganisms and thus protect the
lungs and other tissues [4]. A shortfall in AA can, therefore, make
humans more vulnerable to SARS-CoV-2 [80].

Bioactive lipids derived from omega-3 fatty acids that can resolve
inflammation are resolvins. Docosahexaenoic acid (DHA) and Eicosa-
pentaenoic acid (EPA) are omega -3 fatty acids with resolving activity
typically classified as D and E series resolvins [81]. Resolvins inhibit
cytokine production and resolve the destructive inflammation by con-
trolling leukocyte transportation and removing inflammatory mediators
[16]. 17-hydroxy-docosahexaenoic acid (17-HDHA) is a precursor of D
series resolvins and shows good analgesic activity in reducing pain from
osteoarthritis and chronic inflammation [82].

4.2. NSAIDs and COXIBs

Non-steroidal anti-inflammatory drugs (NSAIDs) block the synthesis
of inflammatory mediators by covalent inhibition of COX-1/2 [83],
resulting in forestall of inflammation. Usually, NSAIDs treat acute in-
flammatory symptoms but practically inactive in chronic conditions,
leading to the belief that prostanoids are much less active in chronic
inflammatory pathologies [20].
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When researching the seriousness of COVID-19 symptoms in asthma
and hypertension patients, Fang et al. linked the SARS-CoV-2 to the
downregulation of ACE-2, which instead is upregulated by Ibuprofen
[84]. Indomethacin, generally prescribed for gout and arthritis treat-
ment, inhibits the human SARS-CoV replication with a concentrated
1 mg/kg dose [85]. Several studies challenged NSAIDs and Ibuprofen’s
role in COVID-19 patients due to several side effects such as gastroin-
testinal, cardiovascular, nephrotoxicity, and so on. NSAIDs inhibit COX
and inhibit the synthesis of anti-inflammatory AA mediators, particu-
larly lipoxins and resolvins, resulting in inflammation resolution [86]. In
March 2020, the French health authorities warned NSAIDs’ severe
side-effects in patients with COVID-19 [87]. In COVID-19, EMA reported
no evidence to deteriorate NSAIDs and Ibuprofen [88]. Accordingly,
there has been no new ibuprofen and deteriorating COVID-19 study by
the UK Medicines and Healthcare Products Regulatory Agency (MHRA)
[89].

Besides, WHO proposes Ibuprofen’s first treatment as an antipyretic
agent and paracetamol for fever or pain, patients who take NSAIDs for
different reasons should not stop using them to fear their COVID-19 risks
[36]. Since NSAIDs may cause gastrointestinal side effects (ulcer,
bleeding) or an increased risk of heart disease, explained by a disorder
between AA mediators (prostacyclin and TX), a better controlling
strategy for COVID-19 inflammation can be a selective inhibition of
mPGES-1. Das et al. suggested that an intravenous or oral administration
of AA can increase the resistance, facilitate the recovery, or even prevent
SARS-CoV-2 [4]. Furthermore, we believe that dual COX-2 inhibitors /
TP antagonists that offer anti-inflammatory effects and cardiovascular
protection can be useful for SARS-CoV-2 patients.

4.3. Steroids and COVID-19

Patients with severe COVID-19 infections develop a cluster of res-
piratory complexes, leading to severe lung tissue damage resulting in
inflammation and fluid retention [90-93]. Unfortunately, no specific
treatment against COVID-19 viral infection has been identified yet.
However, several studies perform various drugs to combat this
pandemic disease caused by SARS-CoV-2 [94-96]. Corticosteroids pre-
viously used to treat patients associated with identical syndromes as
COVID-19 such as SARS-CoV [97-99], the MERS-CoV, influenza, viral
pneumonia [100-103], and now are also being used in critically ill pa-
tients with COVID-19 [104-106]. However, the role of corticosteroids in
viral COVID-19 remains controversial. Several studies claimed that
corticosteroids might be detrimental, causing slower clearance of viral
RNA, and similar findings were also observed during the outbreaks of
SARS [107-109]. The World Health Organization had now revealed an
analysis that survival rates ameliorated in the case of severely ill
COVID-19 patients when they were treated with dexamethasone and
other corticosteroids, including hydrocortisone or methylprednisolone
[110,111]. The University of Oxford carried out the recuperation test
(the randomized assessment of Covid-19 therapy) to evaluate the
beneficial use of dexamethasone in patients hospitalized with COVID-19
and reported efficacy in the case of severely ill patients [112-114].

Dexamethasone is a corticosteroid widely used to treat a range of
infections. Its action mechanism is its ability to reduce inflammation and
suppress immune reactions elicited during an infection [115,116]. Most
people with COVID-19 have no signs of illness-they are asymptoma-
tic—or have mild symptoms such as dry cough, mild fever, or loss of taste
and smell. In a small minority, though the effects are much worse, with
oxygen or ventilation, patients needing to help the lungs gain oxygen.
These are the people that are effective in dexamethasone. In extreme
cases, the body’s immune system over-reacts to the virus and destroys
the cells that carry it. It is called a cytokine storm, in which cells of the
immune system release chemicals called cytokines that cause excessive
inflammation. Dexamethasone works on the immune system to dampen
the reaction and reduce the storm of the cytokine. Besides, it avoids
massive inflammation seen in the lungs and hearts responsible for
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serious breathing irregularities in very sick patients [117,118].

A total of 2104 randomized patients got 6 mg dexamethasone once
every day for ten days (by mouth or intravenous injection) compared to
4321 randomized patients who were given standard treatment alone.
The 28-day mortality among those who received standard treatment
alone was highest in those who needed ventilation (41 %), the inter-
mediary in those who only needed oxygen (25 %), and the lowest in
those who needed no respiratory intervention (13 %). The dexametha-
sone decreases the mortality rate for ventilated patients by one third and
in other patients who are consuming only oxygen by one fifth (0.80[0.67
to 0.96]; p = 0.0021). Patients with no respiratory assistance were of no
benefit (1.22 [0.86-1.75]; p=0.14) [112,119].

4.4. Inhibition of cPLA, impairs an early step of coronavirus replication
in cell culture

The inactivation of cell phospholipase A2 (cPLA2) using a particular
small-molecule inhibitor significantly decreases the synthesis of coro-
navirus RNA and, consequently, protein and infectious virus develop-
ment. cPLA2 is inhibited and is the most common cause of viral ROs in
the early stages of the viral replication cycle. The activity of cPLA2 has
been reported to be necessary with HCoV-229E (genus Alpha-
coronavirus) and MERS-CoV (genus Beta-coronavirus) replication.
However, the cPLA2 inhibitor was also effective against SFV, a Toga-
viridae family member, showing that this phospholipase activity pro-
duces unique lipid compounds necessary to replicate phylogenetically
distinct RNA viruses [120]. The precise role of cPLA2 in the production
of fully functional ROs remains to be established.

There is also information that, regardless of its enzymatic activity,
cPLA2 can alter the membrane phospholipid packaging via its hydro-
phobic C2 domain to induce the membrane bending needed for mac-
rophages phagosome formation [121,122]. In addition to cPLA2 and
related phospholipases, many other factors have been shown to induce
membrane curvature in diverse biological systems. It was shown that
phosphatidic acid (PA) species downregulate, whereas ceramide (Cer)
and LPL species upregulate in HCoV-229E infected cells. PA is a crucial
intermediate in the synthesis of glycerophospholipids and tri-
acylglycerides and a vital lipid mediator involved in diverse cellular
functions, including vesicular trafficking, cytoskeletal changes, and
secretion membrane alterations [123,124]. The observed upregulation
of bioactive Cer may indicate a cellular response to CoV replication or
even a possible role of Cer in supporting coronaviral replication. Ceris is
known to induce apoptosis and autophagy [125]. Both processes have
been suggested to be involved in CoV replication and represent
emerging fields of CoV research, with partially controversial informa-
tion reported for different viral and cellular systems [120]. Together,
these observations support the idea that LPLs generated by cPLA2 is
functionally  relevant components of ROs produced in
coronavirus-infected cells. The inhibition of cPLA2 activity by Py-2
affect HCV replication in vitro [126]. The production of infectious
virus progeny reduces, most probably, by reducing lipid droplets
required for HCV particle formation [126,127]. As mentioned above, the
replication of MERS-CoV (genus Beta-coronavirus) and SFV (family
Togaviridae) was inhibited in the presence of Py-2, identifying cPLA2 as
an essential host factor for RNA virus replication. The formation of ROs
of CoVs and several other RNA viruses depends on specific LPLs pro-
duced by cellular cPLA2 activities. The selective inhibitory effects
observed for members of only a few RNA virus families suggest very
specific lipid requirements for these viruses and contradict the potential
nonspecific/toxic effects responsible for the observed antiviral effects of
Py-2 against corona alphaviruses [120].
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5. Cytokine-directed therapy in COVID-19
5.1. Recombinant IFN as an antiviral treatment

One of the first defenses of the human body against RNA viruses like
SARS-CoV-2 is the release of type I and III interferons (IFNs). It is worthy
of mention that type I IFN (IFNa/f) receptors are ubiquitously
expressed, so IFNo/f signaling can result in not only antiviral effects but
also the activation of immune cells that potentially exacerbate patho-
genesis. In contrast, type III IFN (also known as IFN)) signals mainly in
epithelial cells and a restricted pool of immune cells. Because type III
IFNs have immunomodulatory functions, subsequent signaling could
induce a potent antiviral effect without enhancing pathogenic inflam-
mation [128,129]. One study of 40 patients with SARS-CoV-1 infection
described unresolved elevated type I IFNs in those with poor outcomes
[130]. Others report that exogenous type I IFN does not improve out-
comes when given with ribavirin in patients with MERS-CoV infection
[131], suggesting that the role of IFN as a therapeutic or prophylactic
option may be a strain or species-specific [132]. In the case of RNA vi-
ruses such as SARS-CoV-2, these pathways are initiated through the
engagement of pattern-recognition receptors (PRRs) by viral
single-stranded RNA (ssRNA) and double-stranded RNA (dsRNA) via
cytosolic RIG-I like receptors (RLRs) and extracellular and endosomal
Toll-like receptors (TLRs). Upon PRR activation, downstream signaling
cascades trigger the secretion of cytokines. Among these, type I/III IFNs
are considered the most crucial antiviral defense. However, other cy-
tokines, such as pro-inflammatory TNF-a and interleukin-1 (IL-1), IL-6,
and IL-18, are also released. Together, they induce antiviral programs
in target cells and potentiate the adaptive immune response. If present
early and properly localized, IFN-I can effectively limit CoV infection
[133,134]. Early evidence demonstrated that SARS-CoV-2 is sensitive to
IFN-I/III pretreatment in vitro, perhaps to a greater degree than
SARS-CoV-1 [11]. Likely, the IFN-induced transmembrane family
(IFITM) proteins inhibit SARS-CoV-2 entry, as demonstrated for
SARS-CoV-1 [135].

5.2. Cytokine blockade

Hyper inflammatory responses and elevated levels of inflammatory
cytokines, including IL-6, -8, and -10, have been shown to correlate with
COVID-19 severity [11]. This cytokine storm’s drivers remain to be
established, but they are likely triggered initially by a combination of
viral PAMPs and host danger signals. The heterogeneous response be-
tween patients suggests other factors are involved, possibly including
the SARS-CoV-2 receptor, ACE2 [136]. Specific subsets of CD4 T cells
that express GM-CSF and IL-6 are more abundant in severe COVID-19
patients than in COVID-19 patients who do not require intensive care
[137]. Other major pro-inflammatory cytokines (TNF-a, IFN-y, IL-2) and
chemokines (CCL2, CCL3, and CCL4) are elevated, which underscore a
potentially pathogenic Tyl/2 program in COVID-19 [138,139]. There-
fore, biological agents targeting the expression of cytokines and specific
cytokine antagonists, such as IL-6R monoclonal antibodies, TNF in-
hibitors, IL-1 antagonists, Janus kinase (JAK) inhibitors, and others,
have been considered [140].

5.3. The S protein as a vaccine target

Since SARS-CoV-1 first emerged, the S protein has been favored as
the most promising target for vaccine development to protect against
CoV infection. This particular viral protein has essential roles in viral
entry and stimulating the immune response during natural infection and
in vaccination studies of both SARS-CoV-1 and MERS-CoV [11], which
has also been confirmed in SARS-CoV-2 [141]. The S protein induces
robust and protective humoral and cellular immunity, including the
development of neutralizing antibodies (nAbs) and T cell-mediated
immunity [142]. nAbs can protect against infection by blocking
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receptor binding and viral entry, shown with pseudovirus-based
neutralization assays [143,144]. Studies of SARS-CoV-1 indicate that T
cell response against the S protein correlated with nAb titers and
dominated the T cell response after natural infection. Antiviral T cell
reactions specific to the receptor-binding domain observed in in-
dividuals who recovered from COVID-19, further validating its promise
as a vaccine target [143,145].

5.4. Therapeutic interventions with specialized pro-resolving mediators

Specialized pro-resolving mediators (SPMs), including four families,
namely lipoxins, resolvins, proteins, and maresins, are bioactive lipid
autacoids, which mediate the endogenous resolution stimulating a
phagocytic macrophage of cellular debris and preventing the release of
pro-inflammatory cytokines [146-148]. SPMs promote antiviral Blym-
phocytic activity in influenza [109]. SPM precursors, including
17-HDHA, have also been reported, which protect against primary
influenza infection and promote adaptive immunity adjuvants [149,
150]. Another course of action involving arachidonic acid-derived
epoxyeicosatrienoic acids (EETs) also promotes inflammation resolu-
tion. Because soluble epoxide hydrolases (sEH) quickly metabolize EETs,
the use of sEH inhibitors (SEHIs) may help stabilize EETs. Administra-
tion of SEHIs can prevent pulmonary inflammation and improve the
pulmonary system’s functions in animal models [151]. The NF-kB, the
core of cytokine eicosanoid mediated storms, encourages
pro-inflammatory cytokines and prostaglandin synthesis through COX
downregulated by both SPMs, and SEHIs [146,152]. Notably, both SPMs
and SEHIs can attenuate pathologic thrombosis and promote clot
removal, which is now recognized as a critical pathology of COVID-19
infection [153-155]. SPMs and SEHIs are currently in clinical trials
for other inflammatory diseases. They could rapidly translate for the
management of COVID-19 by complementing current antiviral strate-
gies via debris clearance and inflammatory cytokine suppression [156].

6. Conclusion

COVID-19 disease caused by the influenza virus is highly contagious
and rapidly transmitted worldwide and has been declared by WHO as a
pandemic. After insertion into the host alveolar epithelium, the SARS-
CoV-2 virus can develop a severe inflammatory state that ultimately
disrupts the alveolar function and develops the severe COVID-19 disease
condition. The hyperinflammatory state develops through the hyper-
activity of the biosynthetic pathway of synthesizing different inflam-
matory cytokines from AA. We can hypothesize different interventions
for the treatment of COVID-19 disease by blocking or promoting
different steps of the AA cascade. Some clinical studies on some NSAIDs
and steroids found success in reducing the case severity and morbidity
rate of COVID-19 disease. Developing specific small-molecule for
inhibiting cPLA, is another COVID-19 management strategy as it re-
duces viral RNA synthesis. SPM precursors, including 17-HDHA, and
EETs, can consider managing the inflammatory condition in COVID-19
disease. Judging by the current study, further study can be started tar-
geting specific molecules in the AA cascade to manage COVID-19
disease.
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