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Abstract

COVID-19 pandemic is a serious problem in the world today. The SARS-CoV-2 virus that causes
COVID-19 has important proteins used for its infection and development, namely the protease and
spike glycoprotein. The RBD (Receptor Binding Domain) of spike glycoprotein (RBD-S) can bind to the
ACE2 (Angiotensin Converting Enzyme-2) receptor at the protease domain (PD) (PD-ACE2) of the host
cell, thereby leading to a viral infection. This study aims to reveal the potential of compounds contained
in Curcuma sp., Citrus sp., Alpinia galanga, and Caesalpinia sappan as anti SARS-CoV-2 through its
binding to 3 protein receptors. The study was conducted by molecular docking using the MOE 2010
program (licensed from Faculty of Pharmacy UGM, Indonesia). The selected protein targets are RBD-
S (PDB ID:6LXT), PD-ACE2 (PDB ID: 6VW1), and SARS-CoV-2 protease (PDB ID:6LU7). The affinities
of bonds formed is represented as a docking score. The results show that hesperidin, one of the
compounds in Citrus sp., has the lowest docking score for all three protein receptors representing the
highest affinity to bind the receptors. Moreover, all of the citrus flavonoids possess good affinity to the
respected receptors as well as curcumin, brazilin, and galangin, indicating that those compounds
perform inhibitory potential for the viral infection and replication. In general, the results of this study
indicate that Citrus sp. exhibit the best potential as an inhibitor to the development of the SARS-CoV-
2, followed by galangal, sappan wood, and Curcuma sp. that can be consumed in daily life as
prophylaxis of COVID-19.
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Introduction

The new emerging coronavirus, SARS-CoV-2, is becoming outbreaks in entire the world, spreading
progressively across the continent of Asia, Europe, Middle East, Africa, and America covering more
than 100 countries (as reported in WHO website www.who.int; accessed on March 10, 2010; Roser &
Ritchie, 2020). The endemic of this virus invites the challenge rapidly to find the drug in concordance
with the finding of molecular characteristic of the virus. Along with the effort of the respected
researchers, we put the credit to some researchers who find the structure characteristic of spike
glycoprotein that plays an important role of the virus infection (Chan et al., 2020; Chen & Du, 2020;
Wrapp et al., 2020). This glycoprotein of SARS-CoV-2 exhibits little changes in the primary structure
compared to the beta coronavirus, SARS-CoV, due to the mutation, providing a suitable target
candidate of the new drugs (Lu et al., 2020; Xia et al., 2020).

Spike glycoprotein of SARS-CoV-2 contains Receptor Binding Domain (RBD) that recognize the target
receptor leading to the splicing of the trimeric spike protein into s1 and s2 that facilitate membrane
fusion and virus infection occurs through endocytosis (Yan et al., 2020). The receptor angiotensin-
converting enzyme 2 (ACEZ2) is a preferable receptor for SARS-CoV-2 spike glycoprotein than that of
spike glycoprotein of SARS-CoV due to the changes of some amino acid residues at the aa359-541,
making it more suitable to bind the receptor at the “up” position (Peng et al., 2020; Wan et al., 2020;
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Wrapp et al., 2020). Therefore, the RBD of spike glycoprotein is a preferable candidate for drug target
to inhibit the initiation process of virus infection. Noted that there are many compounds have been
treated to RBD spike glycoprotein (Li & De Clercq, 2020) or under molecular docking modelling as
screening for drug candidates. However, the result showed a limited candidate to be the prospected
drugs due to the side effect threat (Smith & Smith, 2020; Wang, 2020; Senathilake et al., 2020).

Despite the spike glycoprotein, ACE2 is the other suitable candidate for drug target to prevent virus
infection. The drug candidates may target on the spike binding site that already elucidated and
simulated to bind with RBD-spike glycoprotein (Xu et al., 2020a; Yan et el., 2020). The ACE2 ligand
binding side is recognized as protease domain (PD) that playing role in the cleavage of the trimeric
structure of spike glycoprotein as the important step in virus infection (Xu et al., 2020b; Zhang et al.,
2020; Yan et al., 2020). Therefore, the inhibitory effect of some compounds to this receptor suggest to
give protection of the virus recognition.

Protease inhibitors is also suggested to be the good drug candidate to halt the virus life cycle (Qamar
et al., 2020; Haider et al., 2020). Beta coronavirus utilizes protease to cleave the structural protein
needed during viral formation in the host cells. The protease inhibitors have been developed to stop the
spreading of viruses that cause diseases such as HIV-AIDS, MERS, and SARS (Zumla et al., 2020).
Many proven drugs have been also screened with the promising result to overcome SARS-CoV-2 as
drug repurposing, such as lopinavir (HIV-AIDS drug) that is continuing in clinical study (Harrison, 2020;
Wang, 2020; Senathilake et al., 2020). Recently, the study on finding the best protease inhibitor for
SARS-CoV-2 treatment is getting more extensive by in silico model using the crystal structure of
protease domain-inhibitor complex (Chang et al., 2020; Zhavoronkov et al., 2020). This in silico
approach is still challenging in order to find more precise candidates effectively with minimal adverse
effect.

Exploring new medicines for emerging and rapidly spreading diseases such as SARS-CoV-2 could be
carried out through drug repurposing strategy to bypass the pre-clinical steps that usually require
laborious works and resources. In addition, we also need to consider developing agents which in the
future could be more easily utilized by the people. For this purpose, exploration of natural resources
that are often used by the people is the best choice. Here, we propose some common compounds from
natural products that already known to be consumed in daily life as spices or fruits. Namely
curcuminoids, the major compounds of Curcuma sp., some methoxy flavonoids, the main compounds
of Citrus sp., phenolic compounds from Caesalpinia sappan (sappan wood), and phenylpropanoid
compounds from Alpinia galanga (galangal) to be docked against 3 target proteins, RBD-S, PD-ACEZ2,
and SARS-CoV-2 protease. Hopefully, this result can be used as reference in developing new drug
candidates and virus prevention in daily consumption without any side effect.

Methods

Molecular docking study was chosen to be the tools for screening the binding affinity of several natural
products on SARS-CoV-2 marker protein, RBD-S, PD-ACE2, and SARS-cov-2 protease. All
computational simulation was conducted on Windows 10 Operating System, Intel Core i5-7th Gen as a
processor with 4 GB of RAM. Molecular docking study including docking simulation, RMSD calculation,
and visualization of binding interaction was performed using MOE 2010 (Licensed from Faculty of
Pharmacy UGM). The model of RBD-S used reported crystal structure with PDB ID 6VSB due to the
information of. prefusion spike glycoprotein structure containing single receptor-binding domain. The
PDB ID 6VW1 was used as the model of PD-ACE2 in complex with RBD of SARS-CoV-2. For the
crystal structure of SARS-CoV-2 protease, PDB ID 6LU7 was used which informed the structure of
protease domain in complex with protease inhibitor. The default settings were used as long as no further
explanation. The chemical structure of all chemical compounds were obtained from drawn in Chemdraw
software then subjected to conformational search and energy minimization in MOE. The docking
simulation setting used London dG and Triangle matcher as score function and placement setting
method. Forcefield method was used to refine the docking results from 30 retain setting. Results of the
molecular docking described the affinity represented by docking score and binding interaction of each
compound on the protein target.

Results and Discussion

Among the herbal medicine that commonly used in relieving diseases we choose 4 species as the
source for active constituents to be examined as its potential as anti SARS-CoV-2, namely Curcuma
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sp., Citrus sp., Caesalpinia sappan, and Alpinia galanga. We used several representative compounds
of each plant which are known to have pharmacological benefits (Figure 1). These plants are also
believed to contribute for health and immune system among Asian people in relation to those of the
active constituents (Meiyanto & Larasati, 2019).
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Figure 1. Chemical compounds used for the molecular docking screening. Current drug for SARS-CoV-2 therapy
(A). Natural compound contained in Alpinia galanga (B). Natural compound contained in Curcuma
sp.(C). Natural compound contained in Citrus sp. (D). Natural compound contained in Caesalpinia
sappan (E). ACA: Aceto Cavicol Acetate; DMC: Desmethylcurcumin; BDMC: Bisdesmethylcurcumin

We used molecular docking with 3 target receptors; SARS-CoV-2 protease (PDB:6LU7), Spike
glycoprotein-RBD (PDB:6LXT), and PD-ACE2 (PDB:6VW1); that are believed to contribute in virus
infection in comparation with the respected known ligand or drugs as references. The result showed
that several compounds could bind finely to the target receptors at the expected sides (Figure 2.). They
gave variation of the binding energies A-G (Gibbs energy) represented by the docking scores among
those of the compounds and those of the receptors (Table 1). Interestingly, we found that citrus and
galangal compounds performed superior binding affinities to each receptor compared to those of the
compounds of Curcuma sp. and sappan wood. These higher binding affinities of those of compounds
could be represent significantly of its stronger inhibitory activities to the viral infection.
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Figure 2. Binding interaction profile of hesperidin compared to lopinavir, nafamostat, and RBD of SARS-CoV-2 on
protease domain of SARS-CoV-2 (A), Spike glycoprotein (B), and RBD-ACE2 complex (C).

Among the citrus flavonoids, hesperidin exhibited lowest energy binding with docking score of -13.51, -
9.61, and -9.50 to the respected receptor of SARS-CoV-2 protease (6LU7), Spike glycoprotein-RBD
(6LXT), and PD-ACE2 (6VW1) (Table 1). The docking score of hesperidin to SARS-CoV-2 protease
showed less than lopinavir, the repurposing drug that being conducted in clinical trial for COVID-19.
This finding suggest that hesperidin performs better interaction to the SARS-CoV-2 protease compared
to lopinavir. Besides, hesperidin also showed better interaction to Spike-RBD compared to nafamostat,
a reference compound for RBD-S binding, bringing us to consider whether hesperidin could be the new
challenge for COVID-19 targeted on triple essential receptors to abrogate virus infection and replication.
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Table 1. Docking score of natural compounds towards several potential binding domain of SARS-CoV-2

Energy Gibbs (kcal/mol)

Plant source Ligand

Protease Domain Spike Glycoprotein RBD-ACE2
(6LU7) (6LXT) (6VW1)

- Lopinavir -11.62 - -

- Nafamostat - =717 -
Curcumin -11.82 -8.39 -9.04
Curcuma sp. DMC -11.21 -6.41 -8.04
BDMC -11.51 -8.64 -7.48
Tangeretin -10.55 -8.18 -6.51
Hesperetin -12.36 -9.08 -6.71
Citrus sp. Hesperidin -13.51 -9.61 -9.50
Nobiletin -10.38 -7.76 -7.88
Naringenin -12.44 -7.40 -7.69
Caesalpinia Brazilein -10.52 -7.56 -7.43

sappan .
Brazilin -12.36 -7.50 -7.49
Galangin -12.96 -7.89 -7.60
Alpinia galanga

ACA -9.94 -6.05 -6.16

Our molecular modelling also demonstrated that brazilin, a compound found in sappan wood, and
galangin, a phenylprophane from galangal, bind to the three receptors with lower energy compared to
the respected reference compounds. These finding indicated that both compounds possess better
binding interaction and may inhibit the initial virus infection to the host cell. Moreover, we also noted
that curcumin performed better interaction to the receptors. Noted that the docking scores of all the
interaction models are still lower than that of hesperidin did, it still could be considered to have
comparable effect of those interaction models. We may include those of compounds as candidates for
further development as anti COVID-19.

All these data represent the potential inhibitory effect of Citrus sp., Curcuma sp., C. sappan, and A.
galanga on SARS-CoV-2 infection and development that may be addressed for treatment and
prevention of COVID-19. Based on the docking scores of the constituents, Citrus sp. showed the best
potency, followed by A. galanga, sappan wood, and Curcuma sp. Noted for Curcuma sp. and sappan
wood which are the main ingredients of most Indonesian traditional medicine “jamu” formulas, it is
commonly believed to contribute in maintaining health condition due to its antioxidant activities of their
constituents, such as curcumin in curcuma rhizome and brazilin in sappan wood (Meiyanto & Larasati,
2019). People usually consume these herbs in various drinking herbal formulas. This finding supports
the use of those medicinal plants for preventive or prophylaxis treatment against beta corona virus
infection, including SARS-CoV-2. The same antiviral potency also performed by galangal which mainly
contain galangin. Galangal has been used as spices for several food and exhibit pharmacological
benefit as anti-ageing (Ahlina et al., 2020). This finding gives us to the additional benefit of this herb for
antiviral.

Citrus sp. could be addressed as the best herb to be promoted to combat beta coronavirus, included
SARS-CoV-2, in the forms of therapeutical or prophylaxis agents. Despite hesperidin, Citrus sp.
contains several methoxy flavonoids, such as hesperetin, tangeretin, naringenin, and nobiletin which
perform low binding energy (comparable with the reference ligands, lopinavir and nafamostat) to the
three essential receptors. These low binding energies allowing those compounds to interact tightly to
the target proteins. These interactions will contribute to the inhibitory effect against virus infection and
replication. Those methoxy flavonoids exist in the whole fruit and more abundant in the peel in most of
Citrus sp. types (Nogata et al., 2006) allowing us to easily access to the sources of compounds. In
addition, those main compounds of Citrus sp. exhibit antiviral activities on several types of viruses with
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several mechanisms (Table 2). These findings seem to be in line with and support for the findings of its
mechanism of action as an antiviral. Since, citrus fruit is a nontoxic material, it could be prepared as a
food or mixed with other herbal medicines as “jamu”. Taken together, Citrus sp. and galangal can be
used as agents to overcome the impact of the coronavirus in a form that is easily consumed so that
people can do it without special assistance.

Table 2. Antiviral activity of citrus flavonoid and other natural flavonoids

Compound Virus Activity Reference
Citrus flavonoid
Hesperidin Influenza A virus (IAV) Inhibits viral replication Dong et al.,
2014
Glucosyl 1AV Reduces IAV replication Sahaetal.,
hesperidin 2009
Hesperetin Severe acute respiratory Binds to ACE2 receptor (in silico) Chen & Du,
syndrome-coronavirus-2 2020
(SARS-CoV-2)
SARS-CoV Inhibits cleavage activity of 3C-like Lin et al., 2005
protease
Naringenin Dengue virus (DENV) Inhibits virus infection and replication Frabasile et al.,
serotypes 1-4 2017
Hepatitis C virus (HCV Reduces HCV secretion in infected Rev. in Salehi
cells in vitro and in vivo etal., 2019
Nobiletin Hepatitis B virus (HBV) Inhibits HBsAg production and HBV Hu et al., 2020
replication in vitro dan in vivo
Chikungunya virus (CHIKV) Suppresses virus-induced death and Linetal., 2017
viral production and inhibits CHIKV
infection
Tangeretin Human respiratory syncytial Inhibits RSV replication in vivo Xu et al., 2015
virus (RSV)
Vesicular stomatitis virus Relieves lung inflammation
(VSV)
Arenavirus Lassa virus Blocks viral fusion Tang et al.,
(LASV) 2018
Other natural occurring compounds
Baicalin SARS-CoV-2 Binds to ACE2 receptor (in silico) Chen & Du,
2020
Scutellarin SARS-CoV-2 Binds to ACE2 receptor (in silico) Chen & Du,
2020
Glycyrrhizin SARS-CoV-2 Binds to ACE2 receptor (in silico) Chen & Du,
2020
Herbacetin SARS-CoV Binds to SARS-CoV 3CLpro (in silico) Jo et al., 2020
and inhibits its activity (in vitro)
Rhoifolin SARS-CoV Binds to SARS-CoV 3CLpro (in silico) Jo et al,, 2020
Pectolinarin SARS-CoV Binds to SARS-CoV 3CLpro (in silico) Jo et al.,, 2020
Galangin Herpes simplex virus type 1 High antiviral activity Mayer et al.,
(HSV-1) 1997

Coxsackie B virus type 1
(Cox B1)

High antiviral activity
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