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1. Introduction
Viruses are always the primary cause of a large number 

of newly emerging and reemerging diseases, which puts 
human and animal health at serious risk. They are a consi-
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The present study deals with the in-silico analyses of several flavonoid derivatives to explore COVID-19 
through pharmacophore modelling, molecular docking, molecular dynamics, drug-likeness, and ADME pro-
perties. The initial literature study revealed that many flavonoids, including luteolin, quercetin, kaempferol, 
and baicalin may be useful against SARS β-coronaviruses, prompting the selection of their potential deriva-
tives to investigate their abilities as inhibitors of COVID-19. The findings were streamlined using in silico 
molecular docking, which revealed promising energy-binding interactions between all flavonoid derivatives 
and the targeted protein. Notably, compounds 8, 9, 13, and 15 demonstrated higher potency against the coro-
navirus Mpro protein (PDB ID 6M2N). Compound 8 has a -7.2 Kcal/mol affinity for the protein and binds to 
it by hydrogen bonding with Gln192 and π-sulfur bonding with Met-165. Compound 9 exhibited a significant 
interaction with the main protease, demonstrating an affinity of -7.9 kcal/mol. Gln-192, Glu-189, Pro-168, and 
His-41 were the principle amino acid residues involved in this interaction. The docking score for compound 13 
is -7.5 Kcal/mol, and it binds to the protease enzyme by making interactions with Leu-41, π-sigma, and Gln-
189. These interactions include hydrogen bonding and π-sulfur. The major protease and compound 15 were 
found to bind with a favourable affinity of -6.8 Kcal/mol. This finding was further validated through molecular 
dynamic simulation for 1ns, analysing parameters such as RMSD, RMSF, and RoG profiles. The RoG values 
for all four of the compounds varied significantly (35.2–36.4). The results demonstrated the stability of the 
selected compounds during the simulation. After passing the stability testing, the compounds underwent scree-
ning for ADME and drug-likeness properties, fulfilling all the necessary criteria. The findings of the study may 
support further efforts for the discovery and development of safe drugs to treat COVID-19.
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derably greater global concern in the developing world, 
particularly when it comes to public health, than they have 
been in the last century. Pathogenic viral infections are the 
primary cause of the most serious and fatal human diseases. 
These viruses spread quickly and significantly increase the 
global burden of morbidity and mortality [1]. A hospital 
in Wuhan, Hubei Province, China, grabbed attention from 
across the world on December 31st when it reported several 
patients who had pneumonia with no known cause. In this 
situation, China banned the whole region in early 2020 to 
halt the spread of a new coronavirus strain known as severe 
acute respiratory syndrome coronavirus-2, and the world 
took note (SARS-CoV-2) [2]. It quickly had the entire pla-
net under its control, like a monstrous serpent. On January 
30, 2020, the World Health Organisation (WHO) decla-
red this epidemic a public health emergency of worldwide 
significance. However, more people are being affected by 
SARS-CoV-2 compared to other viruses such as MERS-
CoV (34.4%) and SARS-CoV (9.19%), leading to an in-
creasing problem of community transmission [3]. On July 
16th, 2020, the WHO reported that there had been more 
than 13,338,364 confirmed cases worldwide, resulting in 
at least 57,931 deaths. SARS-CoV-2, like MERS-CoV and 
SARS-CoV, is a member of the coronavirus family, parti-
cularly the β-coronavirus family [4]. 

SARS-CoV-2, a single-stranded RNA virus, efficiently 
leverages host systems to perform a variety of physiolo-
gical functions, such as viral entry, assembly, subsequent 
viriogenesis, and even genomic replication and protein 
synthesis. This achievement finally leads to the host's pa-
thological demise [5]. Hence, by considerably enhancing 
any of the aforementioned viral life cycle events with tiny 
compounds or short chains of amino acids, vaccinations 
may significantly benefit the host. With all these aims, the 
researchers are trying to find the juggernaut in a reaso-
nable amount of time. Only at the end of 2020 will the 
vaccine be ready for widespread distribution, so it is es-
sential to find approved experimental treatments and off-
label medications, as well as antiviral phytochemicals, to 
combat SARS-CoV-2 infection. Choosing the conventio-
nal approach will take years to generate a lead, whereas 
various structure-based modelling techniques (macromo-
lecule or ligand), repurposing the existing antiviral based 
on their respective background research, and rapid drug 
database screening may prove to be the most effective 
strategies to speed up the development of novel inhibitors 
against SARS-CoV-2 [6]. However, only a few potential 
new drugs show promise in combating this serious threat. 
Researchers discovered that Nafamostat, a powerful 
MERS-CoV membrane fusion inhibitor, prevents SARS-
CoV-2 infection [7]. As an anti-protozoal, nitazoxanide 
has a variety of antiviral effects [8]. Compared to Nafa-
mostat, its effectiveness against 2019nCoV infection was 
more encouraging [9]. Wang et al. discovered Favipira-
vir, Ribavirin, and Penciclovir with substantial anti-CO-
VID-19 properties while evaluating a series of known 
antiviral nucleoside analogues. Anecdotal information on 
the use of protease inhibitors (Pit) during the early stages 
of this outbreak spurred the study of this medication. Du-
ring that process, healthcare providers administered some 
of the first-line anti-HIV medications, such as lopinavir/
ritonavir, remdesivir, and tipranavir, to treat this infection 
[10]. However, it remains unclear whether the medication 
class specifically suited to the HIV structure would ini-

tially exhibit sufficient cross-reactivity to effectively com-
bat SARS-CoV-2. Since the beginning of time, the plant 
kingdom has continuously provided the human race with 
a vast array of medicinally significant phytoconstituents. 
Plant-based antivirals are not brand new. 

According to the annual report on medici-
nal chemistry, seven out of ten synthetic antivi-
rals that the FDA approved between 1984 and 1995 
were based on a natural product template [10]. 
Food plants include many flavonoids, which disrupt the 
NLRP3 signalling pathway. Flavonoids such as luteolin, 
myricetin, apigenin, quercetin, kaempferol, and baicalin 
have been shown to be effective against SARS beta co-
ronaviruses. The respiratory agony syndrome associated 
with SARS coronaviruses is reported to develop in part as 
a result of viral activation of the NLRP3 inflammasome, 
which increases the production of inflammatory cytokines. 
They fight viruses in several ways [11].

These biomarkers and their semi-synthetic analogues 
effectively treat the target virus. The scientific commu-
nity has already acknowledged the major Pit Mpro, also 
known as 3CLpro, as the preferred target due to its useful-
ness in processing viral polyproteins [12]. The molecular 
docking technique has beecome popular for the designing 
of possible potential drug candidates for different emer-
ging diseases [13-15]. The molecular docking strategy 
and technique was used in the current study to model a 
few commercially available flavonoids that could poten-
tially interact with the primary Pit for the treatment of CO-
VID-19. Frequently, a sizable pool of compounds fails to 
pass all drug discovery hurdles because they do not adhere 
to safety and drug-likeness standards. As a result, the rate 
of failure can be significantly decreased at the design stage 
before moving on to the wet stage, which also makes the 
entire drug development process more cost-effective. The 
current work therefore aims to find the drug resemblance 
and pharmacokinetic properties of the docked compounds 
produced from natural flavonoids, as well as the binding 
poses.

2. Materials and Methods
2.1  Pharmacophore modeling and database searching 

Pharmacophores interact favorably with a macromo-
lecule and enable a ligand to correctly occupy the active 
site of a biological target, leading to an acceptable thera-
peutic effect. The three-dimensional spatial layout of the 
interlocking functional groups necessary for its action is 
established by pharmacophore modelling (PCM). Due to 
the importance of phytoconstituents in the treatment of 
viral infection, we chose baicalein, catechin, kaempferol, 
and naringenin as the four commercially available flavo-
noids for a ligand-based PCM experiment [16]. We perfor-
med PCM using Pharma Gist, an internet web server [17]. 
The researchers first drew the 2D structures of these four 
compounds using ChemSketch and then saved them in the 
mol2 format using Open Babel software [18]. Pharma Gist 
was then used to import all these compounds and generate 
their common 3D properties. Using Pymol as a molecular 
viewer, Figure 1 illustrates the examination of the phar-
macophore model made up of all typical flavonoids [19]. 
The common features so obtained are 2 H-bond donors, 
1 H-bond acceptor, and three aromatic centers. The 3D 
features thus obtained were further transferred to another 
web server called ZincPharmer, which utilises its search 
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king the ligand already present at the active site accom-
plishes this step. The extraction of the co-crystal 3WL 
(Baicalein) from the protein's co-crystallized structure 
(PDB: 6M2N) emptied the active site. We then redocked 
the co-crystal inside the protein's active site. There is ex-
cellent agreement between the inhibitor's position during 
docking, 3WL, and the protein structure. RMSD determi-
ned the redocked conformation and unprocessed crystallo-
graphic conformation of Compound 3WL. By reproducing 
the experimentally observed binding mechanism for the 
viral major protease, the docking approach is guaranteed 
to be reliable.

2.5  Molecular docking studies
The primary objective of the molecular docking tech-

nique is to make an informed prediction regarding the 
composition of the ligand-receptor complex through the 
utilization of computational approaches. The docking pro-
cess encompasses two distinct yet interdependent steps. 
Firstly, it involves sampling several conformations that 
the ligand can adopt when bound to the protein’s active 
site. Secondly, it entails the classification of these resi-
dues based on a performance index. By executing these 
intricately woven steps, molecular docking sheds between 
ligands and receptors are performed, unravelling the pre-
diction of their interactions and aiding drug discovery and 
design endeavors. The Auto Dock Vina application was 
employed to accomplish molecular docking [24]. During 
molecular docking studies, the grid box coordinates were 
strategically set to cover both the entire protein and the 
site of interest, ensuring accurate ligand placement. The 
grid centre points were set to X = − 36.403, Y = − 56.315, 
and Z = 41.288, and given these requirements, the grid box 
occupied the active site in such a way that all the crucial 
amino acid residues for the active site were located inside 
the box. For each docked molecule, docking yields nine 
major conformers. The conformer chosen for the next in-
vestigation was considered the most active against the viral 
major protease due to its superior docking pose and lowest 
binding energy. The interaction study of bound complex 
structures was conducted using the PyMol molecular 
viewer and the BIOVIA Discovery Studio programme.

2.6  Drug-likeness studies
Any chemical that possesses specific active functio-

nal groups can interact with a protein; however, due to 
noncompliance with the Lipinski and Veber rules, they 
frequently struggle to be a candidate to seek. The specifi-
cations that must be met while creating a medication are 
laid forth by these guidelines. The virtual experiment of 
the drug-likeness study is now crucial to take into account 
when constructing virtual bioactives. In the current inves-
tigation, there are no exceptions. Any breach of the afore-
mentioned rules led to the removal of the compound from 
the research. The study showed that the compound, which 
was removed due to a breach of the rules, had no effect on 
the major protease of SARS-CoV-2. The study was carried 
out using an internet web server named Swiss ADME [22].

2.7  ADME Profiling
Sometimes, despite obtaining a thumbs up from the 

drug-likeness study, a molecule cannot be optimised due 
to a subpar pharmacokinetic profile. Hence, if virtual phar-
macokinetic screening can be performed at the early stages 

engine the Zinc database to generate a huge number of hits 
bearing nearly the same pharmacophoric features [20]. A 
set of 10 compounds with a root mean square deviation 
(RMSD) of less than 0.57 were selected for additional re-
search from many hits. While designing a second batch of 
ten compounds [11-20], we considered the pharmacopho-
ric characteristics of both the standards and the compounds 
retrieved from the zinc database. All the 20 compounds 
thus obtained were docked against Mpro of SARS-CoV-2, 
owing to their importance in the present research.

2.2  Protein modeling 
A fresh crystal structure of the Coronavirus Mpro pro-

tein (PDB entry number 6M2N) was imported from the 
Protein Data Bank (PDB, http://www.rcsb.org). Its PDB 
entry number is 6M2N, and it has a 2.20 resolution. It also 
complexes with the inhibitor baicalein by using an HP lap-
top with a 1.7 GHz central processing unit, four GB of 
RAM, and Windows 7, a 32-bit operating system [21]. We 
used MGL Tools 1.5.6 to model the protein. We deleted the 
first heteroatoms, which included the cocrystal occupying 
the substrate binding site and the water molecules. We 
employed the energy-minimization method to fix the pro-
cess's coordinate deviation using the Swiss PDB reader 
[22]. Next, we examined the energy-minimized protein 
using the Python Molecular Viewer. In the end, missing 
and polar hydrogens were merged, incomplete Gasteiger 
atomic charges were added, and bond ordering was assig-
ned. All the protein's atoms were converted to Autodock4 
type (t) and the pdb file was modified to pdbqt, where q 
stands for charge and t for Autodock4 type, in order to 
make the protein compatible with docking software.

2.3  Ligand modeling
Using the free software ACD ChemSketch, the 2D 

structures of all the compounds (1–20) were created. All 
the 2D structures were converted to 3D using the PRO-
DRG web server [23]. The resulting 3D structures were 
stored in protein data bank (PDB) form. All the com-
pounds underwent additional processing in the same way 
as the protein before saving them in "pdbqt" form. The 
standards also underwent this adjustment. Supplementary 
Table 1 (Table S-1) displays the 2D structures of all the 
ligands taken into consideration for this in silico analysis.

2.4  Validation of molecular docking 
To guarantee the dependability and reproducibility of 

the docking process, validation is a crucial step. Redoc-

Fig. 1. Common pharmacophoric features of standard flavonoids Bai-
calein, Catechin, Kaempferol and Naringenin.
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Docking Score Druggability Parameters (Drug-Likeliness)

Compound BE* Mol wt 
(g/mol)

Consensus
Log P

H-bond 
donors

H-bond 
acceptors Lipinski’s Rule Rotatable 

bonds TPSAα Veber’s Rule

Co-crystal (Baicalein) -7.8 270 2.68 3 5 No 1 91 No

Standard 1 (Catechin) -7.5 290 1.37 5 6 No 1 110 No

Standard 2 (Kaempferol) -7.8 285 2.17 4 6 No 1 114 No

Standard 3 (Naringenin) -7.5 272 2.12 3 5 No 1 90 No

1 -7.4 286 3.48 2 5 No 0 74 No
2 -7.9 288 2.39 2 6 No 0 92 No
3 -7.8 303 1.82 4 7 No 0 118 No
4 -7.4 275 2.65 3 9 No 0 90 No

5 -7.5 429 3.43 4 11 1 violation
HBA>10 4 158 1 violation

TPSA>140
6 -7.9 354 3.48 4 8 No 3 131 No
7 -6.9 310 1.91 4 6 No 1 98 No
8 -7.2 302 2.03 3 7 No 1 95 No
9 -7.9 330 2.13 3 7 No 2 95 No
10 -7.2 372 3.98 2 5 No 4 67 No
11 -7.5 417.29 4.46 3 3 No 7 70.59 No
12 -7.0 417.29 4.45 3 3 No 7 70.59 No
13 -7.5 429.53 1.85 2 7 No 6 104.48 No
14 -7.3 400.96 4.11 1 3 No 5 52.01 No
15 -6.8 469.60 2.04 2 6 No 9 105.22 No

16 -8.6 587.62 5.92 3 7
2 violation
(MW>500)
(Log P>5)

11 122.16 1 violation
(Rot bonds>10)

17 -8.7 429.85 4.81 1 4 No 4 72.44 No
18 -7.3 358.48 0.45 3 6 No 7 71.86 No
19 -7.6 372.87 4.45 2 3 No 7 109.14 No
20 -7.7 391.47 2.01 0 4 No 4 63.37 No

Table 1. Twenty (20) compounds' docking output and drug-likeness research.

* Binding energy or docking score in Kcal/mol
α Topological polar surface area in Å2
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of drug discovery, it can lessen the financial burden on the 
company by reducing the number of compounds that need 
to be optimized. The ADME prediction research facilitates 
the rapid creation of safe medications. The goal of this 
in-silico study is to identify the most active compounds 
among all the actives extracted during primary screening 
by focusing on a few ADME characteristics that all active 
molecules should meet. The pharmacokinetic studies of 
each ligand must be determined significantly earlier in the 
lead optimisation stage using computer-aided drug design 
(CADD), which is the sole method. This ADME profiling 
was maintained in the current investigation as part of se-
condary screening, as opposed to the initial active scree-
ning, which was based on drug-likeness, docking score, 
and posture. ADME investigations were carried out by the 
Swiss ADME online web server [25-27].

2.8  MD simulation analysis of potential derivatives
Investigational ligand-protein binding mode was car-

ried out by using LARMD server [28]. The LARMD ser-
ver was fed the protein-ligand complex in PDB format as 
it was obtained experimentally. Water was used as an ex-
plicit model with a molecular dynamic time of 1 ns. Afte-
rwards, after delineating reaction coordinates, all relevant 
input files for MD simulation were submitted. The work 
was renamed, and a new job was posted. A software called 
initialization was used to get the sequence data in order to 
find the nonstandard residue(s). The four chemicals under 
consideration for more research were all chosen for the 
energy computation and trajectory analysis. All nonstan-
dard residues' force fields were produced. The recom-
mended tunnel was chosen for simulation for the Int mod 
module. The residues that make up the catalytic domain 
of the proteins were analyzed for their residence time in 
contact with all the selected ligands in order to calculate 
their % occupancy for interaction throughout the simula-
tion exercise. The simulation trajectory, the RMSD, and 
the radius of gyration (Rg) of the qualifying compounds 
were all calculated and analyzed. For the purposes of ana-
lysing RMSD, Rg, and Root Mean Square Fluctuation 
(RMSF), the Cpptraj module of the AMBER16 software 
was employed [29]. The binding free energy (Gbind) was 
computed using the MM/PBSA and MM/GBSA tech-
niques utilising the enthalpy or total energy of the system 
(E) and the system's solvation entropy (TS).

3.  Results
Creating the safest Pit against COVID-19 infection 

was the aim of the current study. Flavonoids were chosen 
as phytoconstituents with antiviral properties since they 
have been used to treat numerous viral diseases, including 
COVID-19. In order to identify the common chemical pro-
perties causing the interaction with the active site amino 
acid residues, four typical flavonoids of therapeutic value 
such as baicalein, catechin, kaempferol, and naringenin 
were first aligned using pharmacophore modelling. A total 
of twenty compounds were used, ten of which were taken 
from the zinc database and had similar pharmacophoric 
characteristics to standards, and the remaining ten were 
created using the pharmacophore established as shown in 
Figure 1. These twenty substances were taken into account 
for the next computational investigation, which includes 
molecular docking, drug-likeness, and an examination of 
the ADME profile. To find any worrying fragment from 

the substance under investigation, fragment alert data was 
also created. With Autodock Vina, all the compounds, 
including the standards, were docked correctly. Docking 
causes the ligand to take on various different postures. The 
bioactive position was chosen and processed for additio-
nal analysis based on which stance had the highest affi-
nity or the lowest score or binding energy. The following 
analysis featured drug-likeness research, which examined 
adherence to a set of guidelines put out by two outstan-
ding scientists, Lipinski and Veber. The major criterion 
for excluding a drug from the ADME profile check, the 
next stage of examination, was continued to be violation 
of any regulation. Both Veber's parameter and Lipinski's 
Rule of Five were used to estimate the drug-like qualities, 
indicating that a significant number of compounds created 
by PCM were discovered to have unique features suitable 
for inclusion in the ADME prediction research. Lipinski's 
Rule of 5 asserts that a chemical must meet specific criteria 
established by those experts in order to be pharmacologi-
cally active. As the virus is mostly colonised in the lungs, 
compounds having TPSA values more than 90 Å2, namely 
compounds 6, 7, 8, 9, 13, and 15, were taken into consi-
deration for the pharmacokinetic investigation in order to 
prevent unfavourable CNS effects. The active site study 
identified His-41, Cys-44, Met-49, Leu-141, Asn-142, 
Gly-143, Ser-144, Cys-145, His-163, His-164, Met-165, 
Glu-166, Asp-187, Arg-188, and Gln-189 as the important 
amino acids implicated in ligand binding. The conformer 
produced by Autodock Vina with the lowest energy of all 

Fig. 2. (a) Stereo view demonstrating the strongest conformer of che-
mical 6 overlaid on the native co-crystal at the active site of the coro-
navirus major protease. (b)Molecular surface image of compound 6 at 
its ideal position.

Fig. 3. 2D interactions of compound 6 with the active site residues of 
coronavirus Mpro.
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the docked compounds was taken into account. The drug 
likelihood information and the docking output are included 
in Table 1. A significant interaction between compound 6 
and the major protease was identified, with an affinity of 
-7.9 Kcal/mol. Together with two -cation interactions with 
His-41 and Met-49, it specifically created two hydrogen 
bonds with Glu-166 and Cys-45. As demonstrated in Fi-
gures 2 and 3, two -alkyl interactions with Asn-142 and 
Leu-27 were also noticed.

As seen in Figures 4 and 5, compound 7 formed many 
contacts during docking with the primary protease, inclu-
ding stacking with His-41, hydrogen bonding with Thr-
190, and Sulphur interactions with Cys-44 and Met-49. 
This resulted in a binding energy of -6.9 Kcal/mol.

It can be seen from Figure 6 and 7, that compound 8 
interacts with the protein with an affinity of -7.2 Kcal/mol 
by establishing hydrogen bond with Gln192, π-sulfur bon-
ding with Met-165.

Fig. 4. (a) A stereo view of the best conformer of compound 7, which 
is in the active site of the main protease of the coronavirus, is shown 
by placing it on the co-crystal. (b) molecular surface view of the com-
pound's best pose is also presented.

Fig. 5. The two-dimensional structure of the interactions between the 
best conformer of compound 7 and the active site of the coronavirus 
MPro is shown.

Fig. 6. Docking semblance of compound 8. a 3D Spatial arrangement 
of the best conformer (most stable) of compound 8 within the binding 
site of coronavirus main protease, aligning with the original co-crys-
tal. b Molecular surface view of the best-fitted posture of compound 
8.

Fig. 7. The best conformer of compound 8 interacts in two dimensions 
with the coronavirus Mpro active site residues.

Fig. 8. (a) Docking pose of compound 9 & (b) Molecular surface view 
of compound 9.

Fig. 9. 2D connections of the finest conformer of compound 9 with 
active site residues of coronavirus Mpro.
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A prominent interaction between compound 9 and the 
main protease was observed with an affinity of -7.9 kcal/
mol. The principle amino acid residues involved in this 
interaction were found to be Gln-192, Glu-189, Pro-168, 
His-41 as shown in Figures 8 and 9.

Compound 13 binds with the protease enzyme through 
docking score of -7.5 Kcal/mol by establishing inte-
ractions, like hydrogen bonding with Leu-41, π-sigma, 
π-sulfur with Gln-189 and His-41 respectively as shown 
in Fig. 10. More interestingly, a salt bridge was also found 
with Glu-166 as observed in Figure 11.

The major protease and compound 15 were found to 
bind with a favorable affinity of -6.8 Kcal/mol, as illustra-
ted in Figure 12 and 13.

All of these substances have significant potential to 
be taken into consideration for the following stage of 
research, i.e., ADME prediction, since they are all well 
ascribed to having drug-like qualities without breaking 
either Lipinki's Rule of Five or Veber's rule [30]. Com-
pounds 16 and 17 did not make it into the final position 
of prediction despite having the greatest binding energies, 
-8.6 Kcal/mol and -8.7 Kcal/mol, respectively. Compound 
16 exhibits several infractions of both criteria for drug-like 
qualities, but compound 17, which had a value of less than 
90 and was CNS vulnerable, was unable to maintain the 

momentum. Compounds 1, 10, 11, 12, 14, 18, and 20 are 
among the other compounds that must overcome a similar 
challenge. All of these compounds had protease affinities 
that were within the acceptable range of -7.0 to -7.7 Kcal/
mol. The SARS-CoV-2 Mpro was used to scan the bin-
ding pattern of these pharmacophore-derived drugs, and 
the results showed that hydrogen bonding interaction was 
the primary factor in binding. The amount of exploration 
depends on how flexible a ligand is, which is determined 
by the presence of rotatable bonds. Compounds 2, 3, and 4 
were excluded from the ADME investigation because they 
lacked rotatable bonds.

For the ADME prediction investigation, the com-
pounds (6, 7, 8, 9, 13 and 15) that were screened from the 
docking and drug-like tests underwent further evaluation. 
The blood-brain barrier's (BBB) permeability is one of 
the factors considered for ADME profiling. Although the 
central nervous system (CNS) is not where protease inhi-
bitors are intended to stay, any peripherally acting drugs 
with BBB permeability might nonetheless have a negative 
effect on the CNS [31]. Since they can quickly pass the 
viral barrier and may easily infiltrate the intestinal tract, 
molecules with high gastrointestinal (GI) permeability can 
make medications that are taken orally accessible. Skin 
permeability (log Kp) values that are more negative indi-
cate that the chemicals have a harder time penetrating the 
skin membrane [32]. Cytochrome P450 (CYP450) isoen-
zymes family play a vital part in metabolic biotransfor-
mation. Drug-drug interactions may be eliminated if these 
CYP450 enzymes are inhibited since this metabolic acti-

Fig. 10. (a) Docking pose of compound 13 & (b) Molecular surface 
view.

Fig. 11. Two-dimensional docking pose of compound 13.

Fig. 12. Docking semblance of compound 15. a 3D Spatial arrange-
ment of the best conformer (most stable) of compound 15 within the 
binding site of coronavirus main protease, aligning with the original 
co-crystal. b Molecular surface view of the best-fitted posture of com-
pound 15.

Fig. 13. Best docking 2D pose of compound 15 with the proximally 
placed binding site residues of Mpro.
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vity will be reduced [33]. Drug or metabolite accumula-
tion brought on by declining clearance values may result 
in a number of toxicities in the body [34]. The investiga-
tion was further enhanced by the generation of structural 
warning data, which may quickly detect the toxicophoric 
point in a molecule. These two remarkable characteristics, 
known as Brenk alert and In the early phases of drug dis-
covery, pan-assay interference compounds (PAINS) alert 
examine the desired compounds in a way that allows any 
major region to be rapidly ruled out [35]. The majority 
of PAINS are chemically promiscuous, exhibiting binding 
affinity for a range of targets regardless of the target that 
has been specified, resulting in false positives and unex-
pected results. The findings of the ADME studies on the 
six most important active chemicals are shown in Table 2.

To guarantee their safety, the predicted ADME profile 
was further validated on each of the six initially selected 
compounds. Certain standards were maintained for the 
final screening of qualifying compounds. The substances 
must not inhibit three or more CYP450 isoenzymes, and 
last but not least, not trigger pain or Brenk alarms. The 
ADME study's findings, which fall far within the accep-
table limit, show that compounds 8, 9, 13, and 15 are the 
safest of all. Due to both of the other two compounds, 6 
and 7, carrying Brenk Alert, they were unable to advance 
to the final selection. No particular medications or vac-
cines are effective against any of the corona viruses, tar-
get-specific drug research is of utmost relevance. From 
the beginning of time, the plant kingdom has continuously 
provided the scientific community with a variety of parent 
products, whose systemic modelling led to the synthesis 
of several synthetic antivirals. In light of the aforemen-
tioned information, we generated a few molecules based 
on a pharmacophore created by aligning four common fla-
vonoids. We have produced a few protease inhibitors by 
properly utilising a few computational technologies. since 
most currently utilised COVID-19 medications largely 

target the viral primary protease. Most of the substances 
fit into the primary protease's binding pocket effectively, 
supporting the pharmacophore and future design. Howe-
ver, in order to guarantee that the important interactions 
are undamaged, molecular dynamic modelling will need 
to be performed in the future. Due to their strict adherence 
to medication-like features and ADME profile, four out of 
the 20 compounds (8, 9, 13, and 15) emerged as suitable 
candidates to deal with. Four compounds were identified 
as the most promising ones based on an overall analysis 
of docking and ADME research. Research using molecu-
lar dynamic modelling was done using all these bioactive 
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6 M. Sol Low No -6.09 Yes No Yes No No 1 1
7 Sol High No -7.48 Yes No No No No 0 1
8 Sol High No -7.11 Yes No No No No 0 0
9 Sol High No -7.21 Yes No No Yes No 0 0
13 Sol High No -7.8 No No No Yes No 0 0
15 Sol High No -8.12 No No No Yes No 0 0

Name of compound Free energy (kcal/mol) Main protease

8
MM/PBSA -10.33
MM/GBSA -12.93

9
MM/PBSA -5.79
MM/GBSA -13.28

13
MM/PBSA -3.34
MM/GBSA 5.04

15
MM/PBSA -4.4
MM/GBSA 0.56

Table 3. The selected bioactive compounds' binding free energy (in kcal/mol).

Table 2. ADME profiling of screened compounds.

Fig. 14. Molecular Dynamic Simulations of all the four active com-
pounds; a, d, g, j: RMSD (Root Mean Square Deviation) diagram of 
compounds 8, 9, 13, 15; b, e, h, k: Rg (Radius of gyration) plots of 
compounds 8, 9, 13, 15; c, f, i, l: RMSF (Root Mean Square Fluctua-
tion) values and its corresponding  graph of compounds 8, 9, 13, 15.
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substances. According to Table 3, all four of these com-
pounds had effective binding affinities with the enzyme 
based on their MM/PBSA and GBSA scores.

Furthermore, the chosen compounds' corresponding 
motion could change the adaptability, conformation, and 
capabilities of the proteases, as demonstrated by the mole-
cular analysis of the ligand protein interactional binding 
mode based on MD simulations (Str mod) with external 
forces applied on the ligand. (Figure 14.).

To ascertain the stability of the interaction between the 
protein-ligand complex, a 1000 ps long MD simulation 
was run in the condition of water solvation. The MD tra-
jectory's stability was confirmed using RMSD and Rg. The 
COVID-19 main protease's mean RMSDs of CA atoms lie 
between 0 to 3, according to the results shown in Figure 
14(a, d, g, j)). Figure 14(b, e, h, and k) shows that the Rg 
values for all four of the compounds varied significantly 
(35.2–36.4).

The distribution of the ligand may have a considerable 
impact on the internal atomic fluctuation of the protein. As 
all four complexes are effectively aligned with the majo-
rity of the target protein amino acids, this is evident in the 
RMSF plot of all four complexes.

While the other three complexes show larger fluctua-
tion RMSF values well up to 30, the Root Mean Square 
Fluctuations (RMSF) per amino acid of compound 15-
main protease complex (Figure 14.) in a regular fluctuation 
pattern between 2 and 12. The target protein's structural 
flexibility was severely impacted, as seen by the RMSD, 
Rg, and RMSF data. This could be as a result of the chemi-
cals' proximity to the proteases' internal core. Any of the 
evaluated substances might have an impact on the confor-
mational dynamics of the target protein under simulation. 
As a result, the functional characteristic and its inherent 
capacity for generating a clinical condition brought on by 
the corona virus might change. The current research shows 
that newly created chemicals, which are derived from a 
pharmacophore created from flavonoids, may significant-
ly block the corona virus's primary protease and can be 
produced synthetically as antivirals to effectively stop the 
spread of this serious threat.

4.  Discussion
Computational screening-based drug design investiga-

tions of designed derivatives of flavonoid for the identifi-
cation of potent drugs for COVID-19 had been conducted 
meticulously, each result demonstrated well to explain its 
importance. Molecular modelling techniques such as Mo-
lecular docking and Molecular dynamic simulation had 
demonstrated the interaction with significant residues and 
stability of the docked derivatives structures with selec-
ted protein. With the coronavirus Mpro protein (6M2N), 
Gln192 and π-sulfur bonding with Met-165 residues make 
contacts with Compound 8, Gln-192, Glu-189, Pro-168, 
and His-41 with compound 9 and Leu-41, π-sigma, and 
Gln-189 with compound 13. The best-bounded conforma-
tions were further subjected to the deep-down analysis of 
MD simulations. The stability of the virtual hit molecules 
(08,09,13 and 15) with the receptor protein is important, 
hence the average values for each Molecular Dynamic 
simulation analysis were noted to determine the fluctua-
tion of results concerning binding stability with the target, 
and overall results are quite acceptable, thus deemed to 
be stable structures. Further wet laboratory experimental 

analysis is required to validate the computational hypo-
thetical results to confirm the inhibitory character against 
the COVID-19. ADME profile estimations for potential 
virtual hit molecules (08, 09, 13 and 15) were additional-
ly conducted to evaluate the drug-likeness activity of the 
selected derivatives, each compound had presented accep-
table chemical and physical properties (Tables 1 and 2). 
Hence, this In silico study could be a roadmap to propose 
COVID-19 antiviral drugs with the best bounded aspects 
within enzyme pocket as well as good medicinal chemistry 
and bioavailability estimations.

5.  Conclusion
With its widespread disease, fatalities, and interrup-

tions to normal life, the COVID-19 pandemic undoubtedly 
had a significant effect on the world. It can be challenging 
to adequately treat patients who have the virus because of 
the severe lack of appropriate drugs, which is a serious 
problem. As no particular medications or vaccines are ef-
fective against any of the corona viruses, target-specific 
drug research is of utmost relevance. From the beginning 
of time, the plant kingdom has continuously provided the 
scientific community with a variety of parent products, 
whose systemic modelling led to the synthesis of several 
synthetic antivirals. In light of the aforementioned infor-
mation, we generated a few molecules based on a phar-
macophore created by aligning four common flavonoids. 
As the bulk of presently used COVID-19 drugs primarily 
target the viral main protease, we developed a few pro-
tease inhibitors by effectively utilising a few computatio-
nal methods, such as docking studies, drug-likeness, and 
Pharmacokinetic profile check. Most of the substances 
fit into the primary protease's binding pocket effectively, 
supporting the pharmacophore and future design. For the 
MD simulation research that ensures intact main contacts, 
four out of the twenty compounds (8, 9, 13, and 15) were 
taken into further consideration, notably for compound 
15. Due to their strict adherence to drug-like features and 
ADME profile, these four compounds have become pro-
mising candidates to deal with. Finally, it is important to 
note that classical bioinformatics, when properly combi-
ned with chemo-informatics methods, produced fresh data 
for SARS-CoV-2 research at a breakneck pace.

Abbreviation
COVID-19: Coronavirus disease-19; ADME: Absorption, 
distribution, metabolism and excretion; MD Simulation: 
Molecular docking simulation; SARS-CoV-2: severe 
acute respiratory syndrome coronavirus-2; MERS-CoV: 
Middle East respiratory syndrome coronavirus; HIV: 
Human immunodeficiency virus; FDA: Food and drug 
administration; NLRP3: nucleotide-binding domain, leu-
cine-rich–containing family, pyrin domain–containing-3; 
PCM: Pharmacophore modelling; RMSD: Root mean 
square deviation; PDB: Protein Data Bank; PAINS: Pan-
assay interference compounds;  CYP450: Cytochrome 
P450; RMSF: Root mean square fluctuations. 
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