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Abstract: In this study, Crocin, Digitoxigenin, Beta-Eudesmol, and Favipiravir were docked in the 

active site of SARS-CoV-2 main protease (PDB code: 6LU7). The docking study was followed by 

Molecular Dynamics simulation. The result indicates that Crocin and Digitoxigenin are the structures 

with the best affinity in the studied enzyme's binding site. Still, Molecular Dynamics simulation showed 

that Digitoxigenin is the molecule that fits better in the active site of the main protease. Therefore, this 

molecule could have a more potent antiviral treatment of COVID-19 than the other three studied 

compounds. 
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1. Introduction 

SARS-CoV-2 is a new type of coronavirus that causes COVID-19 disease; the first 

infection reported appeared on November 17, 2019, in Wuhan, China [1–4], and the symptoms 

caused by the symptoms of this virus have made evident the urgent need for new drugs to attack 

this disease. Due to the long time required to produce new drugs, molecules from natural 

extracts are emerging as a promising option for targeting new diseases and developing drugs 

with specific activity [5,6]. Nowadays, there are no proper antiviral therapies to treat patients 

with COVID-19. Therefore, to search for active and safe antiviral agents with broad-spectrum 

activity against this emerging and potentially fatal infection. In this sense, Crocin, 

Digitoxigenin, Beta-Eudesmol are natural molecules that have been proposed as potential 

inhibitors of SARS-CoV-2 main protease because they have significant antiviral power and 

according to experiment research [5]. For example, Crocin can inhibit the replication of the 

Herpes simplex virus (HSV) [7]. Furthermore, Digitoxigenin derivatives are used as antiviral 
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and anti-cancer inhibitors [8], while Beta-Eudesmol has significant antibacterial and antiviral 

power [9]. Additionally, several works reported in the literature have suggested these three 

compounds to treat the coronavirus infection caused by SARS-CoV-2 [10,11].  

On the other hand, T-705-4-ribofuranosyl-5-triphosphate (T-705RTP), also known as 

Favipiravir, is a chemical compound used against different types of RNA viruses [12]. This 

pyrazinamide derivative has been shown to be active on some types of viruses such as 

influenza, West Nile, yellow fever, and other types of arenaviruses, alphaviruses, bunyaviruses, 

and flaviviruses [13]. Also, it has been used experimentally to treat infection by the Ebola virus 

in humans [14]. Here, it is interesting to mention that the mechanism of action of favipiravir 

implies that it is being absorbed into cells and transformed into favipiravir ribofuranosyl 

phosphate due to the action of enzymes present in the host cell. This substance selectively 

inhibits the RNA polymerase of RNA viruses, which is essential for virus replication, without 

apparently producing toxicity to mammalian cells[13]. However, its safety and efficacy in 

humans are unknown in detail, as it is still experimental. China has completed the clinical 

investigation of the antiviral drug Favipiravir, which has shown its efficacy against the 

COVID-19[15], as confirmed by the country's government and reported by the Xinhua news 

agency[16]. This drug was approved for clinical use in Japan in 2014 [17]. Thus, according to 

the above mentioned, the study of interactions between Crocin, Digitoxigenin, Beta-Eudesmol, 

and Favipiravir against SARS-CoV-2 main protease can be useful to understand their action 

mechanism.  

In the last two decades, computer-aided drug design, which employs computational 

approaches to drug discovery, development, and analysis, has positively impacted drug 

discovery and development [18–20]. It is well accepted that the study of drug binding to the 

receptor protein at the molecular level is of utmost importance to identify the pharmacokinetic 

profile of drugs [21]. In this sense, molecular docking is essential to dock the 3D structure of a 

molecule (ligand) into the binding site of a protein receptor to identify their molecular 

interactions [22]. The docking process involves two main and independent steps: the first one 

corresponds to the generation of the correct pose (conformation and orientation) of the ligands 

within the receptor binding site (protein), while the second one is related to the evaluation of 

the binding affinity [22]. Molecular docking has contributed significantly to reducing both the 

experimental work, the associated costs, and the time required to design a new drug[20].  

Thus, in this investigation, molecular docking of Crocin, Digitoxigenin, Beta-

Eudesmol, and Favipiravir into the active site of SARS-CoV-2 main protease (Code PDB: 

6LU7), was used to predict the mode of binding between these molecules and their potential 

target (SARS-CoV-2 main protease), and to determine the affinity of these molecules in the 

binding site. Also, the molecular docking study was followed by Molecular Dynamic 

simulations to study the stability of complexes formed. 

2. Materials and Methods 

2.1. Data set. 

The chemical compounds reported in Table 1 (Crocin, Digitoxigenin, Beta-Eudesmol, 

and Favipiravir) were tested as potential inhibitors of SARS-CoV-2 mean protease.  
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Table 1. Chemical structures of Crocin, Digitoxigenin, Beta-Eudesmol and Favipiravir. 

N° Chemical formula Name Molecular structure 

1  

 

C44H64O24 

 

Crocin 

 

2  

 

C23H34O4 

 

 

Digitoxin 

 

3  

C15H26O 

Beta-Eudesmol 

 

4  

 

C5H4FN3O2 

 

Favipiravir 

 

2.2. Molecular docking. 

Molecular docking was performed with two programs: Autodock vina [23] and 

Autodock tools 1.5.6 [24]; to determine the binding affinity and predict the intermolecular 

interactions of molecules in the studied binding pocket of the studied enzyme (pdb code 6LU7) 

[25]. The crystallographic structure of the SARS-CoV-2 main protease used in this study is 

characterized by: Code: 6LU7 and Resolution of 2.16 Å. Discovery Studio Modeling 

Environment Release 2017 program [26] was used to detect binding site location and the center 

of the active site (x= -10.782, y = 15.787 and z=71.277) [27]. The grid size was set at 20×34×20 

xyz points with a grid spacing of 1 Å and was generated by using the co-crystallized (N3) 

inhibitor as the center for docking [27,28]. 

2.3. Molecular dynamic simulations. 

Molecular dynamic (MD) simulations were performed in the four studied molecules: 

Crocin, Digitoxigenin, Beta-eusdesmol, and in the experimental antiviral drug Favipiravir. The 

simulation was done to analyze the stability of the ligand-enzyme complex where different 

insights on the interaction can be obtained. To run the MD simulations, the enzyme prepared 

for the docking was employed. For the ligands, the pose with the best docking score was chosen 

as starting position. The whole system was solvated using a water cube, and sodium or chlorine 

atoms were added to neutralize it. All calculations were performed using Gromacs 2019 

software [29] and CHARMM 2017 force field. Before the simulation, the system was relaxed 

and then equilibrated for a period of 100 past constant temperature and pressure (1 bar and 300 

K). The dynamic molecular production was then run for 10 ns.  
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Finally, binding free energy calculations were performed using the Molecular Mechanics 

Poisson-Boltzmann Surface Area (MM-PBSA) technique incorporated in the g_mmpbsa tool 

[30]. 

3. Results and Discussion 

3.1 Docking results. 

Molecular docking was performed to find interactions and the binding affinity of 

studied molecules in studied enzymes. Four different molecules (Crocin, Digitoxigenin, Beta-

Eudesmol, and Favipiravir) have been evaluated for their affinity against the SARS-CoV-2 

main protease. The results are presented in Table 2. 

Table 2. Docking score results: Affinity of the best conformation in the binding pocket of SARS-CoV-2 main 

protease. 

Molecule Score Interactions types 

Crocin -7.2 

 
  

Digitoxigenin -7.2 

 
  

Beta-Eudesmol -5.2 

   

Favipiravir -5.4 
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The best energies of interaction with SARS-CoV-2 main protease are observed for 

Crocin and Digitoxigenin (Table 2); these compounds could have more inhibitory potential 

SARS-CoV-2 main protease in comparison to the other studied compounds (Beta-Eudesmol 

and Favipiravir). Thus, the inhibition of this protein could induce the inhibition of viral 

replication. 

3.2. Molecular dynamics simulation. 

In a molecular dynamic simulation, the enzyme's flexibility and the interaction between 

the ligand, the enzyme, and water molecules over time are considered. In Figure 1, the potential 

energy of the different systems is shown. It can be seen that for all models, the potential energy 

in all cases reaches a plateau before 1200 ps showing that for most of the simulation, the system 

is at its lowest potential energy. 

 
Figure 1. Potential energy of the MD simulations of different compounds with SARS-CoV-2 Main protease. 

Figure 2 shows the root-mean-square deviation for the ligand and the system. As 

expected, the ligand presents higher RMSD values because smaller molecules tend to move 

and vibrate more than bigger enzymatic systems.  

The RMSD value for the ligand-Main protease complex is around 0.2 nm in the four 

studied systems. For the ligands, Crocin is the one that presents higher RMSD values, followed 

by Digitoxigenin, Favipiravir, and finally Beta-eusdesmol. Digitoxigenin RMSD values are 

higher (~0.9 nm) in the first 3 ns of the simulation, meaning a great molecule movement. Then, 

in the last 7 ns, the molecule stabilizes, and the RMSD values lower up to 0.6 nm. Favipiravir 

behavior is the opposite, where the RMSD value is around 0.4 nm in the first part of the 

simulation, raising to 1 mn in the last half of the simulation. For Beta-eusdesmol, it maintains 

its RMSD value around 0.6 throughout the whole simulation. 
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Figure 2. RMSD of the ligand (black) and the ligand-enzyme complex (blue) vs. simulation time. 

Then, Coulomb and Lennard-Jones' interaction energies were studied (Figure 3). At the 

end of the simulation, Crocin presents the lowest Coulomb and Lennard-Jones values 

indicating a strong interaction between the ligand and the main protease. Beta-eusdesmol and 

Digitoxigenin present Coulomb energy values between 0 and -10 kcal/mol, while antiviral 

Favipiravir has values -10 kcal/mol lower. Digitoxigenin values for the Lennard-Jones energy 

are the second lowest, followed by Favipiravir and Beta-eusdesmol. 

Analyzing hydrogen bond formation during the simulation (Figure 4), it was found that 

Crocin is the molecule forming the most number of hydrogen bonds, followed by Favipiravir, 

Digitoxigenin, and Beta-eusdesmol. At the beginning of the simulation, Crocin forms around 

9 hydrogen bonds, reducing them to four at the end of the simulation. 

 

Figure 3. Coulomb (grey) and Lennard-Jones (purple) interaction energy during the simulation. 
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Favipiravir forms on average 3 hydrogen bonds throughout the simulation. 

Digitoxigenin forms only one hydrogen bond during the 10 ns, while Beta-eusdesmol does not 

form any hydrogen bond in most simulation parts. Bond formation agrees with interaction 

energy; as more hydrogen bonds are formed, a better and stronger interaction occurs between 

the ligand and the enzyme. 

 
Figure 4. Number of hydrogen bonds vs. simulation time. 

The initial and final poses of the simulation were compared for all four compounds, and 

the final pose was studied more in detail (Figure 5). For Beta-eusdesmol, both structures are 

outside and far from the active site of the main protease. Between the beginning and the end of 

the simulation, the molecule moves 77 nm keeping a superficial interaction with the enzyme. 

During the 10 ns simulation, Crocin leaves the enzyme's active site and is located in a long 

superficial area next to the pocket. Digitoxigenin and Favipiravir stay in the active site 

throughout the simulation time.  

While Digitoxigenin moves inside the active site, fitting in a better way deeper in the 

pocket, the antiviral Favipiravir accommodates on the other end of the active site. 2D 

interaction plots show Beta-eusdesmol interacts with 3 residues, Crocin with 5, Digitoxigenin 

with 7, and Favipiravir with 6 residues.  

This bears out that Beta-eusdesmol is the molecule that interacts less with the enzyme 

agreeing with the data obtained throughout the simulation and its location far from the active 

site. Crocin interactions occur only at one side of the molecule, leaving most of it without any 

interactions. Digitoxigenin and Favipiravir, as they are inside the pocket, interactions occur all 

around both molecules, which do not happen with Beta-eusdesmol that presents a superficial 

interaction only at one side. 
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Figure 5. SARS-CoV-2 main protease (orange) interaction with Beta-eusdesmol (green), Crocin (blue), 

Digitoxigenin (yellow), Favipiravir (pink), and known inhibitor N3 (red): (a) cartoon representation; (b) surface 

representation; (c) 2D representation. 

The total binding energy and their contributions were calculated and are presented in 

Table 3. 

Table 3. Total binding energy and their contributions for four systems formed. 

Compound 
Van der Waals 

(kcal/mol) 

Electrostatics 

(kcal/mol) 

SASA 

(kcal/mol) 

Total Binding energy 

(kcal/mol) 

Crocin -28.0 -13.8 -4.3 -1.1 

Digitoxigenin -31.5 -3.5 -3.5 -16.1 

Beta-eusdesmol -12.8 -1.1 -2.0 -9.9 

Favipiravir -11.6 -6.5 -1.6 -5.1 

Table 3 shows that Digitoxigenin is the compound lowest binding energy. This was 

expected as it is the molecule that fits better in the active site of the main protease. Crocin 

presents the highest binding energy meaning an unfavorable interaction between this 

compound and the enzyme. This suggests that only Digitoxigenin may be able to exert an anti-

COVID-19 effect through the main protease inhibition mechanisms of  SARS-CoV-2.  

4. Conclusions 

In this study, we have performed a docking study of Crocin, Digitoxigenin, Beta-

Eudesmol, and Favipiravir in the active site of SARS-CoV-2 main protease. The result 

indicates that Crocin and Digitoxigenin are the structures with the best affinity in the enzyme's 

binding site; MD simulation showed that Digitoxigenin is the molecule that fits better in the 

active site of the main protease. Crocin presents the highest binding energy meaning an 
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unfavorable interaction between this compound and the enzyme. This result suggests that only 

Digitoxigenin may be able to exert an anti-COVID-19 effect through the main protease 

inhibition mechanisms of SARS- CoV-2. 
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