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Abstract
Application of materials capable of energy harvesting to increase the efficiency 
and environmental adaptability is sometimes reflected in the ability of discov-
ery of some traces in an environment―either experimentally or computation-
ally―to enlarge practical application window. The emergence of computational 
methods, particularly computer- aided drug discovery (CADD), provides ample 
opportunities for the rapid discovery and development of unprecedented drugs. 
The expensive and time- consuming process of traditional drug discovery is no 
longer feasible, for nowadays the identification of potential drug candidates is 
much easier for therapeutic targets through elaborate in silico approaches, allow-
ing the prediction of the toxicity of drugs, such as drug repositioning (DR) and 
chemical genomics (chemogenomics). Coronaviruses (CoVs) are cross- species vi-
ruses that are able to spread expeditiously from the into new host species, which 
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1  |  INTRODUCTION

Tight and selective interaction between ligands and target 
proteins is of cardinal importance in drug discovery that 
various stages of identification and validation of targets 
and potential drug leads, as well as manifold preclinical 
and clinical trials, should be carried out until obtaining 
the final approval from the Food and Drug Administration 
(FDA) (Abel et al.,  2017; Campillos et al.,  2008; Olayan 
et al.,  2018). Accurate prediction of drug– target inter-
actions (DTIs) plays a vital role for in silico and mod-
ern drug discovery in developing new drug candidates 
(Olayan et al., 2018). Unfortunately, despite the promising 
advancements in genomics, proteomics, and systems bi-
ology, formidable scientific and regulatory obstacles such 
as high attrition rates, excessively time- consuming, and 
high- priced procedures have taken a heavy toll on propos-
ing effective biologically active agents, and the success of 
drugs to pass clinical trials stage is about only 13% (Fotis 
et al., 2018; Liu et al., 2022; Murray & Rees, 2009). Such 
attempts enable scientists to design energy harvesting ma-
terials and systems for the sake of higher efficiency and 
enlarging practical window (Massetti et al.,  2021; Safaei 
et al., 2019).

Accordingly, computer- aided drug discovery (CADD) 
has revolutionized the history of drug discovery, espe-
cially regarding its substantial advantages (Schneider & 
Fechner,  2005). These favors are (a) giving more infor-
mation about the beneficial interaction between the drug 
and target and the availability of three- dimensional (3D) 
structure, (b) providing a cost- efficient way to reduce fail-
ures for high- throughput screening (HTS), (c) producing 
new ideas for rationally drug design, and (d) leading to 
rationally anticipate the targeted protein and candi-
date hits (Bajorath,  2002; Bleicher et al.,  2003; Ou- Yang 

et al., 2012; Sliwoski et al., 2014). These strategies are cur-
rently classified into three major categories: ligand- based, 
structure- based, and chemogenomic approaches (Imam & 
Gilani, 2017), as summarized in Figure 1.

Most importantly, recent studies have illuminated the 
potential roles of CADD in designing new drug candidates 
for COVID- 19 treatment. Coronaviruses (CoVs) are cross- 
species viruses and can spread expeditiously into new 
host species, which in turn cause epidemic diseases. The 
whole members of the CoV family have a similar genome 
sequence, and the severe acute respiratory syndrome CoV 
(SARS- CoV) and Middle East respiratory syndrome CoV 
(MERS- CoV) are considered the two prototypical well- 
known CoVs (Aghamirza Moghim Aliabadi et al.,  2022; 
Seidi et al., 2021; Yin & Wunderink, 2018). The new CoV, 
identified as COVID- 19 and caused by SARS- CoV- 2, has 
a very similar genome sequence to SARS- CoV (C. Wang 
et al.,  2020). The lack of effective drugs led to consider-
able unwholesomeness and death rate of SARS- CoV- 2, 
especially in 2020 and 2021, when a novel coronavirus 
strain brought about a fatal respiratory illness. Since the 
outgrowth of the SARS- CoV- 2, more than 528 million peo-
ple have been infected with up to 6.3 million deaths, as 
reported by the WHO (https://covid 19.who.int/).

Although effective vaccines have amazingly reduced 
the COVID- 19 cases recently, they will not change the 
world right away, and importantly, their permanent effi-
cacy, short- term and long- term side effects, and long- term 
protection against different variants of SARS- CoV- 2 are 
still under debate. These issues are accompanied by mass 
vaccination campaigns (Wen et al.,  2022). Furthermore, 
several studies have reported that vaccinated people can 
also be infected with novel coronavirus variants (Largent 
& Miller, 2021). Therefore, the design and introduction of 
new drugs, either the current drugs or synthesized agents, 

in turn cause epidemic diseases. In this sense, this review furnishes an outline 
of computational strategies and their applications in drug discovery. A special 
focus is placed on chemogenomics and DR as unique and emerging system- based 
disciplines on CoV drug and target discovery to model protein networks against 
a library of compounds. Furthermore, to demonstrate the special advantages of 
CADD methods in rapidly finding a drug for this deadly virus, numerous exam-
ples of the recent achievements grounded on molecular docking, chemogenom-
ics, and DR are reported, analyzed, and interpreted in detail. It is believed that 
the outcome of this review assists developers of energy harvesting materials and 
systems for detection of future unexpected kinds of CoVs or other variants.
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   | 3MAGHSOUDI et al.

for eradicating the SARS- CoV- 2 is of extreme concern. 
To accelerate this process, repositioning broad- spectrum 
antiviral drugs can be a potential strategy concerning the 
presence of the pharmacokinetic, pharmacodynamic, and 
toxicity data of these drugs (Serafin et al., 2020).

For instance, the efficacy of some antiviral drugs with 
previously known treatment of hepatitis, HIV, influenza, 
and Ebola viral diseases has been investigated. These 
agents, including adefovir, foscarnet, tenofovir, sofosbu-
vir, and uprifosbuvir, have phosphoramide and phosphate 
with various azole rings in their structures. By assessing 
their effectiveness against COVID- 19, remdesivir was the 
one that grabbed much attention and is believed to be 

the most successful drug for the therapy for combating 
COVID- 19 (Brown et al.,  2019; Gholivand et al.,  2022). 
Further potential macromolecular targets of SARS- CoV- 2 
are depicted in Figure 2. Therefore, finding the drugs that 
can target this enzyme may decrease the possibility of 
mutation- mediated drug resistance and show significant 
antiviral activity (Pachetti et al., 2020).

Thus, it is likely that CADD might be able to provide 
us with effective small molecules targeting the main re-
ceptors of SARS- CoV- 2 with fully therapeutical and 
preventional- oriented outlooks (Muratov et al.,  2021). 
The more recent update of FDA approval for COVID- 19 
drug discovery shows that authorization of remdesivir 

F I G U R E  1  Illustration of the CADD pipeline based on the availability or unavailability of 3D information of the target. The ultimate 
aim of this process is to obtain a lead compound to be identified as a drug candidate when the desired results from in vitro/in vivo testing 
are expected (redesigned by the authors of present work with permission from; Imam & Gilani, 2017) 
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(inhibits the RNA- dependent RNA polymerase (RdRp) of 
the virus), molnupiravir (inhibition of viral reproduction 
through enhancing the vast mutations in the replication 
of viral RNA) and paxlovid (3c- like protease inhibitor) for 
the treatment of mild- to- moderate COVID- 19 (https://
www.fda.gov/drugs/ emerg ency- prepa redne ss- drugs/ 
coron aviru s- covid - 19- drugs). These drugs are used for 
various viral diseases such as hepatitis C, Ebola virus, in-
fluenza, etc. (Vangeel et al., 2022). Molnupiravir and rem-
desivir acted on the RdRp enzyme employed by the virus 
to increase the transcription and replication capability of 
the viral RNA genome. While some groups reported the 
promising results of remdesivir, others showed a lack of 
efficacy, and therefore, the WHO did not suggest using it 
(Mahase, 2021).

Our focus in this paper is to explore the role of CADD 
on COVID- 19; most specifically, chemogenomics and 
DR, with potential examples of COVID- 19 drug discov-
ery. Unfortunately, with boundless energy and time to 
discover a successful small molecule by utilizing various 
databases to inhibit the main protease (Mpro) of SARS- 
CoV- 2 via several virtual screening (VS) approaches, there 
are no effective drugs that have been approved. Only 
safety protocols such as wearing face masks, face shields, 
social distancing, and washing hands frequently are the 
best approaches to minimize the illness's danger and pre-
vent transmission.

Basically, the process of bringing an FDA- approved 
medicine to market for COVID- 19 drug discovery is ex-
tremely challenging, starting from the initial research of 
scientists for target identification and lead compound gen-
eration. After lead discovery and development of drug- like 
candidates and investigation of in vitro and in vivo results, 
the process will go into three phases, i.e., preclinical and, if 
successful, into clinical studies, and ultimately a marketed 
medicine after FDA approval (Schaduangrat et al., 2019). 
It is where CADD is evolved as a valuable and powerful 
method to aid the challenging tasks of identifying small 
bioactive molecules and predicting targets.

2  |  COMPUTATIONAL DRUG 
DISCOVERY APPROACHES FOR 
COVID - 19

In 1981, an influential article appeared in “Fortune maga-
zine” titled “Next Industrial Revolution: Designing Drugs 
by Computer at Merck”. This article led to a realization of 
the importance of in silico studies in drug discovery and 
manifestation of CADD (Sliwoski et al., 2014). Since then, 
high- throughput screening (HTS) has been increasingly 
used in the pharmaceutical sphere and academic institu-
tions to the rapid discovery of hit and lead compounds. 
This potential and automated approach enables us to 
screen the entire compound library of either number of 
chemicals or biological compounds in a target- based assay 
or even a cell- based assay to obtain the desired biological 
response (Bittker & Ross, 2016; Maghsoudi et al., 2021). 
It can spring to the mind that the stringent requirement 
of large resources of targets and ligands in HTS makes it 
expensive and time- consuming, and we should overlook 
the use of the useless ligands having no probability of 
showing success. But, the CADD technologies are very 
powerful and able to address this issue easily by employ-
ing virtual high- throughput screening (vHTS) that uses 
virtual compound libraries and allows experimentalists to 
focus on ligands which are more likely to have any activ-
ity of interest (Leelananda & Lindert,  2016). In the first 
days of COVID- 19 outbreak, vHTS was employed and 
developed efficiently to investigate a group of approved 
drugs to identify the possible anti- SARS- CoV- 2 agents at 
the National Center for Advancing Translational Sciences 
(NCATS) of the National Institutes of Health (NIH), em-
bracing a broad spectrum of the SARS- CoV- 2 life cycle, 
such as viral entry, viral replication, in vitro infectivity, 
and live virus infectivity (Xu et al., 2021). Many possible 
drug candidates were selected for targeting various stages 
of the SARS- CoV- 2 life cycle. For instance, cepharanthine, 
an anti- inflammatory compound, effectively showed abil-
ity to rescue the cytopathic effects (CPEs) of SARS- CoV- 2 

F I G U R E  2  Potential drug targets of SARS- CoV- 2 . There are 
different potential drug targets in case of use for SARS- CoV- 2 
including Mpro, RdRp, Nsp15, PLpro, Nsp16, and the helicase 
forms 

https://www.fda.gov/drugs/emergency-preparedness-drugs/coronavirus-covid-19-drugs
https://www.fda.gov/drugs/emergency-preparedness-drugs/coronavirus-covid-19-drugs
https://www.fda.gov/drugs/emergency-preparedness-drugs/coronavirus-covid-19-drugs
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(Rogosnitzky et al., 2020), or corilagin, a possible antifibro-
sis, revealed potential against the angiotensin- converting 
enzyme (ACE2) receptor- binding domain (RBD) (Yang 
et al.,  2021). Therefore, it is urgent to build a high bio- 
safety SARS- CoV- 2 infection model with a high ability for 
HTS of drugs against SARS- CoV- 2.

2.1 | Ligand- based drug design for 
COVID- 19

This strategy just relies on ligand information— one of the 
broadly known and widely used ligand- based approaches 
in QSAR modeling. The advantages accruing from the 
QSAR methods in drug discovery and development are 
noteworthy. This computational technique attempts to 
construct mathematical models of compounds' physical 
and chemical properties associated with their chemical 
structure. QSAR studies are extensively employed to pre-
dict pharmacokinetic properties such as ADME and tox-
icity by building a training set of measured properties of 
known compounds and making a mathematical model of 
the encoded chemical structure, and also is useful in sen-
sory applications as well (Alam & Khan, 2019; Farshchi 
et al.,  2021; Kholafazad- Kordasht et al.,  2021; Nosrati 
et al., 2022; Seidi et al., 2021).

Generating molecular descriptors from compound 
structures is also significant in assessing compounds' dif-
ferent physical, chemical, and topological features. After 
computing molecular descriptors, machine learning tech-
niques play indispensable roles in the quality of QSAR pre-
dictions (Popelier & Smith, 2006; Rad & Maghsoudi, 2016; 
Sliwoski et al., 2014). Using machine learning and QSAR, 
Muratov et al. identified 32 drugs and their 73 selected bi-
nary combinations for testing against SARS- CoV- 2. They 
found that the combinations of four of these drugs, includ-
ing nitazoxanide, remdesivir, amodiaquine, and umifeno-
vir, could synergize against SARS- CoV- 2. Interestingly, 
the combination of nitazoxanide and remdesivir showed a 
great synergistic interaction, and the combination of rem-
desivir and hydroxychloroquine exhibited a powerful an-
tagonist role against SARS- CoV- 2 (Bobrowski et al., 2021).

The two proteins pp1a and pp1ab are quickly translated 
after entry into the host cells and further separated by two 
viral proteases, 3 C- like proteases (3CLpro) and papain- 
like protease (PLpro) (Amin et al., 2021). The latter is a crit-
ical virus enzyme responsible for producing a functional 
replicase complex and stimulating viral spread (Shin 
et al.,  2020). Amin et al. used chemical- informatics ap-
proaches to build a Monte Carlo optimization based on (a) 
QSAR data of various PLpro inhibitors, (b) VS to choose the 
best in- house molecules among 67 with the high likelihood 
of targeting against PLpro, and (c) eventually verification 

of these inhibitors by using receptor– ligand interaction 
investigation. Out of 67 compounds, 56 were anticipated 
as active from a QSAR model. Afterward, these 56 simi-
lar compounds were screened through SwissADME, and 
eventually, 13 compounds were approved for the ADME 
criteria. Furthermore, molecular docking has proved the 
potentiality of these candidates against SARS- CoV- 2 PLpro 
(Figure 3; Amin et al., 2021).

In an interesting work, Tropsha et al. developed 
open- source data QSAR models of 42 inhibitors from 
DrugBank by employing QSAR models, docking, and 
similarity searching and utilized these models for virtual 
screening of all drugs in the DrugBank database. The 42 
virtual hits were finalized for availability and cost using 
in- house ZINC Express software. The National Center 
for Advancing Translational Sciences (NCATS) analyzed 
11 of total 42 hits which were potential compounds, and 
three of them, cenicriviroc (AC50 of 8.9 μM), proglumeta-
cin (tested twice independently, with AC50 of 8.9 μM and 
12.5 μM), and sufugolix (AC50 12.6 μM). While molecu-
lar docking was unsuccessful to accurately distinguish 
between experimentally active and inactive compounds, 
QSAR was able to identify three inhibitors of SARS- CoV- 2 
replication through Mpro inhibition. Overall, these results 
show that QSAR models proposed using SARS- CoV- 2 
Mpro data can be useful to introduce compounds active 
against SARS- CoV- 2 (Alves et al., 2021).

2.2 | Structure- based drug design and 
molecular docking

This strategy relies more on target information. The 
structure- based drug design, also called target- based drug 
design, rests on the assumption that the bioactivity of a 
ligand comes from the physical interaction of the ligand 
with the corresponding target protein. The prerequisite of 
this approach is the 3D structure of the biological target, 
obtained from crystal structures, NMR data, or molecular 
modeling. Molecular docking is an established structure- 
based approach frequently used to predict the binding 
affinity and analyze the interactive mode between a li-
gand and a target/receptor. In other words, docking en-
ables us to identify novel drug candidates by predicting 
ligand– target interactions at a molecular level (Pinzi & 
Rastelli, 2019; Sargazi et al., 2021).

There are several references in which the signifi-
cant role and applications of docking in drug design 
and development have been discussed (De Vivo & 
Cavalli, 2017; Keretsu et al., 2020; Kitchen et al., 2004; 
Meng et al., 2011). Furthermore, in the current spread of 
SARS- CoV- 2, molecular docking is important in screen-
ing potential drugs (Keretsu et al.,  2020; Lokhande 
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et al.,  2020; Marinho et al.,  2020; Yu et al.,  2020). The 
recent work of Khelfaoui et al.  (2020) could be a good 
example of using molecular docking combined with MD 
to find promising candidate drugs against COVID- 19. 
They selected a library of 18 drugs that three of which 

include ramipril, delapril, and lisinopril, bound to 
angiotensin- converting enzyme 2 (ACE2) receptor and 
[SARS- CoV- 2/ACE2] complex well. ACE2 is one of the 
receptors in the human body with which the S proteins 
from coronaviruses have a great binding affinity and 

F I G U R E  3  Illustration of ligand-  and structure- based drug design on SARS- CoV- 2 PLpro (redesigned by the authors of present work 
with permission from Amin et al. (2021)) 

F I G U R E  4  The structures of docked 
molecules docked by MOE having 
coumarin (yellow rings) compounds 
(redesigned by the authors of present 
work with permission from Abdellatiif et 
al. (2021)) 
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serve as the entry point into cells for SARS- CoV- 2. In 
fact, due to the long time required to discover specific 
antiviral agents or a vaccine, the best strategy would be 
to repurpose existing drugs to treat COVID- 19, which 
will be discussed in the DR section.

Using VS and molecular docking, Abdellatiif et al. iden-
tified some promising antimicrobial and chemotherapeutic 
agents having coumarin and pyridine derivatives in their 
structures. In order to identify the most potential drug– 
target interactions, a molecular operating environment 
(MOE) program was carried out against the human ACE2, 
SARS- CoV- main peptidase, serine protease hepsin, human 
coronavirus papain- like proteases, and SARS- Coronavirus 
NSP12. As shown in Figure 4, among compounds a, b, c, 
d, and e with binding score energy values of −6.08, −6.48, 
−6.78, −7.08, and −6.63, respectively, compound d had the 
binding score energy against the aforementioned targets. 
Thus, compound d needs to be additionally evaluated in 
clinical trials as a candidate for potential inhibitor of the 
SARS- CoV- 2 (Abdellatiif et al., 2021).

Hosseini et al. evaluated a virtual screening using dock-
ing of 1615 FDA- approved drugs to identify novel potential 
inhibitors for protease protein of COVID- 19. They showed 
that among all investigated FDA- approved drugs, simepre-
vir, a Hepatitis C virus (HCV) NS3/4A protease inhibitor, 
manifested high affinity to protease binding pocket and 
placed effectively into the binding pocket more beneficially 
than the lopinavir- ritonavir. This study suggested this com-
pound as a potential inhibitor of COVID- 19 (Hosseini & 
Amanlou, 2020). In another docking study, Motiwale et al. 
worked to identify potential inhibitors against Mpro of 
SARS- CoV- 2 from previously reported SARS- 3CL protease 
inhibitors where among 61 previously reported potential 
inhibitors, 4- benzoic acid and 4- (4- methoxyphenyl)- 6- o
xo- 2- [(2- phenylethyl)sulfanyl]- 1,6- dihydropyrimidine- 5- 
carbonitrile revealed a minimum and maximum binding 
energy, respectively (Motiwale et al., 2022).

Table 1 presents a selection of recent studies that re-
searched the docking strategy of different pharmacolog-
ical classes as treatments of SARS- Co and SARS- CoV- 2. 
Although many studies are carried out and many drugs 
are being tested to open a new road for effective treatment 
of COVID- 19, there are no fully beneficial antiviral drugs 
against the disease. Many of these studies are now in clini-
cal trials to assess their safety and efficacy against infected 
patients.

2.3 | Chemogenomic approaches for 
COVID- 19 drug discovery

Chemical genetics, chemical biology, and chemogenom-
ics (chemical genomics) are some cutting- edge applied 

fields in target and drug discovery (Rognan,  2007; Urán 
Landaburu et al.,  2020). Among the presented strate-
gies, chemogenomics is an emerging discipline that 
principally investigates all molecules that can interact 
with any biological target. In humans, the number of the 
gene is about 26,000, whereas the amount of various pro-
teins is approximately more than 1 million (Andersson 
et al.,  2011). However, due to the extensive number of 
available molecules and biological targets, chemogenom-
ics is limited to screening congeneric compound libraries 
against a selected target family. This alternative proposes 
an unprecedented chance to seek drug- like compounds 
with a noteworthy target or significant subtype (Jones & 
Bunnage, 2017; Kubinyi, 2006).

Chemogenomics is different from the traditional 
pharmaceutical methods due to linking the widespread 
software library directly to the methodology of modern 
genomics. In order to achieve this purpose, chemoge-
nomics, along with a contribution of several chemical 
disciplines, including synthetic chemistry, combinato-
rial chemistry, cheminformatics, bioinformatics, and 
genomics, screen synthetic compound libraries for their 
impact on biological targets (Bredel & Jacoby,  2004; 
Quinlan & Brennan,  2021). The ultimate goal of che-
mogenomics is the rapid screening as well as the ratio-
nal development of target- specific chemical ligands to 
decrease the cost and enhance the drug discovery pe-
riod, especially in the case of COVID- 19 drug investiga-
tion (Jones & Bunnage, 2017).

Basically, the main role of chemogenomics is unifying 
the discovery of ligands and targets by taking advantage 
of active compounds as probes to identify proteome func-
tions. Similar to genetics, and if the operation of investi-
gation arises from the target to phenotype, or vice- versa, 
there are two concepts: (a) forward and (b) reverse. In ‘for-
ward chemogenomics’, the ligand is discovered through 
their phenotypic condition that could affect the entire bi-
ological system instead of the base of their mechanism of 
suppression of a certain desired protein. In other words, 
the molecular basis of the phenotype interest is unknown 
and phenotypic screening is carried out in cells of organ-
isms having a single- cell or multicellular utilizing a group 
of ligands. (Figure S1).

On the other hand, in “reverse chemogenomics,” the 
desired sequence of genes is cloned and explicit at the first 
step as target proteins; afterward, they are preselected in 
a high- throughput screening (HTS) ‘target- based’ way by 
a panel of compounds. Here, the assays are normally clas-
sified as (i) organismal assays, (i) cell- free, and (ii) cell- 
based organismal assays.

Cell- free assays are generally straightforward but pre-
cise and extremely automated. They are comprehensive 
binding trials in which manifold compounds are examined 
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concurrently for their binding affinity toward a variety of 
particular goals. Here, DTIs are clearly recognized in the 
absence of confounding variables. However, in cell- based 
and organismal assays, chosen compounds are delivered 
right to cells or organisms in vitro to select hits within a 
relevant cellular context. However, the hits need further 
mechanistic characterization due to simultaneously inter-
acting with multiple targets.

The former approach is usually employed in re-
verse chemogenomics, whether target information is at 
hand, while organismal assays and cell- based are mainly 

employed in forwarding chemogenomics to test a wide 
variety of compound effects on whole biological systems 
(Figure S1) (Bredel & Jacoby, 2004).

a. In forward chemogenomics, cells or organisms are dis-
tributed in multi- well cell culture plates for incubation. 
Subsequently to the incubation step, an aliquot from 
donor plates is taken to the recipient and mock plates 
(mock treatment), in which the ligand– target binding 
assay is performed. The endpoint of most cell- based 
HTS assays is a spectrophotometric measurement in 

T A B L E  1  Recent studies used the docking strategy of different pharmacological classes against COVID- 19

Biomolecule Target proteins Therapeutic assessment Refs.

Curcumin Spike glycoproteins, nucleocapsid 
phosphoprotein, membrane 
glycoprotein & nsp10, RNA- 
dependent RNA polymerase

Promising binding affinity against 
nucleocapsid & nsp10

High antiviral activity

Suravajhala 
et al. (2020)

Ivermectin 3CLpro and S protein Disrupting viral replication and 
attachment.

Low et al. (2022)

Sofosbuvir, Ribavirin, Galidesivir, 
Remdesivir, Favipiravir, 
Cefuroxime, Tenofovir, 
Hydroxychloroquine, and 
IDX- 184

RdRp Tightly binds to RdRp active site
Setrobuvir, YAK, and IDX- 184 

showed higher affinity to RdRp

Elfiky (2021)

Iron oxide nanoparticles (Fe2O3 
and Fe3O4)

Spike protein receptor- binding 
domain (S1- RBD)

Effective interaction with the 
S1- RBD

Abo- Zeid et al. (2020)

Teicoplanin Cathepsin L Blocking the Cathepsin L
Preventing virus entrance into the 

cytoplasm

Vimberg (2021)

Viomycin 3CLpro High - CDocker energy
High H- bonds with Mpro
Placed well in the binding pocket

Mahanta et al. (2021)

Jensenone Mpro/chymotrypsin- like protease 
(3CLpro)

A strong complex formed between 
Mpro/Jensenone

Sharma and 
Kaur (2020)

Leupeptin, hemisulphate, 
pepstatin A, nelfinavir, 
lypression, birinapant, and 
octreotide

Mpro Have significant MM- GBSA score
Forming stable interactions with 

hot- spot residues

Mittal et al. (2021)

Terpenoid (T3) from marine 
sponge Cacospongia 
mycofijiensis

Mpro Remarkable SARS CoV- 2 Mpro 
inhibitory activity

Sabe et al. (2021)

Amodiaquine & Ribavirin Mpro Great affinity with a high- lying 
HOMO, electrophilicity index, 
basicity, & dipole moment.

Hagar et al. (2020)

Eucalyptol (1,8 cineole) Mpro/3CLpro Strong complex formed between 
Mpro/eucalyptol

Sharma (2020)

Dithymoquinone (DTQ) ACE2 High affinity and stability at 
SARS- CoV- 2:ACE2

Ahmad et al. (2020)

Zanamivir, Indinavir, Saquinavir, 
& Remdesivir

Spike glycoprotein & the 3CL protease Potential 3CLpro proteinase 
inhibitors

Hall Jr and Ji (2020)

Nigellidine, & α-  Hederin 3CLpro/Mpro Strong inhibitor effect on 3CLpro/
Mpro

Bouchentouf and 
Missoum (2020)
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a spectrophotometer equipped with suitable software 
that calculates the final data, including SAR analysis 
and in silico QC. Then, active compounds that obtain 
the intended changes in the phenotype are chosen 
to elucidate their targets at the molecular level. This 
strategy could be performed using affinity chromatog-
raphy, microarray, phage display, or transcriptional 
or proteomic profiling.

b. In reverse chemogenomics, the main focus is to eluci-
date the protein families and the gene. In this regard, 
the sequencing of the target gene demonstrates a spe-
cific level of homology that is transfected in a host cell. 
These family targets are sequentially gathered, puri-
fied, and subjected to trial design. Finally, similar to 
forwarding chemogenomics, the measurement data on 
the spectrophotometer are directed to a suitable data 
analysis system.

2.3.1 | Target fishing Chemogenomics 
approaches for COVID- 19 drug discovery

The biological target is extracted from the existent infor-
mation in the biologically annotated chemical database in 
the target fishing approach (Huang et al., 2021). However 
this procedure needs an abundant effort from a time, cost, 
and resource perspective to identify all plausible chemi-
cal target associations; thus, computational target pre-
diction techniques are strongly being pursued with the 
contribution of advanced data- mining algorithms (Anwar 
et al., 2021). This current mode of action or the computa-
tional target approach is classified into four classes: data- 
mining, pharmacophore searching (analogy searching), 
analysis of bioactivity spectra, and molecular docking. In 
the past, these methods were applied to investigate new 
compounds of known targets, but recently, they have been 
applied to predict novel targets for the known compounds 
via similar approaches (Campbell & Marchant,  2018; 
Ekins et al., 2007).

Target- based (or receptor- based chemogenomics) 
refers to the discovered biologically active compounds 
with phenotypically readout information. Nevertheless, 
no existing target data; thus, by applying the chemoge-
nomics strategy, the hypotheses can be generated of the 
target by comparing the new biological compounds to 
the same known target (Fourches et al.,  2015; Weston 
et al.,  2019). For example, the target receptors or pro-
teins that are necessary for replication and survival 
of SARS- CoV- 2 are viral proteases involving papain- 
like protease (PLpro), the 3- chymotrypsin- like protease 
(3CLpro), and Mpro, RNA- dependent RNA polymerase 
(RdRp) complex, the spike (S) receptor binding glyco-
protein, the nucleocapsid (N) protein, nonstructural 

protein (NSP), and the membrane (M) protein including 
transmembrane (TM) as well as small envelope E pro-
tein (Cavasotto et al., 2021).

As an example of this part, it can be referred to the 
work of Mishra and his coworkers that reported an in-
clusive computational approach for the identification of 
drug molecules that are multi- targeted struggling with the 
SARS- CoV- 2 proteins. These drugs are essentially included 
in virus replication inside the host body, the viral– host in-
teraction, disease development, and transmission of Sars- 
CoV- 2 infection. They screened 72 potential antiviral drugs 
approved by the FDA against the S glycoprotein, hACE2, 
3CLpro, Cathepsin L, N protein, RdRp, and NSP6 proteins.

Furthermore, they investigated the molecular inter-
action by applying free energy landscape, simulation of 
Molecular Dynamics, and binding free energy estimation 
using MM- PBSA. Their finding showed favorable results 
for seven drugs, among which catechin (flavan- 3- ol) can 
effectively bind to 3CLpro, Cathepsin L, RBD of S pro-
tein, NSP- 6, and Nucleocapsid protein to be used as a po-
tential multi- targeted agent in combating SARS- CoV- 2. 
However, due to the limited timeframe of combating this 
pandemic, it is not realistic to be assured of finding a de-
finitive therapy for combating the pandemic. Hence, vig-
orous attempts are still continuing for the DR as a clinical 
treatment strategy to fight COVID- 19 (Mishra et al., 2020). 
In another research, Omotuyi et al. investigated molecular 
docking protocols for fast screening of the FDA database 
for high- affinity interaction of the resolved 3D structure of 
SARS- CoV- 2 receptor- binding domain (RBD) in complex 
with its receptor hACE- 2 interface.

Ubrogepant, as one of the preferable candidate 
drugs, was studied utilizing the atomistic molecular 
dynamics simulation method. They reported that UBR 
breaks the interaction at the RBD/ACE- 2 interface res-
idues of SARS- CoV- 2 RBD/ACE- 2 complex that might 
result in protein function losses with direct inference on 
the oligomerization in RBD and function loss in ACE- 2. 
Therefore, leading to a binding and cellular receptor rec-
ognition unattainable. Therefore, UBR exhibits a novel 
therapeutic candidate in combating SARS- CoV- 2 since 
it binds to proportionally high affinity with free RBD, 
ACE- 2 receptor, and SARS- CoV- 2 RBD/ACE- 2 complex 
based on only binding affinity calculations (Omotuyi 
et al., 2020). The other studies in this area are demon-
strated in Table 2.

2.3.2 | Drug repurposing application of 
Chemogenomics for COVID- 19 drug discovery

A primary example of the beneficial application of chem-
ogenomics is DR, which accelerates drug discovery by 
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identifying novel clinical targets for the available approved 
drugs. This method possesses the distinctive merit of rapid 
clinical development without bearing the long- lasting 
and expensive procedures included in drug discovery. 
Therefore, according to the advantages of these proposed 
drug discovery methods, many COVID research orienta-
tions have been focused on DR (Galindez et al., 2021; R. 
Liu et al., 2021).

Computational DR applies available drugs for new or 
existing diseases that do not have an absolute cure, while 
the available drugs were not originally designed for the 
novel disease treatment. Furthermore, utilizing the enor-
mous volumes of available omics information in digital 
form in conjunction with in silico screening intrigued 
the researcher to use this appropriate ground to signifi-
cantly increase the speed of shortlisting promising candi-
dates in reply to spreading diseases like SARS- CoV- 2. To 
be exemplified, Lucchetta, M. and M. Pellegrini reported 
a methodology for preclinical computational DR called 
DrugMerge, and it is based on combining several drug 
rankings gained via a set of Disease Active Subnetwork 
construction algorithms.

DrugMerge utilizes differential transcriptomic data 
from drug perturbation assays and cell lines/tissues 
of patients affected by the illnesses on the subject of a 
considerable gene co- expression network. Application 
of DrugMerge to COVID- 19 shows that DrugMerge 
can mimic human expert judgment (Lucchetta & 
Pellegrini,  2021). Rima Hajjo and Alexander Tropsha 
developed a systems biology workflow for drug and vac-
cine repurposing. They reported that the identification of 
Bacillus Calmette– Guérin (BCG) and small molecules of 
BGC mimics involving antiviral drugs (raltegravir, eme-
tine, and lopinavir as high confidence hits) are capable 
of boosting immunity and preventing emerging new vi-
ruses. Their results approved that BGC impacted the 
generation and maturation of naïve T cells, resulting in 
increasing long- lasting trained intrinsic immune replies to 
combat novel viruses, including SARS- CoV- 2 in vitro as 
a protective measurement from the lethal consequences 
(Onozuka et al.,  2022). Due to the lengthy development 
cycle of novel drugs, DR turns into an efficient approach 
to screening drugs of potential therapeutic use for SARS- 
CoV- 2. Che et al., in another attempt, screened potential 
therapeutic drugs for COVID- 19 based on a knowledge- 
graph- based DR method. In their experiment, five drugs 
predicted by the models exhibited efficiency in clinical 
treatment.

The experimental outputs prove that the model can 
predict drug– disease interaction effectively for normal 
diseases and SARS- CoV- 2 (Lv et al., 2021). Therefore, DR 
presents a constant source of novel knowledge in virus bi-
ology and molecules with previously undefined antiviral 

properties, which can be applied as molecular tools in 
unknown molecular mechanisms of virus replication and 
pathogenesis (Mercorelli et al.,  2018). Further investiga-
tion of SARS- CoV- 2 in related research is summarized in 
Table 2.

2.3.3 | Predicting the bio- profile of drugs via 
Chemogenomics for COVID- 19 drug discovery

A fundamental role of chemogenomics is predicting 
the activity profile of the compounds for a group of tar-
gets that can be implemented by using ligand- based or 
target- based approaches. The ligand- based philosophy 
is underlying that molecules sharing enough similar-
ity to available biologically defined ligands have an 
increased probability of sharing the same biological 
profile. Therefore, the efforts are devoted to organizing 
chemical libraries with biological information, includ-
ing in vitro affinity, targets, and toxicology (Harris & 
Stevens,  2006). As a result, designing chemical librar-
ies is of great interest for a certain individual target or 
target family, which is attempted via utilizing machine- 
learning methods.

Herein, concentration is on protein– ligand interaction 
via applying physics- based protein- ligand docking on ma-
chine learning. Computational chemogenomics or quan-
titative multiple structure– activity relationships (QMSPR) 
modeling consists of the compound– protein interaction 
space modeling of large datasets at once, usually for drug 
discoveries, where the available techniques chiefly incor-
porate escalating numbers of bioactive samples or con-
centrate on individual subfamilies of proteins and ligands 
(Cheng et al., 2012; Xue et al., 2018). However, the 3D in-
formation of protein targets is needed most of the time. 
Thus, the application of precise target data in chemoge-
nomics is confined to the explicitly known X- ray struc-
tures or structures that homology models can evaluate. As 
a result, many QMSAR is centered on ligand- based studies 
or similarity principles (Gawriljuk et al., 2021).

In this context, compounds of phenotype- based prese-
lection possess merits in discovering target- based drugs 
due to unclimbable and missing perceptions of the mech-
anism of action of the drugs. Therefore, a handful of 
methods can carry out new chemical compound screen-
ing which is phenotype- based. In this regard, Thai- Hoang 
Pham et al. extended a sound learning framework for a 
high- throughput mechanism- driven neural network- 
based method for phenotype compound screening. They 
applied this framework for COVID- 19 DR. Their pro-
posed novel data escalating technique extracts benefi-
cial information from untrustful assays in the dataset of 
L1000. Furthermore, they showed the value of DeepCE 
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by applying it to the DR of COVID- 19 and produced 
novel lead compounds that represented clinical evidence. 
Therefore, DeepCE can provide a potentially strong frame-
work for rapid predictive modeling via using noisy omics 
data and screening new chemicals to modulate an orga-
nized response to illnesses (Wang et al., 2021).

A computational approach for increasing the rate of 
development of drugs and comprehension of the mech-
anism of action of small molecules is the identification 
of drug– target interaction (DTIs). Lee and his coworkers 
represented an AI- DTI, a new method for predicting acti-
vation and inhibition of DTIs, by combining the mol2vec 
and genetically perturbed transcriptomes. Their finding 
showed that this methodology was a success in discover-
ing about half of the DTIs for drugs that are employed for 
treating COVID- 19 (Lee et al.,  2021). A myriad of com-
pounds represent potential drug candidates, but merely 
a few of them will be formulated, approved, and regis-
tered as a drug for individual health issues which inves-
tigation for that compound will be a long, intricate, and 
costly process, while sometimes there is an urgent need 
for developing a drug like COVID- 19 pandemic (Muratov 
et al.,  2021). Table  S1 demonstrates chemogenomics re-
lated to COVID- 19 research.

To conclude, chemogenomics is an emerging interdis-
ciplinary field at the interface of chemistry, biology, and 
informatics which decreases the cost and time of drug dis-
covery dramatically via three main approaches, including 
target fishing, predicting the bio- active profile of drugs, 
and DR. Herein, of much current importance is chemog-
enomics, is in COVID- 19 drug discoveries, which this re-
view paper highlighted specifically.

3  |  DRUG REPOSITIONING

Drug repositioning, also known as drug repurposing, drug 
redirecting, drug reprofiling, and therapeutic switching, 
is defined as identifying new indications and therapeu-
tic targets for existing drug compounds (Lotfi Shahreza 
et al., 2017). DR has received significant attention caused 
of its crucial role in finding and developing new therapies 
for complex, orphan, and chronic diseases with unknown 
or less effective treatments (Shameer et al.,  2015). Since 
developing a new drug in the traditional drug discovery 
process is time- consuming and takes approximately be-
tween 10 to 15 years to enter the market, repurposing 
existing drug compounds is capable of overcoming these 

F I G U R E  5  A comparison of traditional de novo drug discovery and development (a) versus DR (b); (redesigned by the authors of 
present work with permission from Ashburn and Thor (2004)) 
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shortcomings, and this type of research has been grow-
ing drastically (Figure 5) (Kumar et al., 2019). Therefore, 
DR plays a versatile role in developing new drugs because 
it can reduce the costs of the whole process and shorten 
the development pathways of approved or investigational 
drugs (Pushpakom et al., 2019). DR works with two main 
approaches. The first is that a drug can bind to various 
targets simultaneously, which is good for searching novel 
target sites of action for the known biological agents, and 
the second is that targets related to a disease are often as-
sociated with different biological processes of pathogen-
esis, which is important for choosing of a new indication 
for the known target (Badary, 2021; Kamel et al., 2022). 
These are indispensable in proposing new drug candi-
dates for unprecedented diseases like COVID- 19.

It has emerged as an alternative way of accelerating the 
process of developing new treatments against COVID- 19 
(Yu et al., 2021). Based on data brought from PubMed, the 
number of works of literature on DR has been growing 
dramatically, and this number has increased since the out-
break of SARS- CoV- 2 (Galindez et al., 2021). It should be 
noted that polypharmacolgy and DR are inextricably in-
terrelated with each other (Cheng, 2019). DR has become 
an influential tactic from both academia and pharmaceu-
tical industries as an alternative strategy to traditional 
drug discovery that is related to when new therapeutic 
applications are pinpointed for existing drugs (Karakida 
et al., 2019; Turanli et al., 2018).

Compared to traditional de novo drug discovery and 
development, this approach provides a new and fast way 
for drug development and reduces risk, particularly for 
drugs that cannot pass phase I clinical trials (Figure  5; 
Ashburn & Thor, 2004). It is able to reprocess the infor-
mation on known drugs such as pharmacokinetics and 
safety for humans and manufacturing pathways, resulting 
in reduced time and expenses in traditional de novo drug 
discovery (Sawada et al., 2015). There are a wide variety 
of examples of repositioned drugs. Sildenafil is considered 
the most prominent one, beginning with cardiovascular 
treatment followed by accidentally treating erectile dys-
function clinical trial and later in low dosages, treating 
pulmonary hypertension (Ghofrani et al.,  2006; Prasad 
et al., 2000). Furthermore, as repurposed drugs pass the 
preliminary clinical trials (phase I or safety level), the time 
needed for drugs to reach the market can be reduced sig-
nificantly. Hence, scientists can identify the unintended 
secondary targets through CADD.

The history of discovering the effect of an established 
drug on new indications dates back to World War II, since 
considerable improvement had been observed for cuta-
neous rashes and arthritis in soldiers who were under 
treatment with an antimalarial medicine, Chloroquine 
(Schlitzer,  2007). Chloroquine is a well- known 

antimalarial drug that was synthesized in 1934 and later 
on demonstrated successful various therapeutic effects, 
including anti- inflammatory/immunomodulating, anti- 
infective, antithrombotic, and metabolic. Furthermore, 
antitumoral properties make it available for the treatment 
of a number of cancers (Plantone & Koudriavtseva, 2018). 
In 1942, Marcel Jonbon used sulfonamide antibiotics 
for typhoid treatment, but he faced hypoglycemia as an 
unexpected side effect in some patients; therefore, sul-
fonamides presented the role of an anti- diabetic drug 
(Quianzon & Cheikh,  2012). Aspirin is one of the most 
famous DR examples with an original indication as an 
analgesic drug that for the first time repositioned as an 
antiplatelet aggregation drug in 1980 and a second indi-
cation still is commonly used for cardiovascular problems 
(Jourdan et al.,  2020). Furthermore, several types of re-
search have been conducted on the anticancer effect of 
aspirin such as colorectal cancer (Drew et al., 2016), lung, 
and breast cancer (Li, Hu, et al.,  2020). The notable po-
tential and extensive applications of DR in novel thera-
pies are entirely apparent and accordingly, the number of 
acceptable research studies which have been done or are 
under processing are growing every day. There are various 
classifications for DR methods which typically can be cat-
egorized into computational approaches and experimental 
approaches (Park,  2019). Experimental approaches refer 
to testing drugs in evaluations based on available compre-
hensive clinical compound databases in which the possi-
ble indications of drugs can be discovered by target- based 
or cell- based analysis (Luo et al.,  2021). There are some 
hurdles for experimental identifications because they are 
mostly expensive and time- consuming, requiring a set of 
marketed drugs, technical equipment, and also screen 
tests. In contrast to experimental methods, computational 
drug repositioning methods which are mainly data- driven 
utilizes databases and bioinformatics tools to find out in-
teractions between drugs, targets, and diseases (Pillaiyar 
et al., 2020). Analyzing a large type of data (like chemical 
structures, gene expression, genotype or proteomic data, 
and electronic health records (EHRs)) provides the possi-
bility of understanding novel and unexpected functional 
gene interactions and unclear drug response or mecha-
nisms of disease (Pushpakom et al., 2019).

3.1 | Drug repositioning for COVID- 19 
drug discovery

Since there is no specific and registered therapy to cure 
the infection of this virus, finding effective therapeutics 
by applying existing drugs is a pressing exigency and es-
tablished strategy (Galindez et al., 2021). Concerning the 
time- consuming regulatory process of the newly approved 
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drugs, the DR strategy strongly utilizes the identification 
of new treatment methods by presenting FDA- approved 
drugs. In addition, many repurposed drugs with accept-
able results are accomplished by computational methods 
(Wang & Guan, 2021).

There are myriad reasons why we need to go through 
DR for different diseases like COVID- 19 if we intend to 
accelerate the process of developing a new drug. These 
reasons can be (i) availability of marketed drugs and their 
excipients and APIs for formulation and distribution, (ii) 

the likelihood of taking advantage of a synergistic effect 
of various drugs with each other, (iii) cheap and less time- 
consuming process for drugs to be marketed and (IV) 
emergence of new therapeutic pathways for former drugs 
and new categories of medicine (Chung et al.,  2021). 
Therefore, repositioned drugs have very important im-
pacts on COVID- 19 drug discovery. Therefore, different 
categories of drugs are being repositioned in in vivo and in 
vitro studies to treat SARS- CoV- 2 (Wu et al., 2021). These 
potential agents are namely Ebola virus (remdesivir), 

F I G U R E  6  Potential drug candidates against COVID- 19. EC50: Effective concentration (redesigned by the authors of present work with 
permission from Wu et al. (2021)) 
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antimalarial (chloroquine), anthelmintic and antipro-
tozoal drugs (niclosamide), diarrhea (nitazoxanide), 
antiviral (lopinavir and ritonavir), antineoplastic (carfil-
zomib and bortezomib), and antibacterial (azithromycin) 
(Figure 6).

In this regard, the WHO supported repositioning rem-
desivir, lopinavir/ritonavir, and chloroquine/hydroxy-
chloroquine as a potential for COVID- 19, although most 
might be only supportive symptomatic (Won & Lee, 2020). 
Nevertheless, they will likely be approved for COVID- 19 
therapy if they pass clinical trials and are published in lit-
erature and guidelines from leading health organizations 
(Nain et al., 2021). In order to do this, many groups have 
been attempting enthusiastically to discover the first ap-
proved drug for COVID- 19 therapy (Erlanson, 2020; Low 
et al., 2020; Muratov et al., 2021). As a result, we identified 
several clinical trials (Table S2), in which 18 studies were 
at clinical phases 2, 3, or 4 (https://clini caltr ials.gov/ct2/
who_table).

Luo et al. investigated the free energy perturbation- 
absolute binding free energy (FEP- ABFE) method and 
bioassay validation to reposition 25 potential therapeutic 
agents to inhibit Mpro. By using the viral proteinase crystal 
structure, Mpro (PDB ID: 6 LU7), up to 2500 FDA- approved 
drugs were first screened via Glide's molecular docking 
program. They found that Cys145- His41/Ser144- His163 
could be the nucleophilic agent and acid responsible 
for hydrolysis of the substrate proteins, and Gly143 and 
Gln166 can form a hydrogen bond with the “CO- NH- Cα- 
CO- NH- Cα” structure of the backbone of the substrate 
protein. Of 25 possible agents, 15 showed strong inhibi-
tory properties against Mpro. Among these agents, addi-
tionally, dipyridamole passed its first- round clinical trials 
with considerable potencies (Li, Hu, et al.,  2020; Li, Li, 
et al., 2020).

The network- based methods have also given satisfying 
results in investigating the DTIs and CoV– host interac-
tions. Zho et al. introduced 16 possible anti- HCoV drugs 
such as melatonin, mercaptopurine, toremifene, mesala-
zine, and sirolimus from more than 2000 FDA- approved 
drugs by applying a combination of network- based ap-
proaches and systems pharmacology- based network med-
icine platform with the ability to quantify the interactions 
between the drug targets and virus– host interactome in 
the human protein– protein interactions network. (Zhou 
et al., 2020). The docking screening method was applied 
for a set of 2201 approved drugs to find inhibitory activ-
ities at SARS- CoV- 2 main protease, and based on that, 
carfilzomib, eravacycline, valrubicin, lopinavir, and elbas-
vir have nominated as an inhibitor for SARS- CoV- 2 main 
protease (Wang, 2020). Table 2 includes recent studies in 
terms of computational DR for coronavirus drug discov-
ery and various diseases, respectively.

Various transcriptomic datasets in relation to SARS- 
CoV- 2 were reported since the COVID- 19 outbreak. 
Basically, the idea is that for a specific disease signature 
composing of a class of up and downregulated genes, 
if there is available drug candidate, where those same 
classes of genes are alternatively downregulated and up- 
regulated, respectively, this drug might be potential for 
that disease (Hoffmann et al.,  2020; Le et al.,  2021). Le 
et al. investigated existing computational drug reposition-
ing with remarkably reversed differential gene expres-
sion in comparison with manifold input signatures for 
SARS- CoV- 2 effects on human cells. They tried to predict 
the potential drugs toward differentially expressed gene 
sets from both cell line and organoid disease models and 
human samples. They found 102 compounds, and among 
them, 25 were selected in at least two of the signatures, and 
some of them have been already analyzed in clinical trials. 
They eventually tested 16 of their shortlisted candidates in 
live SARS- CoV- 2 antiviral assays. If a drug could notably 
(FDR < 0.05) reverse the disease signature, then the drug 
could be a potential inhibitor for the SARS- CoV- 2. In the 
end, they found that 16 of their high predicted hits showed 
antiviral assay in live SARS- CoV- 2. Four potential inhibi-
tors were tested for inhibition of SARS- CoV- 2 in a human 
lung cell line, Calu- 3, infected with SARS- CoV- 2. Three 
drugs revealed in vitro antiviral efficacy— bacampicillin, 
clofazimine, and haloperidol with no toxicity effects (Le 
et al., 2021). Ge et al. used an integrative drug reposition-
ing analysis through machine learning to integrate and 
mine large- scale knowledge graph, literature together with 
transcriptome data to identify the potential compounds 
against SARS- CoV- 2. They chose to work on CVL218, a 
poly- ADP- ribose polymerase 1 (PARP1) inhibitor. Their 
in vitro data showed an efficient inhibitory effect against 
SARS- CoV- 2 replication without a clear cytopathic effect. 
They further revealed that CVL218 can effectively bind to 
the nucleocapsid (N) protein of SARS- CoV- 2 and could 
suppress the LPS- induced production of many inflamma-
tory cytokine, which are highly related to the prevention 
of immunopathology induced by SARS- CoV- 2 infection 
(Ge et al., 2021). Another PARP1 inhibitor, PJ- 34 was pre-
viously studied for acute inflammatory including inflam-
matory diseases of the lung. It was observed that PJ- 34 can 
interact with the N- terminal domain of the coronavirus 
nucleocapsid (N) protein and decrease the RNA binding 
ability to inhibit virus replication (Ge et al., 2021).

Beclabuvir is an antiviral drug for the treatment of hep-
atitis C virus (HCV) infection studied for inhibitory activ-
ity against SARS- CoV- 2. It was reported that beclabuvir 
could be a potential compound for the treatment of SARS- 
CoV- 2 through virtual screening and molecular docking in 
order to bind to RdRp of the SARS- CoV- 2 (Talluri, 2021). 
Raltegravir belongs to a class of HIV integrase inhibitors 

https://clinicaltrials.gov/ct2/who_table
https://clinicaltrials.gov/ct2/who_table
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used in the treatment of HIV- 1 infection. It obstructs 
the insertion of HIV- 1 DNA into the host cell genome. 
Raltegravir was selected as a highly effective drug against 
Mpro and has been repurposed for the potential treatment 
of COVID- 19 in many studies (Nabi et al., 2021).

4  |  CONCLUSION AND FUTURE 
PROSPECTS

There has been considerable progress in the practical devel-
opment and the rational application of computational drug 
discovery, giving rise to a paradigm shift in both industry 
and academics. CADD is a powerful approach for propos-
ing new drug candidates, particularly when used in tandem 
with current chemogenomic methods. Even though CADD 
takes advantage of manifold dilemmas and approxima-
tions, this knowledge- driven approach plays a significant 
role in the drug discovery process because of its ability to 
fast- track drug discovery. Since CADD has provided sev-
eral achievements, there would be a promising future to 
aid drug discovery of many more medicines in the future. 
Chemogenomics is a superior interdisciplinary field at the 
interface of chemistry, biology, and informatics, which dra-
matically decreases the cost and time of drug discovery.

This technique allows sequential genetics that is fur-
ther interpreted into potential biological targets. Over the 
last years, there has been great attention to DR in phar-
maceutical and biomedical companies, highlighting the 
paramount importance of repurposing. This interest has 
led to victorious launches in new, highly economical, and 
appealing indications compared to traditional drug dis-
covery with high- priced drug development. Over the last 
3 years, the COVID- 19 pandemic has killed many peo-
ple globally since there are no effective drugs against it. 
In this sense, we need to highlight that DR attempts the 
search for effective drugs in an urgent situation such as 
the COVID- 19. Utilizing DR is strongly recommended 
to continue investigating the repositioning of existing 
drugs against different diseases. However, how effectively 
CADD, including DR and chemogenomics, will produce 
feasible treatments across different disease areas remains 
to be seen. Therefore, it should not be surprising that suc-
cess is limited at times.

Several basic computational problems still need to be 
resolved. To ameliorate drug design and development di-
lemmas, rapid developments in chemical and structural 
biology, bioinformatics, clinical experiments, and com-
putational technology are essential. For example, high- 
throughput screening (HTS) has been increasingly used 
in the pharmaceutical sphere and academic institutions 
to discover hit and lead compounds rapidly. This potential 
automated approach lets us screen the entire compound 

library of the number of chemicals or biological com-
pounds in a target- based assay or even a cell- based assay 
to obtain the desired biological response. In order to use 
HTS against SARS- CoV- 2, it is important to take advan-
tage of a similar homology of virus in genomics, specifi-
cally, chemogenomics, as a versatile way of drug screening 
model that provides better bio- safety.

Hitherto, CADD is the only way for screening drugs 
against COVID- 19 and is based on a single viral protein 
or small- scale drug screening of formerly FDA antivi-
ral drugs utilizing wild- type SARS- CoV- 2. Nevertheless, 
this approach is not well- suited to HTS when focus-
ing on the bio- security requirements of SARS- CoV- 2. 
Moreover, developing new drugs takes too much time 
without having a precise crystal structure of the viral 
target (Liu et al., 2020).

Thus, the best way to rapidly find a drug for the treat-
ment of COVID- 19 would be the use of CADD methods 
in order to discover lead compounds for clinical use; for 
instance, we can build a program that takes advantage of 
structure- based drug design, HTS, and virtual drug screen-
ing to identify new leads targeting the Mpro. More recently, 
a library of 10,000 compounds involving approved drugs, 
drug candidates in clinical trials, and biologically active 
compounds to inhibit Mpro was examined. As a result, six 
compounds were found with a great IC50 against Mpro and 
strong antiviral activity in cell- based assays. Moreover, 
using CADD, the crystal structure of Mpro in complex with 
Michael acceptor inhibitor known as N3 can be deter-
mined (Jin et al., 2020).

It is also possible to identify drug leads against SARS- 
CoV- 2 by targeting the 3- chymotrypsin- like cysteine pro-
tease (3CLpro) enzyme performing a vital role in the life 
cycle of CoVs, including MERS- CoV and SARS- CoV (Ul 
Qamar et al.,  2020). Scientists employed vHTS tools to 
predict the 3D structure of the SARS- CoV- 2 3CLpro en-
zyme by constructing a 3D homology model and screen-
ing it against 32,297 potential antiviral phytochemicals/
traditional Chinese medicinal compounds of a medici-
nal plant library. This effort led to the discovery of nine 
hits that need further optimization to be identified as 
anti- SARS- CoV- 2 leads. In addition, an interesting inves-
tigation based on an HTS assay employing a compound 
library of 2000 approved drugs and pharmacologically ac-
tive compounds has also been carried out to find broad- 
spectrum inhibitors against the replication of CoVs (Shen 
et al., 2019). From their HTS data, 56 hits were screened, 
and 36 compounds were validated in vitro using ge-
netically engineered human CoV OC43 (HCoV- OC43). 
Consequently, seven effective compounds were selected 
as broad- spectrum inhibitors in which lycorine protected 
BALB/c mice against lethal human coronavirus OC43 
(HCoV- OC43), and emetine blocked MERS- CoV entry 
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following pseudo- virus entry assays. These studies prove 
the efficacy of screening strategies in the rapid discovery 
of drug leads, resulting in new drugs for infectious dis-
eases having no effective drugs or available vaccine.
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