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Abstract: 3-chymotrypsin-like protease (3CLPRO) is found in severe acute respiratory syndrome 

coronavirus (SARS CoV)-2, and transmembrane protease serine 2 (TMPRSS-2) in humans, both of 

them have a role in viral attachment and proliferation. 3CLPRO and TMPRSS-2 are the most vital target 

for the discovery of an anti-corona virus. One efficient approach used to screen potential active 

compounds against specific target proteins, such as 3CLPRO and TMPRSS-2, is molecular docking. 

Cepharanthine (CEP) exhibits antiviral activity in SARS-CoV at 9.5 µg/mL IC50 level. This study aims 

to perform an in silico study on CEP against non-structural SARS-CoV-2 3CLPRO and host 

transmembrane protease serine 2 protein.   Molecular docking studies were carried out using compounds 

against 3CLPRO and TMPRSS-2 proteins through Swiss model, Uniport, PROCHECK, Swiss PDB 

viewer, PyMol, and PyRx computerized software.   CEP displayed strong binding interactions -8.5 and 

-7.4 Kcal/mol with the 3CLPRO, and TMPRSS-2 proteins. In all cases, CEP showed better binding 

affinities than FDA-approved anti-corona virus drug (Camostat mesylate, CAM) is currently underused 

in COVID-19.  CEP may be one of the potentials leads to fighting against SARS-CoV-2. Further in vivo 

studies should be required to support the findings of this study. 

Keywords: Cepharanthine; COVID-19; 3CLPRO;molecular docking; pkCSM, Swiss–ADME; 

TMPRSS2. 
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1. Introduction 

Novel coronavirus (Coronaviridae family) [1, 2] is a pathogenic microorganism that 

primarily targets the human respiratory tract, causing fever, fatigue, dry cough, muscle aches, 
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shortness of breath, loss of taste or smell, headache, and sometimes pneumonia [3-5]. The 

severe acute respiratory syndrome coronavirus 2 (SARS CoV-2) is a single-stranded RNA 

virus along with 29,903 nucleotides base-pair genome sequence [6-9]. 

In 2019, coronavirus became a pandemic worldwide [10]. Two categories of proteins 

are identified in SARS CoV-2, includes structural proteins and non-structural proteins. In 

structural proteins involves Spike (S), Nucleocapsid (N), Matrix (M), and Envelope (E), and 

the non-structural proteins are 3- chymotrypsin-like protease (3CLPRO), Papain-like protease 

(PLPRO), and RNA-dependent RNA polymerase (RdRp) [7]. The CoV-2 polyprotein encodes 

two protease- 3-chymotrypsin-like protease (MPRO or 3CLPRO) and papain-like protease (PLPRO) 

[11], which are responsible for transcription and replication of the proteins in the viral genome 

[12].  

It catalytically cleaved the conserved sites in polyprotein 1ab (PP1ab) and 1a (PP1a) 

[13]. The structure and catalytic mechanism of 3CLPRO consider it as a selective target for drug 

development for coronavirus. Coronavirus can synthesis a precursor protein, essential for virus 

fusion to the host cell membrane (human cell), cleavage by TMPRSS2 (a host cell proteases) 

[14, 15]. Whereas the TMPRSS2 facilitates hCoVs, including SARS-CoV-2 infections, via two 

independent mechanisms: (i) proteolytic cleavage of hACE2R, which promotes viral uptake, 

and (ii) cleavage of CoV S proteins which activates the glycoprotein for host cell entry [16]. It 

has also been suggested that the intestine is one of the potential sites of SARS-CoV-2 

replication. Besides, TMPRSS2 and TMPRSS4 were seen to facilitate SARS-CoV-2 spike 

fusogenic activity, thereby promoted virtual entrance into the host [17]. Hence, protease 

inhibitors should be the drug target for treating or preventing viral infections. On the other 

hand, serine protease inhibitors can suppress viral proliferation [18, 19]. 

Cepharanthine (C37H38N2O6, CEP) is a biscoclaurine alkaloid containing a 

methylenedioxy group [20, 21], isolated from Stephania [22]. Cepharanthine is a potential lead 

with significant antiviral activity against viruses, including HIV, HTLV, HBV, SARS-CoV. In 

SARS-CoV, Cepharanthine inhibits protease at 9.5 µg/ML [23]. Besides this, it has many 

important biological activities, such as antioxidant [24], anti-tumor [25], anti-inflammatory, 

antineoplastic [22], anticancer, anti-sicking [23], antiplasmodial [26] activities. 

In exploring novel therapies for COVID-19, researchers use computational approaches 

to aid in discovering potential candidates [27-29]. Two essential strategies should be followed 

by the researcher for the development of new coronavirus drugs. Firstly, inhibitors should have 

the ability to block virus entry into the host cells, and secondly, compounds that attenuate viral 

transcription and cell replication. One efficient approach used to screen potential active 

compounds against specific target proteins, such as 3CLPRO and TMPRSS2 are molecular 

docking simulation. Therefore, these are important targets for the design of potential anti-CoV 

inhibitors. 

2. Materials and Methods 

2.1. Computational homology modeling and macromolecule preparation. 

For modeling, the sequence of 3CLPRO, and TMPRSS2 were poised from UniProt [30] 

followed by BLAST analysis using the NCBI BLAST program [31]. Computational homology 

modeling was carried out by Swissmodel [32]. Then, to validate the homology model acquired 

from the Swiss model, PROCHECK [33] online-based software was employed. After that, with 

these protein model docking was performed for binding interactions. A swiss-PDB Viewer 
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software package (version 4.1.0) was utilized for energy minimization of structures, and before 

docking, PyMOl (version 1.7.4.5) was performed for removing all the heteroatoms and water 

molecules from proteins [34].  

2.2. Ligand preparation. 

The ligands, Cepharanthine (CEP) (PubChem ID: 10206) and FDA-approved antiviral 

drugs Camostat mesylate (CAM) (PubChem ID: 5284360) (Figure 1) were downloaded from 

the PubChem in the ‘sdf’ file format. Using Chem3D Pro12.0 program packages [35], all 

internal energies of the ligands molecule were optimized. The Nation Centre maintains the 

system for Biotechnology Information (NCBI), a component of the National Library of 

Medicine. 
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Figure 1. The chemical structure of Cepharanthine and Camostat mesylate (drawn by chem sketch 

v12.1.0.31258). 

2.3. Docking analysis and binding site. 

In drug discovery and development study, molecular docking is a system that is used 

for predicting the drug candidate’s pharmacodynamics profile by scoring and orienting them 

to the receptor binding sites by PyRx-virtual screening tool [36]. The docking result determines 

the measure of ligand interaction to the active site of the targeted protein. The actives sites are 

the coordinates of the ligand in the original target protein grids [37] through PyMol and Drug 

Discovery Studio version 4.5 is used for scrutinizing these active binding sites of the target 

protein [38].  

2.4. ADMET prediction. 

Various pharmacokinetic properties (absorption, distribution, metabolism, excretion, 

and toxicity parameters) of CEP were predicted using pkCSM and Swiss ADME online-based 

computer software [39, 40]. The ADMET parameters of CEP were mainly analyzed. The 

website was logged on and the SMILES of CEP data from PubChem were searched and 

submitted to the website, ADMET mode in pkCSM, and ADME mode in Swiss-ADME was 

selected. 

2.5. Target prediction. 

For discovering and developing a drug, it has been important to find the phenotypical 

side effects or potential cross-reactivity for bioactive compounds. For finding side effects or 

cross-reactivity, Molecular Target studies are essential [41, 42]. Swiss Target Prediction is an 

online-based website. For searching the targets, the canonical SMILES of CEP were entered 

into the search bar and were analyzed. 
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3. Results and Discussion 

3.1. Homology modeling. 

The SARS CoV-2 3CLPRO (Uniprot accession ID: P0DTD1), and TMPRSS2 (Uniprot 

accession ID: O15393) amino acid were collected from, were subjected to NCBI Blast Program 

for selection of the closest homologous template Homology model of 3CLPRO, and TMPRSS2 

was generated by Swiss model (Figure 2). Optimization of 3CLPRO and TMPRSS2 was 

achieved using the Swiss-PDB Viewer software package (version 4.1.0) before docking. At the 

same time, validation of these 3CLPRO, and TMPRSS2 homology models were acquired 

through the use of the Ramachandran plot performed by PROCHECK and illustrated in Figure 

3. 

 
(a) 

 
(b) 

Figure 2. Three-dimensional structures of the (a), SARS-CoV-2 3CLPRO, and (b). TMPRSS2 is predicted by 

the Swiss model. 

3.2. Amino acid interaction of Cepharanthine and Camostat mesylate with SARS-CoV-2 

3CLPRO, and human TMPRSS-2. 

Today, anti-corona virus drugs are the crying need for treating COVID-19. So many 

people have died for SARS-CoV-2 worldwide. Several antiviral drugs like Ritonavir, 

Lopinavir, Indinavir, and Remdesivir, and Camostat mesylate are used for the trial to possess 

a cure for showing the anti-Coronavirus effect [43]. But in some emergency cases, 

hydroxychloroquine and azithromycin are shown potent effects [44-46], but the complex 

showed adverse side effects. An equally or more potent natural compound should be found out 

by researchers that are safe and have fewer side effects. Cepharanthine is an excellent candidate 

for anti-Coronavirus agents because of its biological properties. It can be isolated from 

Stephania [22].  

3CLPRO can provide a transcript and replicate the viral genome [12], whereas the 

TMPRSS2 facilitates hCoVs, including SARS-CoV-2 infections, via two independent 

mechanisms. First, it promotes viral uptake through proteolytic cleavage of hACE2R, and 

secondly, cleavage of CoV-2 Spike proteins [16].  

The reference inhibitor's interactions and selected biscoclaurine alkaloid with 3-

chymotrypsin-like protease (3CLPRO) of coronaviruses and human transmembrane protease 

serine-2 (TMPRSS-2)are represented in Table 1. The ligand molecule mostly exhibited 

interaction with target proteins amino acid residues through hydrophobic interactions. Some 

H-bonding was also seen, but it was Carbon-Hydrogen interaction. 
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a) 3CLPRO b) TMPRSS2 

Figure 3. The optimized model of the SARS CoV-2 (a) 3CLPRO and (b) human TMPRSS-2 using PROCHECK. 

The ligand-protein binding interactions analysis showed CEPexhibited good binding 

affinities –8.5 and –7.4 kcal/mol with 3CLPROand TMPRSS-2, respectively. It showed binding 

interactions with 3CLPRO through four bonds like carbon-hydrogen, alkyl, and pi-alkyl, with 

Ile249and Pro293, and Pi-anion with Asp245 amino acid residues. Besides, with TMPRSS-2, 

CEP interacts through Lys107, Trp198, Cys110, Ile197, Lys107, Pro13, Trp14amino acids in 

the receptor pocket. Two carbon-hydrogen bonds with Lys107, trp198 amino acid residues and 

π-S, π-π, π-alkyl bonds with Cys110, Trp14, Ile197, Lys107, Pro13, respectively. 

In a computational molecular docking study, CEP is successfully docked against 

3CLPRO, and TMPRSS2 inhibitor regions with a docking score of -8.5 and -7.4 Kcal/mol, 

respectively. Furthermore, it exerts good binding affinities compared with lopinavir, 

oseltamivir, and ritonavir, whose binding affinities are -4.1Kcal/mol,-4.65 Kcal/mol, and -5.11 

Kcal/mol [47]. Moreover, some plant-derived flavonoid and polyphenolic compounds such as 

kaempferol, quercetin, demethoxycurcumin, curcumin, catechin, epicatechingallate, gingerol, 

and gingerolcan inhibit the main protease of SARS-CoV-2 in silico study whose binding 

affinities are -9.41 Kcal/mol,  -8.58 Kcal/mol, -8.17 Kcal/mol, -7.31 Kcal/mol, –7.05 Kcal/mol, 

- 7.24 Kcal/mol, -6.67 Kcal/mol and -5.40 Kcal/mol respectively. 

Table 1. Docking results of cepharanthine (CEP) and reference compound, camostat mesylate (CAM) with the 

SARS-CoV2 (3CLPRO), and human TMPRSS2 proteins therapeutic target. 

Drug-Protein complex Docking score (kcal/mol) No of H-Bond Amino acid residues   

CEP-3CLPRO –8.5 1 Ile249 (H), Pro293, Asp245. 

CEP-TMPRSS2 –7.4 2 Lys107 (H), Trp198 (H), Cys110, 

Ile197, Lys107,Pro13,Trp14. 

CAM-3CLPRO –7.4 4 Asp153 (H), Asn151 (H), Ile249(H), 

Ser158(H), Ile106, Phe294. 

CAM-TMPRSS2 –7.4 2 Lys68 (H), Asp67, Ile135, Leu132, 

Phe66, Phe118, Pro53. 
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Figure 4. Interactions of cepharanthine (CEP) and camostat mesylate (CAM) with the SARS-CoV-2 and host 

proteins (TMPRSS-2). 

In this study, the docking score of cepharanthine is higher. Even the proposed inhibitor 

of SARS CoV-2, such as camostat mesylate, has a docking score of -7.4 Kcal/mol, which 

claimed that CEP has better properties than camostatmesylate and other combinations therapy. 

A study suggested that CEP at 9.5 µg/mL IC50 concentration inhibits SARS CoV protease [48].   

Camostat mesylate (CAM) is a synthetic compound used as a serine protease inhibitor 

[49, 50], which was first mentioned in the literature in 1981, as askin tumors inhibitors in mice 

models. Furthermore, it can inhibit cholecystokinin, pro-inflammatory cytokines, and serine 

proteases and treat COVID-19 [51-53].  
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On the other hand, the standard drug (Camostat mesylate, CAM) showed good binding 

interaction (–7.4 kcal/mol) with 3CLPRO and TMPRSS2 (Table 1). The hydroxyl group of 

Asp153, Asn151, Ile249, Ser158 at a distance of 2.48, 2.84, 2.56, and 2.72Å, respectively, 

while the π-π interaction of Phe294 and alkyl interaction of Ile106 exhibiting hydrophobic 

interaction. Similarly, the hydroxyl group of CAM also mediates two hydrogen bond 

interactions with Lys68 with a distance of 2.60 and 2.61 Å with TPMPRSS-2 receptor amino 

acids. Additionally, multiple hydrophobic interactions were observed with Asp67, Ile135, 

Leu132, Phe66, Phe118, and Pro53. The 2D and 3D structures of non-bond interactions of CEP 

and CAM with the target proteins have been illustrated in Figure 4. 

3.3. Physiochemical, pharmacokinetics, and toxicological properties assessment of CEP. 

From online-based software data, it has been found that CEP has a molecular weight of 

606.71 g/mol with 45 heavy atoms and 0.35 Fraction Csp3 (Figure 5). It has 2 rotatable bonds, 

8 H-bond acceptors but no H-bond donors. Molar refractivity is 179.15, and TPSA is 61.86 Å2. 

The molecule’s lipophilicity in terms of Log Po/w (iLOGP), Log Po/w (XLOGP3), 

Log Po/w (WLOGP), Log Po/w (MLOGP), Log Po/w (SILICOS-IT) was found 5.06, 6.54, 5.46, 

3.96 and 5.71 respectively. It’s a poorly soluble material with Log S (ESOL) value of  –7.98 

and solubility value of 6.29e-06 mg/ml; 1.04e-08 mol/l. 

 

The color space is a suitable physiochemical space for oral 

bioavailability. 

LIPO Lipophility: –0.7 < XLOGP3 < þ5.0. 

SIZE: 150g/mol< MW < 500g/mol. 

POLAR (Polarity): 20Å2< TPSA < 130 Å2. 

INSOLU (insolubility): 0 < Log S (ESOL) < 6. 

INSATU (insaturation): 0.25 < Fraction Csp3 < 1. 

FLEX (Flexibity): 0 < Num. rotatable bonds < 9 
Figure 5. Summary of physiochemical, pharmacokinetics, and toxicological properties of Cepharanthine. 

In the computational docking study, CEP displayed good interaction with TMPRSS2 

and inhibit serine protease. Some studies suggested that CEP is an antioxidant and anti-

inflammatory agent. It can attenuate oxidative stress and inflammation in several testing 

systems [22, 24]. Additionally, CEP is cytotoxic effects on the existing viruses [54, 55]. 

Therefore, CEP should have cytotoxic effects on the existing SARS CoV-2. When a compound 

has followed four basic criteria, it should be an ideal anti-COVID-19 drug. CEP can restrict 

viral entrance by inhibiting cellular attachment. It can attenuate viral replication and cytotoxic 

effects on the existing viruses. And finally, it can protect the normal host cells from the viral 

origin oxidative stress and inflammatory responses, and CEP meets all the requirements.  
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Several studies suggested that small molecules should have <500gm/mol for 

acceptability, for considering a drug, whereas CEP has a slightly higher molecular weight. A 

range of H-bond acceptors and H-bond donors with ≤10 and ≤5 are acceptable. It has also been 

suggested that the molar refractivity of compounds ranging from 40-130, lipophilicity (LogP) 

is ˂5 is accepted. 

CEP shows high GI absorption without any BBB permeation, P-gp substrate, and 

CYP50 inhibitor, whereas Log Kp (skin permeation) is –5.36 cm/s. In terms of drug-likeness 

CEP complies with Lipinski’s rule of five, showing 1 violation (MW>500), which violates 3 

parameters of the Ghose rule (MW>480, MR>130, #atoms>70), complies to Veber and Egan 

rules. CEP has 3 violations of Muegge rule (No; 3 violations: MW>600, XLOGP3>5, 

#rings>7). The bioavailability score CEP is 0.55. The compound has shown zero PAINS and 

Brenk alert. It showed 2 violations in the Leadlikeness score (MW>350, XLOGP3>3.5) along 

with 7.01 synthetic accessibility (Table 2). 

Table 2. Predicted Physiochemical, drug-likeness, and ADME properties of the selected compound by Swiss 

ADME. 

Physicochemical Properties 

Molecular weight 606.71 g/mol 

Num. heavy atoms 45 

Fraction Csp3 0.35 

Num. rotatable bonds 2 

Num. H-bond acceptors 8 

Num. H-bond donors 0 

Molar Refractivity 179.15 

TPSA 61.86 Å² 

Lipophilicity 

Log Po/w (iLOGP) 5.06 

Log Po/w (XLOGP3) 6.54 

Log Po/w (WLOGP) 5.46 

Log Po/w (MLOGP) 3.96 

Log Po/w (SILICOS-IT) 5.71 

Water Solubility 

Log S (ESOL) –7.98 

Solubility 6.29e-06 mg/ml ; 1.04e-08 mol/l 

Class Poorly soluble 

Pharmacokinetics 

GI absorption High 

BBB permeant No 

P-gp substrate No 

CYP50 inhibitor No 

Log Kp (skin permeation) -5.36 cm/s 

Drugl-ikeness 

Lipinski Yes; 1 violation: MW>500 

Ghose No; 3 violations: MW>480, MR>130, #atoms>70 

Veber Yes 

Egan Yes 

Muegge No; 3 violations: MW>600, XLOGP3>5, #rings>7 

Bioavailability Score 0.55 

Medicinal Chemistry 

PAINS 0 alert 

Brenk 0 alert 

Leadlikeness No; 2 violations: MW>350, XLOGP3>3.5 

Synthetic accessibility 7.01 

Upon toxicity testing, CEP displayed positive AMES toxicity also; the tolerable 

maximum tolerable dose in humans is 0.232 mg/kg/day. It has shown no hERG I inhibitor 

activity but shown hERG II inhibitor activity. The LD50 value for oral rat acute toxicity is 

2.554, and the LOAEL value is 0.711 while showing no hepatotoxicity and skin sensitization 

(Table 3). 

https://doi.org/10.33263/BRIAC121.768780
https://biointerfaceresearch.com/


https://doi.org/10.33263/BRIAC121.768780  

https://biointerfaceresearch.com/ 776 

The drug-likeness evaluates the probability for a molecule to turn an oral drug 

concerning bioavailability. The Lipinski is the pioneer rule of five [56], and the Ghose, Veber, 

Egan, and Muegge were performed in case of drug-likeness [57-60]. The Bioavailability Score 

pursues to compute a compound's probability to have oral bioavailability in rat or measurable 

Caco-2 permeability [61]. Here, PAINS are the molecules carrying substructures exhibiting 

optimal response in assays irrespective of the protein target [62-64].  

Brenk et al., [62] reported a list of 105 fragments for the structural alert. Our study 

revealed zero alerts of PAINS and Brenk. Leadlikeness is subjected to chemical modifications 

that can enhance the size and lipophilicity of the compound, and the leads are requisite to be 

lesser and small hydrophobicity [65]. Synthetic accessibility (SA), in the selection of suitable 

virtual molecules, is a chief factor. Medicinal chemists, for a reasonable number of molecules, 

are the best able to determine SA. The SA Score ranges from 1-10 (very easy-very difficult to 

synthesize), after normalization [66]. Moreover, it has no hepatotoxicity and skin sensitization. 

Table 3. Toxicological properties of Cepharanthine. 

Property Model Name Predicted Value Unit 

Toxicity AMES toxicity Yes Categorical (Yes/No) 

Max. tolerated dose (human) 0.232 Numeric (log mg/kg/day) 

hERG I inhibitor No Categorical (Yes/No) 

hERG II inhibitor Yes Categorical (Yes/No) 

Oral Rat Acute Toxicity (LD50) 2.554 Numeric (mol/kg) 

Oral Rat Chronic Toxicity (LOAEL) 0.711 Numeric (log mg/kg bw/day) 

Hepatotoxicity No Categorical (Yes/No) 

Skin Sensitisation No Categorical (Yes/No) 

3.4. Target prediction. 

The pie chart is the best way to display several subjects at a time. For target prediction 

analysis, the top 15 of the results were given as pie-chart are illustrated in figure 6. The pie 

chart displayed 40 % of family A G protein-coupled receptor, 13.3% of electrochemical 

transporter, 6.7% of Hydrolasse, phosphodiesterase, membrane receptor, and 26.7% of a 

ligand-gated ion channel. The Target, Common Name, Uniprot ID, ChEMBL-ID, Target Class, 

Probability, and Known actives in 2D/3D are given in the output table. 

 
Figure 6. Top-15 of Target Predicted for Cepharanthine. 

Furthermore, target prediction data suggested that if cepharanthine showed any adverse 

pharmacological effect in the testing system, where are the possible binds create with the target 

by Cepharanthine. It has been predicted that cepharanthine is most probably bound with family-

A G protein-coupled receptor, electrochemical transporter, hydrolases, phosphodiesterase, 

membrane receptor, and ligand-gated ion channel.  
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From the predicted in silico, physiochemical, drug-likeness, and ADME properties, 

target prediction test data, it has been claimed that CEP is a good candidate for COVID-19 

treatment. 

4. Conclusions 

 In summary, the computer-aided analysis was performed for elucidating the activity of 

cepharanthine, which was found in the Stephania plant and could treat SARS-CoV-2 3CLPRO 

and human TMPRSS-2 targets. Cepharanthine should be possibly used as a lead compound 

and neutraceuticals involved in COVID-19 treatment. Although further in vivo studies are 

necessary to establish the findings observed in this study, our findings will help further non-

clinical, pre-clinical, and clinical studies with this compound. Finally, this study will inspire 

medicinal scientists to conduct adequate research on this hopeful natural lead compound and 

its laboratory derivatives. 
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