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Editorial

Viral diseases have always appeared as a mystery and according
to World Health Organization (WHO), these are the most serious
public health issues. Past twenty years reveal the true picture of
viral epidemics such as Severe Acute Respiratory Syndrome (SARS)
caused by corona virus (SARS-CoV) during 2002-2003, H1N1 during
2009, Middle East Respiratory Syndrome (MERS) caused by MERS-
CoV in 2012 and the most dreadful COVID-19 caused by SARS-
CoV-2 from December, 2019 to till date [1]. According to latest WHO
reports up to 10* June, there are 71,45,539 total confirmed cases of
COVID-19 and approximately 105,621 people have lost their lives all
over the world [2]. Drug and vaccine developers are continuously
working in the search of a therapeutic candidate against COVID-19.
Although mRNA based vaccine (developed by Moderna) has been
launched in Phase I study and many biotech/pharma companies
are working towards development of other vaccines; but even they
get successful, most optimum time to launch a vaccine in market
will take twelve to eighteen months [3].

Concerning the present situation of COVID-19 pandemic, the
more immediate approach in drug discovery is drug repurposing.
Drug repurposing is a methodology for making more value from
an existing drug by targeting diseases by focusing on infections

other than that for which it was initially proposed [4]. Repurposing
of already approved therapeutic drugs towards new activity is
an attractive approach to the researchers, medicinal chemists,
clinicians, drug developers and public health organisations
according to the need of the hour [5]. Therefore due to development
time gap and clinical requirements for new therapeutic candidates,
repurposing of existing drugs is the prominent solution for the
emerged outbreak due to virus. Thisapproachis time saving and also
economicin comparison to de novo drug discovery techniques [6,7].
It is evident that SARS-CoV-2 is more contagious and transmissible
than SARS-CoV and MRS-CoV [8]. CoV-19 belongs to beta type of
corona virus family. Beta corona virus genome encodes several
proteins which include glycosylated spike protein (S), Angiotensin-
Converting Enzyme 2 (ACE2) and non-structural proteins including
RNA-dependent RNA polymerase (RdRp),
protease (3CLpro), and papain-like protease (PLpro) [9-11]. The

coronavirus main

functions of all these proteins are well established already [12]. All
the three members of corona virus family share structurally similar
proteins which help in penetration and replication in host. Table
1 represents most relevant existing drugs along with their targets
identified by chemical abstract service (CAS), which can be act as
suitable candidates against COVID-19 for drug repurposing [13].
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Table 1: Various existing drugs capable for drug repurposing against COVID-19.

Possible mechanism of action on
S.No Drug CAS No. Target COVID-19 Approved for
1. Lopinavir 192725-17-0 Viral proteases: Inhibition of viral proteases HIV infection
3CLpro or PLpro
2. Ritonavir 155213-67-5 Viral proteases: Inhibition of viral proteases HIV infection
3CLpro or PLpro
3. Darunavir 206361-99-1 Viral proteases: Inhibition of viral proteases HIV infection
3CLpro or PLpro
4. Favipiravir 259793-96-9 RdRp Inaccurate viral RNA synthesis Viral infection
5. Remdesivir 1809249-37-3 RdRp May block Vlral.nucleot.lde §ynthe51s to Ebola infection
stop viral replication
6. Ribavirin 36791-04-5 RdRp May stop viral RNA synthesis Hepatitis C
7. Galidesivir 249503-25-1 RdRp May terminate elongation of RNA strand Hepatitis C, Fbola,
Marbug virus
8. Penciclovir 39809-25-1 RdRp May stop viral replication in host Herpes infection
9. Baloxavir marboxil 1985606-14-1 Endonuclease inhibitor May prevent viral mRNA replication Influenza infection
. Can elevate endosomal pH and interfere . .
10. Chloroquine 54-05-7 Endosome/ACE2 with ACE2 glycosylation Antimalarial
11. Baricitinib 1187594-09-7 JAK-Kinase May interfere with the inflammatory | o o oid arithritis
processes
An inhibitor that may disrupt the binding
12. Arbidol 131707-23-8 S protein/ACE2 of viral envelope protein to host cells and Influenza infection
prevent viral entry to the target cell
13. Nitazoxanide 55981-09-4 May inhibit viral protein expression Helmlptlc, protozoal
infection

Recent Reports on Drug-Repurposing Approach

Many recent reports are available in literature where
researchers have successfully screened out therapeutic candidates
on the basis of drug repurposing approach. Zhou et al. has
carried out network-based repurposing of drugs against SARS-
CoV-2. They carried out phylogenetic analysis of human corona
virus whole genomes and found that SARS-CoV-2 have highest
(79.7%) nucleotide similarity with SARS-CoV and envelop and
nucleopcapsid proteins have sequence similarities of 96% and
89.6% respectively. They screened out 16 repurposable drugs
against SARS-CoV-2 including melatonin, quinacrine, colchicine,
mercaptopurine, irbesartan, camphor, toremiphene etc [14]. In
another report, Singh et al. have also utilized drug repurposing
approach for screening out inhibitors against 3C-like Proteinase
(3CL pro) and 2’-O-Ribose Methyltransferase (2’-0-MTase). 3CL
pro is responsible for proteolysis whereas 2’-0-MTase methylates
the ribose at 2’-O position. They screened out a library of 123
drugs by computing free energy binding and interaction with the
target molecules. They concluded that Raltegravir, Paritaprevir,
Bictegravir and Dolutegravir are excellent lead candidates for these
crucial proteins and can be utilized for drug development against
COVID-19 [15].

Kang et al. utilized Molecule Transformer-Drug Target
Interaction (MT-DTI) for repurposing and identified marketed
available drugs that could act on viral proteins of SARS-CoV-2. They

calculated inhibitory potentials (Kd) of the drugs and reported that

atazanavir (anti-HIV drug) revealed the excellent SARS-CoV-2 3Clike
proteinase inhibitory potential with Kd value of 94.94 nM followed
by remdesivir (113.13 nM), efavirenz (199.17 nM), ritonavir
(204.05 nM), and dolutegravir (336.91 nM) [16]. Anderson et al. in
their review have also reported 120 safe in human broad spectrum
antiviral agents (BSAAs) from the freely accessible database among
them 31 were found effective against COVID-19. Development
of new as well as repositioned existing safe in man BSSAs may
reduce the time and resources required for development virus
specific drugs or vaccines [17]. Elfiky AA has tested existing anti-
Hepatitis C Virus (anti HCV) drugs against CoV-19 RNA dependent
RNA polymerase (RdRp) through sequence analysis, modelling and
docking. He has also targeted the newely developed Wuhan HCoV
RdRp model by anti-polymerase drugs. His findings indicated that
Sofosbuvir, Ribavirin and Remidisivir have potentials in therapy
of COVID-19 disease [18]. In a very recent report, Wagstaff et al.
has evaluated the therapeutic efficacy of Ivermectin against CoV-
19. In an in vitro setup utilizing Vero-hSLAM cells, they found that
Ivermectin causes 5000-fold reduction in replication of viral RNA

within two hours [19].

Strategies for Drug Repurposing against COVID-19

There are several in silico techniques available which are based
upon available databases so as to get information about pre existing
drugs. Useful databases for srug information include PubChem,
ChEMBL, DrugBank, ZINC, BindingDB, SEA, DR. PRODIS, Cmap V2,
LINCS, TCGA, GEO, NPC, PD2, Pharos, Clinical Trials, SIDER, Offsides,
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FAERS and DvD [20]. Beyond this various molecular modelling
tools such as docking utilizing protein data bank can also be utilized
to study new drug-receptor interactions of existing drugs with
SARS-CoV-2 targets [21]. Computational methods have a variety of
algorithms and scoring functions to access the efficacy of the wide
variety of drugs which form the basis of selection of a drug for the
motive of repurposing. Various databases are also available to study
viral genomes are NCBI-NIH, RVBD, VISDB, viruSITE, KEGG VIRUS
etc. Drug repurposing can also be achieved by in vitro methods, in

vivo methods as well as through enzyme inhibition assays.

Although, drug repurposing represents an immediate and cost
effectiveapproachindrugdiscoveryaccordingtotheneed ofthehhour
against COVID-19; but it is also associated with certain challenges
such as structure based design of specific drugs or vaccines.
Generally, repurposed single drugs are not sufficiently potent;
therefore a cocktail combination approach has to be implemented.
Another issue with repurposed drugs is patent protection under
the current regulatory guidelines. But as the new drug or vaccine
will take sufficient time to be launched; drug repurposing is
the most promising tool in the current time. Researchers, drug
developers, clinicians and pharmaceutical sectors should work
on this approach so as to explore the therapeutic potentials of the
existing drugs against COVID-19 pandemic.
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