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Abstract 

 Rhus succedanea (Anacardiaceae) was used to treat multiple human afflictions. Literary works demonstrate that it 

has many biological activities. Today's research aims to recognize Rhus succedanea Phyto-derived anti-viral compounds 

against the main protease and spike protein of the viral agent of COVID-19 (SARS-CoV-2) gain insight into the 

molecular interactions. In the current study, ten molecules taken from R. succedanea are analyzed through docking, 

derived from the PubChem database. Docking experiments with Autodock vina and PyRx tools were conducted. 

AdmetSAR and DruLito servers were eventually used for drug-like prediction. Our research shows that the 

phytoconstituents from R. succedanea, namely, Amentoflavone, Rhoifolin, and Agathisflavone acts against SARS CoV-

2 main protease with the binding affinity of -9.3, -8.6 and -8.4 Kcal/mol; Hinokiflavone Robustaflavone and 

Amentoflavone acts against the SARS-CoV-2 receptor-binding domain of spike protein with a binding affinity of -10.5, 

-10.4 and -10.1 Kcal/mol respectively. These phyto-compounds can use contemporary strategies to develop effective 

medicines from natural origins. The substances identified potential anti-viral as likely. However, In-vitro studies are 

even more necessary to assess their effectiveness versus SARS CoV-2. 
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1. Introduction  

 WHO has currently stated a typical 

emergency and pandemic for the novel 

coronavirus (SARS CoV-2) that has proactively 

propagated worldwide. The virus SARS-CoV-

2 can easily trigger signs and symptoms such as 

fever, coughing, pneumonia, nausea, as well as 
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exhaustion [1]. The infection's epidemiological 

history was believed to derive from a seafood 

market in Wuhan, China [2]. The exact origin 

of the preliminary transmission to human 

beings is still unidentified. Presently, more than 

100 total genome patterns are recognized in the 

NCBI GenBank, coming from over ten nations. 

The variant in between these series is much less 

than 1%. The SARS-CoV-2 has led to 

significant respiratory system infections in 

humans by β-coronavirus using ACE2 receptor 

[3]. Chinese experts separated SARS-CoV-2 

and sequenced the genome SARS-CoV-2 on 

January 7, 2020 [4]. The crystallized kind of 

SARS-CoV-2 main protease (Mpro) was 

displayed through a Chinese scientist, Liu et 

cetera (2020), that a possible medication aims 

at target protein for the inhibition of SARS-

CoV-2 replication. Mpro is an essential protein 

needed to mature the virus [5]. Thus, targeting 

Mpro can effectively handle SARS-CoV-2 by 

inhibiting the viral polypeptide cleavage. 

SARS-CoV-2 spike (S) glycoprotein binds to 

the cell membrane protein receptor angiotensin-

converting enzyme 2 (ACE2) to enter human 

cells. Interestingly, the SARS-CoV-2 virus 

does not use other coronavirus receptors such 

as aminopeptidase N and dipeptidyl peptidase 4 

[6, 7]. While standard procedures of medicine 

finding might take years, the strategy taken 

right here to look for available medicines for the 

SARS-COV-2 resides in silico docking styles 

from proteins in the SARS-CoV-2, the spike 

glycoprotein, as well as the SARS-CoV-2 main 

protease. In-silico based testing has been 

confirmed as a handy tool to satisfy the 

obstacles of anti-viral medication invention. 

Variety of natural or synthetic substance 

collections through computational assessment 

strategies as docking conserves information in 

terms of money and time [8]. Natural 

substances have represented humans as easier, 

safer, and healthier substitutes for different 

diseases since the advent of therapeutic goods 

[9-11]. Thus, we have screened a small library 

of natural compounds against Mpro by in silico 

based screening. We have selected Rhus 

succedanea in the current research and 

authoritative anti-viral agent's authoritative 

source [12-14]. The traditional Indian 

medication used hundreds of years to treat 

different lung diseases, including pneumonia, is 

the Rhus succedanea. Several reports have also 

recently provided convincing and exposing 

scientific data of its anti-HIV, antimicrobial, 

hepatoprotective, cytotoxicity, antioxidant, 

anti-inflammatory [21] and antibacterial 

activity [15-22]. 

 

2. Materials and Methods 

2.1.  Data Source 

 A list of active phytochemicals was acquired 

from Indian Medicinal Plants, Phytochemistry, 

and Therapeutic Data Base [23, 24]. 

 

2.2.  Drug-likeliness 

 The phytochemical components were 

downloaded from PubChem, and the structures 

were translated into SDF files and performed the 

drug-likeliness of the compounds by using 

DruLiTo software. Lipinski's parameters, 

including topological polar surface area (TPSA), 

relative molecular weight (MW), number of 

hydrogen bond donors (nOHNH), number of 

hydrogen bond acceptors (nON), and the partition 

coefficient log P, were assessed. [25, 26]. 
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2.3. Docking Studies 

2.3.1. Preparation of Protein 

 The protein's atomic coordinates, Viral 

agent of COVID-19 main protease (PDB ID: 

6LU7), and receptor-binding domain of spike 

protein (PDB ID: 6LZG) were retrieved from 

the RCSB PDB site. The charge assignment, 

solvation parameters, and fragmental volumes 

to the protein were performed using Autodock 

Tool 4.2.6 (ADT) before study or docking. The 

protein molecule was further designed for 

molecular docking by using Biovia Discovery 

Studio 2020 version [26-28] (Figure 1 

 

 

 

Figure 1. 3D Structures of Proteins (A) Main 

Protease (PDB ID: 6LU7) and (B) Spike Protein 

(PDB ID: 6LZG). 

 

2.3.2. Ligands Preparation and Prediction of 

Drug-Likeliness 

The crystal 3D structure of 10 active 

compounds from Rhus succedanea 

Hinokiflavone, Robustaflavone, Amentoflavone, 

Agathisflavone, Fisetin_7-glucoside, Rhusflavone, 

Rhoifolin, Rhusflavanone, Succedaneaflavanone 

and 2,6,3',4'-Tetrahydroxy-2-benzylcoumaranone 

were retrieved from the PubChem database. [29]. 

The drug likeliness properties of ligands were 

analyzed using DataWarrior tools for the selected 

active compounds[30-32] (Figure 2). 

 

2.4. Active Site Prediction 

An important step is a precise prediction of 

active sites throughout bioinformatics. 

Throughout this analysis, the Active Site of 

Main Protease and receptor-binding domain of 

spike protein was projected (Figure 3) by the 

Biovia Drug Discovery Studio Visualizer 2020 

(PDB ID: 6LU7,6LZG). 

 

2.5. Compound Screening Using Pyrx 

Program  

 The auto-dock wizard was used as a docking 

engine to molecular check all compound 

libraries with PyRx software [33]. The ligands 

were found versatile during the docking 

process, and the protein should be rigid. The 

grid parameter configuration file was created 

with PyRx with dimensions of (X = -

10.711837, Y = 12.411388, Z = 68.831286 for 

6LU7; X = -32.468000 Y = 24.127000, Z= -

17.076000 for 6LZG). In this test, the amino 

acids in the active protein site reacting with the 

ligands have were known/predicted. The root-

mean-square deviation (RMSD) tests of less 

than 1.0Å were deemed optimal and grouped to 

determine the desirable relation. The lowest 

(most negative) binding energy was recognized 

as the most binding ligand.  
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Figure 2. 2D structures of the ligands utilized in the study (A) Hinokiflavone,  (B) 

Robustaflavone, (C) Amentoflavone, (D) Agathisflavone, (E) Fisetin_7-glucoside,  (F) 

Rhusflavone, (G) Rhoifolin, (H) Rhusflavanone, (I) Succedaneaflavanone (J) 2,6,3',4'-

Tetrahydroxy-2-benzylcoumaranone. 

 

 

Figure 3. Prediction of Active sites by Drug Discovery Biovia 2020 (A) Main Protease 

(PDB ID: 6LU7) (B) Spike Protein (PDB ID: 6LZG). 
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2.6. Analysis and Visualization  

Biovia Drug Discovery Studio 2020 was 

used to examine the docking site visually, and 

the results were confirmed with Autodock Vina 

[34, 35]. 

 

2.7.  ADMET Analysis 

The ligands ADMET with their 

pharmacokinetic properties must be 

investigated to establish their role within the 

body. The ADMET history of the ligands was 

studied, and admetSAR was used [36, 37]. 

 

3. Results and Discussion 

3.1. Drug likeliness Properties 

 DataWarrior software was used to study the 

physicochemical properties of the selected ten 

active compounds. Except for three 

compounds, remaining all the compounds 

obeyed Lipinski's rule. (Table 1). The basic 

physicochemical properties of TPSA and AMR 

mainly include drug intake, distribution, and 

penetration functions [38]. 

 

3.2. Molecular Docking Studies 

 Molecular docking was conducted on ten 

phytoconstituents acquired from Rhus 

succedanea to discover a prospective SRAS Cov-

2 candidate against the main protease and 

receptor-binding domain of spike protein (PDB 

ID: 6LU7 and 6LZG). Such ten compounds were 

bound to the target enzyme COVID-19 and rated 

based on their dock results. For a detailed review, 

refer to Tables  2 and 3 (Figure 4-8).  
 

 

 
Figure 4. 2D Interactions of ligands with Main protease (6LU7). (A) Amentoflavone, (B) Rhoifolin, (C) Agathisflavone. 

 

 
Figure 5. 2D Interactions of ligands with Spike Protein (6LZG). (A) Hinokiflavone, (B) Robustaflavone, (C) Amentoflavone. 
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Figure 6. 3D picture of Hydrogen bond Interactions of (A) Amentoflavone, Rhoifolin, Agathisflavone with 6LU7 

(B) Hinokiflavone, Robustaflavone, Amentoflavone with 6LZG. 

 

Figure 7. 3D picture of Hydrophobic Interactions of (A) Amentoflavone, Rhoifolin, Agathisflavone with 6LU7 

(B) Hinokiflavone, Robustaflavone, Amentoflavone with 6LZG. 
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Figure 8. 3D picture of Electrostatic Interactions of (A) Agathisflavone with 6LU7 (B) Hinokiflavone, 

with 6LZG. 

 

The rigid docking effects were foreseen 

utilizing Discovery Studio for communications 

assessment. Table 2 and Table 3 provided the 

best binding sites for protein-ligand interaction. 

The most strong connection was noticed in the 

Amentoflavone with the main protease (PDB: 

6LU7) protein complex was -9.3 Kcal/mol. The 

main protease with Amentoflavone complex 

formed two hydrogen bond, i.e., HIS A:163 

(4.58), GLN A:192 (3.35); four hydrophobic 

interaction with HIS A:41 (7.80), PRO A:168 

(6.06), GLN A:189 (4.25), MET A:165 (4.46) 

and two electrostatic interactions with MET 

A:165 (6.56), GLU A:166 (4.32, 5.25). 

Rhoifolin -main protease complex has a docked 

score pf -8.6 kcal/mol, which formed four 

hydrogen bonds, i.e., LEU A:141 (4.75), CYS 

A:145 (3.48, 3.67), SER A:144 (3.50), GLY 

A:143 (4.41), and three hydrophobic interaction 

with HIS A:41 (5.00), MET A:49 (5.17), MET 

A:165 (5.43). All the ligands formed hydrogen 

bonding and hydrophobic interactions.  

 The best possible associate with 

Hinokiflavone (-10.5 kcal/mol) of the 

phytochemicals was identified to be the 

receptor-binding domain of spike protein 

(6LZG) of SARS Cov-2 (Table 3). The 

receptor-binding part of spike protein with 

Hinokiflavone complex formed three hydrogen 

bond, i.e., TYR A:202 (4.64), TRP A: 203 

(5.01), LEU A:391 (5.13); three amino acids are 

involved in the formation of hydrophobic 

interactions ALA A:99 (4.62), PHE A:390 

(4.87), ARG A:393 (5.15) and two amino acids 

involved in electrostatic interactions with ASP 

A:206 (4.17, 5.88), LYS A:562 (7.40). 

 

3.3.  ADME/T Evaluation by Using Admetsar 

The ADMET attributes of the ligands have 

been tested using admetSAR. In the research 

study, ADMET properties for compounds are 

measured using admetSAR. All the substances 

demonstrated good human intestinal absorption 

(HIA) and penetration of the blood-brain barrier 

(BBB). No cancer-causing drug. All the 
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compounds displayed negative for AMES 

toxicity. Table 4 lists the tests of HIA, BBB, 

LD50 for the compounds. 

 

3.4.  Discussion 

 Coronaviruses have a long history of human 

and animal infection and diseases of the 

gastrointestinal, urinary, liver, and central 

nervous system [39]. A newly arrived SARS-

CoV-2 now poses significant threats to human 

health [40]. The main focus was on clinical 

management that includes infection prevention, 

control, and help. No specific clinical 

treatments for SARS-CoV-2-mediated 

infections are currently available [41]. 

Therefore, new drug candidates must be 

identified and discovered to overcome the 

deprivation of health induced by SARS-CoV-2.  

 This recent discovery of Mpro in the viral 

agent of COVID-19 provided an excellent 

opportunity to recognize possible candidates 

for SARS-CoV-2 treatment. In this way, natural 

products have gained prominence in the last 

few years [42, 43]as successful anti-viral 

agents. We have screened Rhus succedanea 

phytoconstituents because of the urgent need 

for COVID-19 therapeutics and natural product 

facilities in medicines development. SARS-

CoV-2 as novel drug molecules for discovering 

Mpro inhibitors for the availability of naturally 

occurring scaffolds for drug development. 

 Our examination majorly concentrated on 

exploring for nutraceutical valuable novel 

constituents from Rhus succedanea's herbal plant 

with suitable pharmacological efficiency with 

minimum toxicity. From this result, the nine 

selected phytoconstituents from Rhus succedanea 

is specifically chosen for further study.  

 Out of 10 candidates, three compounds had 

a higher binding affinity with lower energy 

binding to the main protease and receptor-

binding domain of spike protein. Regarding the 

main protease, Amentoflavone has minimum 

binding energy of -9.3 kcal/mol and formed two 

hydrogen bond, i.e., HIS A:163 (4.58), GLN 

A:192 (3.35); four hydrophobic interaction 

with HIS A:41 (7.80), PRO A:168 (6.06), GLN 

A:189 (4.25), MET A:165 (4.46) and two 

electrostatic interactions with MET A:165 

(6.56), GLU A:166 (4.32, 5.25). The bond 

length for hydrogen bonds is < 5 A °, meaning 

that the bond is more substantial and stable 

complexes are produced. Although Rhoifolin 

SARS-CoV-2-main protease complex has a 

docked score pf -8.6 kcal/mol, which formed 

four hydrogen bonds, i.e., LEU A:141 (4.75), 

CYS A:145 (3.48, 3.67), SER A:144 (3.50), 

GLY A:143 (4.41), and three hydrophobic 

interaction with HIS A:41 (5.00), MET A:49 

(5.17), MET A:165 (5.43). Compared with 

other ligands, these three compounds are the 

least binding due to more hydrogen bonds with 

the proteins.  

 Concerning the receptor-binding domain of 

spike protein, Hinokiflavone has the lowest 

binding energy of -10,5 Kcal/mol and three 

bonds of hydrogen, i.e., TYR A:202 (4.64), 

TRP A: 203 (5.01), LEU A:391 (5.13); three 

amino acids are involved in the formation of 

hydrophobic interactions ALA A:99 (4.62), 

PHE A:390 (4.87), ARG A:393 (5.15) and two 

amino acids involved in electrostatic 

interactions with ASP A:206 (4.17, 5.88), LYS 
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A:562 (7.40). Robustaflavone established 

hydrogen bonding with LEU A:391 (4.91), 

ARG A:393 (6.15), HIS A:379 (4.89), GLU 

A:402 (5.01), and hydrophobic interactions 

with ALA A:99 (6.57), ARG A:393 (5.46). 

Lipinski's five-rule is a primary standard for 

assessing drug likeliness. Lipinski's law 

specifies the molecular properties essential to 

medication pharmacokinetics in the human 

body, such as ADME. Lipinski's rule of five 

conditions for optimal medicines. The top three 

scored compounds don't obey Lipinski's rule, 

specifically in the number of H-bond donors 

and acceptors, as they were derived from 

natural origin. ADME analyses of selected ten 

compounds show that all met these ADME 

check screens (Table 3). This preliminary 

screening of possible molecules (anti-virals) 

will provide rapid in-silico analysis for 

SARSCoV2 (COVID-19) therapy production. 

 Therefore, we expect that the use of Rhus 

succedanea would improve tolerance to fight 

infections with COVID-19. 

 

4. Conclusion 

 In the research, we used bioinformatics tools; 

Autodock-Vina recognized the potent Rhus 

succedanea molecules against SRAS CoV-2 

Main Proteases and the receptor-binding domain 

of spike protein part in the spread of coronavirus. 

Our research suggests that the three 

phytoconstituents, including Amentoflavone, 

Rhoifolin, and Agathisflavone, should be used as 

potential inhibitors to COVID-19 Main Proteases; 

Hinokiflavone, Robustaflavone, and 

Amentoflavone displayed an excellent binding 

affinity with spike-proteins, which can also be 

discovered for In vitro, pre-clinical and even 

clinical trials against coronavirus (COVID-19). 
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Tables:  

 

Table 1. Physicochemical properties of active compounds and accordance with the rule of Drug-likeliness. 
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Table 2. Interactions of COVID-19 Main Protease (PDB ID:6LU7) amino acid residues with ligands at receptor 

sites. 
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Table 3. Interactions of COVID-19 Spike Protein (PDB ID:6LZG) amino acid residues with ligands at receptor 

sites. 
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Table 4. ADME / T Properties of R. succedanea compounds. 
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