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ABSTRACT 
 

The COVID-19 pandemic resulted in millions of people being quarantined, impacting 

the world economy and health sector. There is no existing proven treatment for this disease. It 

may takea long time until a good candidate vaccine or a potent drug is made available in the 

market. Therefore, there is a need to search for alternative therapy. In the context, this work 

explored natural compounds from Indian medicinal plants to develop a prophylactic 

treatment regimen that will be instrumentalin controlling the spread of the deadly virus. In 

this work 1916 phytochemicals from 55 Indian medicinal plants, reported to possess anti-

viral properties, were subjected to virtual screening on 8 structural and non-structural SARS-

CoV-2 protein targets. Docking interactions, ADME and toxicity profiles of the 66 screened 

phytochemicals were correlated with 21 repurposed drugs that have been most cited in 

literature to be effective against SARS-CoV-2. Steroidal lactones from Withaniasomnifera 

and triterpenoids from Azadirachtaindica- with docking score ranging from -13 kcal/mol 

upto -6 kcal/mol were identified to occupy the top scoring virtually screened phytochemicals 

against the various targets of SARS-CoV-2. Importantly this work proposes that a concoction 

of these phytochemicals can act as prophylactic anti-viral medicine to control the spread of 

SARS-CoV-2 and also enhance natural immunity as the first line of defence towards such a 

deadly virus. 

 

Key Words:SARS-CoV-2, anti viral, India, phytochemicals, prophylaxis, concoction, 

repurposed drugs 
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Highlights 
 

 Rational screening of phytochemicals that can bind to various targets of SARS-CoV-2 
and proposing a concoction that can act as prophylaxis; 

 Molecular docking to find interaction between phytochemicals from 55 Indian 
Medicinal plantstargeting eight SARS-COV-2 targets (structural and non structural 
proteins); 

 Prediction of drug-likeness from the top hits of phytochemicals and their maximum 
recommended therapeutic dose; 

 Comparison of the docking results with 21 repurposed drugs currently being 
considered to treat COVID-19. 

 
 
Introduction 
 

Globalization has led to increased travel and exploitation of natural environment 

leading to escalation in occurrence of pandemics. Despite global preparedness, challenges 

persistas modern medicine still lacks effective immunization and drugs due to the 

development of potential multi drug resistant pathogenic mutants. Among all pathogens, 

RNA viruses are more contagious as they havehigh ratesof evolution due to natural selection 

on their mutation rate (Duffy, 2018; Kayla et al., 2018). This leads to their ability to emerge 

in novel hosts and escape vaccine-induced immunity (Duffy, 2018; Peck et al., 2018). 

Examples of RNA viral outbreaks are that of dengue virus, influenza virus, measles virus, 

severe acute respiratory syndrome (SARS) virus, West Nile virus and recently the severe 

acute respiratory syndrome coronavirus 2 (SARS-CoV-2) (Lin et al., 2014, WHO, 2019). The 

latter has been declared to be pandemic on 11th March 2020 by the World Health 

Organization [WHO 2020].Though vaccines and antiviral agents are the most effective 

against treatment of viral outbreaks, development of vaccine may take upto 12 - 18 

monthsand novel drug discovery is known to take several years (Lancet, 

2020).Thusprophylaxisand immediate treatment is the need of the hour. In this context 

natural products provide an excellent resource for novel anti-viral drug development (Lin et 

al., 2014). Phytochemicals from plants have been reported to possess anti-viral properties 

against rabies virus, Human immunodeficiency virus, Chandipura virus, Japanese 

Encephalitis Virus, Enterovirus, Influenza A/H1N1 and other influenza viruses, SARS 

coronavirus (Ganjhuet al., 2015).In the review by Ganjhuet al., 2015 it was also shown that 

combination of extracts from different plant species resulted in their anti-viral effect. Thus if 
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such formulation can be developed against SARS-CoV-2 it can act as prophylaxis and aid in 

"flattening the curve" by attenuating viral load of the ongoing pandemic. It was also reported 

that combined uses of interferons and phytoconstituents facilitated anti-viral therapy (Cinatlet 

al., 2003). Therefore, concoction of phytoconstituents, which can be synthesized to reduce 

pressure on the natural sources, can also find use in combination therapy for SARS-CoV-2. 

The same can also be used as an immunopotentiating agent in combination with the vaccines 

that are being developed against SARS-CoV-2. Furthermore, semi-synthetic molecules can 

be developed to overcome if any inherent limitations existin using theoriginal molecule. 

In the context of exploring natural compounds from plants as anti-viral agents- it can 

be mentioned here that India is home to plethora of indigenous medicinal plants that have 

been used in traditional medicine for centuries. Since the vedic period (more than 2000 years 

ago) medicinal plants are used as ayurvedic medicines in Indian subcontinent (Saini, 2016). 

Traditional Indian plants, to name a few,Azadirachtaindica, Curcuma longa, Bacopa 

monnieri and Zinger officinaleare known to possess anti-viral properties (Nadkaraniet al., 

1976; Pathaket al., 2013). The anti-viral properties of these plants is due to the presence of 

phytochemicals such as polysaccharides, triterpenes, phenolic acids, alkaloids, 

proanthocyanidins and anthraquinones (Ganjhuet al., 2015). For example, a phenolic 

compound isolated from Curcumin was reported to interfere with Herpes Simplex Virus-1 

replication (Kutluayet al., 2008). Chebulagic acid and Punicalagin from Curcumin have also 

been reported to have activity against dengue virus by inhibiting early steps of virus entry 

(Lin et al., 2013). Furthermore, research and digitisation have succeeded to give access to the 

structures of these phytochemicals (Poluret al.,2011; Pathaniaet al., 2015; Mohanrajet al., 

2018). Example of one such database is IMPPAT (Mohanrajet al., 2018). This 

aforementioned vast literature of success presents us with a huge scope to explore the 

phytochemicals from these medicinal Indian plants, through in silico virtual screening, for 

drug development against SARS-CoV-2 targets. 

Selection of drug targets from the pathogen is the first filter for the success of in silico 

drug designing. As of March 25th 2020, 104 SARS-CoV-2 structures have been deposited in 

the RCSB Protein Data Bank (RCSB PDB). Thorough literature survey showed that proteins 

involved in viral entry (Spike glycoprotein) and replication(16non structural proteins) can be 

targeted for drug discovery.Thus, in this work, keeping in mind that nature always nurtures 

us, virtual screening of a vast library of phytoconstituentsfrom Indian medicinal plants known 

to have anti-viral properties, has been carried out to identify complementary or alternative 

therapy for SARS-CoV-2. Conclusively this work proposesa concoction of phytoconstituents 
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from different plant sources from India that can act as prophylactic anti-viral medicine to 

control the spread of SARS-CoV-2 and also enhance natural immunity as the first line of 

defence towards such a deadly virus. 

 
Computational methodology 
 

The main aim of this work was to identify natural sources and their phytochemicals 

from Indian medicinal plants that can be repurposed as an alternative therapy for SARS-Cov-

2 or be developed as immune-potentiating agents in combination with the future vaccines or 

drugs. The method uses in silico screening techniques like rational virtual screening and 

drug-likeness calculations on an in- house developed 3D chemical structure database of 

phytochemicals from Indian medicinal plants. This was followed by their comparison 

(docking scores, drug-likeness and binding interactions) to the already reported repurposed 

drugs having potentialto treat COVID-19. The overview of the methodology has been 

illustrated in Figure 1.The database of the phytochemicals can be obtained on request from 

the authors. 

Figure 1. The overview of the methodology employed to rationally screen phytochemicals 
from Indian medicinal plants as potential drug like compounds against 8 structural and non-
structural targets of SARS-CoV-2. Virtual screening of 1916 phytochemicals was performed 
using Autodock4 and Racoon. There were 8 SARS–CoV-2 targets and 10 binding sites 
considered for rational screening in this work. 
 
Database creation of natural compounds from Indian medicinal plants  
 

55 Indian medicinal plants were identified from literature to have anti-viral 

properties(Table S1). Phytochemicals from the 55 sources were searched in literature and 

their three dimensional (3D) structures were obtained from PubChem which is an is an open 

chemistry database at the National Institutes of Health (NIH). The SMILES format 

VIRTUAL SCREENING: Racoon and Autodock 4.

DATABASEOF 1916 NATURAL PHYTOCHEMICALS FROM 55 
INDIAN MEDICINAL PLANTS

Re-Docking of the top 10 hits

Best Bound Natural Inhibitor

RdRp NSP 
12

SPIKE-ACE2

Main Protease 
NSP 5

NSP 3, NSP 
9, NSP 15, 
NSP 16, 
NSP 10

SARS-COV 2 Multiple Drug 
Targets

1

2

3

4
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(Simplified Molecular Input Line Entry System) of the phytochemicals that lacked 3D 

structures in PubChem were submitted to CORINA Classic to obtain their 3D structures 

(Sadowski et al., 1994). We could obtain the structures of 1916 phytochemicals. To compare 

and validate our docking results, 3D structures of 21repurposed drugs reported to have 

potential inhibitory effect against SARS-CoV-2 and most cited in literature in the years 2019-

2020 were also collected from PubChem and docked against the targets of SARS Cov-2 were 

used in this work. The number of citations were counted by literature survey and non-

redundancy of the dataset was maintained. The number of citations, FDA approval status and 

COVID-19 FDA approval status have been presented in Table S3. 

 
Target selection from crystal structures of SARS-CoV-2 
 

Out of the 105 structures of various proteins of SARS-CoV-2 deposited in RCSB 

PDB as of March, 2020, a total of 8 non redundantand high resolution structures were 

targeted for in silico virtual screening (Table 1). The main protease, RNA dependent RNA 

polymerase (NSP 12), NSP 3 (role in replication), NSP 9 (RNA-binding protein), NSP 10 

(cofactor for the activation of the replicative enzyme), NSP 15 (endoribonuclease activity), 

NSP 16 (methyltransferase activity) and the spike glycosylated protein required for viral 

entry by binding to the ACE-2 receptor were targeted. The binding sites were identified from 

literature andHotSpot Wizard analysis (Pavelkaet al., 2009). Thekey residues for molecular 

docking grid generations are presented in Table 1. For example, the binding site chosen for 

docking in the spike protein (PDB ID: 6lzg) was with the residues which are in the ACE-2 

receptor binding interface. These residues can be identified from its PDB structure. It can be 

noted here that in the case of the RNA dependent RNA polymerase (NSP 12), three sites 

were considered for docking analysis: (1) The RNA binding site, (2) NSP12-NSP7 interface 

and (3) NSP12-NSP8 interface. Sites 2 and 3 were considered for virtual screening because NSP 7 

and NSP 8 are the cofactors of NSP 12 (Gao et al., 2020). Therefore, it was presumed that targeting 

these interfaces can disrupt the functioning of RNA dependent RNA polymerase and thus 

werechosen as allosteric drug binding sites. 

 

Table 1: The targets of SARS Cov-2 and their binding site residues used for virtual screening 

Protein Name PDB ID * Identified Drug Binding Site Residues 

Spike Protein 6lzg K417, G446, Y449, Y453, N487, G496, Q498, 
T500, N502 

Main Protease (NSP 5) 6lu7 T24-T26, H41, M49, F140-C145, H163-P168,  
H172, D187-Q192 
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NSP 10-NSP16 Interface 
 

6w4h 
(chain B) 

N4293-Y4349 

NSP 12-RNA Binding site 
catalytic 
 

6m71 V557, D618, D623, G680, N691, S759-D761, 
D851-I864 

NSP 12-NSP7 Interface 
 

6m71 T409, K411-F415, Y420, E431, F440, F442, A443 

NSP 12-NSP 8 Interface 6m71 L270-Y273, P323-K332, V338-V441, F368-F407, 
P505-S518, M666 
 

NSP 16-NSP10 Interface 
 

6w4h K6836-M6839, V6842, T6846, K6874- P6878, 
Q6881-R6885, V6902-D6904, L7042-S7046 

NSP 3 6w02 A21-V23, A38-A50, L126 -F132, A154-L160 

NSP 9 6w4b R100-T110 
NSP 15 6w01 E234, S244-L249, P272, S289, E340, Y343, H250 
*Residue numbering follows the RCSB PDB structures. 

 
Rational screening of the phytochemical library with the 8 drug targets from SARS-CoV-2 
 

MGLTools-1.5.6 was used for the generation of grid file and the docking file 

parameters. The grid box parameters for each of the proteins are given in the Table S2. 

Molecular docking of all the compounds was performed using the Raccoon plug-in of 

Autodock 4. The configurations files generated from MGLTools-1.5.6 are incorporated in the 

Raccoon plug-in package. The docking was run with 10 Lamarkian Genetic Algorithm 

(LGA) runs for virtual screening with the default parameters of Autodock 4.2. Further, for 

each of the 8 targets, phytochemicals with lowest binding energies (kcal/mol) were identified 

and subjected for re-docking for 100 LGA runs. BIOVIADiscovery StuioVisualiser (Dassault 

Systèmes BIOVIA, 2020). Further the residue evolutionary conservation scores of the 

binding pocket residues were calculated using ConSurf server (Ashkenazy et al., 2016).  

 

Drug-likeness Properties of the Phytochemicals and the Repurposed Drugs 

Drug-likeness properties based on Lipinki Rule of 5 and Adsorption, Distribution, 

Metabolism, Excretion (ADME) properties were calculated using SwissADME(Daina  et. al 

2014, Daina et. al 2016, Daina et. al 2017)Toxicity profiles (T) were calculated by the vNN 

web server(Schymanet al., 2017) and compared for each top 10 scoring ligands and the 

21repurposed drugshaving potential to be developed into good drug candidates against SARS 

CoV-2. The significant pharmacokinetic parameters for ADME/T associated properties of 

Gastro Intestinal absorption (GI), Blood Brain Barrier permeation (BBB), CYP inhibition, 

pharmacokinetic properties like Lipinski rule of 5 (Lipinski et al.,2001), PAINS (Baellet al., 

2010) and Brenk (Brenket al., 2008) and Lead likeness were calculated (Teague et al., 1999).  
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Further, comparative analysis of ADME/T properties between the phytochemicals and 

the 21 drugs were performed by cross correlation matrix calculated using Heatmapper 

(Babicket al., 2016).The maximum recommended therapeutic dose (MRTD) was also 

predicted using vNN-ADMETserver (Schymanet al.,2017). MRTD is the predicted upper 

daily safe dose (Contreraet al., 2004) for phase I clinical trials. 

 
Results and Discussion  
 

About half of all approved drugs between 1981 and 2010 were shown to be natural 

compound based (Stratton et al., 2015). It has been reported that more than 100 natural 

product derived drugs are undergoing clinical trials (Harvey et al., 2008). Natural compounds 

are unique, when compared with synthetic drugs in terms of more complex scaffolds and 

chiral centres and have huge diversity (Zhao et al., 2019).Examples of natural compounds 

with known safety profiles and potent anti-viral properties are isoflavones and artemisinin 

(Huang et al., 2020). Flavonoids were reported to have effect against RNA viruses (Kaul et 

al., 1985). Many researchers have reported the beneficial effect of natural compounds in 

treating HIV infections (Reiter et al., 2015; Salehiet al., 2018) and in the treatment of 

important chronic diseases like asthma (Moulton et al., 2011), Parkinson’s (Dashtipouret al., 

2007), cancer (Rajkumar et al., 2011). Recently, Khan et al., 2020 identified flavone and 

coumarine derivatives as promising leads targetting the main protease of SARS-CoV-2. 

Hydroxychloroquine was also observed to significantly decrease SARS-CoV-2 infection 

(Gautretet al., 2020). Li et al., 2020 reported that traditional Chinese herbal medicine 

treatments alone or in combination with western medicine can be successful in preventing 

and treating COVIS-19 (Li et al., 2020). Based on these reports it is clear that it is necessary 

to repurpose natural compounds especially phytochemicals as prophylaxis to manage patients 

with COVID-19. In this context, India is a rich resource of medicinal plants, many of which 

have antiviral properties (Jassimet al., 2003; Jadhav et al., 2012).Hence, the phytochemicals 

from these natural sources can be explored to identify bioactive drugs with no or minimal 

side-effects (Tahir et al., 2019). 

Therefore, in this work 1916 phytochemicals from 55 Indian medicinal plants, 

reported to possess anti-viral properties, have been subjected to virtual screening on 8 SARS-

CoV-2 targets- selected based on two broad categories: (1) Proteins required for RNA 

synthesis, replication and assembly and (2) proteins required for viral entry.  

 



 8

Rational Screening anddrug-likeness properties of the phytochemicals and the repurposed 
Drugs 

Rational screening made it possible to identify 66 phytochemicals that can be potent 

inhibitors against the 8 drug targets of SARS-COV-2. The maximum percentage oftop 

scoring phytochemicals that docked to the 8targets of SARS-COV-2 were steroidal lactones 

from Withaniasomnifera(37%)and triterpenoids fromAzadirachtaindica(19%) with docking 

score ranging from -13 kcal/mol upto -6 kcal/mol (Fig. 2A, Table S1).It can be noted here 

that the steroidal lactones from Withaniasomniferahave been previously reported by many 

researchers to possess anti-viral effect against Herpes Simplex virus replication (Grover et 

al., 2012), H1N1 influenza virus (Cai et al., 2015) and Chikungunya Virus (Jain et al., 

2018).Similarly, triterpenoidsfromAzadirachtaindicahave been reported to have anti-viral 

effect against Herpes Simplex virus (Bharitkaret al., 2013), influenza virus (Ahmad et al., 

2016) and coxsackievirus virus B-4 (Badamet al., 1999). Therefore, it can be mentioned here 

that based on these reports and our work, there arises a scope tofurther experimentally 

explorethese phytochemicals in order toanalyse their efficacy against treating COVID 19 

patients. 
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Figure 2. A) Bar graph showing the percentage of phytochemicals with top docking score from 
Indian medicinal plants. The horizontal axis represents the percentage of phytochemicals. The vertical 
axis is the names of the Indian medicinal plants. 
B) The correlation (Average linkage, Pearson's distance measurement) heat map generated by 
Heatmapperfrom the docking scores of the 21 drugs with the 10 binding pockets of SARS-COV-2. 
The numbers in the left vertical axis represent the SARS-COV-2 targets: 1: Protease; 2: Spike protein, 
3: NSP 10; 4: NSP 12 catalytic pocket; 5: NSP 12-NSP7 interface; 6: NSP 12-NSP 8 interface; 7: 
NSP 16; 8: NSP 9; 9: NSP 15; 10: NSP 3. The horizontal axis represents the 21 drugs abbreviated as: 
Chloroquine phosphate (CP); Chloroquine (CL); Arbidol (AR); Remdesivir (REM); Favipiravir 
(FAV); Lopinavir (LOP); Ritonavir (RIT); Ribavirin (RIB); Oseltamivir (OSE); Zanamivir (ZAN); 
Peramivir (PER); Ganciclovir (GAN); Methylprednisolone (MEP); Dexamethasone (DEX); 
Baricitinib (BAR); Hydroxychloroquine (HCL); Sofosbuvir (SOF); Interferon alfa-2b (INA); 
Camostat mesylate (CAM); Darunavir (DAR); Galidesivir / BCX-4430 (GAL). The colors represent 
the z-scores of the docking scores.  
C) Pairwise cross correlation map (Elucidian distance measurement) of8 ADME profiles of the 21 
drugs abbreviated as F1…Fn and the phytochemicals abbreviated as P1…Pn. The orange box 
represents the region in the plot showing correlation between the drugs and the phytochemicals with 
ADME profiles which shows very low violations of the standard rules. 
D) Comparative bar graph showing 13 toxicity profiles of the 21 drugs (Left panel) and the 
phytochemicals (right panel). Yes: the percentage of compounds showing toxicity and No: the 
percentage of compounds not showing toxicity. Horizontal axis represents the percentage of 
compounds and vertical axis is the various toxicity profiles which were obtained from vNN ADMET 
server. 
 

Further, in this study 21compounds, highly cited in literature to berepurposed for 

COVID 19 treatment,were also docked with 100 LGA runs against the 8 targets of SARS-

COV-2 (Fig. 2B, Table S3A-S3B). Among the 21 compounds, hydroxychloroquine and 

Remdesivir were the most cited to be effective against SARS-CoV-2. The ADME/T profiles 

of these drugs have been presented in Table S4A-S4B.Interestingly it was observed that most 

of the 21 drugs bound to multiple targets of SARS-CoV-2 with docking score in the range: -

11 kcal/mol to -5 kcal/mol. Additionally, two major clusters were observed in the heat map 

built with average linkage clustering and Pearson distance measurement methods using 

Heatmapper server (Fig. 2B). It can be observed from Fig. 2B that drugs targeting multiple 

targets with similar docking score were clustered together by the clustering algorithm. 

Among the 21 drugs, Baricitinib, Methylprednisolone, Arbidol, Dexamethasone, 

Hydroxycloroquine, Chlorquine and chloroquine phosphate bound to the 8 targets with 

binding energy < -5 kcal/mol. The most potent inhibitors were found to be Baricitinib (-7.62 

kcal/mol) for spike, Methylprednisolone and Baricitinib (~ -8.5 kcal/mol) for the main 

protease (NSP 5), Methylprednisolone (-9.22 kcal/mol) for NSP 10 and NSP 12 (catalytic 

site) (-6.54 kcal/mol), Hydroxychloroquine (-7.73 kcal/mol) and Lopinavir (-8.33 kcal/mol) 

for NSP 12 –NSP7 and NSP 8 interface, Chloroquine (-10.11 kcal/mol) for NSP 16, 

Camostat mesylate (-5.98 kcal/mol) for NSP 9, Dexamethasone (-7.08 kcal/mol) for NSP 15 

and for NSP 3 it was Baricitinib (-10.38 kcal/mol).Further, virtual screening also showed that 
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NSP 16 and NSP 3 can be good drug targets for SARS CoV-2- most of the 21 drugs docked 

to them with low binding energy (Fig. 2B).  

Further,clustering of the binding sitescan be attributed to the docking scoresof the 

drugs (Fig. 2B). The sites which docked multiple drugs with similar docking scores were 

clustered together. This led us to analyzethe similarity among the binding pocket residues of 

the targets that clustered together. For example, NSP 16 and NSP 3, NSP 12-NSP 8 interface 

and the main protease were separately clustered in two groups- the former bound to the same 

drugs with similar docking scores which were better thanthe latter. NSP 15 and Spike protein 

binding to these drugs with lesser negative docking scores were also clustered 

together.NSP12 D1 (catalytic site) and NSP 9 showed the worst docking scores with these 21 

drugs and thus were orphans closer to the NSP 15 and Spike protein group in the clustering 

heat map. Whereas NSP 12-NSP7 interface and NSP 3 showing better binding with these 

drugs fell in between the NSP 16 and NSP 3, NSP 12-NSP 8 interface and the main protease 

groups (Fig. 2B, S Table S3B). It can also be comprehended from the binding site analysis 

that binding pockets which are more hydrophobic bound to multiple drugs with better binding 

scores and were thus clustered together.Very similar observations were made when the 100 

top hits (66 unique) phytochemicals from virtual screening were re-docked to the 10 binding 

sites from 8 SARS-CoV-2 targets.  

Further, the re-docking results after 100 LGA runs of the virtually screened 

phytochemicals have been presented in Table S4along with their ADME/T properties(Table 

S6). The compounds which can be good leads in terms of medicinal chemistry- showing 0 

Lipinski, Veber and Egan rules violations, high Gastro Intestinal (GI) absorption, 0 PAINS 

(pan assay interference compounds) alert and 1-2 Brenk (to bear poor pharmacokinetics 

properties) and very low number of lead likeness violations (250<= molecular weight<=350, 

XLOGP <=3.5, rotable bonds <= 7) have been presented in Table 2.  

 

Table 2: Good drug leads in terms of medicinal chemistry obtained after re-docking of phytochemicals from 
Indian medicinal plants 

Phytochemical 
Docking Score 
(Kcal/Mol) 

MRTD Dose 
(md/day) Source 

Main Protease (PDB; 6lu7) 

27-Deoxy-14-hydroxywithaferin A -10.8 

8.7 

Withaniasomnifera 

Nimolicinol -10.09 84 Azadirachtaindica 

17-Hydroxywithaferin -10.08 342 Withaniasomnifera 

WithanolideR -9.63 46 Withaniasomnifera 
Spike (PDB 6LZG) 

27-Hydroxywithanone -8.47 49 Withaniasomnifera 
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Deoxywithastramonolide -8.27 54 Withaniasomnifera 

27-Deoxywithaferin A -7.82 303 Withaniasomnifera 

2,3-Dihydrowithaferin A -7.45 319 Withaniasomnifera 
NSP 10 (PDB 6w4h) 

27-Hydroxywithanolide B -8.32 54 Withaniasomnifera 

Anaferine -6.22 196 Withaniasomnifera 
NSP12 D1 (RNA Binding Site) (PDB 6M71) 

12-Deoxywithastramonolide -7.58 54 Withaniasomnifera 
NSP12 D2 (NSP12-NSP7 Interface) (PDB 6M71) 

Withastramonolide -9.72 60 Withaniasomnifera 

Withanolide B -9.2 51 Withaniasomnifera 

12-Deoxywithastramonolide -9.05 54 Withaniasomnifera 

Withanolide R -8.94 46 Withaniasomnifera 

Withaferin A -7.9 342 Withaniasomnifera 
NSP12 D3 (NSP-NSP8 Interface) (PDB 6M71) 

Withaferin A -9.94 342 Withaniasomnifera 
NSP16(PDB 6w4h) 

Solvanol -10.98 473 Solanum nigrum 

(-)-Anaferine -10.91 196 Withaniasomnifera 

Limonin -10.73 172 Nigella sativa 
NSP9 (PDB 6w4b) 

27-Hydroxywithanolide B -8.28 54 Withaniasomnifera 

12-Deoxywithastramonolide -8.19 54 Withaniasomnifera 

Azadiradionolide -7.3 220 Azadirachtaindica 
NSP15 (PDB 6w01) 

Somniferine -7.21 45 Withaniasomnifera 

Vindolinine -6.87 102 Catharanthus roseus 
NSP3 (PDB 6w02) 

2,3-Dehydrosomnifericin -12.3 127 Withaniasomnifera 

WithanolideB -11.44 51 Withaniasomnifera 

24,25-dihydrowithanolide D -10.24 54 Withaniasomnifera 
27-Deoxy-14-hydroxywithaferin A -9.49 8.7 Withaniasomnifera 

 

Other than these phytochemicals reported in Table 2, many phytochemicals with good 

docking scores could not satisfy the standard rules of drug likeness. It can be noted from 

Table S4 that Serpentinine, though violates drug-likeness rules, is the most potent 

phytochemical among the 1916 compound with the lowest docking score against the SARS 

COV-2 main protease (-13 kcal/mol). Serpentinine also docked with NSP 16 (-12 kcal/mol). 

Similarly, Terchebulin docked against three binding sites of NSP 12 (~ -11 kcal/mol), 7-

Deacetyl-7-benzoylepoxyazadiradione with NSP 9 (-8.74 kcal/mol), Ashwagandhanolide 

docked with NSP 15 (-10.17 kcal/mol) and 2,3-Dehydrosomnifericin docked with NSP 3 (-

12.3 kcal/mol). The justification for these drugs to be tested experimentallycomes the 

observation of the cross correlation matrix constructed on the ADME properties of Lipinski, 
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Ghose, Veber, Egan, Muegge, Lead likeness rule violations, PAINS and Brenk alerts for the 

66 phytochemicals along with the 21 drugs (Fig. 2C). It was observed that the ADME 

profiles of most of the phytochemicals have positive correlation with the 21 drugs. Further, it 

can be observed from the bar graph in Fig. 2D that the phytochemicals show very less 

toxicity which is again comparable to the 21 drugs. Another justification comes from the 

reports where drug-likeness rules have been shown to be biased measurement for natural 

compounds as they were derived using small molecules (Loureiro et al., 2019). It was also 

reported that it is still a challenge to find alternative drug-likeness rules for natural 

compounds (Katiyar et al. 2012). Further, there are many examples of successful natural 

drugs which also do not obey the usual drug-likeness rules (Loureiro et al., 2019). For 

example, the drug paclitaxel (chemotherapy medication) does not comply with Lipinski rule 

of five. Conclusively it can be said that these compounds need to be studied further in vitro to 

confirm their experimental drug likeness.  

An interesting observationmade from virtual screening results, was that the 

phytochemicals like the 21 repurposed drugs were able to bind to multiple targets with good 

docking scores. From Table S4 it can be observed that Terchebulin (Terminalia chebula) 

docked to 7 binding sites except NSP 16. Similar multi-potency was also observed for 

compounds like Serpentinine (Rauvolfia serpentine), Nimocin (Azadirachtaindica) and 

Ashwagandhanolide (Withaniasomnifera). It can be mentioned here that natural products are 

known to bind to multiple targets (Efferthet al., 2011). Moreover, according to previous 

research, it has been reported that binding to more than one target at the same time can lead 

to therapeutic efficiency decreasing probability of resistance to one target (Kadiogluet al., 

2020).  

A novel observation that can be reported in this paper isbased on the predicted MRTD 

dose (maximum recommended therapeutic dose) for the phytochemicals and the 21 drugs-

calculated employing the vNN server (Table 2, Supplementary Table 3B and Supplementary 

Table 6). It is worth mentioning that most of the phytochemicals have low MRTD dose 

(maximum: 691 mg/day for a 60 Kg body weigh individual) as compared to the repurposed 

drugs (maximum: 10779 mg/day for a 60 Kg body weigh individual). Thus it can be said that 

these phytochemicals possess high pseudo-potency. These predicted MRTD dose can be 

instrumental to estimate the starting dose in phase I clinical trials, reducing the number of 

animals used in preliminary toxicology studies (Schymanet al., 2017). It was also reported 

that low MRTD drugs often have high pseudo-potency (Liu et al., 2016). On the other hand, 
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drugs of low pseudo-potency need high dose to reach the desired therapeutic effects (Liu et 

al., 2016). 

 
Analysis of the intermolecular interactions of the docked phytochemicals and the 
repurposed drugswith the drug targets of SARS-CoV-2 
 

The binding interactions of the lead like phytochemicals in comparison to the 21 

drugs have been illustrated in Figure 3. It can be observed that residues which were reported 

to be structurally and functionally important in the 8 SARS-COV-2 binding sites were 

visualized to interact with the phytochemicals through various van der Waal's interactions 

(hydrogen bonds, hydrophobic contacts, aromatic ring π-π interactions, etc.). It can also be 

observed that interacting residues in these binding sites were similar for the repurposed drugs 

and the phytochemicals.For example, in the case of the main protease (3CLpro) of SARS-

CoV-2, phytochemical moieties formed strong hydrogen bonds with the catalytic dyad 

residues (Cys-145 and His-41) as well as significant interactions were formed with the 

receptor-binding residues Gly143, His163, Met165, Glu166, Pro168 and Gln189.  

It is known that the spike glycoprotein aids in virus entry by priming to angiotensin-

converting enzyme 2 (ACE-2) as a receptor (McKee et al., 2020). Residues reported to be 

instrumental in viral entry by interacting with the ACE2 receptor were reported from the 

crystal structure (6lzg) are S494, N501, Q493, L455 (Shang et al. 2020). These residues were 

observed to interact with the phytochemicals and the repurposed drugs. It was interesting to 

observe that the span of residue coverage by the phytochemicals were greater than the 

repurposed drugs(Figure 3). It was also reported that L453 and N501 were responsible for 

stabilizing virus binding "hotspots" in the ACE2 receptors (Shang et al. 2020). These residues 

were observed to form strong hydrogen bonds <3Å in length with the phytochemicals and the 

repurposed drugs. 

Further, the phytochemicals and the repurposed drugs were able to form strong 

hydrogen bonds with the residues at the interface of NSP10-NSP16, NSP12-NSP7 and 

NSP12-NSP 8. Therefore, disruption of interaction among these proteins can inhibit the viral 

replication machinery. Further, NSP 10 in SARS-CoV with two zinc fingers is known to 

stimulate methyl transferase activity of NSP 16 (Bouvet et al. 2014). Thus similar role is 

expected in SARS-CoV-2. Residues involved in zinc coordination (C4327, C4330, C4343, 

H4336) identified in the crystal structure (6w4h) were observed to interact with the docked 

molecules. Thus binding of inhibitors at this region can inhibit its interaction with NSP 

16.Nsp12 is an RNA-dependent RNA polymerase (RdRp) involved in viral replication. Nsp8 
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synthesizesthe primer required for Nsp12-RdRp RNA synthesis. Further, the Nsp7 and Nsp8 

enhances thedocking of Nsp12 (Wu et al. 2020). Phytochemicals and the repurposed drugs 

docked poorly with the catalytic pocket with Val555 as the catalytic residue. However, 

theywere observed to interact with these interface residues and thus can interrupt RNA 

synthesis by RdRp by inhibiting NSP7 and NSP 8 docking with NSP 12. NSP 3 is the ATP 

ribose phosphatase of SARS-CoV-2 is required for virus replication. Binding of 

phytochemicals and repurposed drugs were observed to form hydrogen bonds and 

hydrophobic interactions with the Adenosine-5-Diphosphoribose binding site in the crystal 

structure (6wo2). NSP 9 is most likely involved in viral replication as in SARS CoV 

(Friemanet al., 2012). Residues important for its dimerization can be targeted for drug 

development as this effects viral proliferation in SARS-CoV (Friemanet al., 2012). 

Phytochemicals were observed to interact with this interface residue with strong non-covalent 

bonds. NSP15 is an uridylate specific endoribonuclease. His235, His250, Lys290, Thr341, 

Tyr343, and Ser294 were reported as the catalytic residues (highly conserved) in its active 

site pocket (Kim et al. 2020). The phytochemicals were observed to interact with these 

residues better than the repurposed drugs. Thus it can be comprehended that these 

phytochemicals along with repurposed drugs (in conjugation or alone) can aid in COVID 19 

treatment by blocking the association of these key non-structural proteins required for 

replication of the SARS-CoV-2 virus. 

Further, evolutionary conservation scores were also calculated for these residues 

forming favorable interactions with the phytochemicals- through the Consurf server(Figure 

3). This was performed to analyze whether these interacting residues are functionally 

important to the virus and if they are prone to mutations. It is well known according to the 

neutral theory of molecular evolution that functionally important residues vary less than less 

important ones (Saldanoet al., 2016).It is also known now that SARS-CoV-2 is fast evolving 

due to its high rate of mutations (Pachettiet al., 2020).The concern was that if the 

phytochemicals were interacting more with non-conserved residues than occurrence of 

mutation of these residues in different strains of the viruscan nullify their drugability effect- 

rendering them non-functional in different mutated strains of the virus. Interestingly it was 

observed that most of the strong interactions were formed between highly conserved residues 

and the phytochemicals (Figure 3). These high affinity interactions with the conserved 

residues were more profound with the phytochemicals than the 21 repurposed drugs. Thus it 

can be predicted that the phytochemicals can be developed into better drug candidates can 

inhibit SARS-CoV-2 as positive results were obtained. A concoction of these phytochemicals 
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can target the different SARS-CoV-2 proteins. This natural concoction can thus act as 

prophylaxis for treating SARS-CoV-2 infections along with the repurposed drugs. 
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Figure 3. Interaction of amino acid residues in the binding pocket of 8 SARS-COV-2 targets (10 
binding pockets). I) Cartoon representation of the 10 binding sites with the re-docked and 
superimposed phytochemicals(top scoring with best drug likeness properties).Reference Table 2 for 
the docked phytochemicals. II) Color map of the residues in the targets interacting with the top 
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scoring phytochemicals and the top scoring repurposed drugs. The evolutionary conservation scores 
calculated by the ConSurf server have also been illustrated: 1: Low conservation to 9: high 
conservation (Ashkenazy et al., 2016). 
 
Conclusions  
 

This is the first systematic work of exploring 1916 phytochemicals from 55 Indian 

medicinal plants having anti-viral properties by in silico rational screening approaches to 

develop prophylactic treatment against SARS-Cov-2. 21 repurposed drugs were also 

subjected to molecular docking and compared to the phytochemicals. Top scoring 

phytochemicals screened were steroidal lactones from Withaniasomnifera (37%) and 

triterpenoids from Azadirachtaindica (19%) with docking score ranging from -13 kcal/mol 

upto -6 kcal/mol. Comparison of ADME/T profiles of the screened phytochemicals with the 

repurposed drugs showed positive correlation. Further, high affinity interactions of the 

binding site residues of these targets were dominated by hydrogen bonds and hydrophobic 

interactions. Strong inter-molecular interactions were also observed to be profound with the 

evolutionary conserved residues- with the phytochemicals than the 21 repurposed drugs. 

Thus, it can be said that the phytochemicals will be effective against different mutated strains 

of the virus. We have also predicted the MRTD dose of these screened phytochemicals along 

with the repurposed drugs that can be used as a safe dose for the phase I clinical trials. It is 

worth mentioning that most of the phytochemicals have low MRTD dose and thus can be 

developed into good drug leads. Conclusively it can be proposed here that a concoction of 

these phytochemicals can target the different SARS-CoV-2 proteins at the same time and this 

natural concoction can act as prophylactic medication for treating SARS-CoV-2 infections. It 

is also proposed here that these phytochemicals being natural in origin can lead to develop 

immunity which is the first line of defense against such deadly virus. Further, this natural 

concoction can aid in treatment if given in conjugation with other drug therapy or used as an 

immunopotentiating agent with the future developed vaccines against SARS-CoV-2. 
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Table S1: Sources of phytochemicals from Indian Medicinal plants reported for their anti-viral properties 

Sources Top 10 hits  of 
phytochemicals  

Withania somnifera 37 

Azadirachta indica 19 

Catharanthus roseus 9 

Terminalia arjuna 7 

Aloe barbadensis 5 

Nigella sativa 5 

Solanum nigrum 5 

Rauvolfia serpentina 4 

Anodendron paniculatum 2 

Aconitum heterophyllum 1 

Aegle marmelos 1 

Alstonia venenata 1 

Bacopa monnieri 1 

Centella asiatica 1 

Phyllanthus amarus 1 

Swertia chirayita 1 

Allium sativum 0 

Aloe vera 0 

Amaranthus tricolor 0 

Andrographis paniculata 0 

Annona reticulate 0 
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Aquilaria agallocha 0 

Artemisia annua 0 

Asparagus racemosus 0 

Cassia angustifolia 0 

Cinnamomum verum 0 

Crocus sativus 0 

Curcuma longa 0 

Cymbopogon flexuosus 0 

Cymbopogon martinii 0 

Eucalyptus citriodora 0 

Gymnema sylvestre 0 

Hedychium spicatum 0 

Hibiscus rosa-sinensis 0 

Inula racemosa 0 

Litsea glutinosa 0 

Mucuna pruriens 0 

Oroxylum indicum 0 

Pelargonium graveolens 0 

Phyllanthus emblica 0 

Picrorhiza kurroa 0 

Piper betle 0 

Piper longum 0 

Plantago ovata 0 

Plumbago zeylanica 0 

Pogostemon cablin 0 

Pterocarpus marsupium 0 

Santalum album 0 
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Saraca asoca 0 

Smilax china 0 

Terminalia bellirica 0 

Terminalia chebula 0 

Tinospora cordifolia 0 

Valeriana jatamansi 0 

Vetiveria zizanioides 0 
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Table  S2: Grid parameters of targets 

Protein Name XYZ Coordinates of Grid 
Centre (Å) 

Grid Spacing (Å) 

Main Protease (PDB; 6lu7) -19.417, 12.599, 63.803 0.425 

Spike (PDB 6LZG) -35.544, 34.286, 6.97 0.403 

NSP 10 (PDB 6w4h) 67.879, 21.337, 12.249 0.375 

NSP12_d1 (RNA Binding Site) (PDB 6M71) 122.503, 108.491, 131.873 0.792 

NSP12_d2 (NSP12-NSP7 Interface) (PDB 6M71) 117.599, 107.015, 130.936 0.375 

NSP12_d2 (NSP12-NSP8 Interface) (PDB 6M71) 120.051, 141.341, 138.381 0.375 

NSP16 (PDB 6w4h) 90.908, 18.518, 23.35 0.509 

NSP9 (PDB 6w4b) 45.366, -17.534, 18.126 0.375 

NSP15 (PDB 6w01) -64.205, 69.315, 34.572 0.375 

NSP3 (PDB 6w02) 2.622, -5.785, -21.408 0.375 
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Table S3 A: Drugs used in this study for comparison based on reported drugs in literature being tested for efficacy against COVID 19 

Compound name Molecular 
weight 

Chemical formula *References FDA Approval status COVID-19 FDA approval 
status 

No. of 
citations 
(2019-
2020) 

Chloroquine 
phosphate 

515.9 g/mol C18H32ClN3O8P2 Gao et al., 2020 Approved Emergency Use 
Authorization (EUA) 

382 

Chloroquine 319.9 g/mol C18H26ClN3 Dong et al., 2020; Wang et 
al., 2020 

Approved Emergency Use 
Authorization (EUA) 

856 

Arbidol 477.4 g/mol C22H25BrN2O3S Dong et al., 2020 Not approved Not approved 374 

Remdesivir 602.6 g/mol C27H35N6O8P Dong et al., 2020; Wang et 
al., 2020 

Approved (emergency 
use) 

Emergency Use 
Authorization (EUA) 

981 

Favipiravir 157.1 g/mol C5H4FN3O2 Dong et al., 2020 Not approved yet (FDA 
Phase II and Phase III 
clinical trials) 

Not Yet Approved 442 

Lopinavir 628.8 g/mol C37H48N4O5 Lu, 2020 Approved Not Yet Approved 849 

Ritonavir 720.9 g/mol C37H48N6O5S2 Lu, 2020 Approved Not Yet Approved 897 

Ribavirin 244.2 g/mol C8H12N4O5 Lu, 2020 Approved Not Yet Approved 552 

Oseltamivir 312.4 g/mol C16H28N2O4 Lu, 2020 Approved Not Yet Approved 486 

Zanamivir 332.31 
g/mol 

C12H20N4O7 Lu, 2020 Approved Not Yet Approved 47 

Peramivir 328.41 
g/mol 

C15H28N4O4 Lu, 2020 Approved Not Yet Approved 43 

Ganciclovir 255.23 
g/mol 

C9H13N5O4 Chen et al., 2020 Approved Not Yet Approved 114 

Methylprednisolone 374.5 g/mol C22H30O5 Chen et al., 2020 Approved Not Yet Approved 450 

Dexamethasone 392.5 g/mol C22H29FO5 Chen et al., 2020 Approved Not Yet Approved 191 

Baricitinib 371.4 g/mol C16H17N7O2S Stebbing et al., 2020 Approved Not Yet Approved 207 

Hydroxychloroquin
e 

335.9 g/mol C18H26ClN3O Colson et al., 2020 Approved Emergency Use 
Authorization (EUA) 

1,280 

Sofosbuvir 529.5 g/mol C22H29FN3O9P Elfiky, 2020 Approved Not Yet Approved 107 
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Interferon alfa-2b 746.5 g/mol C16H17Cl3I2N3NaO5
S 

Xu et al., 2020 Approved Not Yet Approved 40 

Camostat mesylate 494.5 g/mol C21H26N4O8S Hoffmann et al., 2020 Not approved Not Yet Approved 154 

Darunavir 547.7 g/mol C27H37N3O7S Liu et al., 2020 Approved Not Yet Approved 290 

Galidesivir / BCX-
4430 

265.27 
g/mol 

C11H15N5O3 Liu et al., 2020 Approved Not Yet Approved 80 
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Table S3 B: The docking scores of 21 FDA approved drugs found effective against SARS-COV 2 

Drugs Protease 
(PDB: 
6lu7) 

Spike 
(PDB 
6LZG) 

NSP10 (PDB 
6w4h) 

NSP12 
(RNA-
Binding site) 
(PDB 6m71) 

NSP12- NSP7 
Interface (PDB 6M71) 

NSP12- 
NSP8 
Interfac
e (PDB 
6M71) 

NSP16 
(PDB: 
6w4h) 

NSP9 
(PDB 
6w4b) 

NSP15 
(PDB 
6w01) 

NSP3 
(PDB 
6w02) 

Chloroquine phosphate -7.37 -5.55 -7.38 -5.15 -6.7 -7.21 -9.54 -4.79 -5.8 -8.07 

Chloroquine -7 -5.27 -7.13 -4.77 -6.76 -7.21 -10.11 -4.3 -6.23 -8.35 

Arbidol -7.1 -5.18 -7.53 -5.75 -6.25 -6.44 -8.98 -5.21 -5.98 -7.8 

Remdesivir -6.06 -5.32 -3.74 -3.66 -4.26 -6.1 -6.09 -3.4 -3.42 -9.79 

Favipiravir -4.05 -4.94 -4.04 -3.76 -4.94 -4.6 -5.25 -3.43 -4.08 -4.77 

Lopinavir -6.5 -3.77 -4.46 -2.31 -6.79 -8.33 -9.41 -5.21 -4.62 -9.36 

Ritonavir -6.43 -3.22 -3.91 -2.77 -3.68 -5.68 -8.1 -3.25 -4.69 -7.2 

Ribavirin -5.14 -4.44 -5 -2.97 -3.83 -4.7 -5.99 -3.44 -4.39 -6.17 

Oseltamivir -6.42 -5.21 -6.51 -4.65 -5.93 -6.32 -8.04 -3.77 -6.04 -6.22 

Zanamivir -3.18 -2.66 -5.11 -1.14 -4.39 -2.95 -3.02 -2.19 -4.11 -3.19 

Peramivir -5.32 -4.47 -6.46 -2.97 -5.96 -7.08 -5.34 -3.83 -4.46 -6.99 

Ganciclovir -3.72 -4.12 -4.57 -2.35 -3.45 -3.77 -4.07 -3.04 -3.62 -7.2 

Methylprednisolone -8.57 -5.77 -8.92 -6.54 -7.18 -7.93 -7.61 -5.88 -5.61 -7.98 

Dexamethasone -7.08 -5.32 -7.23 -5.4 -6.29 -7.17 -8.21 -5.82 -7.08 -9.56 

Baricitinib -8.46 -7.62 -9.22 -5.87 -6.54 -7.88 -9.08 -6 -6.76 -10.38 

Hydroxychloroquine -7.02 -4.6 -7.2 -5.23 -7.73 -7.12 -8.58 -5.63 -4.86 -7.63 

Sofosbuvir -5.76 -2.84 -4.85 -3.94 -4.57 -5.37 -6.84 -5.18 -5.09 -9.09 

Interferon alfa-2b -6.35 -5.58 -7.39 -4 -5.89 -6.57 -6.29 -5.13 -4.67 -8.04 

Camostat mesylate -7.19 -5.49 -7.85 -4.18 -6.2 -7.17 -8.14 -5.98 -6.07 -10.2 

Darunavir -8.03 -5.5 -5.2 -3 -5.74 -7.4 -7.86 -5.66 -5.33 -7.02 

Galidesivir / BCX-4430 -5.76 -5.56 -6.32 -4.92 -5.97 -6.29 -7.01 -3.74 -5.46 -6.26 
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Table S4: Top hits of Phytochemicals from Indian medicinal plants after re-docking (100 LGA runs) with their ADME properties drom SwissADME. 

Molecule Dockin
g score 
kcal/m
ol 

Lipinski 
#violatio
ns 

Ghose 
#violatio
ns 

Veber 
violatio
ns 

Egan 
violatio
ns 

Muegge 
violatio
ns 

Bioavailabili
ty Score 

PAIN
S 
alerts 

Bren
k 
alert
s 

Leadlikene
ss 
#violations 

Protease 
7-Benzoyl-17-hydroxynimbocinol -9.03 1 4 0 0 1 0.55 0 0 2 

Serpentinine -13 1 3 0 0 3 0.56 1 3 2 

Limocinin -8.83 2 4 0 1 1 0.17 0 1 2 

27-Deoxy-14-hydroxywithaferin A -10.8 0 1 0 0 0 0.55 0 1 1 

Terchebulin -10.86 3 3 1 1 5 0.17 1 4 1 

17-Hydroxywithaferin -10.08 0 1 0 0 0 0.55 0 1 2 

Nimolicinol -10.09 0 1 0 0 0 0.55 0 1 2 

Nimocin -9.92 1 4 0 1 1 0.55 0 1 2 

7-Deacetyl-7-benzoylgedunin -10.75 1 3 0 0 1 0.55 0 2 2 

Withanolide -9.63 0 1 0 0 0 0.55 0 1 1 

Spike 

Serpentinine -6.04 1 3 0 0 3 0.56 1 3 2 

Terchebulin -8.73 3 3 1 1 5 0.17 1 4 1 

27-Deoxywithaferin A -7.82 0 1 0 0 0 0.55 0 1 2 

27-Hydroxywithanone -8.47 0 2 0 0 0 0.55 0 1 1 

Hydroxywithanolide B -8.28 1 2 0 1 0 0.55 0 1 1 

Deoxywithastramonolide -8.27 0 1 0 0 0 0.55 0 1 2 

2,3-Dihydrowithaferin A -7.45 0 1 0 0 0 0.55 0 1 2 

NSP 10 

MELIANONE -11.13 1 3 0 1 1 0.55 0 2 2 

27-Hydroxywithanolide B -8.09 0 1 0 0 0 0.55 0 1 2 

Anaferine -6.22 0 0 0 0 0 0.55 0 0 1 
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Amyrin acetate -10.97 1 3 0 1 1 0.55 0 1 2 

Nimocin -10.21 1 4 0 1 1 0.55 0 1 2 

Lophenol -9.48 1 2 0 1 2 0.55 0 1 2 

Meldenin -10.46 0 1 0 0 0 0.55 0 1 2 

Epoxyazadiradione -8.29 0 0 0 0 0 0.55 0 1 2 

NSP 12 D1 

Ashwagandhanolide -6.83 3 4 1 2 6 0.17 0 1 3 

Pelankine -8.49 1 3 0 0 2 0.55 0 3 2 

beta-Amyrin -8.24 1 3 0 1 2 0.55 0 1 2 

Terchebulin -10.16 3 3 1 1 5 0.17 1 4 1 

Solasodine -8.19 1 1 0 0 1 0.55 0 1 2 

Somniferine -8.15 1 3 0 0 2 0.55 0 0 1 

12-Deoxywithastramonolide -7.58 0 1 0 0 0 0.55 0 1 2 

Spirostan-3-ol -7.28 1 2 0 0 1 0.55 0 0 2 

Campestanol -8.18 1 2 0 1 2 0.55 0 0 2 

NSP 12 D2 

Terchebulin -10.16 3 3 1 1 5 0.17 1 4 1 

1,3,6,8-Tetranitro-4,5-Dihydroxy-2-
Hydroxymethylanthraquinones 

-10.35 1 0 1 1 2 0.55 1 2 1 

Withastramonolide -9.72 0 2 0 0 0 0.55 0 1 1 

Somniferine -8.15 1 3 0 0 2 0.55 0 0 1 

Withanolide B -9.2 0 1 0 0 0 0.55 0 1 2 

Withanolide R -7.63 0 1 0 0 0 0.55 0 1 2 

12-Deoxywithastramonolide -9.05 0 1 0 0 0 0.55 0 1 2 

Withaferin A -7.9 0 1 0 0 0 0.55 0 1 2 

Lutein -8.94 2 4 0 1 1 0.17 0 2 3 

NSP12 D3 
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Terchebulin  -12.46 3 3 1 1 5 0.17 1 4 1 

Ashwagandhanolide -12.09 3 4 1 2 6 0.17 0 1 3 

Pelankine -11.06 1 3 0 0 2 0.55 0 3 2 

Serpentinine -10.7 1 3 0 0 3 0.56 1 3 2 

7-Deacetyl-7-benzoylgedunin -10.89 1 3 0 0 1 0.55 0 2 2 

Somniferine -10.7 1 3 0 0 2 0.55 0 0 1 

Withaferin A -9.94 0 1 0 0 0 0.55 0 1 2 

3-Methoxy-5,7-dimethyl-2-naphthyl 6-O-
[(10eta,13alpha)-20-oxopimaran-20-yl]-L-
glucopyranoside 

-10.24 1 4 0 1 2 0.55 0 0 3 

Dammarane -10.82 1 3 0 1 2 0.55 0 0 2 

NSP 16 

Serpentinine -12.1 1 3 0 0 3 0.56 1 3 2 

Solasodine -11.81 1 1 0 0 1 0.55 0 1 2 

Ashwagandhanolide  -10.84 3 4 1 2 6 0.17 0 1 3 

Solvanol -10.98 0 1 0 0 0 0.55 0 1 2 

(-)-Anaferine -10.91 0 0 0 0 0 0.55 0 0 1 

Phyllanthosterol -10.84 1 3 0 1 2 0.55 0 1 2 

Cycloartenol -10.89 1 3 0 1 2 0.55 0 1 2 

Limonin -10.73 0 0 0 0 0 0.55 0 2 1 

Isonimolicinolide -10.73 1 3 0 1 0 0.55 0 1 1 

veratridine -11.3 3 3 1 1 5 0.17 0 0 1 

NSP 9 

7-Benzoyl-17-hydroxynimbocinol -8.73 1 4 0 0 1 0.55 0 0 2 

Nimocin  -8.82 1 4 0 1 1 0.55 0 1 2 

Terchebulin  -8.71 3 3 1 1 5 0.17 1 4 1 

Serpentinine -7.89 1 3 0 0 3 0.56 1 3 2 

12-Deoxywithastramonolide -8.19 0 1 0 0 0 0.55 0 1 2 
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27-Hydroxywithanolide B -8.28 0 1 0 0 0 0.55 0 1 2 

Bacosine -8.22 1 3 0 1 1 0.56 0 1 2 

7-Deacetyl-7-benzoylepoxyazadiradione -8.74 1 4 0 1 1 0.55 0 1 2 

Azadiradionolide -7.3 0 0 0 0 0 0.55 0 1 2 

Taraxasterol acetate -8.16 1 3 0 1 1 0.55 0 1 2 

NSP 15 

Ashwagandhanolide -10.17 3 4 1 2 6 0.17 0 1 3 

Anodendroside A -8.93 2 3 1 1 3 0.17 0 2 1 

Anodendroside F -8.94 2 3 1 1 3 0.17 0 2 1 

Somnifericin -7.21 0 3 0 0 0 0.55 0 0 1 

Terchebulin -8.72 3 3 1 1 5 0.17 1 4 1 

Rescinnamine   -8.59 2 3 1 0 1 0.17 1 2 3 

7-Deacetyl-7-benzoylgedunin  -8.38 1 3 0 0 1 0.55 0 2 2 

Vindolinine -6.87 0 0 0 0 0 0.55 0 1 0 

campest-4-en-3-one  -7.92 1 2 0 1 2 0.55 0 0 2 

NSP 3 

Delta5-Avenasterol  -11.35 1 3 0 1 2 0.55 0 1 2 

Physagulin-D -8.87 2 3 1 1 3 0.17 0 1 1 

Withanolide P -11.44 0 1 0 0 0 0.55 0 1 2 

2,3-Dehydrosomnifericin -12.3 0 3 0 0 0 0.55 0 0 1 

Gramisterol -11.22 1 3 0 1 2 0.55 0 1 2 

Lophenol -11.4 1 2 0 1 2 0.55 0 1 2 

AC1L1UKB  -11.82 1 2 0 1 2 0.55 0 1 2 

24,25-dihydrowithanolide D -10.24 0 1 0 0 0 0.55 0 1 2 

27-Deoxy-14-hydroxywithaferin A -9.49 0 1 0 0 0 0.55 0 1 1 

Nimocin -11.78 1 4 0 1 1 0.55 0 1 2 
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Table S5 A: ADMET profiles of the 21 drugs calculated from Siss ADME and Vnn-ADMET 
Molecule Lipinski 

#violatio
ns 

Ghose 
#violations 

Veber 
#violations 

Egan 
#violations 

Muegge 
#violations 

Bioavailabilit
y Score 

PAINS 
#alerts 

Brenk 
#alerts 

Leadlikenes
s #violations 

Synthetic 
Accessibilit
y 

Favipiravir 3 1 1 1 2 0.17 0 1 2 3.6 

Chloroquine 0 0 0 0 0 0.55 0 0 2 2.76 

Arbidol 0 0 0 0 0 0.55 1 0 3 3.57 

Remdesivir 2 3 2 1 3 0.17 0 1 2 6.33 

Favipiravir 0 4 0 0 1 0.55 0 0 1 2.08 

Lopinavir 1 3 1 0 3 0.55 0 0 3 5.67 

Ritonavir 2 4 2 1 4 0.17 0 0 3 6.45 

Ribavirin 0 1 1 1 0 0.55 0 0 1 3.89 

Oseltamivir 0 0 0 0 0 0.55 0 0 1 4.44 

Zanamivir 2 1 1 1 3 0.17 0 2 0 4.96 

Peramivir 0 0 1 1 1 0.55 0 2 1 4.31 

Ganciclovir 0 1 0 1 0 0.55 0 0 0 2.61 

Methylprednisolone 0 0 0 0 0 0.55 0 0 1 5.42 

Dexamethasone 0 0 0 0 0 0.55 0 0 1 5.47 

Baricitinib 0 0 0 0 0 0.55 0 0 1 3.07 

Hydroxychloroquine 0 0 0 0 0 0.55 0 0 2 2.82 

Sofosbuvir 2 1 2 1 2 0.17 0 1 2 6.02 

Interferon alfa-2b 1 3 0 1 2 0.55 0 3 3 3.1 

Camostat mesylate 1 1 1 1 1 0.55 0 4 2 3.46 

Darunavir 1 3 2 1 0 0.55 0 1 2 5.67 

Galidesivir 1 1 1 1 2 0.55 0 0 0 3.48 
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Table S5 B: Toxicity profiles of the 21 drugs calculated from Siss ADME and Vnn-ADMET 
Query Cyto- 

toxicity 
HLM Cyp1A

2 
Inhibit
or 

Cyp3A
4 
Inhibit
or 

Cyp2D
6 
Inhibit
or 

Cyp2C
9 
Inhibit
or 

Cyp2C
19 
Inhibit
or 

BBB P-gp 
Inhibit
or 

P-gp 
Substra
te 

hERG 
Blocker 

MMP AMES MRTD 
(mg/da
y) 

Chloroquine 
phosphate 

No Yes No No No No No Yes No Yes No No Yes 430 

Chloroquine No Yes No No No No No Yes No Yes No No Yes 430 

Arbidol No Yes No No No No No Yes No Yes No No No 201 

Remdesivir Yes Yes No No No No No No Yes Yes No No No 229 

Favipiravir No Yes No No No No No No No No No No No 170 

Lopinavir No Yes No No No No No No Yes Yes No Yes No 327 

Ritonavir Yes Yes No Yes No No No No Yes Yes No No No 367 

Ribavirin No Yes No No No No No No No No No No No 10779 

Oseltamivir No Yes No No No No No Yes No Yes No No No 165 

Zanamivir No Yes No No No No No No No No No No No 19 

Peramivir No Yes No No No No No No No Yes No No No 19 

Ganciclovir No Yes No No No No No No No No No No Yes 183 

Methylprednis
olone 

No Yes No No No No No No No Yes No No No 75 

Dexamethason
e 

No Yes No No No No No No No Yes No No No 8.4 

Baricitinib No Yes No No No No No No Yes No Yes No Yes 136 

Hydroxychloro
quine 

No Yes No No No No No Yes No Yes No No Yes 478 

Sofosbuvir Yes Yes No No No No No Yes Yes No No No No 277 

Interferon alfa-
2b 

No Yes No Yes No No No No No No No Yes No 217 

Camostat 
mesylate 

No Yes No No No No No Yes No No No No No 31 

Darunavir No Yes No No No No No No Yes Yes No No No 246 

Galidesivir No Yes No No No No No No No No No No No 164 
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Table S6: Toxicity profile of the phytochemicals form Indian Medicinal plants 
Phytochemicals Cyto- 

toxici
ty 

HL
M 

Cyp1A
2 
Inhibit
or 

Cyp3A
4 
Inhibit
or 

Cyp2D
6 
Inhibit
or 

Cyp2C
9 
Inhibit
or 

Cyp2C
19 
Inhibit
or 

BB
B 

P-gp 
Inhibit
or 

P-gp 
Substr
ate 

hER
G 
Block
er 

MM
P 

AM
ES 

MRT
D 
(mg/d
ay) 

Serpentinine No Yes No Yes Yes No No No No No No No No 0.99 

Aegeline No Yes Yes No No No No Yes No No No No No 43 

Trypan Blue free acid No Yes No No No No No No No No No Yes Yes 300 

Terchebulin No Yes No Yes No No No No No No No No No 501 

27-Deoxywithaferin A Yes Yes No No No No No No Yes Yes No No No 303 

27-Hydroxywithanone Yes Yes No No No No No No No Yes No No No 49 

Melianin A No Yes No No No No No Yes Yes Yes Yes No No 100 

Hydroxywithanolide B Yes Yes No No No No No No No No No No No 33 

Deoxywithastramonolide Yes Yes No No No No No No No Yes No No No 54 

2,3-Dihydrowithaferin A Yes Yes No No No No No No Yes Yes No No No 319 

7-Benzoyl-17-hydroxynimbocinol No Yes No No No No No Yes Yes Yes Yes No No 148 

Limocinin No Yes No No No No No No Yes Yes Yes No No 134 

27-Deoxy-14-hydroxywithaferin A Yes Yes No No No No No No No No No No No 8.7 

17-Hydroxywithaferin Yes Yes No No No No No No Yes Yes No No No 342 

Nimolicinol No Yes No No No No No No Yes Yes No No No 84 

Nimocin No Yes No No No No No Yes Yes Yes Yes No No 162 

7-Deacetyl-7-benzoylgedunin No Yes No Yes No No No Yes Yes Yes Yes No No 182 

Withanolide Yes Yes No No No No No No Yes No No No No 48 

Solasodine No Yes No No No No No No No Yes No No No 657 

Ashwagandhanolide  Yes Yes No No No No No No Yes Yes No No No 189 

Solvanol No Yes No No No No No No No Yes No No No 473 

(-)-Anaferine No Yes No No No No No Yes No No Yes No No 196 

Phyllanthosterol No Yes No No No No No Yes No Yes No No No 452 
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Cycloartenol No No No No No No No No Yes No No No No 633 

Limonin No Yes No Yes No No No No No No No No No 172 

Isonimolicinolide No Yes No No No No No No Yes Yes No No No 66 

veratridine No Yes No No No No No No Yes Yes Yes No No 1.9 

Ashwagandhanolide Yes Yes No No No No No No Yes Yes No No No 189 

Anodendroside A No Yes No No No No No No No Yes No Yes No 0.07 

Anodendroside F No Yes No No No No No No No Yes No Yes No 0.07 

Somnifericin Yes Yes No No No No No No Yes Yes No No No 158 

Rescinnamine   No Yes No No No No No Yes Yes Yes No No No 1.1 

Vindolinine No Yes No No No No No No No Yes No No No 102 

campest-4-en-3-one No Yes No No No No No No Yes No No No No 58 

Pelankine No Yes No No No No No No Yes Yes No No No 182 

Somniferine No Yes No No No No No No No No No No No 45 

Withaferin A Yes Yes No No No No No No Yes Yes No No No 342 

3-Methoxy-5,7-dimethyl-2-naphthyl 
6-O-[(10eta,13alpha)-20-oxopimaran-
20-yl]-L-glucopyranoside 

No Yes No No No No No No No No No No No 157 

Dammarane No No No No No No No No Yes Yes No Yes Yes 59 

1,3,6,8-Tetranitro-4,5-Dihydroxy-2-
Hydroxymethylanthraquinones 

No Yes No Yes No Yes No No No No No Yes Yes 329 

Withastramonolide Yes Yes No No No No No No No No No No Yes 60 

Withanolide B Yes Yes No No No No No No No Yes No No No 51 

Withanolide R Yes Yes No No No No No No No Yes No No No 46 

12-Deoxywithastramonolide Yes Yes No No No No No No No Yes No No No 54 

Lutein No Yes No No No No No No No No No No Yes 35 

beta-Amyrin No No No No No No No No No No No No No 691 

Spirostan-3-ol No Yes No No No No No No Yes Yes No No No 136 

Campestanol No Yes No No No No No No Yes Yes No No No 180 
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MELIANONE Yes Yes No No No No No No No No No No No 310 

27-Hydroxywithanolide B Yes Yes No No No No No No No Yes No No No 54 

Anaferine No Yes No No No No No Yes No No Yes No No 196 

Amyrin acetate No Yes No No No No No No Yes No No No No 259 

Hygrine No Yes No No No No No Yes Yes No Yes No No 3.3 

Lophenol No Yes No No No No No No No Yes No No No 341 

Meldenin No Yes No No No No No No Yes No No No No 105 

Epoxyazadiradione No Yes No Yes No No No Yes Yes No No No No 131 

Nimocin  No Yes No No No No No Yes Yes Yes Yes No No 162 

Terchebulin  No Yes No Yes No No No No No No No No No 501 

Bacosine No No No No No No No No Yes No No No No 496 

7-Deacetyl-7-
benzoylepoxyazadiradione 

No Yes No Yes No No No Yes Yes Yes Yes No No 182 

Azadiradionolide No Yes No No No No No Yes Yes Yes No No No 220 

Taraxasterol acetate No Yes No No No No No No Yes No No No No 102 

Delta5-Avenasterol No Yes No No No No No No No Yes No No No 191 

Physagulin-D Yes Yes No No No No No No No Yes No No No 2.6 

2,3-Dehydrosomnifericin Yes Yes No No No No No No Yes Yes No No No 127 

Gramisterol No Yes No No No No No No Yes Yes No No No 546 

AC1L1UKB No Yes No No No No No No No Yes No No No 313 

24,25-dihydrowithanolide D Yes Yes No No No No No No Yes No No No No 54 
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