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Abstract 

Context: The outbreak of a novel coronavirus, SARS-CoV-2 has caused an unprecedented COVID-19 pandemic. To put an end to this pandemic, effective 

antivirals should be identified or developed for COVID-19 treatment. However, specific and effective antivirals or inhibitors against SARS-CoV-2 are still 

lacking. 

Aims: To evaluate bioactive compounds from Phyllanthus tenellus and Kaempferia parviflora as inhibitors against two essential SARS-CoV-2 proteins, main 

protease (Mpro) and RNA-dependent RNA polymerase (RdRp), through molecular docking studies and to predict the drug-likeness properties of the 

compounds. 

Methods: The inhibition potential and interaction of P. tenellus and K. parviflora compounds against Mpro and RdRp were assessed through molecular docking. 

The drug-likeness properties of the compounds were predicted using SwissADME and AdmetSAR tools. 

Results: Rutin and ellagic acid glucoside from P. tenellus and 4-hydroxy-6-methoxyflavone and 5-hydroxy-3,7,4’-trimethoxyflavone from K. parviflora exhibited 

the highest binding conformations to Mpro by interacting with its substrate binding site that was predicted to halt the Mpro activity. As for RdRp, ellagitannin 

and rutin from P. tenellus and peonidin and 5,3’-dihydroxy-3,7,4’-trimethoxyflavone from K. parviflora were the best-docked compounds that bound to the 

RdRp catalytic domain (Asp760 and Asp761) and NTP-entry channel that were anticipated to stop RNA polymerization. However, in the context of drug 

developability, 4-hydroxy-6-methoxyflavone, 5-hydroxy-3,7,4’-trimethoxyflavone, peonidin and 5,3’-dihydroxy-3,7,4’-trimethoxyflavone from K. parviflora 

were highly potential to be oral active drugs compared to rutin, ellagic acid glucoside and ellagitannin from P. tenellus.  

Conclusions: P. tenellus and K. parviflora compounds, particularly the aforementioned compounds, were suggested as potential inhibitors of SARS-CoV-2 Mpro 

and RdRp.  

Keywords: antiviral; compounds; COVID-19; in silico; Kaempferia parviflora; Phyllanthus tenellus. 

 

Resumen 

Contexto: El brote de un nuevo coronavirus, el SARS-CoV-2, ha provocado una pandemia de COVID-19 sin precedentes. Para poner fin a esta pandemia, es 

necesario identificar o desarrollar antivirales eficaces para el tratamiento del COVID-19. Sin embargo, aún se carece de antivirales o inhibidores específicos y 

eficaces contra el SARS-CoV-2.  

Objetivos: Evaluar compuestos bioactivos de Phyllanthus tenellus y Kaempferia parviflora como inhibidores contra dos proteínas esenciales del SARS-CoV-2, la 
proteasa principal (Mpro) y la ARN polimerasa dependiente del ARN (RdRp), mediante estudios de acoplamiento molecular y predecir las propiedades de 

similitud con los fármacos de los compuestos. 

Métodos: El potencial de inhibición y la interacción de los compuestos de P. tenellus y K. parviflora contra la Mpro y la RdRp fueron evaluados mediante 

docking molecular. Las propiedades de semejanza de los compuestos se predijeron mediante las herramientas SwissADME y AdmetSAR. 

Resultados: La rutina y el glucósido del ácido elágico de P. tenellus y la 4-hidroxi-6-metoxiflavona y la 5-hidroxi-3,7,4'-trimetoxiflavona de K. parviflora 
mostraron las conformaciones de unión más altas a Mpro al interactuar con su sitio de unión al sustrato que se predijo para detener la actividad de Mpro. En 

cuanto a la RdRp, la elagitanina y la rutina de P. tenellus y la peonidina y la 5,3'-dihidroxi-3,7,4'-trimetoxiflavona de K. parviflora fueron los compuestos mejor 

acoplados que se unieron al dominio catalítico de la RdRp (Asp760 y Asp761) y al canal de entrada NTP que se anticipó que detendría la polimerización del 

ARN. Sin embargo, en el contexto del desarrollo de fármacos, la 4-hidroxi-6-metoxiflavona, la 5-hidroxi-3,7,4'-trimetoxiflavona, la peonidina y la 5,3'-

dihidroxi-3,7,4'-trimetoxiflavona de K. parviflora tendrían un gran potencial para ser fármacos activos por vía oral en comparación con la rutina, el glucósido 

de ácido elágico y la elagitanina de P. tenellus. 

Conclusiones: Los compuestos de P. tenellus y K. parviflora, en particular los mencionados, fueron sugeridos como potenciales inhibidores de Mpro y RdRp del 

SARS-CoV-2. 

Palabras Clave: antiviral; compuestos; COVID-19; in silico; Kaempferia parviflora; Phyllanthus tenellus. 
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Abbreviations: ADMET: Absorption, distribution, metabolism, excretion, and toxicity; BBB: Blood-brain barrier; COVID-19: Coronavirus disease; GI: 

Gastrointestinal; Mpro: Main protease; P-gp: P-glycoprotein; RdRp: RNA-dependent RNA polymerase; RMSD: root mean square deviation; SARS-CoV-2: 

Severe acute respiratory syndrome coronavirus 2. 

 

INTRODUCTION 

COVID-19, an unprecedented pandemic of acute 
respiratory infection that emerged in late 2019, is 
caused by the Coronaviridae family member, severe 
acute respiratory syndrome coronavirus-2 (SARS-
CoV-2). SARS-CoV-2, which belongs to the same ge-
nus of betacoronoviruses such as SARS-CoV and 
MERS-CoV, shares 79% of its genome sequence with 
SARS-CoV and 50% with MERS-CoV (Zhu et al., 
2020). The SARS-CoV-2 genome comprises approxi-
mately 30 Kb positive sense RNA encoding structural 
and non-structural proteins (nsps). Structural proteins 
such as spike, nucleocapsid, envelope, and membrane 
proteins are prominently involved in viral assembly 
(Tai et al., 2020). On the other hand, nsps are required 
for viral RNA transcription and genome replication 
(Zhou et al., 2020). These nsps are produced from the 
cleavage of the viral polyproteins Pp1a and Pp1ab by 
two cysteine proteases, main protease (Mpro) and pa-
pain-like protease, resulting in 16 different proteins 
(nsp1-nsp16) with numerous functions. Thus, the 
cleavage process is crucial as it involves the release of 
essential proteins such as RNA-dependent RNA pol-
ymerase (nsp12) and helicase (nsp13), which are criti-
cal for the viral life cycle. 

Due to the importance of Mpro and RdRp roles, 
these proteins have been the main targets for the dis-
covery of therapeutic agents against SARS-CoV-2. 
These proteins are also highly conserved among the 
other coronaviruses and between SARS-CoV-2 vari-
ants (Vangeel et al., 2022). Thus, the inhibitors or 
drugs targeting Mpro and RdRp should have a broad-
spectrum antiviral activity, and they will remain ef-
fective against future emerging variants (Goyal and 
Goyal, 2020). The recent availability of Mpro and RdRp 
information and structures has aided in the drug dis-
covery process for these proteins. Jin et al. (2020) have 
first identified the crystal structures of SARS-CoV-2 
Mpro in complex with peptide inhibitor N3 (PDB ID: 
6LU7). The SARS-CoV-2 RdRp cryo-electron micros-
copy structure in complex with cofactors, nsp7 and 
nsp8 (PDB ID: 6M71) has also been recently discov-
ered (Gao et al., 2020). Many scientists all over the 
world have benefited from this information in strate-
gizing the identification or development of drugs or 
antivirals against SARS-CoV-2 (Ghanimi et al., 2022; 
Kharisma et al., 2022). The idea of utilizing repurpos-
ing drugs such as remdesivir, nelfinavir, and nirma-
trelvir has been proposed and tested to be effective in 
COVID-19 clinical trials, but they exhibited adverse 
effects, including blood clots, gastrointestinal upset, 

respiratory failure, and organ dysfunction (Lamb, 
2022; Mohammad Zadeh et al., 2021). Therefore, safe 
and effective antivirals against SARS-CoV-2 are still 
highly needed.  

Plants have been receiving major attention in the 
development of antivirals by the pharmaceutical in-
dustry as they contain many different bioactive mole-
cules with numerous therapeutic properties. Plant 
bioactive compounds were safer and more effective 
than synthetic drugs (Babar et al., 2013). Moreover, 
plant extracts and their isolated compounds have 
been proven to have antiviral activities against vari-
ous viral diseases (Ben-Shabat et al., 2020). Sai-
kosaponins, a plant compound found in Chinese 
herb, Bupleurum spp., for instance, have an antiviral 
effect against human coronavirus 229E (Cheng et al., 
2006). The aqueous extract of Prunella vulgaris also 
exhibited antiviral activity against HIV by interfering 
with the virion post-binding events (Oh et al., 2011). 
Hence, the exploration and screening of plants with 
antiviral effects is a promising approach for the search 
of antivirals. 

Phyllanthus tenellus Roxb. (family Phyllanthaceae) 
and Kaempferia parviflora Wall. ex Baker (family Zingi-
beraceae) are two prevalent herbs with numerous ther-
apeutic properties. P. tenellus was found to be able to 
treat hepatitis B, inflammatory bowel disease, diabe-
tes, and urolithiasis (Silva et al., 2012). In addition, 
this herb contains a high level of hydrolyzable tan-
nins, which are known to be associated with antiviral 
activity (Mohd Jusoh et al., 2019; Tan et al., 2013). 
Likewise, K. parviflora, locally known as black ginger, 
was also proven to have medicinal benefits for vari-
ous diseases (Chen et al., 2018). Methoxyflavone, the 
main compound in K. parviflora, inhibited HIV-1 pro-
tease activity (Sookkongwaree et al., 2006). Moreover, 
K. parviflora extracts significantly suppressed the rep-
lication of the highly pathogenic avian H5N1 influen-
za virus (Sornpet et al., 2017). However, the antiviral 
properties of P. tenellus and K. parviflora against SARS-
CoV-2 have never been evaluated and discussed.  

Hence, in the present study, we screened the bio-
active compounds from P. tenellus and K. parviflora 
with inhibition potential against SARS-CoV-2 Mpro 
and RdRp through molecular docking. The interac-
tions of the compounds with Mpro and RdRp were 
elucidated. In addition, in silico drug-likeness and 
ADMET analysis were also performed to predict the 
compound’s suitability as an active oral drug. This 
study is crucial in providing a promising solution for 
the treatment of COVID-19.  
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MATERIAL AND METHODS 

Ligands preparation 

The information on the 19 bioactive compounds 
from P. tenellus was obtained from Mohd Jusoh et al. 
(2019), and the 20 compounds from K. parviflora was 
obtained from Yenjai et al. (2004) and Chen et al. 
(2018). The compound structures were retrieved from 
the PubChem database 
(https://pubchem.ncbi.nlm.nih.gov/). The repurpos-
ing drugs, nelfinavir and hydroxychloroquine were 
used as controls for Mpro, whereas remdesivir and 
hydroxychloroquine were controls for RdRp. All the 
compounds were energy-minimized and converted 
into pdbqt format using Open Babel version 2.3. 

Receptor preparation 

The crystal structures of COVID-19 Mpro in com-
plex with an inhibitor N3 (PDB ID: 6LU7) and the 
cryo-electron microscopy structure of RdRp in com-
plex with nsp7 and nsp8 (PDB ID: 6M71) at 2.16 Ǻ 
and 2.9 Ǻ, respectively, were retrieved from Protein 
Data Bank (PDB) (http://www.rcsb.org). Water mol-
ecules, hetero atoms, and inhibitors were removed, 
whereas hydrogen atoms were added to the protein 
structure using Discovery Studio Visualizer 
v19.1.0.18287 (BIOVIA, San Diego, CA, USA).  

Molecular docking 

The grid box was set at the catalytic site of Mpro 

with a size of 40 × 40 × 40 points and centered at co-
ordinates of x = -11.053, y = 15.622, and z = 67.602. As 
for RdRp, the grid box covering the active site was set 
at a size of 30 × 30 × 30 points and coordinates of 
114.52, 114.11, and 122.91. The tolerance of root means 
square deviation (RMSD) was set to 2.0 Å. The dock-
ing simulation was carried out using Autodock Vina 
version 1.1.2. The docked complexes with the lowest 
binding energy (kcal/mol) were selected, and their 
hydrogen and/or hydrophobic interactions were vis-
ualized using PyMOL version 2.4.0 (Schrodinger, 
LLC) and BIOVIA Discovery Studio Visualizer 
v19.1.0.18287 (BIOVIA, San Diego, CA, USA). 

The docking procedure was validated by redock-
ing the co-crystallized native ligand N3 inhibitor on 
Mpro using the same docking procedure. The native 
ligand was first separated from the Mpro-ligand com-
plex prior to redocking. The redocked ligand N3 was 
superimposed on the native ligand and RMSD was 
measured using Discovery Studio. 

In silico drug-likeness and ADMET prediction 

The drug-likeness properties of the compounds 
were assessed based on Lipinski’s rule using Swis-

sADME (http://www.swissadme.ch/index.php). 
Molecular weight, hydrogen bond donor and accep-
tor, and logP of each compound were measured. The 
properties of absorption, distribution, metabolism, 
excretion and toxicity (ADMET) were predicted using 
SwissADME and admetSAR v2.0 
(http://lmmd.ecust.edu.cn/admetsar2/). The absorp-
tion of the compounds was evaluated based on the 
factors of gastrointestinal absorption and the status of 
either P-glycoprotein (P-gp) substrate or inhibitor. 
The ability of the compounds to cross the blood-brain 
barrier (BBB) was also predicted. The metabolism of 
the compounds was estimated based on CYP450-2D6 
and CYP450-3A4. The probability of the compounds 
being toxic and carcinogenic was predicted based on 
AMES toxicity and carcinogenic status, respectively. 

Data analysis 

The interaction of the ligands and the protein re-
ceptors was characterized based on the binding ener-
gy estimated by Autodock Vina. The generated out-
put file for each ligand consisted of the binding poses 
with their respective binding energies in kcal/mol. 
The ligands were ranked based on the binding ener-
gies, and the ligand showing the lowest binding ener-
gy was selected as the best docking conformation. The 
hydrogen and hydrophobic interactions of top-ranked 
compounds against the proteins were visualized to 
understand the inhibitory mechanism of the com-
pounds. The physicochemical properties of the com-
pounds were measured to determine the suitability of 
the compounds to be active oral drugs. The com-
pounds with molecular weight <500 g/mol, hydrogen 
bond acceptors <10, hydrogen bond donors <5 and 
logP value <5 were considered suitable for use as 
active oral drugs as they did not violate Lipinski’s 
rule. The pharmacokinetic properties of the com-
pounds were also measured to predict the druggabil-
ity of the compounds further. The absorption, distri-
bution, metabolism, excretion, and toxicity of the 
compounds in the human body were assessed based 
on Cheng et al. (2012) and Daina and Zoete (2016). 
Compounds with a favorable ADMET profile were 
candidates for drug development. 

RESULTS  

Docking of P. tenellus and K. parviflora compounds 
against SARS-CoV-2 Mpro 

The negative binding energies of P. tenellus and K. 
parviflora compounds against the protein receptors 
indicated the energy released following the interac-
tion between the compounds and the receptors (Ta-
bles 1 and 2). Lower binding energy correlates with 
stronger binding conformation. Out of all the com-
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pounds tested, eight top-ranked compounds docked 
against Mpro were from P. tenellus, showing lower 
binding energies than the other compounds indicat-
ing that P. tenellus contains more potent compounds 
than K. parviflora. Of these, rutin exhibited the lowest 
binding energy of -9 kcal/mol, indicating it as the 
best-docked compound (Table 1). This was followed 
by ellagic acid glucoside, which was also from P. ten-
ellus with a binding energy of -8.5 kcal/mol. Rutin 
formed three hydrogen bonds with residues located 
at the substrate binding region, Gly143, Glu166, and 
Asp187 (Fig. 1). This compound also interacted with 
residue Phe140, which was involved in the dimeriza-
tion of Mpro. Ellagic acid glucoside formed a hydrogen 
bond with one of the catalytic dyad residues, Cys145. 
In addition, this compound was bound to the sub-
strate binding residues, Ser144, His163, Thr190, and 
Gln192 through hydrogen bonds and Met165 and 
Gln189 through hydrophobic interactions. Interesting-
ly, rutin and ellagic acid glucoside showed higher 
binding conformations with Mpro than the drugs 
nelfinavir, and hydroxychloroquine (Table 3). The 
higher binding efficiencies between these compounds 
and Mpro were probably contributed by the higher 
number of hydrogen bonds formed in the com-

pounds-Mpro complex compared to the drugs-Mpro 
complex. Other than these compounds, ellagitannin 
and myricetin-rhamnoside also docked stronger with 
Mpro than the drugs. 

As for K. parviflora, 4-hydroxy-6-methoxyflavone 
showed the best binding conformation, with Mpro 
exhibiting the lowest binding energy of -7.6 kcal/mol 
among the other compounds (Table 2). This com-
pound formed strong hydrogen bonds with Glu166 
and Asp187 of Mpro and hydrophobic interaction with 
Met49, which were the residues responsible for sub-
strate binding (Fig. 1). Besides, compound 5-hydroxy-
3,7,4’-trimethoxyflavone also established a stronger 
binding conformation with Mpro compared to the oth-
er compounds by interacting with the catalytic resi-
due, Cys145 and the substrate binding residue, Ser144 
through a hydrogen bond formation. The residues 
Thr26 and Leu141, which were adjacent to Mpro di-
merization site, also interacted with this compound. 
Even though both 4-hydroxy-6-methoxyflavone and 
5-hydroxy-3,7,4’-trimethoxyflavone were not as po-
tent as nelfinavir, they bound to Mpro stronger than 
hydroxychloroquine (Table 3). 

 

Table 1. Binding energy of P. tenellus compounds against Mpro (PDB ID: 6LU7) and RdRp (PDB ID: 6M71). 

No. Compound names 
Binding energy (kcal/mol) 

6LU7 6M71 

1 Rutin -9.0 -9.0 

2 Ellagic acid glucoside -8.5 -8.2 

3 Ellagitannin  -8.3 -10.5 

4 Myricetin-rhamnoside -8.3 -8.5 

5 Chlorogenic acid derivatives -8.0 -7.1 

6 Quercetin glucoside -7.8 -7.6 

7 Dehydrohexahydroxy diphenic acid -7.7 -7.8 

8 Caffeic acid 3-glucoside -7.7 -6.6 

9 o-Coumaroylquinic acid -7.6 -6.7 

10 Coumaric acid  -7.4 -6.5 

11 Caffeoylmalic acid -7.3 -6.5 

12 Catechin  -7.3 -6.8 

13 2-O-caffeoyl glucarate -7.2 -7.1 

14 β-glucogallin -7.1 -7.2 

15 Brevifolin carboxylic acid -6.9 -7.2 

16 2,4-Dihydroxy-6-(3-methylbutoxy)-3-(3-methylbutyl) benzaldehyde  -5.8 -5.4 

17 Gallic acid  -5.5 -5.9 

18 Quinic acid -5.4 -5.5 

19 Brevifolin -5.1 -5.0 
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Table 2. Binding energy of K. parviflora compounds against Mpro (PDB ID: 6LU7) and RdRp (PDB ID: 6M71). 

No. Compound names 
Binding energy (kcal/mol) 

6LU7 6M71 

1 4-Hydroxy-6-methoxyflavone -7.6 -6.4 

2 5-Hydroxy-3,7,4’-trimethoxyflavone -7.1 -6.5 

3 4',5-Dihydroxy-7-methoxyflavone -7.1 -6.6 

4 5-Hydroxy-7-methoxyflavone -7.1 -6.5 

5 Peonidin -7.0 -7.0 

6 3-Methyl-5,7,4'-trimethoxyflavone -7.0 -6.4 

7 3-Methyl-5,7,3',4'-tetramethoxyflavone -7.0 -6.3 

8 5-Hydroxy-7,4’-dimethoxyflavone -7.0 -6.6 

9 3,5,7-Trimethoxyflavone -6.9 -6.1 

10 3 5,7-Trihydroxy-2-(4-hydroxy-3,5-dimethoxyphenyl)-chromenium -6.9 -6.7 

11 5-Hydroxy-7,3’,4’-trimethoxyflavone -6.9 -6.7 

12 5-Hydroxy-3,7,3’,4’-tetramethoxyflavone -6.9 -6.6 

13 Methoxyflavones -6.9 -6.2 

14 5,7-Dimethoxyflavone -6.9 -6.3 

15 3,5,7,3’,4’-Pentamethoxyflavone -6.8 -6.6 

16 5,3’-Dihydroxy-3,7,4’-trimethoxyflavone -6.8 -6.8 

17 5-Hydroxy-3,7-dimethoxyflavone -6.8 -6.4 

18 3,5,7,4’-Tetramethoxyflavone -6.8 -6.5 

19 5,7,3’,4’-Tetramethoxyflavone -6.8 -6.5 

20 5,7,4’-Trimethoxyflavone -6.8 -6.4 

 

Table 3. Binding energy of the repurposing drugs (nelfinavir, remdesivir and 

hydroxychloroquine) and natural substrates (GTP, ATP, UTP and CTP) against Mpro 

(PDB ID: 6LU7) and RdRp (PDB ID: 6M71). 

No. Drug names 
Binding energy (kcal/mol) 

6LU7 6M71 

1 Nelfinavir -8.2 - 

2 Remdesivir - -7.3 

3 Hydroxychloroquine -6.2 -5.4 

4 GTP - -7.6 

5 ATP - -7.6 

6 UTP - -7.3 

7 CTP - -7.1 

 

To validate the docking procedure for Mpro, the re-
docked ligand N3 was superimposed onto the refer-
ence co-crystallized N3. The re-docked N3 interacted 
with the residues Thr26, Met49, Leu141, Gly143, 
Ser144, Cys145, His163, Glu166, and Gln189 of Mpro, 
which were similar to those observed by Gentile et al. 
(2020) and Shivanika et al. (2020) (Fig. 2). An RMSD of 
1.7556 Ǻ was observed suggesting that the docking 
procedure was valid. 

Docking of P. tenellus and K. parviflora compounds 
against SARS-CoV-2 RdRp 

P. tenellus compounds showed inhibition potential 
against RdRp where ten of its compounds demon-
strated the lowest binding energies among all the 
tested compounds, including K. parviflora compounds 
(Table 1). This indicated that P. tenellus has more ef-
fective compounds against RdRp than K. parviflora, 
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Figure 1. The interaction of the top-ranked compounds from P. tenellus and K. parviflora against Mpro (PDB ID: 6LU7) in comparison to the drugs nelfinavir and hydroxychloroquine.  

Rutin and ellagic acid glucoside were from P. tenellus whereas 4-hydroxy-6-methoxyflavone and 5-Hydroxy-3,7,4’-trimethoxyflavone were from K. parviflora. The interactions were enlarged into 2D and 3D images where the 

compounds were represented by green sticks and Mpro by pink surface in 3D. The catalytic site was highlighted in cyan.  
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Figure 2. Validation of the docking procedure of Mpro.  

(A) Superimposition of the re-docked ligand N3 (in cyan) and the reference co-crystallized N3 (in purple) and (B) the interaction between the re-

docked N3 and Mpro (right). RMSD = 1.7556 Ǻ. 

 

which was similar to the Mpro case. Out of these com-
pounds, ellagitannin was the best docked-compound 
with a binding energy of -10.5 kcal/mol. Ellagitannin 
bound to one of the RdRp core catalytic residues, 
Asp761 and residues in the binding pocket of RdRp, 
Trp800, Glu811 and Ser814 through hydrogen bonds 
(Fig. 3). Hydrogen bonds were also formed with resi-
dues from the NTP entry channel, Arg553 and 
Arg555. Additional hydrogen bonds formed with 
residues His439, Ile548, Asp623 and Ser682 strength-
ened the interaction between ellagitannin and RdRp. 
Furthermore, a hydrophobic interaction was also 
formed with residue Lys798 involved in stabilizing 
the core structure of RdRp domain. Other than ellag-
itannin, rutin also strongly interacted with the catalyt-
ic residues, Asp760 and Asp761 at a low binding en-
ergy of -9 kcal/mol. This compound bound to the 
binding pocket residues of RdRp, Tyr619, Ser814 and 
Ser759. Compared to remdesivir (-7.3 kcal/mol) and 
hydroxychloroquine (-5.4 kcal/mol), interestingly, 
both ellagitannin and rutin were able to bind stronger 
with RdRp than the drugs. In addition, ellagic acid 
glucoside, myricetin-rhamnoside, quercetin gluco-
side, and dehydrohexahydroxy diphenic acid were 
also more potent than the drugs. Remdesivir interact-
ed with the catalytic residues of RdRp, Asp760 and 
Asp761, and the NTP-entry channel residues, Arg553 
and Arg555, which were in line with those reported 
by Aftab et al. (2020), Gao et al. (2020) and Eweas et 
al. (2021). This is also an indicative that the docking 
procedure for RdRp used in this study was acceptable 
and valid. In comparison to the NTP (GTP, ATP, CTP, 
and UTP) substrates, these compounds exhibited 
greater binding conformations with RdRp than the 
substrates themselves. 

Likewise, the compounds from K. parviflora 
showed inhibition activity on RdRp. The top lowest 
energy compounds, peonidin and 5,3’-dihydroxy-
3,7,4’-trimethoxyflavone, exhibited a binding energy 
of -7 and -6.8 kcal/mol, respectively, which were 
comparable with UTP (-7.3 kcal/mol) and CTP (-7.1 
kcal/mol) suggesting that these compounds could be 
competitive ligands to the nucleotides. The com-
pound 5,3’-dihydroxy-3,7,4’-trimethoxyflavone could 
even block the nucleotides binding to RdRp by form-
ing a hydrogen bond with the residue Arg553 located 
at the NTP-entry channel (Fig. 3). On the other hand, 
peonidin interacted with the catalytic residue, 
Asp762, and the binding pocket residues, Tyr619, 
Glu811, and Ala762 through hydrogen bonds. In 
comparison to remdesivir and hydroxychloroquine, 
these compounds were more potent than hy-
droxychloroquine but not as potent as remdesivir. 

In silico drug-likeness prediction 

The compounds from P. tenellus and K. parviflora 
were assessed for their suitability as an oral active 
drug. All the compounds from K. parviflora and 13 
compounds from P. tenellus passed Lipinski’s rule of 
five, where these compounds have none or not more 
than one violation of the following criteria; molecular 
weight less than 500 g/mol, hydrogen bond acceptors 
less than 10, hydrogen bond donors less than 5 and 
logP value less than 5 (Table 4). The remaining six 
compounds from P. tenellus did not pass the 
Lipinski’s rule by violating more than one of the crite-
ria. This includes rutin, ellagic acid glucoside, and 
ellagitannin, which were the top compounds against 
Mpro and RdRp (Table 4).  
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Figure 3. The interaction of the top-ranked compounds from P. tenellus and K. parviflora against RdRp (PDB ID: 6M71) in comparison to the drugs remdesivir and hydroxychloroquine.  

Ellagitannin and rutin were from P. tenellus, whereas peonidin and 5,3’-dihydroxy-3,7,4’-trimethoxyflavone were from K. parviflora. The interactions were enlarged into 2D and 3D images where the compounds were 

represented by green sticks and RdRp by blue surface in 3D. The catalytic site was highlighted in pink.  
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Table 4. Predicted drug-likeness and ADMET properties of the compounds from P. tenellus and K parviflora. 

Compound name 

Drug-likeness Absorption 
Distri-

bution 
Metabolism Toxicity 

MW 
H-bond 

acceptors 

H-bond 

donors 
LOGP 

Lipinski 

violation 
GI 

Pgp 

substrate 

Pgp 

inhibitor 
BBB 

Inhibitor 

AMES 

toxicity 

Carcino-

genicity CYP 

1A2 

CYP 

2C19 

CYP 

2C9 

CYP 

2D6 

CYP 

3A4 

P. tenellus                  

Rutin* 610.52 16 10 -1.69 3 Low Yes No No No No No No No No No 

Ellagic acid glucoside* 464.33 13 7 -1.21 2 Low No No No No No No No No Yes  No 

Ellagitannin* 992.71 27 13 -0.07 3 Low Yes No No No No No No No No No 

Quinic acid 192.17 6 5 -2.32 0 Low No No No No No No No No No No 

Caffeoylmalic acid 296.23 8 4 0.47 0 High No No No No No No No No No No 

Caffeic acid 3-glucoside 342.3 9 6 -1.44 1 Low No No No No No No No No No No 

o-coumaroylquinic acid 338.31 8 5 -0.46 0 Low No No No No No No No No No No 

Coumaric acid  326.3 8 5 -1.15 0 Low No No No No No No No No Yes  No 

ß-glucogallin 332.26 10 7 -2.24 1 Low No No No No No No No No No No 

2-O-caffeoyl glucarate 370.27 11 5 -4.5 1 Low No No No No No No No No No No 

2,4-Dihydroxy-6-(3 methylbutoxy)-3-(3 methyl-

butyl) benzaldehyde  

294.39 4 2 3.92 0 High No No Yes Yes No No Yes No No No 

Chlorogenic acid derivatives 354.31 9 6 -0.75 1 Low No No No No No No No No No No 

Quercetin glucoside 550.42 15 8 -0.51 3 Low Yes No No No No No No No No No 

Myricetin-rhamnoside 464.38 12 8 0.19 2 Low No No No No No No No No No No 

Catechin  290.27 6 5 1.22 0 High Yes No No No No No No No No No 

Gallic acid 170.12 5 4 0.5 0 High No No No No No No No Yes No No 

Brevifolin  196.2 4 1 1.61 0 High No No Yes No No No No No No No 

Brevifolin carboxylic acid 292.2 8 4 0.66 0 Low No No No No No No No No Yes  No 

Dehydrohexahydroxy diphenic acid 354.22 11 7 -1.76 2 Low No No No No No No No No No No 
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Table 4. Predicted drug-likeness and ADMET properties of the compounds from P. tenellus and K parviflora (continued...) 

Compound name 

Drug-likeness Absorption 
Distri-

bution 
Metabolism Toxicity 

MW 
H-bond 

acceptors 

H-bond 

donors 
LOGP 

Lipinski 

violation 
GI 

Pgp 

substrate 

Pgp 

inhibitor 
BBB 

Inhibitor 

AMES 

toxicity 

Carcino-

genicity CYP 

1A2 

CYP 

2C19 

CYP 

2C9 

CYP 

2D6 

CYP 

3A4 

K. parviflora                 

4-Hydroxy-6-Methoxyflavone*  268.26 4 1 3.17 0 High No No Yes Yes Yes No Yes Yes Yes  No 

5-Hydroxy-3,7,4’-trimethoxyflavone* 328.32 6 1 3.19 0 High No Yes Yes Yes No Yes Yes Yes No No 

Peonidin* 301.27 6 4 3.21 0 High Yes No No Yes No No No No No No 

5,3’-dihydroxy-3,7,4’-trimethoxyflavone* 344.32 7 2 2.9 0 High No Yes No Yes No Yes Yes Yes No No 

5-Hydroxy-3,7-dimethoxyflavone 298.29 5 1 3.18 0 High No Yes Yes Yes Yes Yes Yes Yes No No 

5-Hydroxy-7-methoxyflavone 268.26 4 1 3.17 0 High No No  Yes Yes Yes Yes Yes Yes Yes No 

5-Hydroxy-7,4’-dimethoxyflavone 298.29 5 1 3.18 0 High No No  Yes Yes Yes Yes Yes Yes No No 

5-Hydroxy-3,7,3’,4’-tetramethoxyflavone 358.34 7 1 3.2 0 High No Yes No Yes No Yes Yes Yes No No 

5,7,3’,4’-tetramethoxyflavone 342.34 6 0 3.49 0 High No Yes Yes Yes Yes Yes Yes Yes No No 

3-Methyl-5,7,4’-trimethoxyflavone 326.34 5 0 3.79 0 High No Yes Yes Yes Yes Yes No Yes No No 

3-Methyl-5,7,3’,4’-tetramethoxyflavone 356.37 6 0 3.8 0 High No Yes  Yes Yes Yes Yes No Yes No No 

5-hydroxy-7,3’,4’-trimethoxyflavone 328.32 6 1 3.19 0 High No Yes Yes Yes Yes Yes Yes Yes No No 

4,4’-dihydroxy-6-methoxyflavone 284.26 5 2 2.88 0 High No No No Yes No Yes Yes Yes Yes  No 

3,5,7-trihydroxy-2-(4-hydroxy- 3,5-dimethoxy-

phenyl)chromenium 
331.3 7 4 3.22 0 High Yes No No Yes No No No No No No 

3,5,7,4’-tetramethoxyflavone 342.34 6 0 3.49 0 High No No Yes Yes Yes Yes Yes Yes No No 

Methoxyflavones  252.26 3 0 3.47 0 High No Yes Yes Yes Yes Yes Yes Yes No No 

3,5,7-trimethoxyflavone 312.32 5 0 3.49 0 High No Yes Yes Yes Yes Yes Yes Yes No No 

5,7-dimethoxyflavone 282.29 4 0 3.48 0 High No Yes Yes Yes Yes Yes Yes Yes No No 

3,5,7,3’,4’-pentamethoxyflavone 372.37 7 0 3.5 0 High No Yes Yes No Yes Yes No Yes Yes  No 

5,7,4’-trimethoxyflavone 312.32 5 0 3.49 0 High No Yes Yes Yes Yes Yes Yes Yes No No 

* Top compounds against Mpro amd RdRp 
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Rutin, ellagic acid glucoside, and ellagitannin were 

predicted to be poorly absorbed by the human gastro-
intestinal tract upon oral administration. Rutin and 
ellagitannin were substrates and non-inhibitors of P-
gp, indicating that these compounds could be ef-
fluxed from the cells. Instead, ellagic acid glucoside 
was a non-substrate of P-gp. Moreover, these three 
compounds were unable to cross the BBB but were 
non-inhibitors of CYP450 enzymes, CYP2D6 and 
CYP3A4, which are indispensable for drug metabo-
lism in the liver. These compounds were also predict-
ed to be non-carcinogens and non-toxic except for 
ellagic acid glucoside, which was possibly toxic.  

In contrast, the top compounds from K. parviflora, 
4-hydroxy-6-methoxyflavone, 5-hydroxy-3,7,4’-tri-
methoxyflavone, peonidin and 5,3’-dihydroxy-3,7,4’-
trimethoxyflavone have high potentials to be oral 
active drugs as these compounds obey all of 
Lipinski’s rule criteria (Table 4). These compounds 
could be efficiently absorbed in the gastrointestinal 
tract. They were also P-gp non-substrates except for 
peonidin. The compounds 5-hydroxy-3,7,4’-trimet-
hoxyflavone and 5,3’-dihydroxy-3,7,4’-trimethoxy-
flavone were even P-gp inhibitors suggesting that 
they could prevent drug efflux and have better ab-
sorption (Amin, 2013). Furthermore, 4-hydroxy-6-
methoxyflavone and 5-hydroxy-3,7,4’-trimethoxy-
flavone could permeate through the BBB. However, 4-
hydroxy-6-methoxyflavone, 5-hydroxy-3,7,4’-trimet-
hoxyflavone, and 5,3’-dihydroxy-3,7,4’-trimethoxy-
flavone could have poor metabolism by being inhibi-
tors of CYP2D6 and CYP3A4. Only peonidin was 
predicted to be CYP2D6 and CYP3A4 non-inhibitors, 
indicating that this compound was possibly able to be 
metabolized in the liver. In terms of toxicity, all of 
these compounds were non-carcinogens, and they 
were also non-toxic except for 4-hydroxy-6-methoxy-
flavone. 

DISCUSSION 

P. tenellus and K. parviflora are medicinal herbs 
composed of valuable bioactive compounds with 
multiple biological activities. Hydrosable tannins 
such as ellagitannin, ellagic acid glucoside, and dehy-
drohexahydroxy diphenic acid are the most abundant 
compounds found in P. tenellus which have been 
proven to possess antiviral activity (Mohd Jusoh et al., 
2019; Nutan et al., 2013; Tan et al., 2013). In addition, 
P. tenellus is rich in flavonoids such as rutin, myrice-
tin-rhamnoside, and quercetin glucoside, which are 
commonly associated with antiviral properties 
against HIV, influenza and other viruses (Mehrbod et 
al., 2021; Ortega et al., 2017; Tao et al., 2007). Likewise, 
K. parviflora also contains flavonoids abundantly. 

Methoxyflavone and its derivatives found in this herb 
have been shown to efficiently inhibit HIV-1, HCV, 
and HCMV proteases (Sookkongwaree et al., 2006). 
Since then, P. tenellus and K. parviflora have become 
interesting sources of natural antivirals. 

In this study, the ability of the compounds from P. 
tenellus and K. parviflora to inhibit two major targets of 
SARS-CoV-2, Mpro and RdRp, was proven through in 
silico studies. Mpro and RdRp are two vital SARS-CoV-
2 proteins involved in viral polyprotein proteolysis 
and viral replication and transcription, respectively 
(Jin et al., 2021). Mpro is a homodimer consisting of 
two protomers in which each protomer contains three 
domains (domains I, II and III). The catalytic dyad 
(His41 and Cys145) and the substrate binding sites are 
located in a cleft in between domains I and II. The 
substrate binding site, comprising the residues His41, 
Met49, Gly143, Ser144, His163, His164, Met165, 
Glu166, Leu167, Asp187, Arg188, Gln189, Thr190, 
Ala191 and Gln192, is highly conserved among Mpros 
from other coronaviruses as well as SARS-CoV-2 var-
iants (Pitts et al., 2022). Thus, the inhibitors targeting 
this site should have a broad-spectrum antiviral activ-
ity. It is interesting that rutin and ellagic acid gluco-
side from P. tenellus, as well as 4-hydroxy-6-
methoxyflavone and 5-hydroxy-3,7,4’-trimethoxy-
flavone from K. parvilfora were able to efficiently bind 
to the substrate binding site that was not only pre-
dicted to block the catalytic activity of Mpro but also 
could be effective against all the emergent SARS-CoV-
2 variants. However, additional in silico studies and 
further physical experiments should be conducted to 
verify this.  

In addition, rutin bound to the residue Phe140, 
which was a part of the dimer interface located in the 
domain III of Mpro. The dimerization process is crucial 
for the formation of the homodimer, which is an ac-
tive form of Mpro and is necessary for enzyme activity 
as it assists in the formation of the correct orientation 
of the substrate binding site (Goyal and Goyal, 2020). 
A salt bridge interaction between Glu290 of one pro-
tomer and Arg4 of another protomer occurs in this 
process (Zhang et al., 2020). The ability of rutin to 
bind to both the dimerization and the substrate bind-
ing sites suggested that this compound could disrupt 
the formation of an active structure of Mpro thus 
blocking the Mpro catalytic activity.  

The polyprotein proteolysis activity mediated by 
SARS-CoV-2 Mpro produces multiple nsps, which 
perform numerous functions in the viral replication 
and assembly processes (Xue et al., 2014). In the nsps 
complex, nsp12, which is also called as RdRp, is the 
core component responsible for the elongation of a 
new RNA chain from an RNA template (te Velthuis et 
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al., 2010). The catalytic activity of RdRp is assisted by 
its partners, nsp7 and nsp8 where the partners aid in 
increasing the efficiency of RNA synthesis (te Velthuis 
et al., 2012). The RNA polymerization process medi-
ated by RdRp includes template entry and binding, 
NTP entry and binding, and polymerization. Similar 
to Mpro, the catalytic domain of RdRp is also con-
served among SARS-CoV-2 variants and other coro-
naviruses, suggesting that the inhibitors targeting 
RdRp might be broadly effective (Martin et al., 2021). 
Other than the catalytic site, RdRp activity is also 
assisted by the NTP-entry channel formed by the 
hydrophilic residues Lys545, Arg553, and Arg555 
(Long et al., 2021). The NTP substrates enter and bind 
to the channel simultaneously as the RNA template 
enters the RdRp catalytic site leading to the initiation 
of the RNA polymerization process (Gao et al. 2020).  

Remdesivir is a SARS-CoV-2 RdRp inhibitor 
where it is evidently effective in targeting RdRp by 
interacting with the catalytic and NTP-binding resi-
dues (Gao et al., 2020; Eweas et al., 2021). However, in 
this study, the compounds ellagitannin, rutin, ellagic 
acid glucoside, myricetin-rhamnoside, quercetin glu-
coside, and dehydrohexahydroxy diphenic acid from 
P. tenellus demonstrated greater binding confor-
mations with RdRp than remdesivir by interacting 
with the catalytic residues that were anticipated to 
stop RNA polymerization. Interestingly, these com-
pounds were also able to bind stronger to the NTP-
entry channel than the NTPs (GTP, ATP, UTP, and 
CTP) themselves, indicating that these compounds 
could efficiently block the binding of NTPs to RdRp 
that subsequently arrests the SARS-CoV-2 RNA repli-
cation. Moreover, ellagitannin could also disrupt the 
stability of the RdRp core structure by interacting 
with the residue Lys798. Similarly, peonidin and 5,3’-
dihydroxy-3,7,4’-trimethoxyflavone from K. parviflora 
were able to form a stable conformation with RdRp 
and might be competitive ligands to the NTPs. Alt-
hough these compounds were not as potent as 
remdesivir and the top compounds from P. tenellus, 
they showed stronger inhibitory activity than hy-
droxychloroquine. Hence, it is proposed that the 
aforementioned compounds could be effective SARS-
CoV-2 RdRp inhibitors.  

Prior to the development of a drug, the drug-
likeness and ADMET properties of the compounds 
were assessed to predict their ability to be qualified as 
drug candidates. The compounds from K. parviflora, 
particularly 4-hydroxy-6-methoxyflavone, 5-hydroxy-
3,7,4’-trimethoxyflavone, peonidin and 5,3’-dihy-
droxy-3,7,4’-trimethoxyflavone, were predicted to be 
potential oral drugs besides having potent inhibition 
activity against SARS-CoV-2 Mpro and RdRp. Howev-
er, in contrast, rutin, ellagic acid glucoside, and ellag-

itannin from P. tenellus were less potential to be oral 
drugs and exhibited poor ADMET properties, alt-
hough they exerted strong inhibitory activities against 
Mpro and RdRp. The large molecular weight and high 
number of aromatic rings of these compounds possi-
bly affect the compound absorption and permeability, 
which consequently reduces the drug-likeness poten-
tial of the compounds (Ritchie and Macdonald, 2009). 
However, structural modification and nanotechnolo-
gy employment may aid in improving the ADMET 
properties of these compounds as potent drugs (Fa-
rouk and Shamma, 2019). 

CONCLUSION 

P. tenellus compounds, particularly rutin and ellag-
ic acid glucoside, as well as K. parviflora compounds, 
4-hydroxy-6-methoxyflavone and 5-hydroxy-3,7,4’-
trimethoxyflavone were proposed as effective inhibi-
tors of SARS-CoV-2 Mpro. Rutin and ellagitannin from 
P. tenellus and peonidin and 5,3’-dihydroxy-3,7,4’-
trimethoxyflavone from K. parviflora could be potent 
SARS-CoV-2 RdRp inhibitors. In terms of drug-
likeness, the K. parviflora compounds were predicted 
to have a higher potential to be oral drugs than the P. 
tenellus compounds. Structural modification of P. 
tenellus compounds is required to improve their drug-
likeness properties. In addition, in vitro and in vivo 
studies must be implemented to provide further evi-
dence to support the findings of this study. Overall, 
this study provides potential candidates for the de-
velopment of plant-based inhibitors of SARS-CoV-2 
Mpro and RdRp. 
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