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Abstract 
 

COVID-19 was the trigger for the pandemic triggered by SARS-CoV-2. Potential treatments are being used to treat it but there 
is no specific drug for it. In order to get a particular drug, several drug design techniques are used, in which molecular docking 
plays a critical role in computer-assisted drug design. In this study, the Lopinavir (LV) molecular docking of the SARS-CoV-2 
receptor binding spike proteins was tested. Absorption, distribution, metabolism, excretion and toxicity (ADMET) properties 
were developed consistent with the expected ADMET parameters provided by Lipinski's rule using Datawarrior software 
version 5.2.1. 

Keywords: SARS-CoV-2, COVID-19, Spike protein, Molecular Docking, Lopinavir. 

Received: 30 May 2020; Accepted: 27 November 2020. 

Article type: Research article. 
 

 

1. Introduction  

COVID-19 is caused by the β coronavirus type described in the case 

of pneumonia of unknown origin found in Wuhan, China.[1] The 

World Health Organisation (W.H.O.) officially adopted its 

nomenclature as SARS-CoV-2 (Severe Acute Respiratory 

Syndrome Corona Virus 2). The SARS-CoV-2 outbreak of 

coronavirus disease 2019 (COVID-19) poses a significant challenge 

to global public health.[2] On 30 January 2020, COVID-19 was 

formally declared a public health emergency of international 

significance by the WHO.[3]  WHO status survey dated 29 May 

2020 specifies that there are 5 701 337 reported cases of 357 688 

deaths worldwide.[4] The research-based pharmaceutical industry is 

working on new pharmaceutical chemistry techniques in which 

molecular simulation is a powerful method for the Structure-

Activity Relationship (SAR) study.[5] Molecular docking is one of 

the most sophisticated methods used in the Structure Based Drug 

Design (SBDD) due to its ability to expect, with a high degree of 

precision, the conformation of small molecular ligands inside the 

appropriate target binding site.[6] A important advancement in drug 

exploration is the development of molecular docking as a major 

means of drug discovery today.[7]  Molecular docking algorithms  

 

 

 

 

 

 

 

 

 

provide results for quantitative energy binding markers, including a 

variety of docked compounds backed by the binding affinity of 

ligand receptor complexes with pharmacokinetic properties 

(ADMET: absorption, distribution, metabolism, excretion and 

toxicity).[7-9] Lopinavir (LV) is a drug approved by the FDA that 

serves as a protease inhibitor and is commonly used in the treatment 

of HIV patients.[10] Lopinavir/ritonavir combination is used as a 

second line of protection in the treatment of HIV as recommended 

by W.H.O..[11] Ritonavir aims to suppress the metabolic enzyme 

P450 3A and therefore improves the half-life of Lopinavir.[12] As LV 

is a protease inhibitor that inhibits the action of the enzyme needed 

by the Human Immuno Deficiency Virus, it may be helpful in the 

treatment of COVID-19. There is evidence that Lopinavir/ritonavir 

is selective against some other coronavirus.[13] To make the above 

topic clear, we docked Lopinavir with the SAR-COV-2 Spike 

protein receptor binding as the target. Fig. 1 shows the Lopinavir 

structure (LV). 

 
 

Fig. 1: Structure of Lopinavir (LV).
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Fig. 2: Conformational changes observed due to the binding of ligand Lopinavir with PDB ID: 2AJF (A) is 2D interactions of 

Lopinavir, (B) is 3D interactions formed by the Lopinavir, whereas (C), and (D) shows the surface area interactions of Lopinavir 

with receptor binding domain of SARS-CoV-2. 

2. Computational work 

2.1 Docking methodology 

The practice of molecular docking is useful in yielding 

valuable information for designing ligands for known active 

sites of the macromolecules like proteins. For docking analysis, 

AutoDock 4.2 was employed using the quality protocol 

mentioned in the literature.[14-16] The X-ray crystal structure of 

the target protein was retrieved from the RCSB protein data 

bank.[17] Macromolecule having PDB ID: 2AJF is the structure 

of the SARS coronavirus spike receptor-binding site, which is 

complexed with its receptor.[17] We docked Lopinavir with the 

PDB ID: 2AJF. Also, the property-based approach was 

achieved using Data warrior the program version 5.2.1 for 

generating ADMET properties.[18] The spike protein on the 

receptor binding of SARS-COV-2 was considered because of 

the target for this docking analysis. 

3. Results and discussion 

The docking studies of Lopinavir against the SARS-CoV-2 

receptor binding site complexed with its receptor (PDB ID: 

2AJF) exposed the interaction of Lopinavir with THRE: 363, 

ARGE: 395, TYRE: 494, PHEE: 361, SERE: 362, VALE: 394, 

ILEE: 489 are illustrated in Fig. 2A.  The negative value of 

binding energy i.e. (-5.60Kcal/mol) suggests the stability of 

the complex (Table. 1).  
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4. Evaluation of binding energy 

The strength of a protein-ligand complex is set forth to the 

intermolecular interactions between these binding partners, 

solvent effects, and dynamics. So by employing all-atom 

molecular dynamics (MD) simulations, we are capable to test 

all of those together. But, to avert different computational 

costs linked to these simulations, during the molecular 

docking, the scoring functions were used to grant a rapid and 

simple evaluation of the binding dynamics of the expected 

ligand-receptor complexes.[19-20] The docking results of the 

binding energy of Lopinavir are stated in Table 1. We 

subdivide the ADMET parameters of Lopinavir as ADME* 

and Toxicology in Table 2. And Table 3. 

Table 1. Docking results for the binding affinity of Lopinavir (LV) with target PDB ID: 2AJF. 

Compound 

Name 
Compound Structure 

Binding energy 

(Kcal/mol) 

Predicted 

IC50 value 
Interacting Amino acids 

LV 

 

-5.60 
78.30 µM 

(micromolar) 

THRE:363, ARGE:395, 

TYRE:494, PHEE:361, 

SERE:362, VALE:394, 

ILEE:489 

Table 2. ADME* parameters of the Lopinavir (LV). 

Compound 

code 

Molecular 

Formula 
Mol.wt. Log P 

H-bond 

donors 

H-Bond 

acceptors 

Rotatable 

bonds 
TPSA 

ADME 

pass/fail 

LV C37H48N4O5 628.811 4.847 4 9 15 120 FAIL 

 

 
Table 3. Toxicology profile for the present studied compounds. 

Compound 

Name 
Mutagenic Tumorigenic 

Effect on 

reproductive 

system 

Eye 

irritant 

LV NONE NONE NONE HIGH 

 

5. Conclusion 

This study aims to identify the potential of Lopinavir (LV) to 

inhibit COVID-19 by acting on the Receptor Binding Domain 

of the SARS-CoV-2. The obtained results by molecular 

docking showed that LV may inhibit COVID-19 giving the 

same or better energy score as compared to drugs that are 

under clinical tests. Those results encourage further in vitro 

and in vivo investigations of Lopinavir. 
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