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Abstract
The Severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) has resulted in outbreak of global pandemic, fatal pneu-
monia in human referred as Coronavirus Disease-2019 (Covid-19). Ayurveda, the age old practice of treating human ailments 
in India, can be considered against SARS-CoV-2. Attempt was made to provide preliminary evidences for interaction of 35 
phytochemicals from two plants (Phyllanthus amarus and Andrographis paniculata used in Ayurveda) with SARS-CoV-2 
proteins (open & closed state S protein, 3CLpro, PLpro and RdRp) through in silico docking analysis. The nucleotide ana-
logue remdesivir, being used in treatment of SARS-CoV-2, was used as a positive control. The results revealed that 18 phyto-
chemicals from P. amarus and 14 phytochemicals from A. paniculata shown binding energy affinity/dock score < − 6.0 kcal/
mol, which is considered as minimum threshold for any compound to be used for drug development. Phytochemicals used 
for docking studies in the current study from P. amarus and A. paniculata showed binding affinity up to − 9.10 kcal/mol and 
− 10.60 kcal/mol, respectively. There was no significant difference in the binding affinities of these compounds with closed 
and open state S protein. Further, flavonoids (astragalin, kaempferol, quercetin, quercetin-3-O-glucoside and quercetin) and 
tannins (corilagin, furosin and geraniin) present in P. amarus have shown more binding affinity (up to − 10.60 kcal/mol) 
than remdesivir (up to − 9.50 kcal/mol). The pharmacokinetic predictions suggest that compounds from the two plants spe-
cies studied in the current study are found to be non-carcinogenic, water soluble and biologically safe. The phytochemicals 
present in the extracts of P. amarus and A. paniculata might have synergistic effect with action on multiple target sites 
of SARS-CoV-2. The information generated here might serve as preliminary evidence for anti SARS-CoV-2 activity of 
phytochemicals present from P. amarus and A. paniculata and the potential of Ayurveda medicine in combating the virus.

Keywords Andrographis paniculata · Coronavirus · COVID-19 · Ligands · Molecular docking · Natural and Phyllanthus 
amarus

Introduction

The outbreak of highly transmissible fatal pneumonia in 
human referred as Coronavirus Disease-2019 (Covid-19) 
has spread globally (215 countries and territories) with 
over 16.81 M confirmed cases and over 662,095 deaths 

worldwide as on 31 July 2020 (https ://www.world omete 
rs.info/coron aviru s), whereas, in India, 15, 83,792 people 
with 34,968 deaths (https ://www.world omete rs.info/coron 
aviru s). According to the International Committee on Tax-
onomy of Viruses (ICTV), the novel zoonotic pathogenic 
virus associated with COVID-19 is Severe acute respiratory 
syndrome coronavirus 2 (SARS-CoV-2) and the virus spe-
cies is severe acute respiratory syndrome-related coronavirus 
(Gorbalenya et al. 2020). The break out of SARS-CoV-2 
has been first reported during December 2019 in Wuhan, 
Hubei Province, China, with a fatality rate of 4 percent (Liu 
et al. 2020; Wu et al. 2020; Zhu et al. 2020). Sore throat, 
dry cough, fever, chills, repeated shaking with chills, mus-
cle pain, headache, loss of taste or smell and respiratory 
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distress are major symptoms induced by SARS-CoV-2 
(Cheng et al. 2007). In most severe cases, the clinical pres-
entation of SARS-CoV-2 infection includes pneumonia that 
progresses to multi-organ failure and even death (Zaki et al. 
2012; Machhi et al. 2020). Covid-19 has become global pan-
demic and created the wide spread fear of death everywhere 
in the world resulting lockdown in human society (Mandal 
2020). The increasing pandemic potential of SARS-CoV-2 
is due to its high human-to-human transmissible efficiency 
which makes it difficult to contain (Wu et al. 2020; Zhao 
et al. 2020).

The SARS-CoV-2 is a β-coronavirus, belongs to fam-
ily Coronaviridae of order Nidovirales (Zhu et al. 2020). It 
has enveloped positive sense single-stranded RNA genome 
with 33 kilo base (Kb) encoding for 14 open reading frames 
(ORFs) (Fehr and Perlman 2015; Guo et al. 2020). The 
genome of SARS-CoV-2 lacks the hemagglutinin-esterase 
gene. However, it comprises two flanking untranslated 
regions (UTRs) at 5′ end and 3′ with 265 and 358 nucleo-
tides, respectively. The first ORF comprises approximately 
67 percent of the genome and encodes 16 non-structural 
proteins (nsps), which were processed by proteolytic cleav-
age, whereas the remaining 13 ORFs encode for structural 
proteins and protein accessory (Boopathi et al. 2020; Chan 
et al. 2020). The nsps mainly include helicase, RNA-depend-
ent RNA polymerase (RdRp), 3-Chymotrypsin-like protease 
(3CLpro), Papain-like protease (PLpro) and others likely to 
be involved in the transcription and replication of SARS-
CoV-2 (Simmons et al. 2005; Boopathi et al. 2020). Four 
major structural proteins are spike surface glycoprotein (S 
protein), membrane protein (M), nucleocapsid protein (N) 
and envelope (E). M protein possess N-terminal glycosylated 
ectodomain at the N-terminal end that consists of three 
transmembrane domains (TM) and a long C-terminal CT 
domain (Boopathi et al. 2020; Chan et al. 2020). The M and 
E proteins are required for virus morphogenesis, assembly 
and budding, whereas S protein is a fusion viral protein com-
prising two subunits S1 and S2. The S1 subunit consists of 
receptor-binding domain (RBD), N-terminal domain (NTD) 
and signal peptide. The S2 subunit comprises two heptad 
repeat regions known as HR-N and HR-C, which form the 
coiled-coil structures surrounded by the protein ectodomain 
(Walls et al. 2020). A furin cleavage site (PRRARS’V) is 
present in S protein at the interface between S1 and S2 subu-
nits that will be processed during the biogenesis (Coutard 
et al. 2020). SARS-CoV-2 S protein facilitates the entry of 
viral particles into the host cell after binding with the host 
angiotensin-converting enzyme 2 (ACE-2) (Tortorici and 
Veesler 2019) and also determines the host range and cel-
lular tropism (Simmons et al. 2005). Entry of SARS-CoV-2 
into host cells is mediated by the cleavage of viral spike 
protein by host proteases, viz. serine proteases (TMPRSS2) 
or cysteine proteases (Cathepsin B/L) (Boopathi et al. 2020; 

Yan et al. 2020). The ACE2 and TMPRSS2 proteins are 
prime targets of the coronavirus (Matsuyama et al. 2010; 
Glowacka et al. 2011; Zhao et al. 2020).

The highly conserved spike protein (S protein) of SARS-
CoV-2 enters human cells by targeting the host ACE2. 
Hence, S protein is one of the drug target to neutralize the 
virus (Walker and Burton 2018; Karakus et al. 2020). Pro-
teases (3CLpro and PLpro) translated from viral RNA are 
essential for polyprotein processing of SARS-CoV-2 and 
involved in replication and transcription of SARS-CoV-2 
can serve as potent therapeutic targets (Prussia et al. 2011; 
Sheahan et al. 2020). The SARS-CoV-2 proteases act on 
polyproteins (PP1a and PP1ab) to release the nsps which are 
encoded by open reading frame (ORF1a/b) of virus (Shea-
han et al. 2020). Inhibiting virus entry into the cell and its 
replication combined with modulating the immune system 
could be a potential target for drug therapy (Sanders et al. 
2020). Currently, there are no available vaccines or specific 
medicines for the treatment of COVID-19.

Several countries and pharma giants in the world are 
working to come out with either vaccines or drugs which 
will be helpful in containing this global pandemic (Begum 
et al. 2020). In India, attempts were made to address this 
problem through Ayurveda and Siddha practices as well 
apart from development of drugs and vaccines, which were 
still widely used among the Indian population to combat 
diseases caused by viral infections such as jaundice, malaria, 
cholera, etc. (Gomathi et al. 2020). Ayurveda is the age old 
practice of treating human ailments in India and provided 
remedies against many medical conditions. Medicinal herbs 
from India are promising in treating various illnesses (Gom-
athi et al. 2020). Further, identification of phytochemicals 
from medicinal plants can be used as drugs for viral infec-
tion targeting viral receptors (Chang and Woo 2003; Key-
aerts et al. 2004), viral integration (Kim et al. 2010), reverse 
transcription, viral replication and viral protein translation 
(Mansouri et al. 2009).

Extracts from Andrographis paniculata Wall (Kalmegh) 
and Phyllanthus amarus Schum. & Thonn were used in 
Ayurvedic medicinal systems and proven to have numerous 
medicinal properties (Niranjan et al. 2010; Patel et al. 2011). 
A. paniculata also known as ‘King of bitters’ belonging to 
Acanthaceae family (Pholphana et al. 2013) is widely used 
to treat fever, diarrhoea and common cold. It consists of a 
wide range of pharmacologically active substances such as 
andrographolides and its derivatives that have been showed 
anticancer, antimalarial, hepatoprotective, antioxidant activi-
ties (Niranjan et al. 2010) and reported to have potent anti-
viral activity against diverse group of viruses belonging to 
different families (Gupta et al. 2017). It also been implicated 
in suppression of increased NOD-like receptor protein 3 
(NLRP3), caspase-1 and interleukin-1β molecules which are 
extensively involved in the pathogenesis of SARS-COV and 
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likely SARS-CoV-2 as well (Liu et al. 2020a, b). Phyllanthus 
amarus Schum. & Thonn. (Family: Euphorbiaceae) is one 
of the medicinal herb widely distributed in tropical and sub-
tropical countries from Africa to Asia, South America and 
the West Indies. It is a rich source of secondary metabolites 
such as alkaloids, flavonoids, hydrolysable tannins, lignins, 
polyphenols, triterpenes, sterols and volatile oils (Patel et al. 
2011). It exhibits an array of ethanopharmacological activi-
ties such as anti-inflammatory, hepatoprotective, nephro-
protective, anti-amnesia, anticancer, diuretic, antioxidant, 
antiviral, anti-bacterial, anti-hyperglycemic, anti-hypercho-
lesterolemia and so on (Calixto et al. 1998; Patel et al. 2011).

Several Ayurvedic practitioners in India claiming Ayur-
veda medicine can cure Covid-19, which are not supported 
by enough scientific evidences. Nevertheless, the role of 
herbal extracts in addressing the human ailments cannot 
be ignored totally. Lack of proper experimental evidences 
might have made regulatory authorities to enforce not to 
sale the Ayurveda medicines as a curative agent of Covid-19. 
There are several Ayurveda tablets available in the Indian 
market claiming to boost immune system in the backdrop 
of Covid-19 outbreak. Here we discussed on the potential 
Ayurveda medicine prepared using A. paniculata and P. 
amarus against SARS-CoV-2 through the results of in silico 
analysis of interaction between SARS-CoV-2 proteins and 
secondary metabolites of these plants available in the data-
bases. This provides some preliminary scientific evidence to 
harness the potential of Ayurveda medicines in combating 
SARS-CoV-2. However, this needs to be to be validated with 
experimental evidences required by the regulatory authori-
ties such as large-scale clinical trials.

Materials and methods

Sources of ligands and viral receptor proteins

The list of phytochemicals present in P. amarus and A. pan-
iculata was obtained from previously published scientific 
literature (Chao and Lin 2010; Gupta and Vaghela 2019; 
Joseph and Raj 2011; Nisar et al. 2018; Pereira et al. 2016; 
Tan et al. 2016). A total of 35 compounds were selected for 
the molecular docking studies (21 from P. amarus and 14 
from A. paniculata) (Table 1). Remdesivir, an antagonist of 
SARS-CoV-2 RdRp, was chosen as a positive control (Yu 
et al. 2020).

The three-dimensional (3D) conformers of the selected 
ligands were retrieved from PubChem (https ://pubch 
em.ncbi.nlm.nih.gov) database in SDF and MOL formats. 
Similarly, the 3D structures of proteins determined using a 
biophysical technique such as X-ray crystallography or NMR 
spectroscopy are openly available in protein data bank were 
retrieved (www.rcsb.org). Four different viral targets were 

considered for docking studies, viz. spike protein (S protein), 
3-chymotrypsin-like protease (3CLpro), papain-like protease 
(PLpro) and RNA-dependent RNA polymerase (RdRp). The 
crystal structure of S protein and 3CLpro of SARS-CoV-2 
available in the protein databank were retrieved for the cur-
rent study. The PDB ID for S protein and 3CLpro are PDB 
ID: 6VSB, chains A, B, C, 6VXX (closed), 6VYB (open) 
(Wrapp et al. 2020) and PDB ID: 6LU7, chain A (Jin et al. 
2020), respectively. Crystal protein structures of PLpro and 
RdRp of SARS-CoV-2 were not available in the protein data-
bank at the time of analysis. Hence, the crystal structure 
developed for the both proteins using the X-ray structure of 
PLpro of human coronavirus papain-like proteases (PDB ID: 
4OVZ, chain A) (Baez-Santos et al. 2014) and the solved 
RdRp structure (97.08% sequence identity with SARS-
CoV-2) of SARS-HCoV (PDB ID: 6NUS, chain A) (Kirch-
doerfer et al. 2019) were downloaded for docking studies.

Preparation of ligands and target proteins

The retrieved 3D structures of the ligands were optimized 
using Avogadro version 1.2.0 (Hanwell et al. 2012) with 
force filed type MMFF94 and converted to PDB format 
using Open Babel version 3.1.1. (O’Boyle et al. 2011). For 
further simplification of analysis, the optimized ligands with 
the lowest energy were loaded to AutoDock-MGL Tools 
(Morris et al. 2009), the Gasteiger charges were added and 
standard processes were used to obtain the PDBQT files. 
The downloaded 3D structures were checked for the pres-
ence of any improper bonds, side-chain anomalies and miss-
ing hydrogens using PyMOL software (Delano 2009). All 
the water molecules, complex molecules, ions and ligands of 
the proteins were removed in Biovia Discovery Studio 2020 
(Biovia 2020). The optimized PDB structures were uploaded 
to AutoDock-MGL Tool (Morris et al. 2009), succinctly, 
polar hydrogens were added and standard processes were 
used to obtain the PDBQT files.

Active site prediction and molecular docking

The active sites of the proteins were determined using 
the Computed Atlas for Surface Topography of Proteins 
(CASTp) (http://sts.bioe.uic.edu/castp /index .html?201l) and 
Biovia Discovery Studio 2020. For closed and open confor-
mational state of spike protein, the active sites were chosen 
based on the receptor-binding domain, which interacts with 
the ACE2 receptors on the host cell membrane of humans 
(Gur et al. 2020). In case of 3CLpro protein, the binding 
site was selected based on the location of co-crystallized 
inhibitor N3, which was developed using computer-aided 
drug design and has shown specific inhibition to SARS and 
MERS with good binding affinity in the binding pockets of 
crystal structure of 3CLpro (Jin et al. 2020). The optimized 

https://pubchem.ncbi.nlm.nih.gov
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Table 1  Dock score of interaction between phytochemicals from 
Phyllanthus amarus and Andrographis paniculata with SARS-CoV-2 
proteins; S protein [PDB ID:6VSB,6VXX (closed), 6YVB (open)], 

3 chymotrypsin like protease (3CLpro) (PDB ID:6LU7), papain like 
protease (PLpro) (PDB ID:4OVZ) and RNA-dependent RNA poly-
merase (RdRp) (PDB ID:6NUS)

Group Sl. No. Compound S protein S protein 
(Closed)

S protein 
(Open)

3CLpro PLpro RdRp

Binding 
affinity (kcal/
mol)

Binding affin-
ity (kcal/mol)

Binding affin-
ity (kcal/mol)

Binding 
affinity (kcal/
mol)

Binding 
affinity (kcal/
mol)

Binding 
affinity (kcal/
mol)

Positive 
control

1 Remdesivir − 8.00 − 8.40 − 8.50 − 7.90 − 9.50 − 7.60

Phytochemicals from P.amarus
 Alkaloids 1 Epibubbialine − 6.80 − 7.30 − 6.70 − 5.90 − 7.50 − 6.30

2 Isobubbialine − 7.40 − 8.20 − 7.30 − 6.00 − 7.70 − 6.40
3 nor-securinine − 6.80 − 7.20 − 7.20 − 5.70 − 7.30 − 6.80
4 Securinine − 7.10 − 7.40 − 7.10 − 5.90 − 7.70 − 7.30

 Flavonoids 5 Astragalin* − 9.80 − 8.30 − 8.30 − 8.40 − 9.70 − 7.60
6 Kaempferol* − 8.30 − 8.30 − 8.40 − 7.70 − 9.60 − 7.00
7 Quercetin* − 8.10 − 8.80 − 8.80 − 7.50 − 8.60 − 8.60
8 Quercetin-3-O-gluco-

side*
− 9.80 − 8.60 − 8.60 − 8.20 − 10.30 − 7.70

9 Quercitrin* − 9.20 − 8.60 − 8.60 − 8.60 − 8.80 − 8.10
 Phenylpropa-

noid
10 Cinnamic acid − 5.80 − 5.70 − 6.00 − 4.70 − 6.30 − 5.60
11 Hinokinin* − 8.40 − 8.50 − 8.40 − 7.40 − 9.80 − 8.20
12 Niranthin − 6.30 − 5.90 − 6.10 − 6.30 − 7.60 − 6.10
13 Nirtetralin − 7.40 − 7.00 − 7.00 − 6.60 − 6.70 − 7.00
14 Phenylalanine − 5.50 − 5.70 − 5.80 − 4.80 − 6.00 − 5.60
15 Phyllanthin − 6.10 − 5.60 − 5.90 − 5.70 − 7.60 − 6.40

 Tannins 16 Corilagin* − 8.80 − 9.60 − 9.50 − 8.70 − 8.50 − 9.30
17 Furosin* − 10.20 − 9.60 − 9.40 − 8.70 − 9.20 − 9.10
18 Geraniin* − 10.60 − 10.10 − 10.10 − 9.30 − 9.20 − 9.10
19 Melatonin − 6.60 − 6.60 − 7.20 − 5.80 − 7.00 − 5.50

 Triterpenes 20 farnesyl farnesol − 5.20 − 5.40 − 5.80 − 4.50 − 5.80 − 4.70
21 Phenazine − 6.70 − 7.00 − 7.10 − 5.80 − 7.50 − 7.00

Phytochemicals from A. paniculata
 Bioactive 

compounds
1 Andrograpanin − 7.30 − 7.10 − 6.60 − 6.10 − 6.80 − 7.20
2 Andrographolide − 7.90 − 7.50 − 7.60 − 6.50 − 8.00 − 7.30
3 Isoandrographolide* − 9.10 − 7.30 − 8.10 − 7.00 − 9.30 − 8.30

 Diterpenes 4 14-acetylandro-
grapholide

− 7.60 − 7.50 − 8.00 − 6.70 − 8.40 − 7.00

5 14-deoxy-11,12-di-
dehydroandro-
grapholide

− 7.70 − 7.60 − 7.70 − 7.60 − 7.30 − 7.10

6 14-deoxy-14,15-di-
dehydroandro-
grapholide

− 8.00 − 8.20 − 7.40 − 6.80 − 7.80 − 7.90

7 14-Deoxyandro-
grapholide

− 8.00 − 8.20 − 7.60 − 7.30 − 8.30 − 7.80

8 19-O-acetyl-14-deoxy-
11,12-didehydroan-
drographolide

− 8.40 − 7.40 − 7.50 − 6.80 − 8.80 7.10

9 Deoxyandrographolide − 7.80 − 7.40 − 8.10 − 7.30 − 7.00 7.50
10 Neoandrographolide − 8.20 − 8.10 − 8.40 − 7.80 − 7.80 − 8.50
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ligands and proteins in PDBQT format were subjected to 
molecular docking with the aid of AutoDock Vina soft-
ware (Trott and Olson 2010). AutoDock Vina predicts the 
interaction between protein and ligand by utilizing its scor-
ing function (binding affinity). In the process of molecu-
lar docking, based on predicted active sites, the grid box 
was set to 60 Å × 60 Å × 60 Å centred at 225.616, 226.490, 
225.337 (XYZ coordinates) for spike protein 6VSB, grid 
box was set to 80 Å × 80 Å × 80 Å centred at 223.220962, 
190.082990, 263.907088 (XYZ coordinates) for spike pro-
teins 6VXX (closed) and 6VYB (open), grid box 26 Å × 26 
Å × 26 Å centred at − 10.712, 12.411, 68.8312 (XYZ coor-
dinates) for 3CLpro, grid box 60 Å × 60 Å × 60 Å centred at 
− 8.611, 38.916, − 41.012 (XYZ coordinates) for PLpro and 
grid box 60 Å × 60 Å × 60 Å centred at 138.751, 163.504, 
136.636 (XYZ coordinates) for RdRp. The value of exhaus-
tiveness was set at 24 (Froli et al. 2016). The output file 
obtained after docking analysis consists of top nine binding 
poses with their respective binding affinity in kcal/mol. The 
ligand binding pose showing highest binding affinity with 
least root mean square deviation (RMSD) was selected. The 
protein–ligand interaction in 3D structures was visualized in 
PyMOL. Similarly, 2D structure was visualized in Biovia 
Discovery studio 2020. The 3D visualization represents the 
exact location or the binding pocket of the target protein, 
whereas the 2D structure visualization represents the dif-
ferent bonds formed between the amino acid residues of the 
viral target protein and the ligand. The workflow of in silico 
molecular docking analysis is represented in Fig. 1.

ADME and other pharmacokinetic properties

The drug-likeness analysis was carried out based on Lipin-
ski’s rule of five (Lipinski 2004). Absorption, distribution, 
metabolism and excretion (ADME) are pharmacokinetic 

properties of a ligand that deals primarily with its absorp-
tion, distribution, metabolism and excretion in the human 
body. The major parameter, Lipinski’s rule of five was gen-
erated using SWISSADME (Daina et al. 2017) for evaluat-
ing the pharmacological significance. The ligands in PDB 
format were converted to canonical SMILES format and 
uploaded to SWISSADME prediction (http://www.swiss 
adme.ch). Properties such as solubility (logS), human intes-
tinal absorption (HIA) and carcinogen were obtained from 
admetSAR (http://lmmd.ecust .edu.cn/admet sar2).

Results and discussion

Impact of Covid-19 is having catastrophic effect on human 
health and life. The scientific communities from the nuke 
and corner of the world have scrupulously engaged in devel-
oping the drug or vaccine against SARS-CoV-2, causal agent 
of Covid-19. The current study discusses on the potential of 
phytochemicals present in two medicinal plants used in the 
Ayurveda, an age old medical practice in India. Plants/herbal 
extracts part of Ayurveda medicines are known to boost 
immunity in humans, which is crucial for fighting against 
microbial enemies (Kumar et al. 2020). Plant extracts from 
P. amarus and A. paniculata have been extensively used 
in Ayurveda for curing various human ailments (Niranjan 
et al. 2010; Patel et al. 2011). The herbal extracts may have 
several phytochemicals, few of them might be playing role 
in neutralizing the pathogens. Binding interaction between 
a pathogen protein and ligand derived from herbal extracts 
may result in inhibition of the activity of pathogen protein. 
Hence, to understand and determine the potency of the plant 
extracts against cataclysmic virus SARS-CoV-2, about 21 
compounds present in P. amarus and 14 compounds present 

Table 1  (continued)

Group Sl. No. Compound S protein S protein 
(Closed)

S protein 
(Open)

3CLpro PLpro RdRp

Binding 
affinity (kcal/
mol)

Binding affin-
ity (kcal/mol)

Binding affin-
ity (kcal/mol)

Binding 
affinity (kcal/
mol)

Binding 
affinity (kcal/
mol)

Binding 
affinity (kcal/
mol)

 Flavonoids 11 5-hydroxy-7,8,2′,3′-
tetramethoxyflavone,

− 7.60 − 8.00 − 7.40 − 6.90 − 8.40 − 7.00

12 5-hydroxy-7,8,2′,5′-
tetramethoxy flavone

− 8.20 − 7.90 − 7.50 − 7.60 − 8.60 − 7.80

13 5-hydroxy-7,8-dimeth-
oxyflavanone

− 7.80 − 7.40 − 7.80 − 7.20 − 8.90 − 7.30

14 5-Hydroxy-7,8-dimeth-
oxyflavone

− 7.90 − 7.20 − 8.00 − 7.50 − 9.00 − 7.50

The docking score of respective phytochemicals higher than the positive control (remdesivir) has been denoted in bold
*The phytochemicals showing better binding affinity with all the viral proteins

http://www.swissadme.ch
http://www.swissadme.ch
http://lmmd.ecust.edu.cn/admetsar2
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in A. paniculata were used for molecular docking simulation 
with four SARS-CoV-2 receptor targets.

Prior to the docking analysis, the ligands were optimized 
by minimizing the energy with force field type MMFF94, 
this helps in removing clashes among atoms and develops 
a stable starting pose of the ligands for binding interaction 
(Klebe et al. 2006). The docking coupled with a scoring 
function can be utilized to evaluate a large number of poten-
tial drugs in silico. In the process of molecular docking, 
generally, the binding affinity lesser than the upper threshold 
(− 6 kcal/mol) is regarded as a cut off value for determining 
good binding affinity between ligand and protein (Shitya-
kov et al. 2014). Of the 35 compounds screened from two 
plant species (Table 1), three compounds (cinnamic acid, 
phenylalanine and farnesyl farnesol) did not qualify as per 
the threshold binding affinity to neutralize SARS-CoV-2 
proteins.

In the recent clinical trials, remdesivir, a nucleotide ana-
logue of adenosine triphosphate has been reported to be a 
potential prodrug against SARS-CoV-2 infection (Gao et al. 
2020). It was originally developed for treating viral infec-
tion caused by Ebola and Marburg virus but was also found 
effective against SARS and MERS (Elfiky 2020). Hence, 
remdesivir has been used as a positive control in the current 
study. During virus replication, the RdRp mistakenly incor-
porates remdesivir into its genome, which results in stalling 

of replication (Wang et al. 2020). In our study, remdesivir 
has shown good interaction with RdRp protein (Table 1) 
with the binding affinity of − 7.6 kcal/mol. Similarly, it has 
shown a good binding affinity with 3CLpro (− 7.90 kcal/
mol), S protein (− 8.00 kcal/mol) and PLpro (− 9.50 kcal/
mol) (Table 1) and might be having some role in inhibiting 
SARS-CoV-2. Many recent computational investigations 
also showed inhibition activity of remdesivir with various 
viral receptors of SARS-CoV-2 (Elfiky 2020; Hall and Feng 
2020; Murugan et al. 2020). This shows that the prodrug 
might be effective against all the four viral receptors.

The 3D and 2D visualization of top three phytochemi-
cals along with positive control remdesivir based on binding 
affinity with respective viral receptor protein is represented 
in Figs. 2, 3, respectively. Hydrogen bond energy is the 
major contributor in dock score. Hydrogen bond formation 
between ligand structures and viral receptors is responsi-
ble for inhibition of the target protein, and it reflects the 
firmness of bonding between the protein and ligand (Chen 
et al. 2016). Selected phytochemicals from P. amarus and 
A. paniculata used in the current docking studies against 
SARS-CoV-2 proteins shown very good dock score above 
the threshold cut-off of − 6 kcal/mol. Ligand structures and 
necessary hydrogen bond formation between phytochemical 
with respective viral receptor is illustrated in Table 2 and 
supplementary Fig. 1.

Fig. 1  Workflow of molecular docking analysis of phytochemicals 
present in P. amarus and A. paniculata with four proteins (S protein, 
3CLpro, PLpro and RdRp) targets of SARS-CoV-2. The phytochemi-
cals of the two plant species were obtained from PubChem (https ://

pubch em.ncbi.nlm.nih.gov) database in SDF and MOL formats. The 
3D structures of proteins available in protein data bank were retrieved 
(www.rcsb.org). The detailed protocol is given in the material and 
methods

https://pubchem.ncbi.nlm.nih.gov
https://pubchem.ncbi.nlm.nih.gov
http://www.rcsb.org
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Interaction between spike glycoprotein (S 
protein) [6VSB, 6VXX (closed), 6VYB (open)] 
and phytochemicals

S protein of the SARS-CoV-2 latches onto human angio-
tensin-converting enzyme 2 (ACE2) receptor and under-
goes structural changes that allow the viral membrane to 
fuse with the cell membrane of the host (Walls et al. 2020). 
Despite the high similarity between sequences and struc-
tures of SARS and SARS CoV-2, the drugs successfully 
used to cure SARS are ineffective in case of this novel 
virus (Fani et al. 2020). This indicates that more number 
of potential molecules should be screened to find an effec-
tive molecule.

The molecular docking analysis of S protein of the 
SARS-CoV-2 with 21 selected phytochemicals from P. 
amarus showed that the majority of the compounds bind 
to S protein with favourable binding energy ranging from 
− 6.10 kcal/mol (for phyllanthin) to − 10.60 kcal/mol (for 
geraniin) (Table 1). When the binding energy of phyto-
chemicals was investigated, nine compounds, viz. geraniin 
(− 10.60 kcal/mol), furosin (− 10.20 kcal/mol), astragalin 
(− 9.80 kcal/mol), quercetin-3-O-glucoside (− 9.80 kcal/
mol), quercitrin (− 9.20 kcal/mol), corilagin (− 8.80 kcal/
mol), hinokinin (− 8.40 kcal/mol), kaempferol (− 8.30 kcal/
mol) and quercetin (− 8.10 kcal/mol), exhibited highest 
binding affinity. Interestingly, the phytochemicals belong-
ing to the flavonoids and tannins of P. amarus have shown a 
very high affinity with the target protein. Molecular dynamic 
simulation studies also reported that quercetin and kaemp-
ferol bind with the ACE2-S complex with low binding free 
energy (Pandey et al. 2020). The antiviral bioactivities of 
many flavonoids from medicinal plants were reported by 
several studies (Thayil et al. 2016; Zakaryan et al. 2017; 
Jo et al. 2020). Among all compounds, geraniin exhibited 
(− 10.60 kcal/mol) highest docking score with S protein. 
THR302, ILE312, GLN314 and ARG765 amino acid resi-
dues were involved in forming four hydrogen bonds in the 
binding pocket of S protein (Table 2, Fig. 3).

In binding interaction between phytochemical compounds 
(14) from A. paniculata with S protein of the SARS-CoV-2, 
the docking score ranged from − 7.30 (for andrograpanin) 
to − 9.10 kcal/mol (for isoandrographolide) (Table 1). Of 
the 14 compounds, five compounds: isoandrographolide 
(− 9.10 kcal/mol), 19-O-acetyl-14-deoxy-11, 12-didehy-
droandrographolide (− 8.40 kcal/mol), neoandrographolide 
(− 8.20 kcal/mol) and 5-hydroxy-7, 8, 2′, 5′-tetramethoxy fla-
vone (− 8.20 kcal/mol) shown better binding affinity as com-
pared to remdesivir (− 8.00 kcal/mol). Isoandrographolide 
has properly positioned into the binding pocket constructed 
by hydrogen bonding with GLU773 and ARG1019 amino 
acids of S protein exhibited highest (− 9.10 kcal/mol) bind-
ing affinity (Table 2, Fig. 2). Totally, 13 compounds from 

P. amarus and A. paniculata have shown better inhibitory 
activity against S protein.

The S protein undergoes conformational changes to pro-
duce closed and open state based on down and up positions, 
respectively, in the receptor-binding domain. Hence, docking 
analysis was carried out in both the conformational states 
with 21 selected phytochemicals from P. amarus and 14 phy-
tochemicals from A. paniculata. There was no significant 
difference in the binding affinities of the compounds with 
both closed and open state S protein. The range of bind-
ing affinities of 21 selected phytochemicals from P. amarus 
with closed state S protein of SARS-CoV-2 was − 6.60 (for 
melatonin) to − 10.10 kcal/mol (for geraniin). Seven com-
pounds, geraniin (− 10.10 kcal/mol), furosin (− 9.60 kcal/
mol), corilagin (− 9.60 kcal/mol), quercetin (− 8.80 kcal/
mol), quercetin-3-O-glucoside (− 8.60 kcal/mol), querci-
trin (− 8.60 kcal/mol) and hinokinin (− 8.50 kcal/mol) have 
shown better binding affinity than remdesivir (− 8.40 kcal/
mol). Among these, geraniin with maximum binding affin-
ity of − 10.10 kcal/mol has formed two hydrogen bonds 
with CYS291, SER750 amino acid residues of closed state S 
protein. In case of open state S protein, the dock score of 21 
phytochemicals from P. amarus ranged between − 6.10 kcal/
mol (for niranthin) and − 10.10 kcal/mol (for geraniin). 
Six compounds, geraniin (− 10.10 kcal/mol), corilagin 
(− 9.50 kcal/mol), furosin (− 9.40 kcal/mol), quercetin 
(− 8.80 kcal/mol), quercetin-3-O-glucoside (− 8.60 kcal/
mol) and quercitrin (− 8.60 kcal/mol) have shown favourable 
binding affinity than remdesivir (− 8.50 kcal/mol). Gera-
niin with maximum dock score of − 10.10 kcal/mol form 
five hydrogen bonds with amino acid residues, GLU988, 
ARG995, TYR756, THR998 of closed state S protein.

All the 15 phytochemicals of A. paniculata docked 
with both closed and open state S protein falls between 
− 6.00 kcal/mol and − 8.4 kcal/mol for closed state and 
− 8.50 kcal/mol (remdesivir). However, these phytochemi-
cals might also have neutralizing effects on the activity of S 
protein since their dock score is more than − 6.00 kcal/mol, 
which is a cut-off value for considering the effective bind-
ing affinity. The binding affinities ranged from − 7.10 kcal/
mol (for andrograpanin) to − 8.20 kcal/mol (for14-deoxy-
14,15-didehydroandrographolide and 14-deoxyandro-
grapholide) for closed state of S protein. For the open state 
S protein, dock score ranged between −  6.60  kcal/mol 
(for andrograpanin) and − 8.40 kcal/mol (for neoandro-
grapholide). The results indicate that the phytochemicals 
under study do not have much significant difference with 
respect to binding affinities in both the closed and open state 
of S protein. However, there was difference observed with 
respect to the hydrogen bonding between open and closed 
state S protein with more favourable bonds observed in open 
state compared to closed state, which is having more unfa-
vourable bonds.
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Interaction between 3‑chymotrypsin like protease 
(3CLpro) (6LU7) and phytochemicals

The SARS-CoV-2 protease enzyme, 3CLpro, involved in 
C-terminal cleavage of virus polyprotein is a potential target 
for drug discovery to SARS-CoV-2, since it controls repli-
cation (Qmar et al. 2020). Hence, this potential target was 
evaluated with the selected 35 compounds from P. amarus 
and A. paniculata. Before docking simulation, the target site 
for viral receptor protein was selected based on the location 
of co-crystallized inhibitor N3 as this target site has been 
considered to be the most commending site for ligand inter-
action (Murugan et al. 2020).

The binding affinity of compounds to 3CLpro ranged 
from − 6.10 kcal/mol (for andrograpanin) to − 9.30 kcal/mol 
(for geraniin) (Table 1). Among 21 phytochemicals derived 
from P. amarus, six compounds, viz. geraniin (− 9.30 kcal/
mol), furosin (− 8.70 kcal/mol), corilagin (− 8.70 kcal/
mol), quercitrin (− 8.60 kcal/mol), astragalin (− 8.40 kcal/
mol) and quercetin-3-O-glucoside (− 8.20 kcal/mol), have 
shown better binding affinity as compared to remdesivir 
(− 7.90 kcal/mol) (Table 1). The compounds belong to tan-
nins (geraniin, furosin and corilagin) and flavonoids (quer-
citrin, astragalin and quercetin-3-O-glucoside) are found 
to have good inhibitory action on 3CLpro. Several reports 
have been shown antiviral effect of flavonoids (Gescher et al. 
2011; Chen et al. 2012). Recently, Adem et al. (2020) evalu-
ated 80 flavonoids compounds present in different medici-
nal plants against 3CLpro of SARS-CoV-2. Among them, 
hesperidin, rutin, diosmin, apiin, diacetylcurcumin, (E)-1-
(2-Hydroxy-4-methoxyphenyl)-3-[3-[(E)-3-(2-hydroxy-4- 
methoxyphenyl)-3-oxoprop-1-enyl] phenyl] prop-2-en-1-one 
and beta, beta’-(4-Methoxy-1,3- phenylene) bis(2′-hydroxy-
4′,6′-dimethoxyacrylophenone have shown effective bind-
ing affinity with SARS-CoV-2 3Clpro. The flavonoids from 
the two plant species used in the present study have higher 
binding affinity to protease similar results were reported 
by Adem et al. (2020). Geraniin, with the highest binding 

affinity of − 9.30 kcal/mol, has formed five hydrogen bonds 
with the amino acid residues, LEU141, GLY143, SER144, 
CYS145 and THR190 of 3CLpro (Table 2, Fig. 3).

The docking score for compounds present in A. panicu-
lata ranged from − 6.10 kcal/mol (for andrograpanin) to 
− 7.80 kcal/mol (for neoandrographolide) (Table 1) which is 
on par with the remdesivir showing the score of − 7.90 kcal/
mol. During replication of the viral genome, the 3CLpro 
cleaves the C-terminal of polypeptide protein at 11 distinct 
sites to generate various nsps (Qmar et al. 2020). Hence, the 
phytochemicals present in the extracts of P. amarus might 
hamper the activity of the protease enzyme there by inhibit-
ing the process of virus multiplication.

Interaction between papain like protease (PLpro) 
(4OVZ) and phytochemicals

The SARS-CoV-2 another protease enzyme, PLpro known 
to be involved in cleaving of N-terminal of viral polypro-
tein which is also an important antiviral drug target. It also 
plays a crucial role in its replication along with 3CLpro 
(Baez-Santos et al. 2014). The 3D structure of PLpro used 
in the docking simulation is the x-ray structure of SARS-
CoV, which has the highest similarity with the PLpro of 
SARS-CoV-2.

The binding energy of phytochemicals present in P. 
amarus ranged from -6.30 kcal/mol (for cinnamic acid) to 
− 10.30 kcal/mol (for quercetin-3-O-glucoside) (Table 1). 
Four compounds; quercetin-3-O-glucoside (− 10.30 kcal/
mol), hinokinin (− 9.80 kcal/mol), astragalin (− 9.70 kcal/
mol) and kaempferol (− 9.60 kcal/mol) from P. amarus have 
exhibited better binding energies compared to remdesivir 
(− 9.50 kcal/mol). Apart from this, the binding affinities of 
furosin (− 9.20 kcal/mol) and geraniin (− 9.20 kcal/mol) are 
reasonably well with that of the positive control, remdesivir. 
Quercetin-3-O-glucoside has the maximum dock score of 
− 10.30 kcal/mol and shown its binding to HIS74, ARG83, 
TYR155, ASN157 and HIS176 amino acid residues of viral 
protein at the binding pocket of PLpro with eight hydrogen 
bonds (Table 2, Fig. 3).

The binding affinity of compounds from A. paniculata 
with PLpro ranged from -6.80 kcal/mol (for andrograpanin) 
to − 9.00 kcal/mol (for 5-Hydroxy-7, 8-dimethoxyflavone). 
Even though binding affinities of all the 15 compounds falls 
between -6.00 kcal/mol and less than the dock score of posi-
tive control remdesivir (− 9.5 kcal/mol), they also might 
have inhibitory effects on the activity of PLpro. The results 
suggest that, among the promising phytochemicals from P. 
amarus and A. paniculata docked with PLpro, flavonoids 
(quercetin-3-O-glucoside and astragalin) and phenylpropa-
noid (hinokinin) have exhibited better binding affinity. The 
SARS-CoV-2 PLpro is an essential for virus replication 
(Baez-Santos et al. 2014) and any compound having good 

Fig. 2  Output file obtained after docking analysis consists of top 9 
binding poses with their respective binding affinity in kcal/mol. The 
ligand-binding pose showing highest binding affinity with least root 
mean square deviation (RMSD) was selected. The protein–ligand 
interaction in 3D structures were visualized in PyMOL. 3D visuali-
zation of interaction between SARS-CoV-2 proteins with representa-
tive phytochemicals. A S protein (6VSB) with a geraniin, b furosin, 
c quercetin-3-O-glucoside and d remdesivir (positive control). B 
S protein closed (6VXX) with a geraniin, b furosin, c corilagin and 
d Remdesivir (positive control) C S protein closed (6VYB) with a 
geraniin, b corilagin, c furosin and d remdesivir (positive control). D 
3CLpro (6LU7) with a geraniin, b furosin, c corilagin and d remde-
sivir (positive control). E PLpro (4OVZ) with a quercetin-3-O-gluco-
side, b hinokinin, c astragalin and d remdesivir (positive control). F 
RdRp (6NUS) with a corilagin, b furosin, c geraniin and d remdesivir 
(positive control)

◂
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binding affinity with inhibitory effects will be of immense 
potential in containing this virus. The flavonoids and phe-
nylpropanoids showing good affinity binding abilities might 
serve as lead molecules for the discovery of novel drugs to 
SARS-CoV-2.

Interaction between RNA‑dependent RNA 
polymerase (RdRp) (6NUS) and phytochemicals

The RdRp plays a major role in the replication and transcrip-
tion of SARS-CoV-2 genome (Aftab et al. 2020). The RdRp 

Fig. 3  Hydrogen bond energy is the major contributor in dock score. 
Hydrogen bond formation between ligand structures and viral recep-
tors is responsible for inhibition of the target protein and it reflects the 
firmness of bonding between the protein and ligand. After docking 
analysis, the interaction of protein receptor and ligand was visualized 
in 2D with the aid of discovery studio software. The figure represents 
2D visualization of interaction between SARS-CoV-2 proteins with 
representative phytochemicals. The various bonds formed between 
the amino acid residues of SARS-CoV-2 proteins and ligands have 
been depicted. A S protein (6VSB) with a geraniin, b furosin, c 

quercetin-3-O-glucoside and d remdesivir (positive control). B S pro-
tein closed (6VXX) with a geraniin, b furosin, c corilagin and d rem-
desivir (positive control). C S protein closed (6VYB) with a geraniin, 
b corilagin, c furosin and d remdesivir (positive control). D 3CLpro 
(6LU7) with a geraniin, b furosin, c corilagin and d remdesivir (posi-
tive control). E PLpro (4OVZ) with a quercetin-3-O-glucoside, b 
hinokinin, c astragalin and d remdesivir (positive control). F RdRp 
(6NUS) with a corilagin, b furosin, c geraniin and d remdesivir (posi-
tive control)
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Table 2  Number of hydrogen bonds formed during the interaction 
between phytochemical structures with SARS-CoV-2 Proteins; S pro-
tein [PDB ID:6VSB,6VXX (closed), 6YVB (open)], 3 chymotrypsin 
like protease (3CLpro) (PDB ID:6LU7), papain like protease (PLpro) 

(PDB ID:4OVZ) and RNA-dependent RNA polymerase (RdRp) 
(PDB ID:6NUS). The interactions showing more binding affinity than 
remdesivir and SARS-CoV-2 are presented here

Sl. No. Compound with PubChem ID Structural and 
chemical formula

No. 
of H 
bonds

Proteins of SARS-CoV-2 Amino acid residues of viral receptor 
involved in hydrogen bonding with 
ligand

1 Remdesivir
121,304,016

5 S protein GLN954, ARG1014, ARG1019

4 3CLpro HIS41, AGR188, THR190
4 PLpro SER156, LEU163, TYR208, MET209
1 RdRp SER709

2 Astragalin
5,282,102

3 S protein PHE970, ASP994, THR998

2 3CLpro SER144, ARG188
4 PLpro SER156, LYS158, ASP165, ARG167

3 Kaempferol
5,280,863

4 S protein TYR756, ARG995, THR756

5 PLpro THR75, ASP77, ARG83, ASN157
4 Quercetin

5,280,343
4 S protein THR549, ASP745, ASN978, 

ARG1000

2 S protein (Closed) TYR741
10 S protein (Open) TR549, ASN978, GLY744, ARG1000, 

THR573, MET740, TYR741
4 RdRp GLU350, PRO323, ASN628, VAL675

5 quercetin-3-O-glucoside
5,280,804

5 S protein PHE970, ARG995, THR998

1 S protein (Closed) THR998
4 S protein (Open) THR998, ARG995, ASP994
3 3CLpro LEU141, HIS163, MET 165
8 PLpro HIS74, ARG83, 

TYR155,ASN157,HIS176
3 RdRp ALA125, HIS133

6 Quercitrin
5,280,459

8 S protein ASP994, AGR995, PHE970, THR998

1 S protein (Closed) THR998
3 S protein (Open) ASP994, VAL991
1 3CLpro ASN142
1 RdRp TYR732
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Table 2  (continued)

Sl. No. Compound with PubChem ID Structural and 
chemical formula

No. 
of H 
bonds

Proteins of SARS-CoV-2 Amino acid residues of viral receptor 
involved in hydrogen bonding with 
ligand

7 Hinokinin
442,879

4 S protein THR573, LEU977,ASN978, AGR1000

0 RdRp

1 PLpro TYR269
8 Corilagin

73,568
5 S protein GLU773, LYS947, GLU1017, 

ASN1023

2 S protein (Closed) VAL991, THR998
4 S protein (Open) THR998, AGR995
6 3CLpro GLY143, SER144, MET165, GLU166
5 6NUS TYR129, HIS133, LEU207, ASN705, 

GLN724
9 Furosin

10,416,810
4 S protein ARG765, GLN954, AGG1014

2 S protein (Closed) LYS304, LEU754
7 S protein (Open) ASP40, ARG567, ASP571, SER967
4 3CLpro THR24, THR26, ASN142, GLY143
6 PLpro ASP165, PRO249, GLN270, TYR274
7 RdRp ARG132, THR710, ASP711, GLY712, 

ASN713, TYR732
10 Geraniin

3,001,497
4 S protein THR302, ILE312, GLN314, ARG765

2 S protein (Closed) CYS291, SER750
5 S protein (Open) GLU988, ARG995, TYR756, THR998
5 3CLpro LEU141, GLY143, SER144, CYS145, 

THR190
2 PLpro GLU251, TYR269
8 RdRp THR319, ASP390, LYS391, ARG349, 

PHE396, ARG457, ASN459
11 Isoandrographolide

343,585
2 S protein GLU773, ARG1019

1 PLpro TYR155
0 RdRp
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used in the current study is the solved structure of SARS-
CoV having 97.08 percent sequence identity with the RdRp 
of SARS-CoV-2 (Kirchdoeffer and Ward 2020).

Among 21 compounds from P. amarus screened against 
RdRp, epibubbialine has shown lowest dock score of 
− 6.30 kcal/mol (below − 6.0 kcal/mol is considered as hav-
ing good binding affinity) and corilagin has shown highest 
dock score of − 9.30 kcal/mol (Table 1). Seven compounds: 
corilagin (− 9.30 kcal/mol), furosin (− 9.10 kcal/mol), gera-
niin (− 9.10 kcal/mol), quercetin (− 8.60 kcal/mol), hino-
kinin (− 8.20 kcal/mol), quercetin (− 8.10 kcal/mol) and 
quercetin-3-O-glucoside (− 7.70 kcal/mol) from P. amarus 
exhibited better dock score compared to the RdRp antagonist 
remdesivir (− 7.60 kcal/mol). Corilagin with high binding 
affinity of − 9.30 kcal/mol has interacted with active site res-
idues, TYR129, HIS133, LEU207, ASN705 and GLN724 of 
RdRp of virus through five hydrogen bonds (Table 2, Fig. 3).

Five compounds, neoandrographolide (-8.50  kcal/
mol) ,  i soandrographol ide (−  8.30  kcal /mol) , 

14-deoxy-14,15-didehydroandrographolide (− 7.90 kcal/
mol), 14-Deoxyandrographolide (−  7.80  kcal/mol) and 
5-hydroxy-7, 8, 2′,5′-tetramethoxy flavone (− 7.80 kcal/
mol) from A. paniculata, have shown better binding energy 
affinity compared to remdesivir (− 7.60 kcal/mol) (Table 1). 
Among these, neoandrographolide exhibited higher dock 
score of − 8.50 kcal/mol and interacted with ALA125, 
ASP126, ARG132 and HIS133 amino acid residues of RdRp 
through four hydrogen bonds (Table 2, Fig. 3).

In general, the flavonoids (astragalin, kaempferol, 
quercetin, quercetin-3-O-glucoside and quercetin), a phe-
nylpropanoid (hinkonin) and tannins (corilagin, furosin 
and geraniin) from P. amarus and a bioactive compound 
(isoandrographolide), diterpenes (14-deoxy-14,15-di-
dehydroandrographolide, 14-Deoxyandrographolide, 
19-O-acetyl-14-deoxy-11,12 didehydroandrographolide, 
neoandrographolide) and a flavonoid (5-hydroxy-7,8,2′,5′-
tetramethoxy flavone) from A. paniculata have shown good 
binding affinities with all the four SARS-CoV-2 target 

Table 2  (continued)

Sl. No. Compound with PubChem ID Structural and 
chemical formula

No. 
of H 
bonds

Proteins of SARS-CoV-2 Amino acid residues of viral receptor 
involved in hydrogen bonding with 
ligand

12 14-deoxy-14,15-didehydroandro-
grapholide

6,473,762

1 RdRp SER236

13 14-Deoxyandrographolide
11,624,161

1 RdRp SER236

14 19-O-Acetyl-14-deoxy-11,12-didehy-
droandrographolide

46,179,874

4 S protein ARG319, LEU977, ARG1000

15 Neoandrographolide
9,848,024

2 S protein GLU748, ASN856

4 RdRp ALA125, ASP126, ARG132, HIS133
16 5-hydroxy-7,8,2′,5′-tetramethoxy 

flavone
16,215,023

4 S protein GLN314, GLN613, ILE666, LYS733

2 RdRp GLN728, TYR728
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proteins. The natural compounds obtained from the medici-
nal plants have been used in case of two previous corona-
virus outbreaks of MERS-CoV and SARS-CoV (Li et al. 
2005; Lin et al. 2005). Similarly, strong interaction of tan-
nins (polyphenols) from green tea, epigallocatechin gallate, 
epicatechingallate and gallocatechin-3-gallate with viral 
receptor (3CLpro) of SARS-Cov-2 was shown (Ghosh et al. 
2020). The flavonoids and tannins interaction with proteins 
of SARS-CoV-2 in vitro may provide more insights into 
exploiting these compounds as potential SARS-CoV-2 inhib-
iting compounds and lead to novel drug development. Fur-
ther, among all the phytochemicals, the geraniin has shown 
consistent interaction and very good binding affinity with 
all the viral protein receptors. The geraniin, extracted from 
P. amarus, has shown to inhibit HIV-1 replication in HeLa 
CD4 + cells with 50% effective concentration (EC50) val-
ues ranging from 0.9 to 7.6 μg/ml (Notka et al. 2004). This 
suggests that geraniin with multiple target binding abilities 
in docking analysis with high dock score than remdesivir 
can be a potential candidate to harness as anti SARS-CoV-2 
drug. However, this needs in vitro evaluation to authenticate 
the prediction studies.

ADME and other pharmacokinetic properties

The pharmacokinetic evaluation and ADME (absorption, 
distribution, metabolism and excretion) properties predic-
tions of pharmacological compounds in advance are impor-
tant methods to save huge monetary expenses in drug dis-
covery (Zhu et al. 2011). Apart from that, it mainly helps in 
reducing the potential risk during clinical development as 
it provides very crucial information to determine whether a 
compound is suitable to proceed to clinical stage. SWISS-
ADME (http://www.swiss adme.ch) and admetSAR (http://
lmmd.ecust .edu.cn/admet sar2) web servers were used to 
obtain the ADME and other pharmacokinetic properties of 
the selected compounds. Among the 35 compounds from P. 
amarus and A. paniculata evaluated against SARS-CoV-2 
by in silico docking analysis, 15 compounds (9 compounds 
from P. amarus and 6 compounds from A. paniculata) were 
selected for ADME and other pharmacokinetic properties 
predictions. All these 15 compounds selected showed better 
binding ability than the remdesivir. The ADME properties 
of the selected 15 compounds have been represented in sup-
plementary Fig. 2.

The ADME and pharmacokinetic properties of selected 
phytochemicals are given in Table 3. Lipinski rule of five 
(Lipinski 2004) is a thumb rule to evaluate the drug like-
liness or to determine the pharmacological activities that 
would make it orally active drug in humans. According to 
the rule, the compound should abide following criteria, 
i.e., (1) molecular mass less than 500 Daltons, (2) high 
lipophilicity (expressed as logP less than 5), (3) less than 

five hydrogen bond donors and (4) less than ten hydrogen 
bond acceptors (Petit et al. 2012). Of 15 compounds along 
with remdesivir screened, eight compounds (kaempferol, 
quercetin, hinokinin, isoandrographolide, 14-deoxy-14, 
15-didehydroandrographolide, 14-Deoxyandrographolide, 
19-O-Acetyl-14-deoxy-11, 12-didehydroandrographolide 
and neoandrographolide) did not violate any of the above 
rule. However, four compounds, viz. astragalin (HBA > 10, 
HBD > 5), quercetin-3-O-glucoside (HBA > 10, HBD > 5), 
quercitrin (HBA > 10, HBD > 5) and 5-hydroxy-7, 8, 2′, 
5′-tetramethoxy flavone (MW > 500, HBA > 10) along with 
positive control remdesivir, have violated two rules. Three 
compounds belong to tannins, i.e., corilagin (MW > 500, 
HBA > 10, HBD > 5), furosin (MW > 500, HBA > 10, 
HBD > 5) and geraniin (MW > 500, HBA > 10, HBD > 5), 
have violated three rules (Table 3). The violation of two or 
more criteria predicts a molecule to be a non-orally avail-
able drug (Lipinski 2004). However, this rule applies only 
for oral drugs, and the compounds violating the Lipinski’s 
rule of five can be administered through other means after 
determining its side effects (Benet et al. 2016).

The logS value is directly related to the solubility of the 
drug in water which ideally ranged between − 6.5 and 0.5 
(Nisha et al. 2016). All the screened compounds lie within 
this range. The solubility of the molecules in water sig-
nificantly facilitates drug developmental activities (Diana 
et al. 2017). The selected phytochemicals have passed 
the carcinogenic test and all exhibit non-carcinogenic 
nature (Table 3). Among 15 phytochemicals, seven phy-
tochemicals (kaempferol, quercetin, hinokinin, isoandro-
grapholide, 14-deoxy-14,15-didehydroandrographolide, 
14-Deoxyandrographolide and 19-O-acetyl-14-deoxy-11, 
12-didehydroandrographolide) have shown high gastroin-
testinal or human intestinal absorption. Remaining eight 
phytochemicals (astragalin, quercetin-3-O-glucoside, 
quercetin, corilagin, furosin, geraniin, neoandropholi-
dae and 5-hydroxy-7, 8, 2′, 5′-tetramethoxy flavone) have 
exhibited low gastrointestinal or human intestinal absorp-
tion. The positive control remdesivir also has low human 
intestinal absorption value. As all the compounds have 
exhibited non-carcinogenic nature and good pharmacoki-
netic properties these compounds individually or in combi-
nation may be effective against the SARS-CoV-2. Further, 
inflammation of lungs resulting in breathing problem is 
a major symptom in the critical patients suffering from 
Covid-19 (Li and Ma 2020). In addition to all the predic-
tion studies, the plant extracts of P. amarus have shown 
anti-inflammatory properties in rat Kupffer cells (Kiemer 
et al. 2003). The pharmacokinetic predictions suggest that 
compounds from the two plants species studied in the cur-
rent study are found to be biologically safe and can be 
utilized as therapeutics against SARS-CoV-19. However, 
more studies need to be conducted to decipher the exact 

http://www.swissadme.ch
http://lmmd.ecust.edu.cn/admetsar2
http://lmmd.ecust.edu.cn/admetsar2
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mechanism involved in the interaction between these phy-
tochemicals and the viral receptor proteins.

Conclusion

To summarize, all these current studies were done by in 
silico predictions of individual phytochemical originated 
from P. amarus and A. paniculata. The information gen-
erated here may provide some insights into exploring for 
potential drugs against SARS-CoV-2 from plants, which can 
result in discovery of novel drugs. Further, the Ayurveda 
medications using herbal extracts cannot be undermined in 
addressing human ailments, because these extracts contain 
several compounds, which might have synergistic effect with 
action on multi-target sites of pathogen. However, the big-
gest problem in Ayurveda medicine is fixing the dose against 
the target pathogens. Optimization of this issue supported 
by scientific evidences for getting required clearances which 
will have far fetching impact in the harnessing Indian ancient 
knowledge of medication “Ayurveda” in treating the human 
ailments including Covid-19 caused by SARS-CoV-2, which 
threatened the mankind with global pandemic outbreak.
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