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Abstract: The SARS-CoV-2 virus emerged as a major cause of the COVID-19 pandemic in December 2019. Many 

attempts have been made to block the viral infection by targeting various processes like its entry, uncoating, replication, 

activating T cells response, and rising antibody titer. Also, many drugs are repurposed like remdesivir, dexamethasone, 

tocilizumab, hydroxychloroquine based on their established therapeutic efficacy against other viruses in the past. Natural 

products (NP) consist of a promising candidate and are needed to evaluate those molecules with molecular docking for 

preliminary screening and in vitro studies. Therefore, in the present study, a total of 12 active constituents from natural 

products like Ashwagandha, Tinospora cordifolia, Tea, Neem and lemon balm were docked, using the Autodock tool, onto 

the crystal structure of SARS CoV-2 main protease (PDB ID-5R80), to study their capability to act as main protease (Mpro) 

COVID-19 inhibitors. All NPs derivatives displayed good binding energies (ΔG) ranging from -8.8 to -5.2 kcal/mol, but 

berberine, epicatechin, and rosmarinic acid were found most potent, among others. Therefore, good binding energy, drug-

likeness, and efficient pharmacokinetics suggest the potential of NPs derivatives as SARS-CoV-2 main protease (Mpro) 

inhibitors. However, further research is necessary to investigate the ability of these compounds as COVID-19 inhibitors. 

 

Keywords: SARS-CoV-2; main protease; natural products; molecular docking; viral infection; drug-likeness. ©2021 ACG 

Publication. All right reserved. 

 

1. Introduction 

Coronaviruses envelop Positive-sense single-stranded RNA viruses that belong to the Coronaviridae 

family. They normally affect birds and rodents and cause minor respiratory illnesses.1 However, these viruses 

have caused lethal endemic diseases in the recent past, such as Extreme Acute Respiratory Syndrome (SARS) 

and endemic Middle East Respiratory Syndrome (MERS).1 Wuhan city in China became the focus of a surge 

in cases of pneumonia due to an unexplained cause in December 2019. In January 2020, a novel coronavirus 

called SARS-CoV-2 was isolated from these patients with pneumonia,2 and the disease was referred to by 

the World Health Organization in February 2020 as Coronavirus disease 2019 (COVID-19). 3,4 While the 

outbreak may have begun with the zoonotic transmission in the seafood market, wild animals were also sold, 

it became obvious that the disease was transmitted from person to person5. This disease's clinical features are 

common, consisting of asymptomatic infections, mild respiratory illness, extreme respiratory failure, 

pneumonia, and even death.6-8 The COVID-19 pandemic presents a major challenge to global public health,9 

calling on its causative agent, the SARS-CoV-2 virus, to develop safe and effective prophylactics and 
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therapies against infection.10-11 Although many drugs like remdesivir, dexamethasone, tocilizumab, and 

hydroxychloroquine have been repurposed based on their immunomodulatory and pro-inflammatory 

cytokines (IL-6, TNF-α) inhibitory activities, there is need to develop safe and efficacious medicines which 

will work in all category of the human population.  

Azadirachtin is a triterpenoid class limonoid found in the Juss trees of Azadirachta indica A. Besides, 

treatment with Azadirachta indica A juss in mice exposed to cigarette smoke-and lipopolysaccharide-induced 

pulmonary inflammation has shown that inflammatory cell infiltration and free radical development have 

decreased significantly. Besides, the amount of pro-inflammatory cytokines decreases significantly in the 

lungs, such as tumour necrosis factor-aa (TNF-a), interleukin (IL)-6, along with a decrease in the expression 

of synthase of inducible nitric oxide (iNOS), which is thought to be the key factors behind pulmonary 

inflammation. An extracellular signal-regulated kinase (ERK) and c-Jun N-terminal kinase (JNK) signalling 

pathway attenuations have also been reported with inhibition of the phosphorylation of the nuclear factor 

(NF)-κB.12 Moreover, aqueous extract preparation from the barks of neem plant Azadirachta indica acts as a 

potent entry inhibitor against HSV-1 infection into natural target cells.  At concentrations ranging from 50 to 

100 μg / mL, the Neem bark extract (NBE) significantly blocked HSV-1 entry into cells. When the extract 

was pre-incubated with the virus but not with the target cells, the blocking activity of NBE was observed, 

indicating a clear anti-HSV-1 property of the neem bark. Furthermore, NBE-treated virions failed to bind the 

cells, suggesting an NBE function as an attachment stage blocker. HSV-1 glycoprotein-mediated cell-to-cell 

fusion and polykaryocyte formation were also inhibited by cells treated with NBE, indicating an additional 

role for NBE at the stage of viral fusion.13 

Besides, nimbolide, an active phytochemical agent of Azadirachta indica, prevents HSV-1 from 

entering cells at 50 to 100 μg / mL14 Virucidal activity against coxsackievirus virus B-4 at 50 to 100 μg /mL 

has also been shown.15 In addition, camphor has a range of biological properties, including insecticidal, 

antimicrobial, antiviral, anticoccidial, anti-nociceptive, anticancer, and antitussive. The essential oil of the 

aerial components of Artemisia annua consists of 44% camphor.16 The biological characteristics of camphor 

are antiviral, insecticidal, antimicrobial, anti-nociceptive, anticancer, and antitussive. Camphor was shown 

to have an IC50 value of 0.88 μg / mL and 0.7 μg / mL for HSV-1 and HSV-2, respectively, in the plaque 

reduction assay, indicating inhibition of cell-to-cell transmission of both viruses.17 Camphor displayed herpes 

simplex virus-1 virucidal activity followed by cytotoxic activity against cells of the African Green Monkey 

kidney (Vero). The essential oil of lavender cotton (Santolina insularis), rich in camphor, deactivated in vitro 

herpes simplex type 1 ( HSV-1) and typed 2 (HSV-2) using plaque reduction assays with an IC50 value of 

0.88 μg / mL for HSV-1 and 0.7 μg / mL for HSV-2.18  

Besides this, through direct targeting and blocking its replication cell culture, epicatechin from green 

tea has demonstrated virucidal activity against the influenza virus. The antiviral effects are often due to the 

interaction of hemagglutinin and neuraminidase with a change in the viral membrane's physical property.19 

Epicatechin has demonstrated reverse transcriptase inhibition in HIV-1 under in vitro conditions.20 Regular 

consumption of beverages containing catechins shows efficacy in preventing the upper respiratory tract's 

acute infections.21 Epicatechin demonstrated potent antiviral activity in bioassays that protected the cells 

from almost all viral infection effects.22  

Berberine, an isoquinoline alkaloid, also decreases the virus's replication and the unique interactions 

between the virus and its host. Berberine prevents the synthesis of DNA and intercalates itself into DNA by 

reversing transcriptase activity. There is evidence available to block replication by berberine of human 

immunodeficiency virus, human papillomavirus, herpes simplex virus, and human cytomegalovirus. 

Berberine modulates many vital pathways involved in viral replication like the AMP-activated protein 

kinase/mammalian target of rapamycin  (AMPK/mTOR),  mitogen-activated protein kinase/ extracellular 

signal-regulated kinase (MEK-ERK), nuclear factor kappa-light-chain-enhancer of activated B cells (NF-κB) 

and supports the host antiviral immune response.23 Berberine has shown anti-inflammatory properties by 

regulating the level of pro-inflammatory cytokines like IL-13, IFN-γ, IL-6, TNF-α, and prevent inflammatory 

cell infiltration process through the inhibition of NF-κB and activation of AMP-activated protein kinase.24  

However, several pro-inflammatory cytokines in the pathophysiological processes involved in 

chronic respiratory diseases are affected by the anti-inflammatory properties of berberine that function 

through several pathways such as the NFfB, ERK1/2, and p38 MAPK pathways. Mice treated with berberine 

showed it decreased Myeloperoxidase activity and decreased the number of neutrophils in bronchoalveolar 

lavage fluid (BALF).25 Berberine displayed in vivo and in vitro antiviral effects of 0.05, 0.025, 0.0125, 

0.00625, 0.003125, 0.001563 g / L concentrations on influenza viruses in the MDCK cell line.26 
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Moreover, palmatine is a berberine alkaloid, and an organic heterotetracyclic compound play role as 

a plant metabolite. The anti-SARS-CoV-2 main protease complex (Mpro) was seen in the mouse model at a 

bodyweight of 135 mg/kg.27 Palmatine prevents Zika virus infection by blocking A549 and BHK-21 cells' 

virus binding, entry, and stability at 10 to 80 mM.28 Palmatine demonstrated inhibitory activity against NS2B-

NS3 protease activity at 96 μM.29 Luteolin is an anti-inflammatory flavonoid,30 and a cytokine modulator31 

believed to affect alveolar macrophage activity and peripheral macrophage activity. 

In the experimental respiratory allergy model, rosmarinic acid potentiates carnosic acid-induced 

apoptosis in lung fibroblasts32 and decreases eosinophilic airway inflammation.33 Virucidal effects against 

enterovirus infection have been demonstrated in vitro and in vivo. 34 Rosmarinic acid has shown its antiviral 

and anti-inflammatory impact in the experimental murine model of Japanese Encephalitis.35 Inhibition of 

viral proteases required for the proteolytic treatment of polyproteins, however, has been a promising strategy 

for demonstrating the ability of protease inhibitors to treat viral infections in the pharmacological treatment 

of human immunodeficiency viruses HIV and hepatitis C, respectively. Similarly, the main protease of 

SARS-CoV-2 is considered necessary for viral replication and is considered a promising goal for antiviral 

pharmacotherapy. The crystal structure of the main protease SARS-CoV-2 has recently been solved, allowing 

specific inhibitory compounds' rational design. The computational molecular docking and in silico ADMET 

approach to the discovery of major inhibitors of SARS-CoV-2 protease is thus illustrated in our study.36 
 

2. Experimental  
 

2.1. Molecular Docking Study 

 

To obtain binding modes and binding affinities of natural products(NPs), molecular docking was 

used. In silico drug design, the binding mode of NPs and affinity to SARS-CoV-2 main protease is essential.37 

The protein structure of SARS-COV-2 was obtained from the protein data bank (PDB id: 5R80 ). Autodock 

Tools has modified the protein (SARS-COV-2) and ligand (NPs) structures. The SARS-COV-2 chain is 

altered by removing water and a bound ligand. Missing amino acids have been checked, and the protein 

structure has been added with hydrogen. Center Grid box x: 10.0885, y:-1.47267, z:- 21.9779, and the number 

of points in the dimensions x,y,z are respectively considered to be 30x30x30 Å3, and the grid spacing is 

0.3750 Å. By adding Gasteiger charges, detecting root, and choosing torsions from the Autodock Tools 

panel's torsion tree, Ligands were prepared.38 The docking procedure was carried out using the Lamarckian 

genetic algorithm. Docking of natural products on windows platforms with 8 GB RAM and Intel I 5 processor 

was carried out with AutoDock 4.2.6.39 

 

2.2. Preparation of Active Site 

 

The target for an enzyme's inhibition is the active site. However, the active protease site was 

predicted by the online server MetaPocket 2.0 (https://projects.biotec.tu-dresden.de/metapocket/). Moreover, 

the processed protein data bank's file without heteroatoms was uploaded, and the top result was selected for 

docking from the best three possible ligand-binding sites (based on the z-score). Table 1 indicates the protease 

active site that was used in the study. The predicted amino acid residues were then compared with the amino 

acids in the Mpro co-crystallized complex with Z18197050 at the active site. Molecular docking was only 

effective after this stage. 

 

2.3. Molecular Docking Validation by Decoy Ligand  

 

The docking protocol was validated using the decoy ligand method in which DUD-E online servers 

(http://dude.docking.org/) obtained decoy ligands identical to Z18197050 and docked them against the active 

Mpro site. Decoys are compounds that are identical in physical properties that might not bind effectively to 

a protein concerning the reference ligand. It was done to increase the ligand's enrichment, which is necessary 

for assessing the docking process and removing false positives. These were conducted to verify the docking 

process to ensure docking validation. 
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2.4. In-silico Drug-likeness and Pharmacokinetic Property Prediction 

 

Using pkCSM online prediction platforms, in-silico prediction studies were conducted to test the 

ligands' theoretical pharmacokinetics to predict the drug-likeness of the ligands.40 The program determined 

pharmaceutically related characteristics such as H-bond donor, H-bond acceptor, octanol-water partition 

coefficient (LogP), surface area, and the number of rotatable bonds. In addition to the effect of ligands on 

ADME parameters such as water solubility, Caco2 permeability, human intestinal absorption, skin 

permeability, inhibition of P-glycoprotein I and II, the volume of distribution, unbound drug fraction, blood-

brain barrier and CNS permeability, inhibition of cytochrome P450 (inhibition of CYP3A4 and CYP2C9), 

total clearance, renal OCT2 (organic cation transportation) and on toxicity parameters like AMES toxicity, 

hERG I and II inhibition, oral rat acute toxicity, oral rat chronic toxicity, hepatotoxicity, skin sensitization, 

the toxicity of pyriformis and minnows, cytotoxicity and measurement of the overall recommended tolerated 

dose. 

                            Table 1. The active site of Mpro predicted using MetaPocket 2.0 

No Amino Acid Residue Number 

1 Threonine 24 

2 Threonine 25 

3 Threonine 26 

4 Leucine 27 

5 Histidine 41 

6 Valine 42 

7 Cysteine 44 

8 Threonine 45 

9 Serine 46 

10 Glutamic acid 47 

11 Aspartic acid 48 

12 Methionine 49 

13 Leucine 50 

14 Asparagine 51 

15 Proline 52 

16 Tyrosine 54 

17 Tyrosine 118 

18 Asparagine 119 

19 Phenylalanine 140 

20 Leucine 141 

21 Asparagine 142 

22 Glycine 143 

23 Serine 144 

24 Cysteine 145 

25 Histidine 163 

26 Histidine 164 

27 Methionine 165 

28 Glutamic acid 166 

29 Leucine 167 

30 Proline 168 

31 Histidine 172 

32 Aspartic acid 187 

33 Arginine 188 

34 Glutamine 189 

35 Threonine 190 

36 Alanine 191 

37 Glutamine 192 

38 Alanine 193 
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3. Results and Discussion 
 

3.1 Molecular Docking Studies 

 

The PDB file of the Crystal Structure of SARS-CoV-2 main protease in complex with Z18197050 

(5R80) was downloaded from the PDB databank. These structures were used to predict the binding of NPs 

and their derivatives (Figure.1) to the main protease of SARS CoV-2. Moreover, Table 1 gives the binding 

energies of all active constituents of natural products and their derivatives with 5R80 (binding energies 

ranged from –8.8 to -5.2 kcal/mol). In addition to, visual examination of the computationally docked optimal 

binding poses of all NPs on main 3Cl- protease (Mpro) of COVID-19  revealed the important role of various 

types of interactions viz. hydrogen bonding and hydrophobic interactions, including π – π stacking, π – cation, 

and π – σ interactions in the stability of NPs. 

Among the twelve compounds, berberine, epicatechin, and rosamarinic acid have shown the best 

docking score against SARS-COV-2 main protease. The docking score of all other NPs is given in Table 2. 

Berberine and epicatechin are bound efficiently to the active site of SARS-COV-2 main protease with good 

complementarity, and the docking score is -8.8 and -8.1 kcal/mol, respectively (Table 2). Moreover, berberine 

has formed six hydrogen bonding with the active site of SARS CoV-2 main protease amino acid-like HIS 

41, GLU 166, LEU 167, ARG 188, ASP 187, and one hydrophobic interaction with MET 165 (Figure 2), 

while epicatechin has formed five hydrogen bonding with PHE 140, SER 144, HIS 164, GLU 166, ARG 188 

and two hydrophobic interaction with HIS 41 and MET 49 (Figure 3). However, identifying the ligand-

binding site (composed of amino acids) for each specific protein molecule is crucially important when trying 

to find a suitable drug molecule for the target. It is also essential to understand the function of the protein. 

These binding interactions (Figure 2, 3) present a clear view that berberine and epicatechin can irreversibly 

interact with SARS-COV-2 main protease. Bond distance and binding interaction of berberine and 

epicatechin with an active amino acid of SARS CoV-2 main protease are outlined in Table 3 and Table 4 

             

             Table 2. Molecular docking results of NPs with SARS-CoV-2 main protease (5R80). 

No Natural 

products 

Docking score 

(kcal/mol) 

Ligand 

Efficiency 

Intermolecular 

energy 

XP 

H-Bond 

1 Azadirachtin -6.2 -0.16 -7.25 -8.4532 

2 Berberin -8.8 -0.12 -6.56 -4.5815 

3 Camphor -5.4 -0.31 -6.44 -7.1426 

4 Epicatechin -8.1 -0.14 -9.18 -13.4566 

5 Luteolin-5-

glucoside 

-7.5 -0.21 -4.04 0 

6 Nigellicimine -5.8 -0.46 -6.19 -7.4677 

7 Nigellidine -6.5 -0.22 -5.62 -10.4768 

8 Nimbolide -6.9 -0.13 -6.87 -17.1579 

9 Palmitine -7.3 -0.24 -6.33 -9.5661 

10 p-Cymene -5.2 -0.41 -6.30 -10.1061 

11 Rosmarinic 

acid 

-7.9 -0.21 -7.22 -9.6842 

12 Tembeterine -6.9 -0.14 -6.74 -7.5778 
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Figure 1. Structure of selected active constituents of natural products that displayed a high binding affinity 

for SARS-CoV-2 
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                                                                      (a) 

 

  

(b)                                                                               (c) 

Figure 2. Comprehensive perception of SARS-COV-2 main protease and Berberin through molecular 

docking 

(a) Secondary structure of SARS-COV-2 main protease represented by ribbon and Berberin represented is 

by stick model (b) 3D representation of binding interactions of Berberin with SARS-COV-2 main protease 

amino acids (Bonds are in dots, and NPS (brown) surrounding amino acids (sky blue) are in three letters code). 

(c) 2D representation of the binding interactions of berberine with SARS-COV-2 main protease. 

 

 

Table 3. Bond distances and Binding Interaction of Berberin with SARS-COV-2 main protease 

Molecule Name 

Berberine 

Distance 

(Å) 

Bond category Bond type 

Berberine:H43 - A:LEU167:O 2.43327 Hydrogen Bond Carbon Hydrogen Bond 

Berberine:H32 - A:HIS41: ND1 2.65242 Hydrogen Bond Carbon Hydrogen Bond 

Berberine:H42 - A:GLU166:OE1 2.76916 Hydrogen Bond Carbon Hydrogen Bond 

Berberine:H39 - A:GLU166:OE1 2.90919 Hydrogen Bond Carbon Hydrogen Bond 

Berberine:O11 - A:ARG188:HA   3.03168 Hydrogen Bond Carbon Hydrogen Bond 

Berberine:O11 - A:ASP187:HA   3.04867 Hydrogen Bond Carbon Hydrogen Bond 

Berberine- A: MET165 4.49349 Hydrophobic Pi-Alkyl 
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(a) 

 

      

(b)         (c) 

Figure 3. Comprehensive perception of SARS-COV-2 main protease and epicatechin through molecular 

docking, 
(a) secondary structure of SARS-COV-2 main protease represented by ribbon and epicatechin represented is 

by stick model (b) 3D representation of binding interactions of Epicatechin with SARS-COV-2 main protease 

amino acids. (Bonds are in dots. NPS (brown) surrounding amino acids (sky blue) are in three letters code). 

(c) 2D representation of the binding interactions of Epicatechin with SARS-COV-2 main protease 
 

Table 4. Bond distances and Binding Interaction of Epicatechin with SARS-COV-2 main protease 

Molecule Name 

Epicatechin 

Distance 

(Å) 

Bond category Bond type 

Epicatechin: H32 -A: PHE140:O 1.94258 Hydrogen Bond Conventional Hydrogen Bond 

Epicatechin: H31 -A:GLU166: OE1 1.97462 Hydrogen Bond Conventional Hydrogen Bond 

Epicatechin: H25- A: HIS164:O 2.71174 Hydrogen Bond Carbon Hydrogen Bond 

Epicatechin: O8-A:SER144: HG  2.76147 Hydrogen Bond Conventional Hydrogen Bond 

Epicatechin: O14-A:ARG188: HA  2.87064 Hydrogen Bond Carbon Hydrogen Bond 

Epicatechin - A: HIS41 4.29547 Hydrophobic Pi-Pi Stacked 

Epicatechin - A: MET49 4.86094 Hydrophobic Pi-Alkyl 

Epicatechin - A:CYS145: SG 5.19251 Other Pi-Sulfur 
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3.2. Validation of Molecular Docking by Decoy Ligands 

Decoy ligands are believed not to bind to the target molecule because the chemical properties affect 

the interactions between a ligand and a target and a simple technique for evaluating the AutoDock 4.2.6 

software protocol and performance. However, compared to Z18197050-Mpro, re-docked complex to prove 

the docking efficiency, docking a ligand to a target must display high binding energy. A total of 51 decoy 

ligands similar to Z18197050 were retrieved from the DUD-E web server. Binding energies are reported in 

Table S1. Their binding energies remained between -8.42 to -3.12 kcal/mol (Table S1, see supporting 

information). However, compared to the re-docked complex, only one Decoy Ligand had low binding energy 

and ranked higher. It has been found that only a negligible amount of decoy has greater binding affinity than 

the re-docked complex, thus confirming the efficiency and protocol of docking. 

 

3.3 In-silico Drug-likeness and Pharmacokinetic Property Prediction 

Based on Lipinski's law, all structures used for docking were analyzed for in silico drug-likeness 

using the pkCSM server (Table 5). For all the compounds, the expected lipophilicity (expressed as LogP) 

was found to be well over the conventional cut-off value of 5 used for drug design. Reasonable MW values 

(MW < 500) necessary for effective penetration through biological membranes are shown in natural products 

and their derivatives used in this analysis. For all substances, the surface area (SA) was found to be 62.89-

292.77 Å2 range, which is well within the limit. All compounds fall into the acceptable range, suggesting the 

candidate molecule's strong bioavailability. For all compounds except Luteolin-5-glucoside, the number of 

hydrogen bond acceptors (HBA, ≤10) and donors (HBD, ≤5)  was in accordance with Lipinski's rule of five. 

 

Table 5. In-silico prediction of drug-likeness for some active natural compounds [a] 

 

Compound 

 

MW 

 

LogP 

 

SA 

 

HBA 

 

HBD 

 

nviolations 

Rotatable 

bonds 

Azadirachtin 720.72 -0.20 292.77 10 3 0 6 

Berberine 336.36 3.06 144.86 4 0 0 2 

Camphor 152.23 2.40 68.17 1 0 0 0 

Epicatechin 290.27 1.54 119.66 6 5 0 1 

Luteolin-5-

glucoside 

448.38 -0.24 179.10 11 7 2 4 

Nigecillimine 203.24 2.56 88.65 3 0 0 2 

Nigellidine 218.25 0.81 93.33 3 1 0 0 

Nimbolide 466.53 3.74 198.03 7 0 0 3 

Palmitine 369.41 3.20 157.71 5 0 0 4 

p-cymene 134.22 3.11 62.89 0 0 0 1 

Rosmarinic 

acid 

360.31 1.76 147.39 7 5 0 6 

Tembeterine 344.43 3.03 148.18 4 2 0 4 

[a] MW = Molecular weight, LogP = octanol-water partition coefficient, SA = Surface Area, HBA = Number of 

hydrogen bond acceptor, HBD = Number of hydrogen bond donor, nviolations = violations from Lipinski’s rule. 

 

Additionally, various key ADMET (Absorption, Distribution, Metabolism, Excretion, and Toxicity) 

properties have also been calculated with the pkCSM server's aid. The results are listed in Table 6 and Table 

7. All NPs derivatives showed moderate to high water solubility ranging from -1.55 log mol/L (Nigellidine) 

to -4.37 log mol/L (Nimbolide). In addition to high Caco-2 permeability (permeation > 0.90) except 

compound Rosmarinic acid (permeation= 0.07) which showed less permeability. Intestinal absorption (IA) 

is greater than 85%, indicating good permeation across the intestinal membrane except for Rosmarinic acid.  
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                                Table 6.  In-silico ADME prediction for some active natural compounds [a] 

Compound Absorption Distribution Metabolism Excretion 

 WS CP IA SP PI-1 PI-2 VD FU BBB CNS CI-1 CI-2 TC RS 

Azadirachtin -3.05 0.92 100 -2.73 No   No 0.92 0.27 -1.85 -2.97  Yes Yes 0.12 No 

Berberine -3.87 0.99 98.89 -2.73 No No 0.7 0.27 -0.60 -1.62 Yes Yes 1.28 No 

Camphor -2.86 1.50 96.88 -2.74 No No 0.33 0.45 -0.62 -2.17 No No 0.10 No 

Epicatechin -3.39 0.91 93.20 -2.73 No No 0.40 0.05 -1.09 -2.30 Yes Yes 0.32 No 

Luteolin-5-

glucoside 
-2.97 1.12 85.36 -2.73 No No 0.02 0.06 -1.78 -4.59 Yes Yes 0.57 No 

Nigecillimine -2.90 1.43 98.68 -2.81 No No -0.07 0.28 -0.11 -2.38 Yes Yes 0.67 No 

Nigellidine -1.55 1.17 93.92 -2.79 No No 0.71 0.61 -0.19 -2.80 Yes Yes 0.90 No 

Nimbolide -4.37 0.97 100 -3.06 No No 0.26 0.09 -0.06 -2.78 Yes Yes 0.25 No 

Palmitine -3.73 1.28 99.83 -2.73 No No 0.68 0.27 -0.71 -2.31 Yes Yes 1.45 No 

p-cymene -4.02 1.34 95.52 -2.74 No No 0.53 0.26 0.54 -3.34 Yes Yes 0.23   No 

Rosmarinic acid -3.32 0.07 45.22 -2.73 No No 0.03 0.18 -1.54 -3.54 No Yes 0.33 No 

Tembeterine -3.13 1.29 94.93 -3.00 No No 1.42 0.31 -0.17 -2.26 Yes Yes 1.13 No 

[a] Abbreviations: WS – Water solubility (log mol/L), CP – Caco2 permeability (log Papp in 10-6 cm/s), IA – Human intestinal absorption (% Absorbed), 

SP – Skin permeability (log Kp), PI-1 – P-glycoprotein I inhibitor, PI-2 – P-glycoprotein II inhibitor, VD – Human volume of distribution (log L/kg), FU 

– Fraction unbound (human) (Fu), BBB – BBB permeability (logBB), CNS – CNS permeability (log PS), CI-1 – CYP3A4 inhibitor, CI-2 – CYP2C9 

inhibitor, TC – Total clearance (log mL/min/kg), RS – Renal OCT2 (organic cation transporter 2) substrate. Azad: Azadirachtin, Berb: Berberine, Camp: 

Camphor, Epica: Epicatechin, Lute: Luteolin-5-glucoside, Nigec: Nigecillimine, Nigel: Nigellidine, Nimbo: Nimbolide, Palm: Palmitine, p-cyme: p-

cymene, Rosma: Rosmarinic acid, Tembe: Tembeterine 
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Further, all NPs showed good permeation through the skin (permeation > -2.5). Additionally, all NPs 

showed no inhibition towards P-glycoprotein I and P-glycoprotein II. Furthermore, all NPs showed poor 

BBB permeability and moderate CNS permeability except Rosmarinic acid and p-cymene. All showed 

inhibition towards the metabolizing enzyme CYP3A4 except Camphor and Rosmarinic acid, while except 

camphor, all showed inhibition towards CYP2C9. All NPs derivatives were found to show the total clearance 

in the range of 0.10 log mL/min/kg (Camphor) to 1.45 log mL/min/kg (Palmitine). Further, all NPs 

derivatives were found to act as OCT2 substrate, indicating that these compounds will not have any adverse 

interactions and no negative effect on renal clearance. 

 

Table 7.  In-silico ADME prediction for some active natural compounds[a] 

Compound AT MRTD hERGI hERGII ORAT ORCT HT SS TPT MT 

Azadirachtin No -0.28 No No 2.852 4.002 No No 0.285 8.469 

Berberine  No 0.197 No No 3.015 1.142 No No 0.289 -0.78 

Luteolin-5-

glucoside 
No 0.658 No Yes 2.566 3.854 No No 0.285 1.879 

Camphor  No 0.614 No No 1.714 1.981 No Yes 0.267 1.34 

Epicatechin Yes 0.694 No No 1.787 3.08 No No 0.337 1.839 

Nigellicimine No 1.019 No No 2.535 2.173 No No 0.713 1.123 

Nigellidine No -0.314 No No 2.616 0.73 Yes No 0.502 1.818 

Palmitine No 0.203 No Yes 2.916 1.129 No No 0.291 -0.731 

p-cymene No 0.96 No No 1.592 2.404 No Yes 0.822 0.61 

Rosmarinic 

acid 
No 0.698 No No 2.495 3.893 No No 0.285 2.396 

[a] AT – AMES toxicity, MRTD– maximum recommended tolerated dose (human, log mg/kg/day), hERGI- 

hERG I inhibitor, hERGII – hERG II inhibitor, ORAT-oral rat acute toxicity (LD50, mol/kg), ORCT-oral rat 

chronic toxicity (lowest dose of a compound that results in an observed adverse effect (LOAEL), log mg/ 

kg_bw/day), HT- hepatotoxicity, SS- skin sensitization, TPT-T. Pyriformis toxicity (log μg/L), MT-minnow 

toxicity (log mM). 

 

4. Conclusion 

The outbreak of SARS-CoV-2 around the world and the effects are an impressive reminder of the 

danger to public health and the economy of zoonotic diseases in many countries due to the lack of specific 

therapeutics against the novel virus, encouraging the development of new drug compounds for which 

computational methods provide a quick and cost-effective solution. 

After the emergence of a global pandemic situation, many researchers searched for effective 

prophylactic and therapeutic strategies against COVID-19 by using in silico, in vitro, and in vivo. Based on 

the molecular docking analysis conducted by Anuj Kumar et al., three compounds, i.e., ursolic acid, 

carvacrol, and oleanolic acid, were potential inhibitors Mpro, fulfilling Lipinski’s rule of five and ADME 

parameters with the stability of all three docking complexes at 50ns.41 Screening of several natural 

compounds by docking analysis conducted by Rohan R. Narkhede et. suggests that compounds like 

glycyrrhizin, tryptanthrine, rhein, and berberine may inhibit COVID-19 Mpro because of their higher degree 

of interaction with protease.42 Rutin, isorhamnetin-3-O-b-D, and calendoflaside, which are flavonoids found 

in Calendula officinalis, possess higher binding affinity towards Mpro. Molecular dynamics 

simulation(100ns) study of these compounds revealed their stability and flexibility towards Mpro.43  

Molecular docking study conducted by Siti Khaerunnisa et al. found that medicinal plant compounds 

like kaempferol, quercetin, luteolin-7-glucoside, demethoxycurcumin, naringenin, apigenin-7-glucoside, 

oleuropein, curcumin, catechin, and epicatechin-gallate may inhibit COVID-19 Mpro.44 Amaresh Mishra et. 

used Lopinavir and Ritonavir as standard reference drugs due to their known protease inhibitory activity 
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against HIV for in-silico analysis of various medicinal compounds. Based on the binding energy to viral 

protease, Amentoflavone and Guggulsterone showed the lowest binding energy.45 Adem et al. found that in 

comparison with nelfinavir, the binding affinity of hesperidin and rutin was better on molecular docking to 

Mpro of Covid-19 and these compounds also possess a biologically safe profile.46 

The different herbal compounds found effective against COVID-19 through preventing hyper 

inflammation and cytokines storm-like conditions.47 By inhibiting the development of pro-inflammatory 

virus-induced cytokines, such as IL-6, IL-8, and TNF-alpha, Echinacea shown anti-inflammatory impact. It 

can be studied that cytokine production is impaired after administering echinacea to a group of virus-infected 

cells.48 Curcumin is a natural polyphenolic compound from roots of rhizome Curcuma longa used extensively 

in Indian traditional herbal medicines exerts antiviral activities against many viruses like Zikavirus, 

Adenovirus, HIV, Influenza virus, and Hepatitis virus.49 Curcumin has lowered the pro-inflammatory effects 

of the angiotensin II-AT1R axis-induced COVID-19, leading to a decrease in the amount of pro-

inflammatory cytokines and free radicals,50 and has demonstrated efficacy in preventive measures to stop the 

spread of SARS-COV2 infection to humans..51 β-Escins are mixtures of Japanese horse chestnut saponin has 

shown activities against SARS-CoV (EC50 of 6.0 μM) anti-antiviral effects by the inhibition of NF- κB and 

activator protein-1 signaling pathways along with reducing the levels of TNF-alpha and IL-6.52-54 

Using the molecular docking approach via the auto dock tool, we calibrated the best molecules which 

bind to specific target more efficiently and provide the desired efficacy. Moreover, In-silico drug-likeness 

and pharmacokinetic property prediction using pkCSM online prediction platforms revealed that all best-

scored compounds had drug-like characteristics for potential use as COVID-19 inhibitors. However, 

experimental validation and subsequent optimization of our proposed naturally active compounds might offer 

a valuable strategy and could be explored as protease inhibitors to conquer SARS-CoV-2. Vaccine 

production, availability, and accessibility for all populations (pediatric, geriatric, pregnant women, and 

patients suffering from immunocompromised disorders) is a big challenge. So, we need prophylactic and 

therapeutic supports from NP.  

It can be concluded that out of a total of 12 compounds, the best docking score against SARS-

COV-2 main protease has been shown by berberine, epicatechin, and rosmarinic acid.   
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