
*Corresponding author’s e-mail: wira.putra.fmipa@um.ac.id 

ASM Sc. J., 20(1), 2025 

https://doi.org/10.32802/asmscj.2025.1572 

 

In Silico Investigation of Phytoconstituents as 
Inhibitor Candidate from Indonesian Medicinal 

Plants against Sars-CoV2 3CLpro, PLpro, and RdRp 
Protein 

 
W.E. Putra1*, Sustiprijatno2, A. Hidayatullah3, D. Widiastuti4, M.F. Heikal5 and H. Isnanto6 

 
1Biotechnology Study Program, Department of Applied Sciences, Faculty of Mathematics and Natural Sciences, 

Universitas Negeri Malang, East Java, Indonesia. 
2Research Center for Applied Botany, National Research and Innovation Agency, West Java, Indonesia. 

3Democratic Governance and Poverty Reduction Unit, United Nations Development Programme, Eijkman-RSCM 

Building, Jakarta, Indonesia. 
4Department of Chemistry, Faculty of Mathematics and Natural Science, Universitas Pakuan, West Java, Indonesia. 

5Department of Biology, Faculty of Mathematics and Natural Sciences, Universitas Negeri Malang, East Java, Indonesia. 
6Department of Biochemical Technology, School of Bioresources and Technology, King Mongkut’s University of 

Technology Thonburi, Bangkok, Thailand. 

 
Recently the COVID-19 pandemic, which was driven by the novel severe acute respiratory syndrome 

coronavirus 2 (SARS-CoV-2), has presented humanity with significant health and financial challenges 

globally. Because a successful medication for the treatment of COVID-19 has not yet been discovered, the 

quest for medications to treat the disease has continued up until the present time. In today's world, a 

growing number of people are turning to the healing properties of medicinal plants rather than turning 

to man-made pharmaceuticals. These natural remedies have less negative side effects than their synthetic 

counterparts. Thus, the purpose of the study was to assess the antiviral activity of bioactive compounds 

derived from diverse medicinal plants against Sars-CoV2 by focusing on multiple critical biomarkers, 

including as 3CLpro, PLpro, and RdRp. The search for potential drug candidates was conducted through in 

silico approaches. On the basis of Lipinski's rule of five, a drug-likeness screen was conducted on active 

compounds. Prior to the step of molecular docking, chemicals and protein targets are optimised. Several 

indicators, including binding affinity score, 3D and 2D visualisation of ligand position, chemical 

interaction, and amino acid residues, are used to visualise and analyse the results of molecular docking 

to assess their quality and potential as therapeutic candidates for protein targets. In this study, we 

demonstrated several bioactive compounds from Indonesian medicinal plants such as common bean 

(Phaseolus vulgaris), black tea (Camelia sinensis), clove (Syzygium aromaticum), and black pepper 

(Piper ningrum) have great potency as antiviral drug candidate against SARS-CoV2 3CLpro, PLpro, and 

RdRp protein. Interestingly, we found eight compounds from top ten list that interacts to 3CLpro, PLpro, 

and RdRp protein at the same time and condition, including theaflavin-3.3′-digallate, ledene, eugeniin, 

kahweol, β-elemene, γ-elemene, β-selinene, and γ-selinene. Thus, this study provided the preliminary 

basis for drug devopment for COVID19 treatments. 
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I. INTRODUCTION 
 
Recently the COVID-19 pandemic, which was driven by the 

novel severe acute respiratory syndrome coronavirus 2 

(SARS-CoV-2), has presented humanity with significant 

health and financial challenges globally (Zhou et al., 2020). 

The clinical signs and severity of SARS-CoV-2 infection 

greatly depend on many factors. Most of the remaining 

affected patients only display influenza-like symptoms, such 

as a fever, cough, sore throat, runny nose, weakness, 

myalgia, headache, conjunctivitis, hemoptysis, olfactory and 

taste dysfunction, and diarrhoea (Whitcroft & Hummel, 

2020). Several factors, such as the age distribution of a 

nation and the detection rate, may have played a significant 

part in defining the current case-fatality rates because it has 

been demonstrated that age and comorbidities significantly 

impact mortality risk. Factors such as how cases are 

recorded, including the healthcare systems and mitigation 

measures, could influence the current case-fatality rates 

(Iosa et al., 2020; Boccia et al., 2020; Meyerowitz-Katz & 

Merone, 2020). 

Importantly massive studies revealed that the SARS-CoV-

2 genomic had been found in every clinical specimen, 

including blood, stool, bronchoalveolar lavage fluid, sputum, 

fibro bronchoscope brush biopsy, nasopharyngeal swabs, 

and ocular fluid (Wang et al., 2020; Colavita et al., 2020; 

Backer et al., 2020). However, recent studies have shown 

that interaction and inhalation droplets are the primary 

means of spreading the virus from infected persons (Huang 

et al., 2020; Liu et al., 2020; Chan et al., 2020). Positive-

sense single-stranded RNA viruses with an envelope make 

up the family Coronaviridae. SARS-CoV-2 is a group of 

highly pathogenic CoVs belonging to the Betacoronavirus 

genus, group 2 (Gorbalenya, 2020). The SARS-CoV-2 

genome sequence is 80% identical to that of SARS-CoV and 

50% identical to that of MERS-CoV (Zhou, 2020; Lu, 2020). 

Its genome contains 14 open reading frames (ORFs), of 

which 16 nonstructural proteins (nsp 1–16) are encoded by 

two-thirds (Lu, 2020; Zhang, 2020). Spike (S), envelope (E), 

membrane (M), and nucleocapsid (N), four structural 

proteins, and nine auxiliary proteins (ORF) are encoded by 

the remaining one-third (Perlman & Netland, 2009). Spike 

mediates SARS-CoV entrance into host cells (Harrison et al., 

2020). 

Individual nonstructural proteins (nsps) are generated as 

a result of the proteolytic processing of these two viral 

polyproteins by two viral cysteine proteases known as the 

coronavirus main protease (3CLpro; nsp5) and the papain-

like protease (PLpro; nsp3). These nsps are then utilised to 

form complexes with host membrane components. As a 

result of the fact that the catalytic activities of 3CLpro and 

PLpro are necessary for viral replication, inhibition of these 

enzymes is an appealing technique for treating viral 

infections (Shen et al., 2022; Thiel et al., 2003). Further, 

coronavirus replication and transcription are dependent on 

an enzyme called RNA-dependent RNA polymerase (RdRp), 

which is found in nsp12. This enzyme is essential to the 

replication and transcription process. Therefore, the RdRp is 

a significant target for antiviral medication (Wang et al., 

2020). 

Current antiviral medications have failed to combat the 

COVID-19 pandemic effectively, and we are now learning 

that it is important to proactively develop new antiviral 

agents to combat future outbreaks of this and other zoonotic 

viruses (Shen et al., 2022). At this point, researchers are still 

looking for possible therapies for COVID-19. The 

desperation that has spread throughout the community, 

particularly among the middle-income and low-income 

groups that the economic impact of forced lockdowns has 

deeply hit, has led to an increased interest in researching 

alternate possibilities of medicinal plant-based therapies 

(Lim et al., 2021). In Indonesia, several medicinal plants are 

widely used not only for the source of foods, but also the 

plants used for spices, fragrance, and traditional ceremony. 

Medicinal plants used in this study are the typical plants that 

widely used as food source or spices which in term the plants 

ease to find. Due to their therapeutic potency, the medicinal 

plants contain valuable substances including saponins, 

alkaloids, and phenolic compounds that exerts the 

anticancer (Putra et al., 2020; Putra, 2018), antidiabetic 

(Widiastuti et al., 2023; Sari et al., 2023; Ashar et al., 2023), 

antiinflamation (Putra et al., 2019), and antiviral potency 

(Hidayatullah et al., 2021; Hidayatullah et al., 2020). Thus, 

the aim of study was to evaluate the potential of bioactive 

compounds from multiple medicinal plants for anti-viral 
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against Sars-CoV2 by targeting numerous pivotal 

biomarkers including 3CLpro, PLpro, and RdRp. 

 
II. MATERIALS AND METHODS 

 
A. Ligand 2D Structure Retrieval 

 
In the study, there were references to around thirty different 

plant species. The purpose of the study was to investigate the 

antiviral activity of each bioactive constituent found in these 

plants. Herbs and spices that are plentiful in the area are 

typically the kind of plants that are utilised for this purpose. 

Their common and Latin names are provided for all of the 

thirty plant species (Figure 1). 

Afterwards, the chemical structures of a variety of active 

chemicals that were derived from the aforementioned thirty 

plants were collected. Using PubChem 

(https://pubchem.ncbi.nlm.nih.gov/), we were able to get 

the chemical structures of the active chemicals. Then after, 

the chemical structure that was obtained is saved in sdf 

format, which makes it compatible for molecular docking 

tools to read (Hidayatullah et al., 2022; Putra et al., 2017). 

 

 
Figure 1. The various medicinal plants list used in this study. 

 
B. Drug Likeness Screening 

 
Each collected chemical structure is saved as an SDF file and 

then analysed for its chemical properties and drug-likeness 

using the web server http://www.scfbio-

iitd.res.in/software/drugdesign/lipinski.jsp. Drug likeness 

screening was carried out by applying the Lipinski rule of 

five. Each compound that complies with the Lipinski rule’s 

will then be included in the molecular docking stage of the 

target protein (Hidayatullah et al., 2023). 

 
C. Protein 3D Structure Modelling 

 
Three protein targets were used in this study: 3CLpro, PLpro, 

and RdRp protein. The 3D structure of each protein was 

modeled using the SWISS-MODEL webserver 

(https://swissmodel.expasy.org/). In detail, the 3CLpro 

protein has a template code of 5b60.1.B with a sequence 

similarity percentage of 93.99%. Meanwhile, the PLpro 

protein uses the 7nfv.1.A template with a sequence similarity 

of up to 100%. Finally, the RdRp protein has a template code 

of 7aap.1.A and has a sequence similarity of up to 100%. 
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D. Molecular Docking and Visualisation 
 
Molecular docking was performed just after active 

compounds and protein targets from each plant have been 

prepared and optimised. Molecular docking was done using 

PyRx software (https://pyrx.sourceforge.io/). The docking 

coordinates used for 3CLpro protein were X: -17.864; Y: 

0.4026; and Z: -14.3001, while the dimensions (angstroms) 

used were: X: 49.1904; Y: 73.7093; and Z: 48.0433. The 

coordinates of the PLpro protein were: X: 37.0321; Y: 9.4947; 

and Z: 16.1767, while the dimensions (angstrom) were: X: 

66.0924; Y: 56.9546; and Z: 68.8459. Finally, the docking 

coordinates for the RdRp protein were: X: 107.654; Y: 

102,968; and Z: 99.2821, and the dimensions (angstroms) 

used were: X: 95.7011; Y: 81.3354; and Z: 88.3253. 

 
E. Data Visualisation and Data Analysis 

 
Molecular docking results in the form of ligand and protein 

complexes were then visualised using PyMOL 

(https://pymol.org/2/) and LigPlot+ software 

(https://www.ebi.ac.uk/thornton-srv/software/LigPlus/). 

Furthermore, several data were obtained showing 

parameters including binding affinity score, 3D and 2D 

visualisation - ligand position, chemical interaction, and 

amino acid residues, which determine the quality and 

prospects for developing drug candidates against protein 

targets (Heikal et al., 2023; Putra et al., 2023). 

 
III. RESULTS AND DISCUSSION 

 
In this current study, we demonstrated that the top ten 

binding affinity score from multiple plants bioactive 

compounds against 3CLpro protein included kahweol, 

theaflavin-3,3′-digallate, eugeniin, tannic acid, ledene, 

thearubigin, γ-elemene, β-elemene, β-selinene, and γ-

selinene (Figure 2). Meanwhile, due to its binding affinity 

toward target proteins, potential active compounds can be 

used for the target protein in the form of PLpro. These 

compounds include cafestol, β-elemene, theaflavin-3,3′-

digallate, kahweol, β-selinene, γ-selinene, γ-elemene, 

ledene, eugeniin, and sesamin (Figure 3).  

 

 
Figure 2. The binding’s affinity result of multiple plants bioactive compounds and control drugs toward the 3CLpro protein. 

(A). Kahweol; (B). Theaflavin-3,3′-digallate; (C). Eugeniin; (D). Tannic acid; (E). Ledene; (F). Thearubigin; (G). γ-Elemene; 

(H). β-elemene; (I). β-selinene; (J). γ-Selinene; (K). Arbidol; and (L). Chloroquine. 

 
In addition, putative active chemicals were derived from 

the target protein in the form of RdRp. These compounds 

include cafestol, kahweol, eugeniin, ledene, β-selinene, γ-

selinene, γ-elemene, β-elemene, theaflavin-3,3′-digallate, 

and tannic acid (Figure 4). It is interesting to note that when 

compared to the two control medications that were 

employed, namely arbidol and chloroquine, the binding 

affinity values of the top 10 active compounds displayed a 

propensity for a higher preference. This indicates a higher 

likelihood of the active chemical interacting effectively with 

the target protein’s active site. 
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Figure 3. The binding’s affinity result of multiple plants bioactive compounds and control drugs toward the PLpro protein. 

(A). Cafestol; (B). β-elemene; (C). Theaflavin-3,3′-digallate; (D). Kahweol; (E). β-selinene; (F). γ-Selinene; (G). γ-Elemene; 

(H). Ledene; (I). Eugeniin; (J). Sesamin; (K). Arbidol; and (L). Chloroquine. 

 

 
Figure 4. The binding’s affinity result of multiple plants bioactive compounds and control drugs toward the RdRp protein. 

(A). Cafestol; (B). Kahweol; (C). Eugeniin; (D). Ledene; (E). β-selinene; (F). γ-Selinene; (G). γ-Elemene; (H). β-elemene; 

(I). Theaflavin-3,3′-digallate; (J). Tannic acid; (K). Arbidol; and (L). Chloroquine. 

 

 
Figure 5. The 3D structure visualisation of multiple plants bioactive compounds and control drugs toward the 3CLpro 

protein. (A). Kahweol and control drugs; (B). Theaflavin-3,3′-digallate and control drugs; (C). Eugeniin and control drugs; 

(D). Tannic acid and control drugs; (E). Ledene and control drugs; (F). Thearubigin and control drugs; (G). γ-Elemene and 

control drugs; (H). β-elemene and control drugs; (I). β-selinene and control drugs; and (J). γ-Selinene and control drugs. 
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Figure 6. The 3D structure visualisation of multiple plants bioactive compounds and control drugs toward the PLpro 

protein. (A). Cafestol and control drugs; (B). β-elemene and control drugs; (C). Theaflavin-3,3′-digallate and control drugs; 

(D). Kahweol and control drugs; (E). β-selinene and control drugs; (F). γ-Selinene and control drugs; (G). γ-Elemene and 

control drugs; (H). Ledene and control drugs; (I). Eugeniin and control drugs; (J). and Sesamin and control drugs. 

 
Another cause for concern is the proximity of the ligand to 

the drug control at the binding site of each protein, CLpro 

(Figure 5), PLpro (Figure 6), and RdRp (Figure 7). These 

findings suggest that the active molecule shares the same 

binding locations and interactions as the standard control 

medication. In addition, the types of chemical interactions 

and amino acid residues involved in the interaction of the 

ligand-protein complexes CLpro (Figure 8), PLpro (Figure 9), 

and RdRp (Figure 10) must be addressed while searching for 

potential therapeutic candidates. 

In general, two different sorts of interactions might occur 

during the ligand’s interaction with the protein complex. 

These two forms of interaction are known as hydrophobic 

interaction and hydrogen bonding. In addition, many amino 

acid residues characterise the bonds between the ligand-

protein complexes for each target protein, CLpro (Table 1), 

PLpro (Table 2), and RdRp (Table 3). The chemical 

interaction among the proteins and the ligands, for example 

small compounds or drug, is important for living cell 

networks or communication (Zhou & Zhong, 2017). The 

interaction among the ligands and the amino acid residues 

also can determine the binding affinity of the complex 

(Hughes et al., 2011). The common bean (Phaseolus 

vulgaris), black tea (Camellia sinensis), clove (Syzygium 

aromaticum), and black pepper (Piper ningrum) are the 

sources of three of the most important active chemicals that 

have the ability to serve as inhibitors of protein targets. In 

addition, as a result of the findings of this research, eight 

active compounds were identified as having the potential to 

act as inhibitor candidates on three different protein targets 

simultaneously. These eight compounds include theaflavin-

3.3′-digallate, ledene, eugeniin, kahweol, β-elemene, γ-

elemene, β-selinene, and γ-selinene (Figure 11). 
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Figure 7. The 3D structure visualisation of multiple plants bioactive compounds and control drugs toward the RdRp 

protein. (A). Cafestol and control drugs; (B). Kahweol and control drugs; (C). Eugeniin and control drugs; (D). Ledene and 

control drugs; (E). β-selinene and control drugs; (F). γ-Selinene and control drugs; (G). γ-Elemene and control drugs; (H). 

β-elemene and control drugs; (I). Theaflavin-3,3′-digallate and control drugs; and (J). Tannic acid and control drugs. 

 
In spite of the fact that intensive research operations are 

still being carried out, no treatments that are effective 

against SARS-CoV-2 have yet been reached. This is despite 

the creation of effective vaccines or medicinal compounds 

currently being worked on (Salata et al., 2019). Interferon 

therapies, monoclonal antibodies, oligonucleotide-based 

treatments, peptides, small-molecule drugs, and vaccines 

are considered key strategies for managing or preventing 

COVID-19 (Wilder-smith et al., 2020; Li & De Clercq, 2020). 

Existing medications have the potential to be employed as 

the initial treatment for coronavirus epidemics; 

nevertheless, this is not the optimal strategy for completely 

eliminating the disease (Andersen et al., 2020). 

Consequently, substantial effort has been dedicated to 

researching and developing therapeutic drugs to treat the 

COVID-19 outbreak. In contrast, testing drug combinations 

experimentally can be expensive and time-consuming, 

whereas computational analysis can quickly generate 

testable hypotheses for systematic drug combinations (Zhou 

et al., 2020; Bhuiyan et al., 2020). 

Since ancient times, natural products have been used 

extensively in home treatments, over-the-counter 

medications, and as raw materials for the production of 

several medicines, cosmeceuticals, and nutraceuticals 

(Fathy et al., 2016; Ashour et al., 2018). They offer a natural 

treatment that is beneficial and economical for a wide range 

of conditions, and their efficacy is comparable to 

manufactured medications. They have a multi-systemic 

action, but compared to synthetic ones, they have 

considerably fewer dangerous adverse effects (Janibekov et 

al., 2018; Thabet et al., 2018; Aboulwafa et al., 2019). 

The common bean (Phaseolus vulgaris L.) is an annual 

plant cultivated in temperate and subtropical regions for its 

edible dry seeds. These beans are known by various names, 

such as navy beans, kidney beans, red beans, black beans, 

pinto beans, and cranberry beans. Traditionally, beans have 

been used in medicine to treat a wide range of conditions, 

including eczema, diabetes, burns, acne, heart issues, itching 

bladder problems, digestive disorders, dropsy, dysentery, 

itching, hiccups, and rheumatism (Ganesan & Xu, 2017). The 

bean in its dry form has a rich supply of polyphenols. Studies 

have shown that phenolic chemicals are most commonly 

found in the seed coat of the bean rather than in the 

cotyledon and testa (López et al., 2013). Flavones, 

monomers and oligomers of flavanols and flavanones, 

isoflavonoids, anthocyanins, chalcones, and 
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dihydrochalcones are the phenolic chemicals that can be 

found in the seeds (Ganesan & Xu, 2017).

 
Figure 8. The 2D structure visualisation of ligands (top three) and control drugs against the 3CLpro protein. (A). Kahweol; 

(B). Theaflavin-3,3′-digallate; (C). Eugeniin; (D). Arbidol; and (E). Chloroquine. 

 

 
Figure 9. The 2D structure visualisation of ligands (top three) and control drugs against the PLpro protein. (A). Cafestol; 

(B). β-elemene; (C). Theaflavin-3,3′-digallate; (D). Arbidol; and (E). Chloroquine. 
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Figure 10. The 2D structure visualisation of ligands (top three) and control drugs against the RdRp protein. (A). Cafestol; 

(B). Kahweol; (C). Eugeniin; (D). Arbidol; and (E). Chloroquine. 
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Table 1. A summary of the amino acids residues and chemical interaction of the top three bioactive compounds and the 

control drug with the 3CLpro protein 

No. Compound  Source Amino Acids Residue Interaction 
1 Kahweol 

CID. 114778 
 

Common bean 
(Phaseolus vulgaris) 

Asp3416(A); Asn3414(B); 
Ile3415(B); Phe3271(B); 
Gln3373(B); Thr3374(B); 
Thr3555(B); Phe3557(B) 

Hydrophobic 
interaction 

2 Theaflavin-3,3’-digallate 
CID. 136277567 
 

Black tea  
(Camelia sinensis) 

Asn3466(B); Ile3512(B); 
Thr3374(B) 

Hydrogen bond 

Phe3557(B); Asn3414(B); 
Lys3365(B); Thr3555(B); 
Gln3373(B); Gly3372(B); 
Val3465(B); Pro3556(B); 
Pro3515(B) 

Hydrophobic 
interaction 

3 Eugeniin 
CID. 442679 

Clove  
(Syzygium 

aromaticum) 

Asp3552(B); Ser3547(B); 
Leu3549(B); Asp3460(B); 
Thr3462(B); Leu3535(B); 
Leu3534(B) 

Hydrogen bond 

Leu3550(B); Glu3551(B); 
Glu3553(B); Lys3400(B); 
Arg3394(B); Asn3501(B); 
Tyr3502(B); Tyr3500(B); 
Gly3538(B) 

Hydrophobic 
interaction 

4 Arbidol  
CID. 131411 
 

Antiviral drug (control) Asp3552(B) Hydrogen bond 
Thr3462(B); Arg3394(B); 
Lys3400(B); Asp3460(B); 
Thr3461(B); Leu3535(B); 
Tyr3502(B); Tyr3500(B); 
Leu3550(B) 

Hydrophobic 
interaction 

5 Chloroquine 
CID. 2719 
 

Antiviral drug (control) Thr3374(B) Hydrogen bond 
Asp3558(B); Thr3555(B); 
Asn3414(B); Ile3369(B); 
Gln3373(B); Ser3421(B); 
Val3367(B); Ile3415(B); 
Asp3416(B); Phe3557(B) 

Hydrophobic 
interaction 

 
Theaflavins from black tea have been found to decrease the 

virulence of Porphyromonas gingivalis by preserving the 

integrity of tight junctions in gingival keratinocytes and 

demonstrating anti-inflammatory effects. These findings 

indicate their potential for preventing and managing 

periodontal inflammatory diseases, possibly through the 

downregulation of inflammatory cytokines in macrophages 

stimulated by P. gingivalis (Ben Lagha & Grenier, 2017). 

Additionally, black tea showed protective effects on 

peripheral immune responses in rats administered 

colchicine intracerebroventricularly. This was reflected in 

enhanced phagocytic activity of white blood cells and splenic 

polymorphonuclear cells, increased cytotoxicity, and a 

decreased leukocyte adhesion inhibition index in splenic 

mononuclear cells (Sil et al., 2018). 

Clove (Syzygium aromaticum), a dried flower bud from 

the Myrtaceae family (Cortés-Rojas et al., 2014; Batiha et al., 

2019) stands out among aromatic herbs like cinnamon, 

oregano, thyme, and mint, which are known for their 

antibacterial, antiviral, anticarcinogenic, and antifungal 

properties. Due to its potent antibacterial and antioxidant 

activities, clove has gained particular attention as a leading 

spice in this regard (Shan et al., 2005). Its effectiveness in 

combating various degenerative disorders is largely 

attributed to its high concentration of antioxidant 

compounds (Hu et al, 2002; Astuti et al., 2019).  

Cloves have a long history of medicinal use for treating 

conditions like nausea, vomiting, flatulence, and digestive 

issues affecting the liver, colon, and stomach. In tropical 

Asia, cloves have been effective against infections caused by 

microorganisms such as scabies, cholera, malaria, and 

tuberculosis. Furthermore, in the United States, cloves have 

traditionally been used to control foodborne pathogens and 

manage viruses, worms, candida, and various bacterial and 

protozoan infections (Bhowmik et al., 2012; Batiha et al., 

2020). 
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Figure 11. The 3D structure visualisation of multiple plants bioactive compounds (top ten) and control drugs toward the 

3CLpro protein (A), PLpro protein (B), RdRp protein (C), and the Venn diagram showed theaflavin-3.3′-digallate; ledene; 

eugeniin; kahweol; β-elemene; γ-elemene; β-selinene; γ-selinene are present in three target proteins (D). 

 
Piper nigrum, a species from the Piperaceae family, is 

indigenous to India, where it grows naturally. It is well 

renowned for the medicinal benefits that the plant possesses. 

Because it is the spice that is used the most, it is also referred 

to as the king of spices. The active components of Piper 

nigrum are utilised in both, the food and medical industries. 

It contains the alkaloid piperine, which is recognised for its 

diverse pharmacological properties, including antioxidant, 

antihypertensive, antiasthmatic, antitumor, antispasmodic, 

anti-inflammatory, immunomodulatory, antifungal, 

antibacterial, and antimutagenic effects (Salehi et al., 2019; 

Srinivasan, 2009). 
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Table 2. List of amino acids residue and chemical interaction of top three bioactive compounds and control drug against 

PLpro protein 

No. Compound  Source Amino Acids Residue Interaction 
1 Cafestol 

CID. 108052 
 

Common bean 
(Phaseolus vulgaris) 

Ala68(A); Asp76(A); Thr75(A); 
Arg65(A); Thr74(A); Phe69(A); 
Pro59(A); Leu80(A); Phe79(A); 
Tyr72(A) 

Hydrophobic 
interaction 

2 Β-elemene 
CID. 6918391 

Black pepper  
(Piper ningrum) 

Pro77(A); Asp76(A); Thr75(A); 
Pro59(A); Ala68(A); Thr74(A); 
Tyr72(A); Phe79(A); Leu80(A) 

Hydrophobic 
interaction 

3 Theaflavin-3,3’-digallate 
CID. 136277567 
 

Black tea  
(Camelia sinensis) 

Ala246(A); Arg166(A); Tyr273(A); 
Lys157(A); Leu162(A); Glu161(A) 

Hydrogen bond 

Thr301(A); Ser245(A); Tyr264(A); 
Asp302(A); Glu167(A); Val165(A); 
Lys157(A); Asn267(A); Pro247(A) 

Hydrophobic 
interaction 

4 Arbidol  
CID. 131411 
 

Antiviral drug (control) Tyr273(A) Hydrogen bond 
Tyr268(A); Gly266(A); Pro248(A); 
Asn267(A); Thr301(A); Tyr264(A); 
Asp164(A); Ala246(A); Pro247(A); 
Met208(A) 

Hydrophobic 
interaction 

5 Chloroquine 
CID. 2719 
 

Antiviral drug (control) Leu125(A); Gln133(A) Hydrogen bond 
Arg140(A); Tyr136(A); Tyr137(A); 
Asp134(A); Phe127(A); Lys126(A) 

Hydrophobic 
interaction 

 
 

Table 3. List of amino acids residue and chemical interaction of top three bioactive compounds and control drug against 

RdRp protein. 

No. Compound  Source Amino Acids Residue Interaction 
1 Cafestol 

CID. 108052 
 

Common bean 
(Phaseolus vulgaris) 

Leu49(A); Ile37(A); Phe35(A); 
Asn209(A); Asp208(A); Lys50(A); 
Leu49(A) 

Hydrophobic 
interaction 

2 Kahweol 
CID. 114778 
 

Common bean 
(Phaseolus vulgaris) 

Leu49(A) Hydrogen bond 
Phe48(A); Ile37(A); Asp208(A); 
Asp36(A); Asn209(A); Phe35(A); 
Lys50(A) 

Hydrophobic 
interaction 

3 Eugeniin 
CID. 442679 

Clove  
(Syzygium 

aromaticum) 

Lys577(A); Arg569(A); Ile494(A); 
Tyr689(A); Asn496(A); Ser759(A); 
Ser501(A); Lys500(A) 

Hydrogen bond 

Val495(A); Thr687(A); Lys545(A); 
Ser682(A); Asn691(A); Gly683(A); 
Gly559(A); Ala502(A); Ala512(A); 
Thr565(A); Ala558(A); Val557(A); 
Asn543(A); Asn497(A) 

Hydrophobic 
interaction 

4 Arbidol  
CID. 131411 
 

Antiviral drug (control) Leu371(A); Tyr374(A); Ala375(A); 
Met380(A); Leu514(A); Trp509(A) 

Hydrophobic 
interaction 

5 Chloroquine 
CID. 2719 
 

Antiviral drug (control) Arg569(A); Gly683(A); Ser682(A); 
Val557(A); Ala558(A); Gly559(A); 
Val560(A); Ser501(A); Thr565(A); 
Ile562(A); Ala512(A); Lys500(A); 
Asn497(A) 

Hydrophobic 
interaction 

 
IV. CONCLUSION 

 
In this study, we demonstrated several bioactive compounds 

from Indonesian medicinal plants have great potency as 

antiviral drug candidate against SARS-CoV2 3CLpro, PLpro, 

and RdRp protein. Interestingly, we found eight compounds 

from top ten list that interacts to 3CLpro, PLpro, and RdRp 

protein at the same time and condition, including theaflavin-

3.3′-digallate, ledene, eugeniin, kahweol, β-elemene, γ-

elemene, β-selinene, and γ-selinene. Interestingly, these 

compounds similarly have functional group as aromatic 

compounds. Thus, this study provided the preliminary basis 

for drug development for COVID-19 treatments. 

 
V. ACKNOWLEDGEMENT 

 
All authors thank Biocomputation Laboratory, Department 

of Biology, Brawijaya University for provided the analysis 

equipment.



ASM Science Journal, Volume 20(1), 2025  

 

13 
 

VI. REFERENCES 
 

 
Aboulwafa, MM, Youssef, FS, Gad, HA, Altyar, AE, Al-Azizi 

MM & Ashour, ML 2019, ‘A Comprehensive Insight on the 

Health Benefits and Phytoconstituents of Camellia 

sinensis and Recent Approaches for Its Quality Control’, 

Antioxidants (Basel), vol. 8, no. 10, p. 455.  

Andersen, PI, Ianevski, A, Lysvand, H, Vitkauskiene, A, 

Oksenych, V, Bjørås, M, Telling, K, Lutsar, I, Dumpis, U, 

Irie, Y, Tenson, T, Kantele, A & Kainov, DE 2020, 

‘Discovery and development of safe-in-man broad-

spectrum antiviral agents’, Int J Infect Dis., vol. 93, pp. 

268-276.  

Ashar, MSAA, Putra, WE, Rifa’I, M, Sustiprijatno, Salma, 

WO, Susanto, H, Faisal, M, Hidayatullah, A, Heikal, MF & 

Sholeh, M 2023, ‘Calculating the stability of molecular 

interface between the ligand-complex and solvent 

molecule: A study of Averrhoa bilimbi bioactive 

compounds as anti-diabetic agent’, AIP Conference 

Proceedings 2634, p. 020023. 

Ashour, ML, Youssef, FS, Gad, HA, El-Readi, MZ, 

Bouzabata, A, Abuzeid, RM, Sobeh, M & Wink, M 2018, 

‘Evidence for the anti-inflammatory activity of Bupleurum 

marginatum (Apiaceae) extracts using in vitro and in vivo 

experiments supported by virtual screening’, J. Pharm. 

Pharmacol., vol. 70, pp. 952–963.  

Astuti, RI, Listyowati, S & Wahyuni, WT 2019, ‘Life span 

extension of model yeast Saccharomyces cerevisiae upon 

ethanol derived-clover bud extract treatment. IOP Conf. 

Ser. Earth Environ. Sci., vol. 299, p. 012059.  

Backer, JA, Klinkenberg, D & Wallinga, J 2020, ‘Incubation 

period of 2019 novel coronavirus (2019-nCoV) infections 

among travellers from Wuhan, China’, Euro Surveill, vol. 

25, no. 5, p. 2000062.  

Batiha, GE, Alkazmi, LM, Wasef, LG, Beshbishy, AM, 

Nadwa, EH & Rashwan, EK 2020, ‘Syzygium aromaticum 

L. (Myrtaceae): Traditional Uses, Bioactive Chemical 

Constituents, Pharmacological and Toxicological 

Activities’, Biomolecules, vol. 10, no. 2, p. 202.  

Batiha, GE, Beshbishy, AA, Tayebwa, DS, Shaheen, MH, 

Yokoyama, N & Igarashi, I 2019, ‘Inhibitory effects of 

Syzygium aromaticum and Camellia sinensis methanolic 

extracts on the growth of Babesia and Theileria parasites’, 

Ticks Tick. Borne Dis., vol. 10, pp. 949–958.  

Ben Lagha, A & Grenier, D 2017, ‘Black tea theaflavins 

attenuate Porphyromonas gingivalis virulence properties, 

modulate gingival keratinocyte tight junction integrity and 

exert anti-inflammatory activity’, J. Periodontal Res., vol. 

52, pp. 458–470. 

Bhowmik, D, Kumar, KS, Yadav, A, Srivastava, S, Paswan, S 

& Dutta, AS 2012, ‘Recent trends in Indian traditional 

herbs Syzygium aromaticum and its health benefits’, J. 

Pharmaco. Phytochem., vol. 1, pp. 13–23. 

Bhuiyan, FR, Howlader, S, Raihan, T & Hasan, M 2020, 

‘Plants metabolites: Possibility of natural therapeutics 

against the covid-19 pandemic’, Front Med (Lausanne), 

vol. 7, p. 444.  

Boccia, S, Ricciardi, W & Ioannidis, JPA 2020, ‘What Other 

Countries Can Learn from Italy During the COVID-19 

Pandemic’, JAMA Intern Med., vol. 180, no. 7, pp. 927-

928.  

Chan, JF, Yuan, S, Kok, KH, To, KK, Chu, H, Yang, J, Xing, 

F, Liu, J, Yip, CC, Poon, RW, Tsoi, HW, Lo, SK, Chan, KH, 

Poon, VK, Chan, WM, Ip, JD, Cai, JP, Cheng, VC, Chen, H, 

Hui, CK & Yuen, KY 2020, ‘A familial cluster of pneumonia 

associated with the 2019 novel coronavirus indicating 

person-to-person transmission: a study of a family cluster’, 

Lancet, vol. 395, no. 10223, pp. 514-523.  

Colavita, F, Lapa, D, Carletti, F, Lalle, E, Bordi, L, Marsella, 

P, Nicastri, E, Bevilacqua, N, Giancola, ML, Corpolongo, A, 

Ippolito, G, Capobianchi, MR & Castilletti, C 2020, ‘SARS-

CoV-2 Isolation from Ocular Secretions of a Patient With 

COVID-19 in Italy with Prolonged Viral RNA Detection’, 

Ann Intern Med., vol. 173, no. 3, pp. 242-243.  

Coronaviridae Study Group of the International Committee 

on Taxonomy of Viruses, ‘The species severe acute 

respiratory syndrome-related coronavirus: classifying 

2019-nCoV and naming it SARS-CoV-2’, Nat Microbiol, 

vol. 5, no. 4, pp. 536-544.  

Cortés-Rojas, DF, de Souza, CR & Oliveira, WP 2014, ‘Clove 

(Syzygium aromaticum): A precious spice’, Asian Pac. J. 

Trop. Med., vol. 4, pp. 90–96.  

Fathy, S, Emam, M, Agwa, SA, Zahra, FA, Youssef, F & Sami, 

R 2016, ‘The antiproliferative effect of Origanum 

majorana on human hepatocarcinoma cell line: 

Suppression of NF-kB’, Cell. Mol. Biol., vol. 62, pp. 80–84. 

Ganesan, K & Xu, B 2017, ‘Polyphenol-Rich Dry Common 

Beans (Phaseolus vulgaris L.) and their Health Benefits’, 

Int J Mol Sci., vol. 18, no. 11, p. 2331.  



ASM Science Journal, Volume 20(1), 2025  

 

14 
 

Harrison, AG, Lin, T & Wang, P 2020, ‘Mechanisms of SARS-

CoV-2 Transmission and Pathogenesis’, Trends Immunol., 

vol. 41, no. 12, pp. 1100-1115.  

Heikal, MF, Putra, WE, Sustiprijatno, Rifa'I, M, 

Hidayatullah, A, Ningsih, FN, Widiastuti, D, Shuib, AS, 

Zulfiani, BF & Hanasepti, AF 2023, ‘In silico screening and 

molecular dynamics simulation of potential anti-malarial 

agents from Zingiberaceae as potential Plasmodium 

falciparum lactate dehydrogenase (PfLDH) enzyme 

inhibitors’, Tropical Life Sciences Research, vol. 34, no. 2, 

pp. 1-20. 

Hidayatullah, A, Putra, WE, Rifa’I, M, Sustiprijatno, 

Widiastuti, D, Heikal, MF, Susanto, H & Salma, WO 2022, 

‘Molecular docking and dynamics simulation studies to 

predict multiple medicinal plants’ bioactive compounds 

interaction and its behavior on the surface of DENV-2 E 

protein’, Karbala International Journal of Modern Science, 

vol. 8, no. 3, pp. 531-542. 

Hidayatullah, A, Putra, WE, Salma, WO, Muchtaromah, B, 

Permatasari, GW, Susanto, H, Widiastuti, D & 

Kismurtono, M 2020, ‘Discovery of drug candidate from 

various natural products as potential novel dengue virus 

nonstructural protein 5 (NS5) inhibitor’, Chiang Mai 

University Journal of Natural Sciences, vol. 20, no. 1, pp. 

1-17. 

Hidayatullah, A, Putra, WE, Sustiprijatno, Permatasari, GW, 

Salma, WO, Widiastuti D, Susanto, H, Muchtaromah, B, 

Sari, DRT, Ningsih, FN, Heikal, MF, Yusuf, AMR & 

Arizona, AS 2021, ‘In silico targeting DENV2's prefusion 

envelope protein by several natural products' bioactive 

compounds’, Chiang Mai University Journal of Natural 

Sciences, vol. 20, no. 4, pp. 1-20.  

Hidayatullah, A, Putra, WE, Sustiprijatno, Widiastuti, D, 

Salma, WO & Heikal, MF 2023, ‘Molecular docking and 

molecular dynamics simulation-based identification of 

natural inhibitors against druggable human papilloma 

virus type 16 target’, Trends in Sciences, vol. 20, no. 4, pp. 

1-12.  

Hu, FB & Willett, WC 2002, ‘Optimal diets for prevention of 

coronary heart disease’, JAMA, vol. 288, pp. 2569–2578.  

Huang, C, Wang, Y, Li, X, Ren, L, Zhao, J, Hu, Y, Zhang, L, 

Fan, G, Xu, J, Gu, X, Cheng, Z, Yu, T, Xia, J, Wei, Y, Wu, 

W, Xie, X, Yin, W, Li, H, Liu, M, Xiao, Y, Gao, H, Guo, L, 

Xie, J, Wang, G, Jiang, R, Gao, Z, Jin, Q, Wang, J & Cao, B 

2020, ‘Clinical features of patients infected with 2019 

novel coronavirus in Wuhan, China’, Lancet., vol. 395, no. 

10223, pp. 497-506.  

Hughes, JP, Rees, S, Kalindjian, SB & Philpott, KL 2011, 

‘Principles of early drug discovery’, Br J Pharmacol, vol. 

162, no. 6, pp. 1239-49. 

Iosa, M, Paolucci, S & Morone, G 2020, ‘Covid-19: A 

Dynamic Analysis of Fatality Risk in Italy’, Front Med 

(Lausanne), vol. 7, no. 185.  

Janibekov, AA, Youssef, FS, Ashour, ML & Mamadalieva, NZ 

2018, ‘New flavonoid glycosides from two Astragalus 

species (Fabaceae) and validation of their 

antihyperglycaemic activity using molecular modelling 

and in vitro studies’, Ind. Crop. Prod., vol. 118, pp. 142–

148.  

Li, G, De & Clercq, E 2020, ‘Therapeutic options for the 2019 

novel coronavirus (2019-nCoV)’, Nat. Rev. Drug Discov., 

vol. 19, no. 3, pp. 149-150.  

Lim, XY, The, BP & Tan, TYC 2021, ‘Medicinal Plants in 

COVID-19: Potential and Limitations’, Front Pharmacol., 

vol. 12, p. 611408.  

Liu, J, Liao, X, Qian, S, Yuan, J, Wang, F, Liu, Y, Wang, Z, 

Wang, FS, Liu, L & Zhang, Z 2020, ‘Community 

Transmission of Severe Acute Respiratory Syndrome 

Coronavirus 2, Shenzhen, China’, Emerg Infect Dis., vol. 

26, no. 6, pp. 1320-1323.  

López, A, El-Naggar, T, Dueñas, M, Ortega, T, Estrella, I, 

Hernández, T, Gómez-Serranillos, MP, Palomino OM & 

Carretero, ME 2013, ‘Effect of cooking and germination on 

phenolic composition and biological properties of dark 

beans (Phaseolus vulgaris L.), Food Chem., vol. 138, pp. 

547–555.  

Lu, R, Zhao, X, Li, J, Niu, P, Yang, B, Wu, H, Wang, W, Song, 

H, Huang, B, Zhu, N, Bi, Y, Ma, X, Zhan, F, Wang, L, Hu, 

T, Zhou, H, Hu, Z, Zhou, W, Zhao, L, Chen, J, Meng, Y, 

Wang, J, Lin, Y, Yuan, J, Xie, Z, Ma, J, Liu, WJ, Wang, D, 

Xu, W, Holmes, EC, Gao, GF, Wu, G, Chen, W, Shi, W & 

Tan, W 2020, ‘Genomic characterisation and epidemiology 

of 2019 novel coronavirus: implications for virus origins 

and receptor binding’, Lancet., vol. 395, no. 10224, pp. 

565-574.  

Meyerowitz-Katz, G & Merone, L 2020, ‘A systematic review 

and meta-analysis of published research data on COVID-

19 infection fatality rates’, Int J Infect Dis., vol. 101, pp. 

138-148.  

Patwardhan, B, Chavan-Gautam, P, Gautam, M, Tillu, G, 

Chopra, A, Gairola, S & Jadhav, S 2020, ‘Ayurveda 

rasayana in prophylaxis of COVID-19’, Curr. Sci., vol. 118, 

pp. 1158–1160. 



ASM Science Journal, Volume 20(1), 2025  

 

15 
 

Perlman, S & Netland, J 2009, ‘Coronaviruses post-SARS: 

update on replication and pathogenesis’, Nat. Rev. 

Microbiol., vol. 7, no. 6, pp. 439-50.  

Putra, WE & Rifa’I, M 2020, ‘Evaluating the molecular 

interaction of Sambucus plant bioactive compounds 

toward TNF-R1 and TRAIL-R1/R2 as possible anti-cancer 

therapy based on traditional medicine: The bioinformatics 

study’, Scientific Study & Research - Chemistry & Chemical 

Engineering, Biotechnology, Food Industry, vol. 21, no. 3, 

pp. 357-365. 

Putra, WE, Salma, WO, Rifa’I & M 2019, ‘Anti-inflammatory 

activity of Sambucus plant bioactive compounds against 

TNF-α and TRAIL as solution to overcome inflammation 

associated diseases: The insight from bioinformatics 

study’, Natural Product Sciences, vol. 25, no. 3, pp. 215-

221.  

Putra, WE, Sustiprijatno, Hidayatullah, A, Heikal, MF, 

Widiastuti, D & Isnanto, H 2023, ‘Analysis of three non-

structural proteins, Nsp1, Nsp2, and Nsp10 of Sars-Cov-2 

as pivotal target proteins for computational drug 

screening’, Journal of Microbiology, Biotechnology and 

Food Sciences., vol. 12, no. 5, pp. 1-6. 

Putra, WE, Waffareta, E, Ardiana, O, Januarisasi, ID, 

Soewondo, A & Rifa'I, M 2017, ‘Dexamethasone-

administrated BALB/c mouse promotes proinflammatory 

cytokine expression and reduces CD4+CD25+ regulatory T 

cells population’, Bioscience Research, vol. 14, no. 2, pp. 

201-213. 

Putra, WE 2018, ‘In silico study demonstrates multiple 

bioactive compounds of Sambucus plant promote death 

cell signaling pathway via Fas receptor’, FUW Trends in 

Science & Technology Journal, vol. 3, no. 2, pp. 682-685.  

Salata, C, Calistri, A, Parolin, C & Palù, G 2019, 

‘Coronaviruses: a paradigm of new emerging zoonotic 

diseases’, Pathog Dis., vol. 77, no. 9, p. ftaa006.  

Salehi, B, Zakaria, ZA, Gyawali, R, Ibrahim, SA, Rajkovic, J, 

Shinwari, ZK, Khan, T, Sharifi-Rad, J, Ozleyen, A, 

Turkdonmez, E, Valussi, M, Tumer, TB, Monzote Fidalgo, 

L, Martorell, M & Setzer, WN 2019, ‘Piper Species: A 

Comprehensive Review on Their Phytochemistry, 

Biological Activities and Applications’, Molecules, vol. 24, 

no. 7, p. 1364.  

Sari, AN, Putra, WE, Rifa’I, M, Sustiprijatno, Susanto, H, 

Salma, WO, Faisal, M, Hidayatullah, A, Heikal, MF & 

Firdaus, SRA 2023, ‘Profiling the coulomb energy of 

chimanine D and desulphosinigrin as potential anti-

diabetic drug against alpha-glucosidase’, AIP Conference 

Proceedings 2634, 020012. 

Shan, B, Cai, YZ, Sun, M & Corke, H 2005, ‘Antioxidant 

capacity of 26 spice extracts and characterization of their 

phenolic constituents’, J. Agric. Food Chem., vol. 53, pp. 

7749–7759.  

Shen, Z, Ratia, K, Cooper, L, Kong, D, Lee, H, Kwon, Y, Li, Y, 

Alqarni, S, Huang, F, Dubrovskyi, O, Rong, L, Thatcher, 

GRJ & Xiong, R 2022, ‘Design of SARS-CoV-2 PLpro 

Inhibitors for COVID-19 Antiviral Therapy Leveraging 

Binding Cooperativity’, J. Med. Chem., vol. 65, no. 4, pp. 

2940-2955.  

Sil, S, Bhandari, K, Gupta, P, Ghosh, R, Mitra, A, Ghosh, BC 

& Ghosh, T 2018, ‘Protective effects of black tea-TV 25 on 

the cognitive impairments and some peripheral immune 

responses in intracerebroventricular colchicine injected 

rats’, Orient. Pharm. Exp. Med., vol. 18, pp. 39–50. 

Srinivasan, K 2009, ‘Molecular Targets and Therapeutic 

Uses of Spices: Modern Uses for Ancient Medicine’, World 

Scientific, pp. 25–64. 

Thabet, AA, Youssef, FS, El-Shazly, M, El-Beshbishy, HA & 

Singab, ANB 2018, ‘Validation of the antihyperglycaemic 

and hepatoprotective activity of the flavonoid rich fraction 

of Brachychiton rupestris using in vivo experimental 

models and molecular modelling’, Food Chem. Toxicol., 

vol. 114, pp. 302–310.  

Thiel, V, Ivanov, KA, Putics, Á, Hertzig, T, Schelle, B, Bayer, 

S, Weißbrich, B, Snijder, EJ, Rabenau, H, Doerr, HW, 

Gorbalenya, AE & Ziebuhr, J 2003, ‘Mechanisms and 

enzymes involved in SARS coronavirus genome 

expression’, J Gen Virol., vol. 84, no. 9, pp. 2305-2315.  

Wang, W, Xu, Y, Gao, R, Lu, R, Han, K, Wu, G & Tan, W 

2020, ‘Detection of SARS-CoV-2 in Different Types of 

Clinical Specimens’, JAMA., vol. 323, no. 18, pp. 1843-

1844.  

Whitcroft, KL & Hummel, T 2020, ‘Olfactory Dysfunction in 

COVID-19: Diagnosis and Management’, JAMA, vol. 323, 

no. 24, pp. 2512-2514. 

Widiastuti, D, Warnasih, S, Sinaga, SE, Pujiyawati, E, 

Supriatno & Putra, WE 2023, ‘Identification of active 

compounds from Averrhoa bilimbi L. (Belimbing Wuluh) 

flower using LC-MS and antidiabetic activity test using in 

vitro and in silico approaches’, Trends in Sciences., vol. 20, 

no. 8, pp. 1-9. 

Wilder-Smith, A, Chiew, CJ & Lee, VJ 2020, ‘Can we contain 

the COVID-19 outbreak with the same measures as for 

SARS?’, Lancet Infect Dis., vol. 20, no. 5, pp. 102-107.  



ASM Science Journal, Volume 20(1), 2025  

 

16 
 

Zhang, YZ & Holmes, EC 2020, ‘A Genomic Perspective on 

the Origin and Emergence of SARS-CoV-2’, Cell., vol. 181, 

no. 2, pp. 223-227.  

Zhou, P, Yang, XL, Wang, XG, Hu, B, Zhang, L, Zhang, W, Si, 

HR, Zhu, Y, Li, B, Huang, CL, Chen, HD, Chen, J, Luo, Y, 

Guo, H, Jiang, RD, Liu, MQ, Chen, Y, Shen, XR, Wang, X, 

Zheng, XS, Zhao, K, Chen, QJ, Deng, F, Liu, LL, Yan, B, 

Zhan, FX, Wang, YY, Xiao, GF & Shi, ZL 2020, ‘A 

pneumonia outbreak associated with a new coronavirus of 

probable bat origin’, Nature, vol. 579, no. 7798, pp. 270-

273.  

Zhou, SF & Zhong, WZ, ‘Drug design and discovery: 

Principles and applications’, Molecules, vol. 22, no. 2, p. 

279. 

Zhou, Y, Hou, Y, Shen, J, Huang, Y, Martin, W & Cheng, F 

2020, ‘Network-based drug repurposing for novel 

coronavirus 2019-nCoV/SARS-CoV-2’, Cell Discov., vol. 6, 

p. 14.

 
 


