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Abstract Background and purpose: Coronavirus disease 2019 (COVID-19) caused by Severe Acute Respiratory
Syndrome- Coronavirus 2 (SARS-CoV2) is a highly contagious disease that has infected more than 2.4 million
patients and led to more than 160, 000 deaths in less than five months. Chloroquine is very effective in management
of COVID-19. Compounds similar to chloroquine may have the same biological activity and thus inhibit
SARS-CoV2. Methods: SwissSimilarity tool was used to identify similar compounds to chloroquine in the ZINC
database. Compounds which were more similar than hydroxychloroquine were selected and used to test molecular
docking with quinone reductase 2 (a target for chloroquine). Pharmacokinetic and toxicity profiles of selected
compounds were assessed using SwissADME and Protox Server respectively. Results: There were 49 drug-like
compounds in the ZINC database having a higher similarity index to chloroquine compared to hydroxychloroquine.
17 of these had a better binding potential to quinone reductase 2 compared to chloroquine while two had similar
binding potential to chloroquine and three had similar binding potential to hydroxychloroquine. Out of these 22
compounds, 18 had a higher predicted LD50 compared to chloroquine but lower when compared to
hydroxychloroquine. Conclusion: Eighteen drug-like compounds in the ZINC database bind with high affinity to
quinone reductase 2, are less toxic but similar to chloroquine. Therefore, they may have activity against
SARS-CoV2. However, in vivo or in vitro study should be done since this is an in silico study.
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1. Introduction
Coronavirus disease 2019 (COVID -19), a pandemic
declared by the World Health Organisation (WHO) on
11th March 2020, is highly infectious [1]. It is caused by
Severe Acute Respiratory Syndrome- Coronavirus 2
(SARS-CoV2) and was initially reported in Wuhan, China
in December 2019 [2,3,4]. According to an interactive
web-tool created by Centre for Systems Science and
Engineering at John Hopkins University, the confirmed
cases of COVID-19 by 20th April 2020 were 2, 420, 439.
The total deaths stood at 166, 205 [5]. Within less than
five months, COVID-19 had already infected patients in
185 countries and/or regions [5].
Chloroquine has been shown to have activity against
SARS-CoV2 and thus used for treatment of COVID-19. A
number of clinical trials conducted in China verified the
activity of chloroquine in management of COVID-19 [6,7].
A systematic review conducted by Cortegiani et al.
involving 23 clinical trials, two national guidelines, an in
vitro study, a narrative, an editorial and an expert
consensus paper concluded that there was sufficient data
for the use of chloroquine in management of COVID-19

[8]. Hydroxychloroquine, a similar drug to chloroquine,
has also been used for the management of COVID-19 [9].
However, chloroquine has several side effects including
but not limited to ocular toxicity which can lead to retinopathy,
pruritus, nausea, vomiting and cardio-depressant effects [10,11].
Chloroquine is thought to act by several mechanisms. It
can increase the pH of the lysosomes and thus affect the
activity of viral enzymes [11,12]. It is also thought to
inhibit quinone reductase 2 which is critical for biosynthesis
of sialic acid, an important component for glycosylation of
angiotensin converting enzyme 2 (ACE2) [11,13,14].
ACE2 facilitates SARS-CoV2 entry into target human
cells and thus leads to development of COVID-19 [15].
Virtual screening involves screening large computer
databases to identify potentially active compounds [16,17].
Ligand-based virtual screening involves screening large
computer databases to identify compounds that are similar
to a known ligand. Compounds similar to a known ligand
are thought to have similar biological activity [18]. The
ZINC database contains more than 120 million compounds
which are drug-like, are available and can be purchased
[19,20]. Therefore, screening compounds similar to
chloroquine may yield other compounds which may be
active against SARS-CoV2 and thus provide alternatives
in the management of COVID-19.
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2. Methods
In-silico drug analysis was done. The canonical
smiles of chloroquine were obtained from PubChem
(https://pubchem.ncbi.nlm.nih.gov/) and inserted into the
SwissSimimilarity online tool to identify compounds
similar to chloroquine. This online tool quantifies molecular
similarity by describing molecular structures and properties
[18]. The combined technique which involves molecular
fingerprints, pharmacophore recognition and shape-based
similarity was used to screen the ZINC database of
drug-like compounds [19]. A similarity score was generated
based on a combination of Tanimoto coefficient and
Electro-shape 5D manhattan distance. The equation for the
similarity scores was described by Zoete et al. (2016).
The compounds that had a higher similarity index
compared to hydroxychloroquine (> 0.799) were selected
and drawn on pubchem sketcher tool and the molfile
downloaded and converted to their respective 3-D
structures by Avogadro software [21]. By using the
Avogadro software, the 3-D structures were optimised to
the most stable conformation by using MMFF94s as the
force field. With the help of Chimera software, hydrogen
atoms and charge were added to the stable conformations
of the selected compounds [22].
The Protein Databank (PDB) (https://www.rcsb.org/)
was used to access the quinone reductase 2 target (PDB ID:
4FGK). It was downloaded and the non-standard residues
removed by the Chimera software [22]. Surface - binding
analysis was carried out between the selected compounds
and the quinone reductase 2 enzyme using AutoDock vina
feature in the Chimera software. This was also done for
chloroquine to serve as a positive control. Ligand
interactions with quinone reductase 2 were examined
using Discovery Studio software.
The pharmacokinetic profiles of the selected
compounds were predicted using SWISSADME online
tool (http://www.swissadme.ch/) [23]. This online tool
predicts and evaluates drug-likeness, pharmacokinetic

properties and medicinal chemistry likeness. The canonical
SMILES of chloroquine, hydroxychloroquine and selected
compounds were inserted on the SWISSADME website
and the potential absorption, distribution, metabolism and
excretion properties predicted.
In addition, toxicity profiles of chloroquine,
hydroxychloroquine and selected compounds were predicted
using the ProTox server: http://tox.charite.de/protox_II/
[24]. ProTox server assists in prediction of oral toxicity,
hepatotoxicity, immunotoxicity, carcinogenicity, cytotoxicity,
mutagenicity, 15 toxicity targets based on Novartis in
vitro safety panels and toxicological pathways (nuclear
receptor signaling pathways – 7 models and stress
response pathways – 5 models).

3. Results and Discussion
The similarity scores were based on the combination of
Tanimoto coefficient which is important in assessing the
chemical structure similarity and Electro-shape 5D
manhattan distance which estimates 3-D similarity
in a nonsuperpositional shape-based approach [18].
Hydroxychloroquine had a similarity score of 0.799
relative to chloroquine. There were 49 drug-like compounds
in the ZINC database that had a higher similarity score
compared to hydroxychloroquine as shown in Table 1.
The similarity scores were above 0.799. All the selected
compounds complied with rules of druglikeness proposed
by Lipinski which stated that a compound with 10 or less
hydrogen acceptors, molecular weight of less than or
equal to 500, 5 or less hydrogen bonds and a logP of less
than or equal to 5 would result in a compound being orally
active [25]. These compounds also complied to Veber’s
rules on druglikeness which proposed that compounds
with 10 or less rotatable bonds and polar surface area of
less than or equal to 140 angstroms would make a
compound orally active [26]. Therefore, it is plausible that
all these compounds can be administered orally.

Table 1. Properties of selected compounds relative to Chloroquine.
COMPOUND
CHLOROQUINE
HYDROXYCHLOROQUINE
ZINC38050614
ZINC82133908
ZINC95362918
ZINC82133910
ZINC38050615
ZINC96331701
ZINC78617776
ZINC78758909
ZINC01596768
ZINC08579986
ZINC01706629
ZINC01683221
ZINC04409428
ZINC44514898
ZINC33956413
ZINC04335994
ZINC20552561
ZINC41719758
ZINC83070730
ZINC73738703
ZINC37985880
ZINC73738671

BINDING ENERGIES TO QUINONE
REDUCTASE
-8.6
-8.5
-9.6
-9.6
-9.6
-9.5
-9.4
-9.3
-9.3
-9.2
-9.1
-9.1
-9.1
-9.0
-8.9
-8.8
-8.8
-8.8
-8.7
-8.6
-8.6
-8.5
-8.5
-8.5

SIMILARITY RELATIVE TO
CHLOROQUINE
0.799
0.956
0.940
0.937
0.947
0.950
0.988
0.974
0.800
0.975
0.869
0.843
0.957
0.833
0.904
0.878
0.833
0.919
0.828
0.802
0.946
0.906
0.899

PREDICTED LD50
(MG/KG)
311
1240
750
750
750
750
750
750
750
770
750
311
750
234
750
695
750
770
117
695
555
750
117
750
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The binding potential of chloroquine to quinone
reductase 2 was -8.6 while that of hydroxychloroquine
was -8.5. The compounds with a similar binding potential
to hydroxychloroquine and chloroquine and those with a
greater binding potential are also presented in Table 1.
There were 17 compounds that had a better binding
potential compared to chloroquine while two compounds
had a similar binding potential to chloroquine and three
had a similar binding potential to hydroxychloroquine.
This indicated that 22 compounds in the ZINC database
were similar to chloroquine and had the added benefit of
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having a high affinity to quinone reductase 2, an important
enzyme for biosynthesis of sialic acid. Therefore, the 22
compounds can inhibit glycosylation of ACE2 and
thus prevent entry of SARS-CoV2 to target cells. Out of
these 22 compounds, 18 had a higher predicted LD50
compared to chloroquine but lower when compared to
hydroxychloroquine. Therefore, these 18 compounds are
less toxic compared to chloroquine and have a high
affinity for quinone reductase 2 and can be used as
alternatives to chloroquine for the management of
COVID-19.

Figure 1. Interactions between chloroquine and quinone reductase 2

Figure 2. Interactions between ZINC38050614 and quinone reductase 2
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The major interactions between chloroquine and
quinone reductase 2 involved pi-pi stacked interactions
with phenylalanine in chain A at position 178, pi-sigma
interactions with tyrosine in chain B at position 104 and
alkyl interactions with methionine in chain B at position
154 as shown in Figure 1. ZINC38050614 with the
highest binding energy of -9.6 also interacted with
phenylalanine in chain A at position 178 and tyrosine in
chain B at position 104. However, it also had interactions
involving conventional hydrogen bonds with aspartate at
position 117 and leucine at position 120 in chain A, alkyl
interactions with phenylalanine at position 106 in chain B
and tryptophan at position 105 in chain B as shown in
Figure 2. This indicates that they both act at the active site
of quinone reductase 2 enzyme which was shown to
involve the phenyalanine at position 178 [27]. However,
ZINC38050614 and the compounds with a binding energy
above -9.1 have more interactions with quinone reductase
2 and may have a higher affinity for the enzyme since they
interact with tryptophan at position 105, phenylalanine at
position 106 and 126 which make up the interior wall of
the active site [27]. The compounds with a higher binding
energy compared to chloroquine but less than -9.1
interacted with at least one of the amino acids forming the
interior wall of the active site.
When predicted for immunotoxicity and mutagenicity,
both chloroquine and hydroxychloroquine were active.
Hydroxychloroquine also potentially bound to the toxicity
target amine oxidase A. ZINC01706629, ZINC01683221,
ZINC20552561, ZINC01596768 and ZINC37985880
were also active for both immunotoxicity and mutagenicity.
In addition, ZINC01596768 and ZINC37985880 were
active for cytotoxicity. ZINC38050614 and ZINC38050615
were active for mutagenicity but less active for
immunotoxicity than chloroquine. They also affected the
aryl hydrocarbon receptor. ZINC95362918, ZINC96331701,
ZINC08579986, ZINC33956413 and ZINC73738671 were
active for immunotoxicity but less active for mutagenicity.
ZINC78617776, ZINC78758909 and ZINC04409428
were active for immunotoxicity but inactive for mutagenicity.
ZINC82133908 and ZINC82133910 were less active for
both immunotoxicity and mutagenicity than chloroquine.
ZINC44514898,
ZINC04335994,
ZINC41719758,
ZINC83070730 and ZINC73738703 were inactive for
immunotoxicity but potentially less active for
mutagenicity compared to chloroquine.
All the compounds were drug-like and had high
gastrointestinal absorption. With the exception of
ZINC41719758; chloroquine, hydroxychloroquine and the
other 21 highly active compounds inhibit cytochrome
p450 (CYP) isoform 1A2 and 2D6 may thus affect
the metabolism of tricyclic antidepressants, selective
serotonin reuptake inhibitors, codeine, propranolol, timolol,
tizanidine, triamterene, quinidine, caffeine, ropivacaine,
melatonin, clozapine, risperidone, olanzapine, lidocaine,
tacrine, zolmitriptan, frovatriptan and many other drugs
[28,29]. In addition, chloroquine, ZINC96331701,
ZINC01706629 and ZINC08579986 also inhibit CYP3A4
and thus affect metabolism of many drugs including but
not limited to clotrimazole, fluconazole, itraconazole,
ketoconazole, budesonide, diazepam, disopyramide,
nifedipine, erythromycin, salbutamol, terfenadine,

clozapine, propofol, quinidine, procainamide, haloperidol
and ibuprofen [30].
ZINC04335994, ZINC01683221, ZINC20552561,
ZINC01596768,
ZINC33956413,
ZINC38050614,
ZINC01706629 and ZINC38050615 also inhibit CYP2C19
and may affect the metabolism of barbiturates like
mephobarbital & hexobarbital, proton pump inhibitors like
omeprazole, pantoprazole & lansoprazole, moclobemide,
diazepam, mephenytoin, and carisoprodol [31].
ZINC01706629 also inhibits CYP2C9 and thus affects
metabolism of angiotensin receptor blockers like losartan
& candesartan, some non-steroidal anti-inflammatory
drugs, warfarin, zafirlukast, phenytoin, cyclophosphamide,
tolbutamide, and other drugs [32]. Therefore, a drug with
minimal drug-drug interactions like ZINC41719758
would be very beneficial for patients who have severe
disease of COVID-19 and comorbidities. In addition,
patients with comorbidities tended to have severe disease
of COVID-19 [33,34].
P-glycoprotein substrates were ZINC73738703,
ZINC83070730,
ZINC41719758,
ZINC04335994,
ZINC44514898,
ZINC04409428,
ZINC95362918,
ZINC73738671,
ZINC82133908,
ZINC82133910,
ZINC38050614 and ZINC38050615. Chloroquine,
hydroxychloroquine and the other 10 active compounds
were not substrates of p-glycoprotein

4. Conclusion
There are 18 drug-like compounds in the ZINC database
which bind with high affinity to quinone reductase 2, are
less toxic but similar to chloroquine. They may thus
have activity against SARS-CoV2. ZINC41719758 has
minimal drug-drug interactions and can potentially be
beneficial for patients with comorbidities.

5. Recommendations
In vitro and in vivo studies should be carried out
on the 18 drug-like compounds identified from the
ZINC database to assess antiviral activity against
SARS-CoV2.
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