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In order to contribute to the fight against COVID-19, which has been controversial to date, we have studied the inhibition of this virus by several natural compounds using molecular docking and molecular dynamics. In the receptor-ligand systems studied, the SARS-CoV-2 receptor used as therapeutic targets is the M-pro protease (6LU7)). The ligands used as inhibitors are a series of flavonoids and coumarins with two drugs (CQ and HCQ) used as benchmarks. Docking results revealed that the inhibitory power of the natural compounds studied with the M-pro was significant. ADMET filters retained the majority of natural ligands studied with interesting biological and pharmacological properties, thus allowing them to have better bioavailability.

Molecular dynamics (MD) simulation has been performed to better understand the stability and dynamics of all complexes. Therefore, these natural molecules show promising candidates in the inhibition of COVID-19.

Introduction:

Coronaviruses (CoVs) are etiologic agents of serious infections in both animals and people, and they can cause illness in the respiratory and digestive systems. Earlier CoV inspections revealed that CoVs have been shown to impact a kind of animals, including reptiles, bird species, and mammals. [START_REF] Malik | Emerging novel Coronavirus (2019-nCoV) -current scenario, evolutionary perspective based on genome analysis and recent developments[END_REF]. The unique species of CoV was discovered at the end of 2019 and was initially dubbed 2019-nCoV after an eruption in Wuhan, China [START_REF] Pr Lee | Emerging threats from zoonotic coronaviruses-from SARS and MERS to 2019-nCoV[END_REF]. On January 30, 2020, the World Health Organization's Emergency Committee recognized an eruption in China as a Public Health Emergencies of International Concern (PHEIC) [START_REF] Aj Rodríguez-Morales | Going global travel and the 2019 novel coronavirus[END_REF]. Following discussions and collaborations with the World Organization for Animal Health and the Food and Agriculture Organization of the United Nations, WHO officially designated this CoV as COVID-19 (coronavirus illness 2019) on February 11, 2020 [START_REF]World Health Organization (WHO). Novel coronavirus (2019-nCoV)[END_REF]. Currently no specific COVID-19 treatments are available, the researchers are in progress [START_REF] Aj Rodríguez-Morales | Going global travel and the 2019 novel coronavirus[END_REF]. Nonetheless, the efforts that have been taken have been limited to protective and compassionate treatment, with the goal of preventing more difficulties and organ injury [START_REF] Aj Rodríguez-Morales | Going global travel and the 2019 novel coronavirus[END_REF].

The mainprotease of coronavirus is a structural glycoprotein on the virion surface that is responsible for binding to host cellu-lar receptors and subsequent fusion between the viral envelope and the cellular membrane [START_REF] Hofmann | Cellular entry of the SARS coronavirus[END_REF] and is required for virus replication [START_REF] Hilgenfeld | From SARS to MERS: crystallographic studies on coronaviral proteases enable antiviral drug design[END_REF]. As part of the search for new natural molecules effective against COVID-19, and in order to find new inhibitors of this virus, we studied by molecular docking the inhibition of a series of molecules of natural origin and two drugs (Anti-malarial) with M-Pro as a receptor for COVID-19. This receptor has been identified as a promising antiviral target in recent research. The major viral protease (M-pro) is required for coronavirus replication. The ligands employed in our investigation are from the flavonoid, coumarin, and antimalarial families. The results of this study will help researchers to find the efficiency drug to fight COVID-19. 

Materials and Methods

1-Ligand preparation:

In this work we studied natural inhibitors, flavonoids and, coumarins, as well as two anti-malarial medications used as references. The Molecular Mechanics Force Field (MM +) was used to optimize the three-dimensional (3 D) structures of compounds (Table 1). The results were then optimized using the semi-empirical AM1 approach in order to find the most stable conformations.

Using the Discovery software [START_REF] Kitchen | Docking and scoring in virtual screening for drug discovery: methods and applications[END_REF], the molecules obtained are saved in pdb format. The vina subroutine completed the final phase of the ligand preparation. The latter's job is to define the hydroxychloroquine Bergapten Chloroquine aromatic atoms, flexible bonds, and torsion angles in order to control the ligand's movements.

Before being used by AutoDock, the final molecule is saved in pdbqt format

2-Protein preparation

The chemical structures are downloaded in this first stage of molecular docking. The majority of the structures can be obtained in PDB format from the "Protein Data Bank" (http://www.pdb.org).

It's a database of protein and nucleic acid structures (or both) obtained by X-ray crystallography or NMR spectroscopy.

We chose the PDB code 6LU7 from a list of various proteins. With a resolution of 2.16, this code represents the 3D structure of M-pro, which consists of a single only one chain (A) and a single one ligand. These structures are well-defined and well-resolved. Each complex is separated from its ligand before being used by AutoDock Vina [START_REF] Trott | AutoDock Vina: Improving the Speed and Accuracy of Docking with a New Scoring Function, Efficient Optimization, and Multithreading[END_REF].

To generate a receptor with a free active site, each compound is isolated from its ligand, and the water molecules are removed before the hydrogens are added. The protein is then transformed to pdbqt format. 

3-Preparation of the grid:

The 6LU7 receptor is immersed in a three-dimensional grid largely enclosing the active site of the protein under study and allows free rotation of the ligand in this site to accelerate the rate of energy evaluation of the system. The box is then centered on the ligand, with dimensions corresponding to the size of all the ligands investigated.

A grid spacing of 1 Å and the grid points in X, Y, and Z axis were set at 60 × 60 × 60 Å 3 , respectively. The grid center coordinates were placed at X: -93732 Y: 11.403, Z: 68.925.

4-Druglikeness based on ligands, ADME/toxicity qualities

Many potential therapeutic agents fail to reach the clinic trials because of their unfavorable absorption, distribution, metabolism, and elimination (ADME) parameters [START_REF] Miteva | FAF-Drugs: Free ADME/tox filtering of compound collections[END_REF]; also it is not checking the druglikeness. Lipinski's rule of five [START_REF] Lipinski | Experimental and computational approaches to estimate solubility and permeability in drug discovery and development settings[END_REF] [10] Veber's rule [START_REF] Veber | Molecular properties that influence the oral bioavailability of drug candidates[END_REF] [11], Egan's rule [START_REF] Veber | Comparison of direct examination of three types of bronchoscopy specimens used to diagnose nosocomial pneumonia[END_REF] [12] and Polar surface area (TPSA), number of rotatable (Daina et al., 2017) [START_REF] Daina | SwissADME: a free web tool to evaluate pharmacokinetics, drug-likeness and medicinal chemistry friendliness of small molecules[END_REF] , the ADME/Toxicity (pharmacological and pharmacodynamic)

properties, the PASS prediction, the P450 Site of Metabolism (SOM) and the Molecular studies were calculated using respectively SwissADME properties calculation online.

Determination using Lipinski's Rule of Five (Ro5)

Lipinski's Ro5 components consists of H-bond donor, H-bond acceptor, molecular weight, and an octanol-water partition coefficient (log P). The pharmaco kinetic properties of the compounds were predicted using SCFBIO prediction (http://www. scfbioiitd.res.in/software/drugdesign/lipinski.jsp).

Molecular dynamics simulation

The MD simulations of 50 ns were achieved under standard conditions. CHARMM36 force field was applied to achieve topology attributes of protein and ligands [START_REF] Brooks | [END_REF]. The temperature of the simulations was controlled by the Berendsen thermostat [START_REF] Berendsen | Molecular dynamics with coupling to an external bath[END_REF]. The electrostatic interactions were treated by the particle mesh Ewald (PME) method with a cutoff distance of 1.2 nm; and the van der Waals interactions were modeled using a cutoff of 1.4 nm [START_REF] Petersen | Accuracy and efficiency of the particle mesh Ewald method[END_REF]. The whole system was relaxed using the steepest descent algorithm. The classical Newton's equations of motion were integrated using the Leap-Frog algorithm and the Berendsen weak-coupling method [START_REF] Van Gunsteren | A leap-frog algorithm for stochastic dynamics[END_REF]. The trajectory coordinates were recorded every 500 steps with a time step of 1 fs. All MD simulations were carried out using the GROMACS package version 2020. Root-mean-square-deviation (RMSD) calculations were made to identify the sets sharing the same conformational characteristics. While, calculations of the root-mean-square fluctuation (RMSF) trajectories were used to determine the more mobile parts of the system, especially those involved in the interaction between protein and ligands. The radius of gyration (Rg) was used to assess the compactness of the protein as well as its stability. At last, solvent accessible surface area (SASA) was used in order to retain the protein folding and stability.

Results and discussion:

Coronaviruses (CoVs) are a type of virus that can infect humans and other vertebrates. Humans and animals are affected by CoV infections in the respiratory, digestive, hepatic, and central nervous systems [START_REF] Xu | Systematic Comparison of Two Animal-to-Human Transmitted Human Coronaviruses: SARS-CoV-2 and SARS-CoV[END_REF].

The present study focused on the main proteases in CoVs (3CLpro/Mpro), especially PDB ID 6LU7, as potential target proteins for COVID-19 treatment. 6LU7 is a COVID-19 Mpro that has been restructured and repositioned in PDB and has been publicly accessible since early February 2020.

The Mpro of 2019-nCov shares 96% similarity with the Mpro of the SARS-CoV [START_REF] Xu | Nelfinavir was predicted to be a potential inhibitor of 2019-nCov main protease by an integrative approach combining homology modelling[END_REF][START_REF] Zhavoronkov | Potential 2019-nCoV 3C-like Protease Inhibitors Designed Using Generative Deep Learning Approaches[END_REF]. The Mpro in CoV is essential for the proteolytic maturation of the virus and has been examined as a potential target protein to prevent the spread of infection by inhibiting the cleavage of the viral polyprotein [START_REF] Liu | The Crytal Structure of 2019-nCoV Main Protease in Complex with an Inhibitor N3[END_REF]. The discovery of the Mpro protease structure in COVID-19 provides a great opportunity to identify potential drug candidates for treatment. 

b. Interaction analysis between M-Pro and compounds

The results obtained show that all the ligands interact with the catalytic dyad HIS41 and CYS145.

Bergamotin had the highest affinity for M-Pro receptor (PDB ID 6LU7), this ligand is stabilized by two hydrogen interactions one with CYS145 and the other with GLY143. and two hydrophobic bonds formed with residues MET165 and HIS163, as well as an electrostatic interaction with HIS 41. Two hydrophobic contacts generated with the residues MET49, and CYS145, as well as two hydrogen bonds with ASP187 and GLU166, stabilize the naringenin ligand. The imperatorin ligand showed three hydrogen interactions with GLY143, HIS164, and CYS145, as well as two hydrophobic interactions with MET49 and MET165.

Furthermore, the hydroxychloroquine molecule is maintained by hydrogen bonds generated by residues GLY143, HIS164, CYS145, and GLU166, as well as hydrophobic and electrostatic contacts formed by CYS145 and HIS163. Bergapten forms two hydrogen interactions with HIS41 and TYR54, and two hydrophobic contacts with the residues MET165 and HIS41, the latter of which is one of the catalytic dyad's residues.

The chloroquine ligand has revealed four hydrogen bonds with the residues GLY143, GLU166, HIS164 and CYS145, one hydrophobic CYS145, as well as one hydrophobic CYS 145 bond and one electrostatic bond with HIS163. The two residues of the catalytic dyad, CYS145 and HIS41, are involved in the various interactions (H bond and an electrostatic bond) for the Bergamotin ligand that has the best affinity towards the M-Pro receptor (the lowest binding energy). In the other ligands only one residue of the catalytic dyad is implicated

Druglikeness Properties of ligands

This test is performed to facilitate the creation of new drug molecules, the molecules of which must comply with the conditions of the following five Lipinski's rule : molecular weight: ≤ 500, number of hydrogen bond donors: ≤ 5, number of hydrogen bond acceptors: ≤ 10, lipophilicity (expressed in LogP): ≤5 and molar refractivity from 40 to 130 [START_REF] Lipinski | Experimental and computational approaches to estimate solubility and permeability in drug discovery and development settings[END_REF]) [START_REF] Lipinski | Experimental and computational approaches to estimate solubility and permeability in drug discovery and development settings[END_REF]. The results of this study are shown in the Table 3. We also note that another Egan's rule which defines the absorption of the drug molecule is verified for all ligands, on the other hand the two rules of Ghose's and Muegge's (Ghose, 1999[22]; Veber, 2002 [START_REF] Veber | Molecular properties that influence the oral bioavailability of drug candidates[END_REF]; [START_REF] Egan | Prediction of drug absorption using multivariate statistics[END_REF]Muegge, 2001[23-24]) are verified.

We also notice that some ligands give the reproductive effects, the irritant, Tumorigenic, Mutagenic properties and all the ligands showed a bioavailability score of 0.55, and also good values of Druglikness score, Solubility values and drug score.

ADMET/Drug results

The ADME tests were performed to determine the pharmacological and pharmacodynamic properties of a medication in a biological system, and the results are listed in Table .   The properties of ADME / Tox (absorption, distribution, metabolism, excretion / toxicology) of the main compounds were calculated using the online server PreADMET.

This server calculates pharmacokinetic properties like: Human Intestinal Absorption (HIA), Cell Permeability, Caco-2 in Vitro (PCaCO2), Kidney Maden Darby Cell Permeability (PMDCK)), Permeability (PSkin), Protein Binding plasma (PPB) and hematomeningeal penetration are shown in table 4. To predict absorption and distribution parameters, Caco-2 cell parameter employed to determine compound permeability, caco-2 cell parameters were ranged from 4-70 nm / sec including mean permeability, human intestinal absorption (HIA) can predict percent of absorption of human intestine (% HIA) and plasma protein binding (% PPB) is used to determine the degree to which drugs bind to proteins in the blood and% PPB .The bound drug value less than 90% is, the more efficiently it can traverse cell membranes or diffuse.

As a result of these data and values, the ligands have higher human intestinal absorption (HIA) scores. A higher HIA value indicates the compound might be better absorbed from the intestinal tract on oral administration, then caco-2 values and agree with the values obtained (value between 4 and 70 nm / sec). Thus, it is noted that all of the ligands had a medium permeability. BBB values (CBrain / CBlood) and tuning compounds that have values larger than 1 (CBrain / CBlood> 1) are considered active in the CNS may cause side effects while compounds with values less than 1 (CBrain / CBlood <1) are classified as inactive in the CNS.

Therefore, ligands Bergaptene, Impératorin, hydroxychloroquine and chloroquine had values higher than 1 (CBrain / CBlood> 1), indicating that they are active in the CNS and can cause side effects, while naringinine and bergamotin had values less than 1 (CBrain / CBlood 1), being considered inactive in the CNS.

The AMES toxicity test is used to determine whether or not a substance is mutagenic; the majority of the test ligands are mutagenic. Prediction of negative carcinogenicity indicates that there is evidence of carcinogenic activity while positive carcinogenicity shows that the substance under investigation is not carcinogenic. In addition, inhibition of HERG for all ligands present medium risk.

From the results of ADMET, it can be concluded that the biological and pharmacological properties of natural ligands are plausible, allowing them to have acceptable bioavailability and therefore to be attractive options against COVID-19. 

Conclusion:

In order to fight against COVID-19, researchers have carried out variety of approaches, especially by trying to inhibit proteases essential to the virus's life cycle, by using drugs and natural compounds. In this work, we therefore studied the inhibition of COVID-19 by molecular docking and molecular dynamics with several natural compounds, the main goal was to find novel molecules that can inhibit this virus. we have docked the Main-protease (6LU7) as SARS-CoV receptor with a series of flavonoids and coumarins compared to two drugs (CQ and HCQ). The study of their interactions with this enzyme (M-Pro), followed by filtration in using Lipinski's rule and ADMET properties was crucial. We classified the ligands on the basis of their affinities. The results of Docking revealed that the inhibitory power of the natural compounds studied with the M-pro was significant. From the results of ADMET, it can be concluded that the majority of the natural ligands studied have interesting biological and pharmacological properties, allowing them to have better bioavailability. Molecular dynamics (MD) simulation was performed in our study in order to better understanding of the stability and dynamics of all complexes. As a result, these natural compounds appear to be promising potential candidates for COVID-19 inhibition.

Fig. 1 :

 1 Fig. 1 : 3D structure of 2019-nCoV chimeric receptor-binding domain complexed with its receptor MPRO (PDB ID: 6vw1). The structure was taken from Protein Data Bank online server (https://www.rcsb.org/).

Fig. 2 :

 2 Fig. 2: Interaction Mode of 6LU7-Bergamotin 2D, 3D
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 3 Fig. 3: Interaction Mode of 6LU7-Naringenin 2D, 3D
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 4 Fig. 4: Interaction Mode of 6LU7-hydroxychloroquine 2D, 3D

Fig. 5 :

 5 Fig. 5: Interaction Mode of 6LU7-Chloroquine 2D, 3D

Fig. 6 .

 6 Fig. 6. Comparison and detail representation of (A) RMSD: Root mean square deviations, (B) RMSF: Root mean square fluctuations, (C) Rg: Radius of gyration and (D) SASA: solvent accessible surface area, over the time of 50 ns of reference M-Pro and all complexes.

Table 1 :

 1 T2 D&3D representations of the all ligands ,the ligands structures were taken from PubChem server (www.pubchem.ncbi.nlm.nih.gov).

	Compound name	2D Structure	3D Structure
	naringenin		
	Imperatorin		
	Bergamotin		

Table 2 :

 2 Docking Results of 6LU7-Ligand

	1. Docking Results:				
	a. Binding Energies: Ligands's Affinity for M-Pro Receptor:	
	Bergamotin, naringenin, chloroquine, hydroxychloroquine, Bergapten, and Imperatorin have been
	investigated as potential COVID-19 Mpro inhibitors.		
	The binding energies obtained from docking 6LU7 with the native ligand, naringenin, Imperatorin,
	Docking 6LU7 with all ligands Bergamotin, naringenin, Imperatorin, and hydroxychloroquine,
	Bergapten, and Chloroquine yielded binding energies -7.8, -7.5, -6.8, -6.2, -6.2, -5.8 Kcal / mol,
	respectively.				
	The docking analysis revealed the potential for inhibition of the studied compounds, classified by
	affinity (ΔG); Bergamotin> naringenin> Imperatorin> hydroxychloroquine=Bergapten>
	Chloroquine.				
	Inhibitor	Affinity	Hydrogen Bond	Hydrophobic Bond	Electrostatic
		(kcal/mol)			Bond
	Bergamotin	-7.8	CYS145, GLY143	MET165, HIS163	HIS41
	naringenin	-7.5	ASP187, GLU166	MET49, CYS145	///////////////////
	Imperatorin	-6.8	GLY143, HIS164	MET49, MET165	//////////////////
			CYS145		
	hydroxychloroquine	-6.2	HIS164, CYS145	CYS145	HIS163
			GLY143, GLU166		
	Bergapten	-6.2	HIS 41, TYR54	MET165, HIS41	/////////////////////
	Chloroquine	-5.8	GLY143, GLU166	CYS145	HIS163
			HIS164, CYS145		

Table 3 :

 3 List of the results of the ligands druglikeness properties However, the LogS solubility values of the ligands tested are between -4.06 and 0.25. Bergamotin has the highest value, the lowest values are always appreciable. However, all the ligands have a number of hydrogen bonding donors: ≤ 5, a number of hydrogen bonding acceptors: ≤ 10 and also reactivity values between 35.75 and 130. So, we can say that the five Lipinski's rule was verified for. Veber's rule which represents the oral bioavailability of a possible drug molecule; it is verified for all ligands studied

	Drug likness	Narinnngin Imperatorin Bergamotin hydroxychloroquine bergapten chloroquine
	propriete						
	Molecular	293	273	340	335	234	226
	weight g/mol						
	Consensus	0.44	2.47	4.76	3.29	1.06	0.6
	Log Po/w						
	Log S (ESOL)	-1.67	-3.52	-5.2	-3.91	-1.77	-0.6
	Num. H-bond	5	4	4	3	4	4
	acceptors						
	Num. H-bond	4	0	0	2	0	4
	donors						
	Molar	74	74	99	98	56	58
	Refractivity						
	Lipinski	YES	YES	YES	YES	YES	YES
	Ghose	YES	YES	YES	YES	YES	YES
	Veber	YES	YES	YES	YES	YES	YES
	Egan	YES	YES	YES	YES	YES	YES
	Muegge	YES	YES	NO	YES	YES	YES
	Bioavailability	0.55	0.55	0.55	0.55	0.55	0.55
	Score						
	TPSA	97	44	48	48	44	64
	Num.	4	3	6	9	1	9
	rotatable						
	bonds						
	Solubility	-1.67	-3.52	-5.2	-3.91	-1.77	-0.6

Table 4 :

 4 The ADME/T test results of ligands (various pharmacokinetic and pharmacodynamic properties)

		properities	Narinnngin	Imperatorin Bergamotin hydroxyc	bergapten	chloroquine
						hloroqui		
						ne		
	Absorption	HIA (%)	87.31	97.72	97.39	94.66	98.16	98.05
		Caco-2 cell	10.52	56.10	49.82	46.08	43.47	56.61
		(nm sec-1)						
		MDCK	44.63	228.71	0.12	45.10	52.91	0.29
	Distibition	Skin_Permeability	-4.18	-3.16	-2.49	-3.08	-3.70	-2.53
		BBB	0.59	2.70	0.36	2.28	2.07	7.73
	Metabolism	Cyp-2C19-	Inhibitor	Inhibitor	Inhibitor	Non	Inhibitor	Non
		inhibition						
		Cyp-2C9-	Inhibitor	Inhibitor	Inhibitor	Non	Inhibitor	Non
		inhibition						
		Cyp-2D6-	Non	Non	Non	Inhibitor	Non	Inhibitor
		inhibition						
		Cyp-2D6-	Non	Non	Non	Substrate	Non	Substrate
		Substrate						
		Cyp-3A4-	Inhibitor	Inhibitor	Inhibitor	Non	Inhibitor	Non
		inhibition						
		Cyp-3A4-	Non	Weakly	Substrate	Substrate	Non	Substrate
		Substrate						
	toxicity	Mutagenicity	Mutagen	mutagen	mutagen	mutagen	Mutagen	Mutagen
		(Ames test)						
		Carcinogenicity	negative	negative	Positive	negative	negative	negative
		Mouse						
		Carcinogenicity	Positive	negative	negative	negative	Positive	Positive
		Rat						
		HERG	Medium risk	Medium risk	Medium risk	Medium	Medium risk	Medium risk
		inhibition				risk		

Molecular dynamics (MD) simulation is the most important used method for evaluating the micro interaction between ligand structure and protein. To gain a better understanding of the stability and dynamics of all complexes, 50 ns MD simulations were used. RMSD, RMSF, Rg, and SASA were evaluated after MD simulations.

Root mean square deviations RMSD

The RMSD curves that all complexes remained stable in ns period time of the simulation with average values ranged from 0.18 to 0.22 nm. The results of RMSD signify that the binding between Mpro and all of these ligands are steady.

Rayon of gyration

Rg was used to assess the complexes compactness and it was revealed that Rg off all systems was steady with the RMSD of system. This depicts that protein was stable and compressed during throughout the 50 ns of time. The average Rg values are ranged from 2.23 to 2.27 nm.

Root-mean-square fluctuation RMSF

The RMSF were measured in order to further compute the residual flexibility over 50 ns of time. The total fluctuations of all the complexes are roughly the same. The average RMSF values are ranged from 0.079 to 0.098 nm.

Solvent accessible surface area

Solvent accessible surface area (SASA) is alternative method in order to retain the protein folding and stability. The calculated SASA values for wild type and mutants are displayed in Fig. 4D. The average SASA values for complexes were found to be 147 nm 2 (Berga), 148 nm 2 (Chlor), 148 nm 2 (Hydro), 146 nm 2 (Imper), 145 nm 2 (Narin) and 151 nm 2 (Bermo). Signifying that there were no notable differences in the available area of all the systems throughout the simulation process.