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Abstract. At present, global vaccination for the SARS-CoV2 virus 2019 (COVID-19) is
95% effective. Generally, viral infections are arduous to cure due to the mutating nature of
viral genomes, with the consequent quick development of resistance, posing significant
fatalities or hazards. The novel corona viral strains are increasingly lethal than earlier
variants, as those evolve faster than imagined. Despite the emergence of several present
innovative treatment options, the vaccines, and available drugs, the latter still are the needs
of the time. Therefore, repurposing the approved pharmaceutical drugs of a well-known
safety profile would be ascertained to provide faster antiviral approaches for the newer
strains of COVID-19. Recently, a combination of remdesivir, which has a competitively
inhibitory effect on the nucleotide uptake in the virus, and the merimepodibs, an inhibitor of
the enzyme inosine monophosphate dehydrogenase, which has a role in the synthesis of
nucleotides of guanine bases, is in use in phase 2 clinical trials. However, new investigations
suggest that using remdesivir, there is no statistically significant difference with uncertain
clinical importance for moderate COVID-19 patients. Herein, an intellectual selection of
approved drugs based on the safety profile is described, to target any essential enzymes that
are required for the virus-receptor contact, fusion, and/or different stages of the life cycle of
this virus, should help to screen drugs against newer strains of COVID-19.
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INTRODUCTION

The SARS-CoV2 virus 2019 (COVID-19) is a continu-
ally rising viral contagion resulting from a newer unfamiliar
severe acute respiratory syndrome coronavirus 2, which
causes an acute respiratory distress syndrome (ARDS).
ARDS may trigger multi-organ failures, blood clots, septic
shock, and cytokine storm [1-3]. Ubiquitously, it was primar-
ily recorded in Wuhan, China, amidst an upsurge of
respiratory infection cases during December 2019 that
resulted in the current pandemic everywhere infecting in
216 countries, buccaneering the stability of humans on earth,
initially. The global rolling updates of COVID-19 are that
more than 3,539,727 confirmed cases of deaths and more than
170,217,299 confirmed cases [4, 5]. It is mostly transmitted
among individuals from the discharge of the nose and
droplets of the saliva of infected persons, when they sneeze
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or cough or talk. Facemasks have become the totem pole of
this era.

There is no dependable cure and suitable therapeutics
for COVID-19; only the emergency authorization has been in
practice with a few approved old antiviral drugs such as
remdesivir, a nucleoside analog and which inhibits the RNA-
dependent RNA polymerase (RdRp) in viruses, as adminis-
tration showed a comparative quick recovery of severe cases
[6, 7]. Vaccines now have a 95% effectiveness, which means
global vaccination is accepting the challenge with a hope to
avoid tainting a greater number of lives and will restrict
dissemination across communities; but one in twenty persons
who get vaccinated may not develop immunity to escape from
acquiring the disease [8]. On 21 August 2020, the Journal of
the American Medical Association (JAMA) promulgated the
clinical efficacy of remdesivir in phase 3 trials, with the
standard care for moderate COVID-19 patients. They
compared 10 days of treatment with remdesivir to that of
placebo-controlled standard care and found out that there is
no statistically significant difference with uncertain clinical
importance for moderate COVID-19 patients. Remdesivir
was indicated to be beneficial in a placebo-controlled trial for
severe COVID-19 patients, but in moderate categorized
patients, its clinical efficacy is concealed [9, 10].
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Indeed, viral infections are arduous to cure due to their
mutating genomes; consequently, that poses a significant
hazard/fatality to humanity. There is a consistent avalanche
of novel mutated viral strains that are resistant, which need to
be addressed by newer fresh antiviral agents with lesser side
effects and host toxicity. Over the past and recent time, lethal
viruses have triggered pandemics worldwide; among those,
mutants of COVID-19 have been the ghoulish respiratory
viral strains causing human misery. Today, a couple of
medicines and vaccines have been formulated to efficaciously
handle viral diseases, as viruses tend to mutate fast. However,
most of these antiviral medicines have detrimental reactions
on man, which in the long-term develop resistances due to
mutations [11-13]. RNA viruses are likely to possess superior
mutation rates, as a side effect for the preference of
accelerated genomic replication [13]. When the world is going
through a pandemic predicament, it is crucial that there is no
much time available for the essential steps of drug develop-
ment and testing. Even after global vaccination, the newer
viral strains by mutation get resistant — perfecting obeying to
Darwin’s “survival of the fittest” theory. The recent vac-
cine(s) with 95% effectiveness may not stop the world from
the new pandemic situations that are similar and different in
different countries from the newer avalanche of corona
strains. However, the novel use of the approved pharmaceu-
tical drugs could provide expeditious antiviral approaches
from newer strains of COVID-19 too.

Inhibition at several stages of the life cycle of this virus
could be the advantageous targets for curative treatments.
Obviously, viruses have a specific life cycle, depending on the
strain, notwithstanding every virus follows a specific para-
digm: [1] adhesion on the host cell, [2] liberation of the viral
genome within the host cell, [3] replication of viral parts by
subjugating host cell machinery, [4] congregation of the viral
parts into new virus particles, and [5] liberation of the new
virus particles to taint fresh host cells. Similarly, the life cycle
of coronavirus involves tethering of its coat proteins to the
surface receptors of the host cell, thereby its RNA entering
inside the cell, by uncoating out the viral genome followed by
replicase protein translation, RNA transcription, RNA syn-
thesis, the congregation of the viral parts, and liberation of
the new viruses to begin the cycle again with new host cells
(Tables LII). This review focuses on the fresh use of
previously approved antiviral and others drugs to target
inhibition of the essential enzymes that are required for
virus-receptor contact, fusion, and/or different stages of the
life cycle of this virus for expeditious antiviral approaches
against newer strains of COVID-19.

THE STRUCTURE AND LIFE CYCLE OF SARS-COV-2

Structurally coronaviruses are rounded, encased with a
positive-sense single-stranded RNA virus (or (+) ssRNA
virus). This ssSRNA functions as an mRNA and can be
directly translated into viral proteins in the host cell. An
RNA-dependent RNA polymerase (RARP), which is
encoded by the virus genome, synthesizes RNA out of the
viral RNA template. SARS-CoV-2 is a zoonotic virus that
closely resembles 82% of the severe acute respiratory
syndrome coronavirus (SARS-CoV) genome [45]. Each virus
particle has a nucleocapsid (N), an enzyme hemagglutinin
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esterase (HE), envelope (E), membrane (M), and spike (S),
as the structural proteins (Fig. 1) [46-48]. Genomic analyses
of SARS-CoV-2 have divulged the existence of ten genes
encoding for ten diverse proteins which are organized in a
precise way in the genome. The initial gene is ORFlab
followed by spike (S) glycoprotein gene, ORF3a gene,
envelope (E) gene, membrane (M) gene, ORF6 gene, ORF7a
gene, and ORFS8 gene, nucleocapsid (N) gene with an
alternative open reading frame with an accessory protein
ORF9 gene, and ORF10 gene flanked by 5-untranslated
region (5-UTR) and 3 untranslated region (3-UTR) [49]. The
spike protein gives the virus a crown look, hence the name
“corona.” Amidst all the recognized RNA viruses,
coronaviruses have the longest genome, about 26.4-31.7
kilobase pairs [49]. Owing to the existence of 5’ cap structure,
in addition to, the 3’ poly-A tail, the (+) ssSRNA performs as
the mRNA for protein translation. Nonstructural proteins
(nsps) encoded by replicase gene occupy the two-thirds of the
viral genome; just the rest one-third encode accessory and
structural proteins. The structural arrangement of the SARS-
CoV-2 genome is 5'-leader-UTR-replicase-S-E-M-N-3"UTR-
poly(A) tail, where the accessory genes are scattered inside of
the structural genes at the 3’ end [47, 50].

Entry into the host cell is interceded by the spike protein,
which tethers to the host angiotensin-converting enzyme2
(ACE2) receptor, by the mechanism called host cell recogni-
tion. These ACE2 receptors are present in the airway
epithelial cells in high concentrations. After complete tether-
ing of spike proteins and host ACE2 receptor, the viral RNA
enters the host by either of the two processes. Fusion of viral
or host membranes allows the viral RNA to access inside of
the host cytoplasm or it is the “endocytosis of the virus,”
where the receptor envelops the intruding virus by the cell
membrane and transports it into the cytoplasm, as a vesicle.
Subsequently, after entry, the viral RNA has emancipated
inside the through the uncoating of the RNA (Fig. 2).
Immediately after the entry into the cytoplasm, the transla-
tion of 2 replicase poly-protein (a bulky protein that can be
split into lesser protein) ensued from the replicase gene of the
RNA strand. Viral proteinases (enzymes that disintegrated
protein) thereafter transform the poly-proteins into several
single replicase proteins. An unabridged negative-strand
RNA is generated with the help of the replicase, which
subsequently functions as a template for positive-sense single-
stranded virus RNA [48, 50]. Viral assembly by integration of
viral enzymes, (+)ssRNA, and nucleoproteins inside the coat
with spike proteins is the natural complex process that forms
gigantic loads of infective virus particles.

Compared to (+) ssSRNA, a negative-strand RNA cannot
be translated directly as it is complementary to mRNA.
Therefore, RNA polymerase modifies it into a plus-strand
RNA first. Shorter mRNAs are transcribed from the un-
abridged negative-strand RNA, which ciphers for the struc-
tural and nonstructural accessory proteins, and the viral
proteinases. The transitional area amidst the endoplasmic
reticulum (ER) and the Golgi apparatus of the host cell
serves as the site for the congregation of freshly generated
plus-strand RNAs, structural and nonstructural proteins into
membrane-bound vesicles. These vesicles mature and are
seen budding from the Golgi apparatus and getting liberated
into the extracellular space, ultimately those fusing with the
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Table I. Essential Enzymes as Approved Pharmaceutical Drugs as Target Having Potential Therapeutic Value for COVID-19 Treatment

Sl. No. Essential enzyme/proteins as target Approved pharmaceutical drugs Initially approved for References
Inhibitors of host protease
1 TMPRSS2 Camostat mesilate Oral squamous cell carcinoma, [14-19]
2 Cathepsin B/L Nafamostat mesilate dystrophic epidermolysis, exocrine
pancreatic enzyme inhibition,
chronic pancreatitis, acute
pancreatitis, disseminated
intravascular coagulation and
for anticoagulation in extracorporeal
circulation
Blocking fusion machinery
1 Spike protein Arbidol (umifenovir) Broad-spectrum respiratory viruses, [19, 20]
asthma and chronic obstructive
pulmonary disease (COPD)
Inhibitors of Abl kinase
1 Abl kinase Imatinib mesylate Cancer [7, 21]
Saracatinib Tuberous sclerosis complex (TSC)
Inhibitors of ACE2
1 ACE2 Mefloquine hydrochloride Malaria [14]
Selamectin Helminth and parasitic infection
Cepharanthine Inflammatory
Regulators of endosomal pH
1 Endosomal pH Chloroquine Malaria [14, 22]
Hydroxychloroquine Autoimmune diseases
Q fever
Inhibitors of viral protease
1 Papain-like protease (PLpro) Telaprevir, velpatasvir, Hepatitis C virus [23-27]
grazoprevir, paritaprevir,
simeprevir, asunaprevir
boceprevir
2 Main protease (Mpro)/ Nelfinavir mesylate HIV [28-30]
3C-like protease (3Clpro) Saquinavir mesylate
Oseltamivir Influenza [31-34]
Inhibitors of oxysterol-binding protein
1 Oxysterol-binding protein (OSBP) Itraconazole (ICZ) Fungal lung infection [35-39]
Blockers of viral polymerase
1 RNA-dependent RNA Favipiravir, remdesivir, Ebola virus [7-9, 14, 16, 17, 40]

polymerase (RARP)
entecavir, stavudine,
abacavir, cidofovir,

tenofovir, galidesivir,

ganciclovir/valganciclovir,

sofosbuvir, and ribavirin

Intracellular redox homeostasis

1 Redox enzymes such Auranofin
as thioredoxin reductase
Immunomodulator
1 Immune remodeling Thalidomide
Anakinra

Rheumatoid arthritis [16-19]
HINI influenza [41-43]
Rheumatoid arthritis [42, 44]

host cell membrane. The liberation of new SARS-CoV-2
particles does not bust the host cell, and the process is called
non-lytic exocytosis [47, 50-52] (Fig. 2).

TARGETING VIRUS-HOST FUSION

Inhibitors of Host Protease

SARS-CoV-2 spike protein is activated by tethering to
the host angiotensin-converting enzyme 2 (ACE2) receptors
which are found in the airway epithelial cells in high

concentrations. Consequently, it needs serine protease trans-
membrane serine protease-2 (TMPRSS2) and cysteine prote-
ases cathepsin L/B (CTSL/CTSB), for making two
independent entry passageways approachable (endocytosis
and fusion) [53-56]. Thus, targeting simultaneously
TMPRSS2 and cathepsin B/L may prevent virus entry (Fig.
3). This could be achieved by the repurposing of the presently
approved drugs. Camostat mesilate and nafamostat mesilate
are the inhibitors of TMPRSS2, which have been shown
in vivo to impede the entrance of SARS-CoV-2 into host lung
cells and MERS-CoV, respectively [14, 57].
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Table II. Repurposing Some Drugs Against COVID-19 Treatment |
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Blocking Fusion Machinery

The broad-spectrum drug such as Arbidol inhibits the
entrance of the virus into the host cell. It is an indole-derivative
that acts towards a broad array of nonenveloped and enveloped
viruses. Indeed, those target various stages of the life cycle in the
viruses, and preferentially they interact with aromatic amino acids,
either directly focusing on proteins of the virus or virus-associated
host factors [20]. Moreover, in vivo studies have revealed that they
inhibit low-pH conformational changes in the hemagglutinin (HA)
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and block the fusion process [58]. An in silico study revealed that a
photoactive compound such as genistein, an isoflavone, which acts
as phytoestrogen derived from soybeans is not only an anticancer
but also is a potent inhibitor of main protease (Mpro, also termed
as, 3Clpro) and RNA-dependent RNA polymerase (RdARp),
which is required to synthesizes RNA out of the viral RNA
template of SARS-CoV 2 [21] (Fig. 3).

Inhibitors of Abl Kinase

The enzyme Abl kinase acts as a scaffold protein in
signaling pathways and regulates protein function with
phosphorylation of downstream targets. Therefore, this
enzyme can be used to block the virus-host fusion, as its
activity is required by the virus to enter a host cell (Fig. 3). As
a signal transduction inhibitor and protein-tyrosine kinase
inhibitor, the drug imatinib mesylate is used as a targeted
therapy, for cancer treatment, which too has been shown to
oppose the entry of SARS-CoV-2 in vitro. Since, SARS-CoV-
2 prerequisites the action of Abl kinase to fuse and enter into
the host cell, a low micromolar concentration with less
toxicity could be used [59]. Furthermore, another drug,
saracatinib, originally used to treat tuberous sclerosis complex
(TSC) of lungs is a persuasive blocker of SARS-CoV-2 in
initial screening assays [60].

Inhibitors of ACE2

ACE inhibitors prohibit SARS-CoV-2 fusion with the host
cell (Fig. 3), although those also play a role in the spreading of
lung fibrosis linked to COVID-19 infection. The SARS-CoV-2
spike protein uses ACE2 as a receptor to bind the host cell,
therefore. If captopril and lisinopril (both being ACE2 inhibitors)
are administrated by nebulization, the effect can be maximized on
the lungs with lesser side effects [61]. This should be kept in mind
that these may spread the lung fibrosis, as those also cause an
increase of ACE2 levels in the host cell, especially in diabetes and/
or hypertension patients [62]. Among orally bioavailable drugs,
ifenprodil hemitartrate, only an N-methyl-D-aspartate (NMDA)
receptor competitor is a potential sigma (o) receptor agonist. If it
is administrated orally, it seems to reduce the incursion of T-cells
and neutrophils into the lungs and to eschew the liberation of pro-
inflammatory cytokines. Thus, this can lead to the diminution of
the lung inflammatory responses, lung fibrosis, and the vehe-
mence of cough [63]. Therefore, ifenprodil hemitartrate could be
a potential anti-COVID-19 drug.

Regulators of Endosomal pH

For the virus-host fusion through endocytosis and
replication processes, the virus requires an acidic pH in the
endosomal vesicles. Therefore, any compound that thwarts
with endosome-mediated virus entry may hinder viral repli-
cation. Hydroxychloroquine and chloroquine both have
efficiency as anti-COVID-19 medicines, by preventing the
virus entry into the host cells (Fig. 3). However, the clinical
efficacies of these medicines have not been portrayed, and
those have a considerable amount of side effects [22, 64]; that
is the reason for their disapproval by WHO in COVID-19
treatment [65].



AAPS PharmSciTech_###################E

_#### Page 7 of 13

Spike (S) protein
Membrane (M) protein

Nucleocapsid (N) protein
Envelope

Hemagglutinin esterase (HE) protein

~ . Envelope (E) protein

Positive-sense single-stranded
RNA (or +ssRNA)

Fig. 1. Illustrative structure of SARS-CoV-2

Extracellular

Exocytosis

Intracellular

Translocatio!

Maturation and
budding of
vesicles

Assembl

Golgi apparatus

! s\0 /\./'V\M.
¥ /l- B Translation
progeny genome

SARS-CoV-2 virio%
/ Host cell
recognition
: : f z
ACE2

Fusion
recepto
l Endocytosis l
VAN —
Viral genome liberated
Un-coating of RNA
v
+ AANAIA
5 ¥
~ Positive-stranded
Translation

RNA
Poly-proteins | -
Transcription by et S
Replicase-
transcriptase
Complex (an
assembly by RNA-
dependent RNA
polymerase (RdRp)
and helicase-
containing subunits) ¥

- +
Negative-strand RNQ;,NV\M 3
Transcriptio Subgenomi
n by RdRp ¢ mRNA

N AN -

—e S [~
\ [ _)
' lProteonsis

<«

Nonstructural proteins

(Positive-stranded RNA Endtjplﬁllsmi

) ¢ reticulum

Translocation f i l \
e

Fig. 2. Life cycle of SARS-CoV-2



_#### Page 8 of 13

AAPS PharmSciTech ####################E

] Protease
inhibitors

Fusion

TMPRSS2

ACE2

l‘ecept?/'\
@ Abl Kinase

ACE2 ® @
inhibitors @ .
ADI Kinase Fusion
inhibitors machinery
blockers
Intracellular

Extracellular

Endocytosis

\l
CathepsinL/B
Endosomal pH
Protease regulators
inhibitors

Fig. 3. Inhibitors of virus-host fusion

TARGETING VIRUS REPLICATION

Inhibitors of Viral Protease

The main protease (Mpro or 3C-like protease) and the
papain-like protease (PLpro) handle the liberation of viral
genomic RNA into the host cytoplasm. Therefore, blocking
these proteases should impede the viral life cycle by avoiding
proteolytic cleavage (Fig. 4), in a targeted manner, which is
crucial for making the replicase complex ready for replica-
tion. Molecular docking and virtual screening studies had
shown that the approved drugs for hepatitis C viral infection
treatment, such as telaprevir, velpatasvir, grazoprevir,
paritaprevir, and simeprevir had been recognized as potent
drugs against SARS CoV2 [23, 66]. In silico studies have
shown that the drug, asunaprevir, binds to more than 2
protein structures in SARS-CoV-2, impeding the virus growth
[24]. FRET-based enzymatic assays had revealed that
boceprevir is potent in targeting Mpro to inhibit viral
replication [25], and it is now approved by the FDA [26].

Moreover, among the approved HIV protease inhibitors,
some drugs shave shown potency against SARS-CoV-2 and
some, for instance, darunavir, lopinavir, and ritonavir, are
discontinued from COVID-19 treatment owing to insufficient
evidence of efficacy [65, 67]. Nelfinavir mesylate and saquin-
avir mesylate, both being anti-HIV protease inhibitor, are
found to be replication blockers of SARS-CoV-2. Those were
also found to show several cytopathic effects in cell culture,
such as triggering apoptosis and necrosis along with cell
protective mechanisms, particularly concerning cell cycle
delaying and the unfolded protein responses [27-29].

Influenza neuraminidase inhibitors such as oseltamivir
impede the dissemination of the influenza virus in patients
[30, 31]. When administered to COVID-19 patients, it had no
positive outcome. However, when a combination of

oseltamivir and other drugs was used, it improves the
outcome [32, 33]. Peramivir, an influenza neuraminidase
inhibitor, was found to be ineffective and is not advised now
for the medication of COVID-19 [34, 68].

Inhibitors of Oxysterol-Binding Protein

The membrane-bound viral replication organelles (ER
replication organelle membrane contact site) that form at the
juxtaposition of membranes, amidst the ER and Golgi
apparatus, are produced with the help of the oxysterol-
binding protein (OSBP); therefore, OSBP inhibitors would
impede the viral replication (Fig. 4). Itraconazole (ICZ), an
antifungal used to treat histoplasmosis, a type of lung
infection, is known to have antiviral activity against entero-
virus. Further studies have revealed that it is a powerful
broad-spectrum antiviral medicine for Picornaviridae and
enveloped viruses such as the influenza A virus [35, 36, 69].
Another natural compound, OSW-1 [3 beta, 16 beta, 17
alpha-trihydroxycholest-5-en-22-one 16-O-(2-O-4-
methoxybenzoyl-beta-D-xylopyranosyl)-(1-> 3)-(2-O-acetyl-
alpha-L-arabinopyranoside)], being a potent anticancer drug,
is reported to inhibit OSBP in enterovirus and is assumed to
be effective for SARS-CoV-2 [37, 38].

Blockers of Viral Polymerase

Since for transcription and replication, viruses encode
their polymerases, nucleotide analogs are created as antiviral
to baffle polymerase activity and to hinder the viral replica-
tion in infected cells (Fig. 4). Since the SARS-CoV-2 genome
is ribosome-friendly, i.e., it has (+) sSRNA, it can make copies
of its RNA once it finds and locks onto a ribosome. Its
genome also carries a code for RNA-dependent RNA
polymerase (RdARP), which, once attached to a ribosome,
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can translate the viral polymerase. Remdesivir, an adenosine
nucleoside analog primarily formulated to address the Ebola
virus, has been testified as a broad-spectrum anti-RdRP
agent, and it indicates some potency against COVID-19
treatment during clinical trials [7]. Remdesivir (which has a
competitively inhibitory effect on nucleotide uptake by the
virus) in combination with merimepodib (an inhibitor of the
enzyme inosine monophosphate dehydrogenase (IMDPH),
which is crucial for the synthesis of viral RNA as it has a
crucial role in the synthesis of guanine nucleotide), is now
being used during phase 2 clinical trials [39]. However, the
newer literature suggested that its use had shown a little
effect in hospitalized patients [9, 10]. In August 2020, the
Journal of the American Medical Association (JAMA)
promulgated about the clinical efficacy of remdesivir in phase
3 trials with standard care for moderate COVID-19 patients.
They compared 10 days of treatment with remdesivir to that
of placebo-controlled standard care and found out that there
is no statistically significant difference with uncertain clinical
importance for moderate COVID-19 patients. Remdesivir
was indicated to be beneficial in a placebo-controlled trial for
severe COVID-19 patients, but in moderate COVID-19
patients, its clinical efficacy is concealed [9, 10]. Other similar
nucleotide analogue drugs include ganciclovir/valganciclovir,
entecavir, stavudine, abacavir, cidofovir, tenofovir, galidesivir,
sofosbuvir, favipiravir, and ribavirin, which are approved by
FDA for treating other viral infections [15, 16, 40]. Since
safety profiles of these drugs are firmly established and those
have shown a potent efficacy against SARS-CoV-2 in vitro,
these could be assessed as clinical trials for COVID-19.

Intracellular Redox Homeostasis

Auranofin, a gold-thiol compound, which is used in the
management of rheumatoid arthritis, has been shown to
diminish SARS-CoV-2 replication in vitro. Moreover,
auranofin inhibits redox enzymes, for example, the
thioredoxin reductase induces ER stress and subsequently
activates the unfolding of proteins (Fig. 4) [17, 18]. The ER
stress elicits translational attenuation, cellular oxidative
stress, and intrinsic apoptosis increase due to inhibition of
these redox enzymes. Moreover, there is a reduction of
cytokine production and stimulation of cell-mediated immu-
nity as auranofin has anti-inflammatory properties [19].

TARGETING HOST IMMUNE RESPONSES

Thalidomide has been proven to prevent lung injury in
HINT1 influenza virus infection by lowering nuclear factor kappa
beta activity, reducing the concentration of chemokines (regu-
lated upon activation, normal T-cell expressed and presumably
secreted (RANTES) and interferon gamma-induced protein (IP)
and cytokines (interleukin [IL]-6 and tumor necrosis factor
[TNF]), reducing infiltration of inflammatory cells, and improving
survival rate [41]. The recent immune modulation studies [42, 43]
have demonstrated that immune remodeling and immunomodu-
latory repercussions of thalidomide, which inhibits precarious
cytokine storm and TNF in response to the lung injury associated
with COVID-19 infection. In addition, thalidomide can also
combat interstitial pulmonary fibrosis [70] indicating it to have
potential therapeutic value for COVID-19 treatment. Some
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COVID-19 patients have reported an increase in IL-1 [71], which
causes hyperinflammation. Anakinra, an IL-1 receptor antagonist
authorized for rheumatoid arthritis, could be used for lowering
hyperinflammation [42, 44] in COVID-19 patients.

PROTEOMIC AND GENOMIC ANALYSES

The proteomic and genomic analyses of SARS-CoV-2 have
revealed that variations of its genome by deletion and insertion
of nucleotides as typical part of evolution, since its recognition.
These evolutionary changes have produced divergent viral
proteins with modified amino acids. This clearly indicates that
SARS-CoV-2 has been evolved molecularly from SARS
coronavirus GDO1 by a significant mutation in their translated
proteins and the viral genes [72, 73].

These proteogenomic analyses suggest capricious sections
primarily ORF10, spike, ORF9b, and ORF1lab genes should be
exploited in molecular diagnosis of SARS-CoV-2 and can be the
object against which specific antiviral drugs could be designed
[72-74]. Quantitative and qualitative specification of proteomic
and genomic mutations among the two variants of coronaviruses
will not just empower engineering accurate drugs and strategize
encountering the present viral strain but possibly somewhat
enable us to generalize and prognosticate probable epidemics of
newer strains during the upcoming years and thus be equipped in
advance.

Analyses of the host proteome have revealed systematic
discrepancies in levels of protein over the time of infection with
SARS-CoV-2. There is a discrepancy in two principal agglom-
erates of proteins in the host cell post 24 h after infection of the
virus. First, the group of cholesterol metabolism proteins
increases, which degrade stored fats and synthesize functional
and structural lipids such as those engaged in the fabrication of
the cell wall. Second, RNA-modifying proteins increase, such as
spliceosome components which remove introns from pre-
messenger RNAs for ensuing translation by the ribosomes,
after infection with SARS-CoV-2 [75, 76].

Experiments have shown the addition of spliceosome
inhibitor such as pladienolide B, which aims for splicing factor
SF3B1, to the human Caco-2 cells at nontoxic concentration,
inhibits viral replication [77]. This also applies to cellular
pathways such as carbon metabolism (i.e., glycolysis) where
the addition of hexokinase inhibitors such as 2-deoxy-d-
glucose to the human Caco-2 cells at nontoxic concentration
inhibits viral replication by glycolysis blockage and also
alterations in proteins that are concerned for lipid metabolism
[78, 79]. Since coronavirus replication relies on the accessi-
bility of the cell’s nucleotide pools [80], evaluation of nucleic
acid metabolism pathways showed similar results as above.
The addition of a little of micromolar concentration of inosine
monophosphate dehydrogenase inhibitors to the human
Caco-2 cells, such as ribavirin, which inhibits de novo pathway
of nucleotide synthesis of guanine base, inhibiting SARS-
CoV-2 replication [76, 81, 82].

Together, these proteogenomic analyses divulged that
SARS-CoV-2 remodels cellular pathways such as protein
homeostasis (proteostasis), splicing, translation, carbon me-
tabolism, and nucleic acid metabolism. This suggests those
metabolism pathways are a potential therapeutic target for
COVID-19 treatment as they are essential for SARS-CoV-2.
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CONCLUSION AND FUTURE PROSPECTIVE

COVID-19 has occupied the present global scenario in
public health, and its new strains have established a belliger-
ent atmosphere everywhere in crowded countries. Until
SARS-CoV-2 and its new strains have established the
presently ongoing approved treatment and even after global
vaccinations are completed, humanity should be prepared for
attacks from the newer COVID-strains too. With limited time
for drug testing and development, there is a huge urgency to
the repurpose approved pharmaceutical drugs of well-known
advantageous safety profiles to provide expeditious antiviral
approaches for COVID-19 mutant variants or the newer
strains. Above all, viral infections are arduous to cure due to
the inherent mutating nature of their genomes, as well as
quick development of resistance to human immunological
systems and the administered antivirals, for which those
unseen particles pose a highly significant hazard to humanity,
everywhere. Till date, only a couple of medicines have been
formulated to efficaciously handle viral diseases. With several
already approved antiviral drug options, a long-term treat-
ment for this novel coronavirus mutated strains could be
formulated now. Humanity must unite, ignite, and fight
against the ghoulish SARS CoV2.
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