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Abstract

SARS-CoV-2 is the foremost culprit of the novel coronavirus disease 2019 (nCoV-19 and/or simply COVID-19) and poses
a threat to the continued life of humans on the planet and create pandemic issue globally. The 3-chymotrypsin-like protease
(MPRO or 3CLPRO) is the crucial protease enzyme of SARS-CoV-2, which directly involves the processing and release of
translated non-structural proteins (nsps), and therefore involves the development of virus pathogenesis along with outbreak
the forecasting of COVID-19 symptoms. Moreover, SARS-CoV-2 infections can be inhibited by plant-derived chemicals
like amentoflavone derivatives, which could be used to develop an anti-COVID-19 drug. Our research study is designed
to conduct an in silico analysis on derivatives of amentoflavone (isoginkgetin, putraflavone, 4'"'"""-methylamentoflavone,
bilobetin, ginkgetin, sotetsuflavone, sequoiaflavone, heveaflavone, kayaflavone, and sciadopitysin) for targeting the non-
structural protein of SARS-CoV-2, and subsequently further validate to confirm their antiviral ability. To conduct all the
in silico experiments with the derivatives of amentoflavone against the MPRO protein, both computerized tools and online
servers were applied; notably the software used is UCSF Chimera (version 1.14), PyRx, PyMoL, BIOVIA Discovery Stu-
dio tool (version 4.5), YASARA (dynamics simulator), and Cytoscape. Besides, as part of the online tools, the SwissDME
and pKCSM were employed. The research study was proposed to implement molecular docking investigations utilizing
compounds that were found to be effective against the viral primary protease (MR?). MPRO protein interacted strongly with
10 amentoflavone derivatives. Every time, amentoflavone compounds outperformed the FDA-approved antiviral medicine
that is currently underused in COVID-19 in terms of binding affinity (—-8.9, —-9.4, -9.7, - 9.1, -9.3, —9.0, —= 9.7, — 9.3,
—8.8, and —9.0 kcal/mol, respectively). The best-selected derivatives of amentoflavone also possessed potential results in
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100 ns molecular dynamic simulation (MDS) validation. It is conceivable that based on our in silico research these selected
amentoflavone derivatives more precisely 4"""""-methylamentoflavone, ginkgetin, and sequoiaflavone have potential for serving
as promising lead drugs against SARS-CoV-2 infection. In consequence, it is recommended that additional in vitro as well
as in vivo research studies have to be conducted to support the conclusions of this current research study.
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Background

COVID-19 or Coronavirus disease-19 has caused by severe
acute respiratory virus-2 (SARS-CoV-2) in December
2019 and has been spreading rapidly from Wuhan, China,
to globally. World Health Organization (WHO) observed
all circumstances and declared the COVID-19 as a global
pandemic [1-3]. At present (16 December 2021), according
to the worldometer (https://www.worldometers.info/coron
avirus/) estimated that 27,28,11,578 infected; 53,49,729
deaths; 24,51,13,998 recovered-covid-19 patients. How-
ever, SARS-CoV-2 also known as novel coronavirus 2019
or nCoV-19belongs to the Betacoronavirus genus similar
to SARS-CoV and MERS-CoV [4, 5]. The SARS-CoV-2
holds the positive-sense single-stranded RNA viruses with
approximately 30 kbp genomic length. Structural and non-
structural proteins are characterized in SARS-CoV-2 where
structural proteins (i.e., Spike (S), Envelope (E), Nucle-
ocapsid (N), and Matrix (M)) and non-structural proteins,
namely-Proteases 3-chymotrypsin-like protease (3CLPRO),
RNA-dependent RNA polymerase (RdRp), and Papain-like
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protease (PLPRO) [6]. The SARS-CoV-2 Polyprotein encodes
two main protease enzymes (i.e., 3CLPRO, PLPRO) which
directly involve the processing and release of translated non-
structural proteins (nsps), the main protease is known as
3-chymotrypsin-like protease (MPRC or 3CLFR?) [7]. The S
protein, present on the outer surface of the virion, helps in
viral attachment and entry to the host cells [8, 9] (Fig. 1).
For minimizing the pandemic conditions, clinicians
and researchers have recommended the combinational
therapy of hydroxychloroquine and azithromycin and also
proposed various antiviral drugs, antibody therapy, and
so on therapeutic agents [10, 11]. Importantly, Food and
Drug Administration (FDA) approved camostat mesylate
as a standard antiviral agent [12]. But researchers are try-
ing to find out ideal plant-derived natural phytocompounds
which address the diverse diseases conditions, and these
bioactive compounds will hasten the drug discovery pro-
cess [13—15]. Amentoflavone (i.e., biflavonoid in nature) is
extremely found all over the world [2, 3, 16]. Clusiaceae,
Caryophyllaceae, Euphorbiaceae, Cupressaceae, Calophyl-
lum, and Selaginellaceae families are the major sources
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Fig. 1 Schematic illustration
of the in silico study of the
interaction of the amentofla-
vone results with the SARS-
CoV-2 MPRO

SARS CoV-2

of amentoflavone [17]. It’s a complex compound where
two apigenin structurally are bound with each other by
C3'—C8" linkage [17]. It possesses numerous potential bio-
logical activities as an antivirus [18], anti-tumor [19], anti-
senescence [20], antioxidant [21], anti-inflammatory [22],
antibacterial [23], antifungal [24], neuroprotective [25],
cardioprotective [26], antidiabetic [27], and so on. Diverse
research findings suggest that it is effectively acting toward
different types of viruses among them dengue [18], human
immunodeficiency virus (HIV) [28], Coxsackievirus B-3
(CVB-3) [29], herpes simplex virus-1 (HSV-1), respiratory
syncytial virus (RSV) [30], and acyclovir (ACV)-resistant
strains (e.g., HSV-1/106, HSV-1/153, and HSV-1/Blue)
[31]. Moreover, it has many derivatives (10) for exam-
ple isoginkgetin (D1), putraflavone (D2), 4"""""-methyla-
mentoflavone (D3), bilobetin (D4), ginkgetin (D5), sotet-
suflavone (D6), sequoiaflavone (D7), heveaflavone (D8),
kayaflavone (D9), and sciadopitysin (D10) [32] (Fig. 2;
Table 1). A study conducted by Ryu et al. 2010 [33]
reported that amentoflavone inhibited the SARS-CoV-2
infection via mediating the inhibition of 3CLRO with the
significant ICs, value, i.e., 8.3 uM. Therefore, 3CLPRO hag
gained much more attention for the design, discovery, and
development of drugs for the SARS-CoVs as a valuable
target. It is also termed as ‘the Achilles’ or ‘heel of coro-
navirus’ [34].

Generally, several strategies are applied for the develop-
ment of new drugs against coronavirus. Here, focuses on two
main strategies: initially, blocking the virus entry site into
the host cells; and therefore, viral transcription and replica-
tion prevention. The main protease (MPR) of SARS-CoV-2,
which plays a significant role in mediating viral replication
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Fig.2 Diagrammatic representation of the chemical structure of
amentoflavone and its derivatives

complex and transcription, is a particularly attractive tar-
get for anti-SARS drug design [35-38]. Therefore, MPRO is
an important target for the design of potential anti-CoV-2
inhibitors.

In this current workflow, we selected 10 amentoflavone
derivatives based on their in silico pharmacokinetics prop-
erties including ADMET (absorption, distribution, metabo-
lism, elimination, and toxicity) via the Swiss ADME and
pkCSM online server. Additionally, to find out the best leads
(i.e., phytochemicals), we conducted the molecular docking
study against the SARS-CoV-2 main protease (MPX°) which
is provided with an inhibition site. To validate the results
from the docking study, the compounds were subjected to
the molecular dynamics simulations using the YASARA
simulator software package; and lastly, build up the network
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Table 1 Tabular representation

o SI/No. Name R, R, R, R, R; Ry

of the amentoflavone derivatives

(D1-D10) chemical structure D1 Isoginkgetin OH OH OCH; OH OH  OCH,
D2 Putraflavone OCH;, OH OH OH OH OCH;,
D3 4'"""-Methylamentoflavone OH OH OH OH OH OCH;,
D4 Bilobetin OH OH OCH;,4 OH OH OH
D5 Ginkgetin OCH, OH OCH;,4 OH OH OH
D6 Sotetsuflavone OH OH OH OCH, OH OH
D7 Sequoiaflavone OCH; OH OH OH OH OH
D8 Heveaflavone OCH;, OH OH OCH;, OH OCH;,
D9 kayaflavone OH OH OCH,4 OCH; OH OCH,4
D10 Sciadopitysin OCH; OH OCH; OH OH OCH;

between chosen drugs, and their targets, and also pathways
were constructed based on the Cytoscape platform.

Computational methodology
Macromolecule (protein) preparation

The three-dimensional crystal structure of the SARS-CoV-2
MPRO (PDB ID: 6LU7) was retrieved from the Protein Data
bank (PDB) in PDB format [39]. Importantly, PDB is a
trusted source for the crystal structure of biological macro-
molecules, worldwide [40]. For the preparation of the pro-
tein removal, unwanted things namely all the heteroatoms,
H,0 molecules, ligands, and metal ions, extra chains from
the protein by using UCSF Chimera (version 1.14) pack-
age were made. As part of the macromolecule preparation
applied “Gasteiger’s methods”, the protonation states for
“Histidine” and conserver as PDB format for further analy-
sis [41, 42].

Lead molecules optimization

Selected amentoflavone’s derivatives (D1-D10) and con-
trol antiviral drugs (i.e., camostat mesylate) were retrieved
from the most popular database PubChem in the “structure
data files (SDF)” format, and their 2D structures are repre-
sented in Fig. 3. For the ligand (s) optimization “Gasteiger’s
methods” were used, where net charge at “Zero” and the
optimization process was conducted by the UCSF Chimera
(version 1.14) package, and therefore the optimized ligands
were saved as “mol2 format” for molecular docking analysis
[2,41].

Molecular docking and post-docking protocol
To find out the best drug candidates molecular docking is

an excellent method [3]. This method is used for predicting
the best drug candidates based on the scoring. For molecular
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docking operation, PyRx virtual screening software (version
0.8) was used which works based on the Auto Dock vina
configuration [43]. Docking results determine the measure
of ligand interaction to the active site of the targeted protein.

BIOVIA Discovery Studio tool (version 4.5) was applied
to determine the interactions between “protein—ligand com-
plex,” where mainly evaluate the diverse interactions (hydro-
gen-, hydrophobic-, pi-alkali-bond, and so on), and most
importantly here used was the combined file which was col-
lected from the PyMOL visualizer tool [44].

ADMET profiling

To predict the physiochemical with pharmacokinetics
properties of the selected D1-D10 used the Swiss ADME
and pKCSM online server. The Swiss ADME server was
employed to accurately interpret the physiochemical proper-
ties, and the lead molecules must follow Lipinski’s 5 rules
(L5 rule). Besides, the absorption, distribution, metabolism,
excretion, and toxicity parameters of these ten derivatives
were mainly analyzed via the pkCSM online portal [45, 46].

Molecular dynamics (MD) simulation and MM-PBSA
analysis

The molecular dynamics simulation study was conducted
into the YASARA dynamics software package [47] with the
aid of the AMBER 14 force field [48]. The complexes were
initially cleaned, optimized and hydrogen bond networks
were optimized. The TIP3P solvation model was used in
a cubic simulation cell with a periodic boundary condi-
tion [49]. The physiological conditions of the simulation
cells were set as 310 K, pH 7.4, and 0.9% NaCl [50]. The
initial energy minimization process was conducted by the
simulated annealing method by steepest gradient algorithms
(5000 cycles). The long-range electrostatic interactions were
calculated by Particle Mesh Ewalds algorithms by a cut-off
radius of 8.0 A [51]. The time step of the simulations sys-
tems was set as 2.0 fs [50]. The simulation trajectories were
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D3 (PubChem ID: 136126990)

D2 (PubChem ID: 5320646)

D4 (PubChem ID: 5315459)

D9 (PubChem ID: 9894522)

D10 (PubChem ID: 5281696) Camostat mesylate
(PubChem ID: 5284360)

Fig.3 Diagrammatic (2D) representation of chemical structures of amentoflavone derivatives and control antiviral drugs
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saved after every 100 ps. By following constant pressure and
Berendsen thermostat, the simulations were extended for
100 ns where trajectories were utilized to analyze the root
mean square deviations (RMSD), root means square fluctua-
tions (RMSF), the radius of gyration (Rg), solvent-accessi-
ble surface area (SASA), and hydrogen bonds [52-56].

Therefore, the YASARA trajectories were utilized for
the calculation of the binding free energy from MM-PBSA
methods where the positive energy indicates better energy
[53].

Network pharmacology of chosen drugs

The network pharmacology assessment includes three prin-
cipal steps: (a) prediction targets of chosen drugs, (b) enrich-
ment analysis for predicted targets, and (c) construction of
network between chosen drugs, targets, and pathways and
its analysis. Briefly, targets of chosen drugs were predicted
using DIGEP-Pred [57] at the pharmacological activity (Pa)
of 0.5. Next and the predicted proteins of chosen drugs were
enriched using STRING [58] ver.11.0 to generate the pro-
tein—protein interaction. And all proteins which are obtained
from the STRING database were submitted to the Enricher
database (https://maayanlab.cloud/Enricht/) to enrich their

biological processes, molecular function cellular compo-
nents, and KEGG pathways. Finally, the network between
chosen drugs, their targets, and pathways was constructed
using Cytoscape V. 3.8.2. [59].

Research findings
Molecular docking and interaction with the MPR°

Amentoflavone derivatives such as Isoginkgetin (D1), putra-
flavone (D2), 4'"""""-methylamentoflavone (D3), bilobetin
(D4), ginkgetin (DS), sotetsuflavone (D6), sequoiaflavone
(D7), heveaflavone (D8), kayaflavone (D9), and sciadopity-
sin (D10) exhibited promising binding affinity with the main
protease of SARS-CoV-2 (MPRO). However, the binding
energies are —8.9, -9.4, -9.7, -9.1, - 9.3, - 9.0, - 9.7,
—9.3, — 8.8, and — 9.0 kcal/mol, respectively, and tabulated
in Table 2. The best binding affinity (—9.7 kcal/mol) was
demonstrated by D3 relative to other compounds with the
MPRO BIOVIA Discovery Studios Software was employed
to calculate the non-covalent interactions which established
that both hydrogen and hydrophobic bonds had roles to play

Table 2 Interpretation of molecular docking of the amentoflavone’s derivatives with control drug (camostat mesylate) and their interactions

against the MR protein

Ligand—protein ~ Binding energy H-bond residues H-bond length No. of Other bond residues

interaction (kcal/mol) (A) H-bonds

D1-MPRO -89 Gly143 2.31 3 Pro168, Ser144, Glul66
Phe140 3.06
Thr190 2.27

D2-MFRO -9.4 His163 3.02 2 Gly 143, Cys145, Glul66
Thr26 2.10

D3-MPRO -97 His163 2.40 3 Aspl87, Asnl142, Cys145, Met165, Met 49, His41
Glul66 2.64
Thr26 2.23

D4-MPRO -9.1 Glul66 2.94 1 Gly143, Cys145

D5-MPRO -93 Glul66 3.03 1 Gly143, Cys145

D6-MPRO -9.0 - - 0 Gly143, Cys145, Glu166

D7-MFRO -97 Asn142 2.62 2 Thr45, GIn189, Cys145, Glul66, His 41
His164 2.32

D8-MPRO -93 Thr 26 221 1 Gly143, Met 165, Glu166, Cys 145

D9-MFRO -8.8 GIn189 2.59 2 Glul66, Met49, Cys145
Phel40 2.08

D10-MPRO -9.0 Asn142 2.97 2 Glul66, Phe140, Cys145, Met 165
Gly143 231

Camostat -7.9 Aspl53 2.48 4 Ile106, Phe294

mesylate (ref- Asnl51 2.84
erences drug) 116249 256

Serl158 272
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in promoting the binding affinity along with improving their
binding specificity.

D1 exhibited strong binding affinity with Gly143,
Phe140, Thr190, Pro168, Ser144, Glul166 residues, while the
D2 exhibited strong binding affinity with His163, Thr26, Gly
143, Cys145, Glu166 residues of MPRC active site. Besides
this, D3 bonded with His163, Glul66, Thr26, Asp187,
Asnl42, Cys145, Metl165, Met 49, His41 residues, and also
Glul66, Gly143, and Cys145 have participated in the both
D4-MPRO and D5-MPRO interaction. On the other hand, D6-
MPRO forms a complex among Gly143, Cys145, Glul66
residues, where Asn142, His164, Thr45, GIn189, Cys145,
Glul66, His 41 have interacted with D7. D8 directly involves
the interactions among Thr 26, Gly143, Met 165, Glu166,
Cys 145. GIn189, Phe140, Glu166, Met49, Cys145 bonded
with D9, and therefore, Asn142, Gly143, Glul66, Phe140,
Cys145, Met 165 also involve the complex with sciadopity-
sin (D10). The camostat mesylate (reference drug) fitted by
the Asp153, Asnl51, [1e249, Ser158, Ile106, and Phe294
residues. The 2D and 3D structures of non-bond interac-
tions of amentoflavone’s derivatives with MPRC are shown
in Fig. 4. The standard drugs such as camostat mesylate
showed binding affinity toward MPRO by —7.9 kcal/mol
(Table 2). The 2D and 3D structures of non-bond interac-
tions of camostat mesylate with MPRO are shown in Fig. 4.

ADMET profiling analysis

pkCSM and SwissADME were web-based tools employed
for analysis together with optimization of pharmacokinetic
properties of the selected therapeutic agents. The amentof-
lavone derivatives such as D1, D2, D3, D4, D5, D6, D7, DS,
D9, and D10 have molecular weights of 566.518, 566.518,
552.491, 552.48, 566.51, 552.48, 552.491, 580.545,
580.545, and 580.54 gm/mol, respectively. All the com-
pounds conferred the same no. of Lipinski rule violation (1)
and have no AMES toxicity and same bioavailability score
(0.55). The same topological polar surface area (159.80 Az)
was displayed by three amentoflavone derivatives (D1, D2,
and D5). The other four derivatives of amentoflavone (D3,
D4, D6, and D7) also possess the same topological polar sur-
face area as 170.80 A2 Conversely, D8, D9, and D10 have
a topological polar surface area such as 148.80 A2. After
carrying out the pharmacokinetics analysis in pkCSM, the
generated results indicated that some of the amentoflavone
derivatives (D1, D2, D8, D9, and D10) have been shown
positive results of hepatotoxicity, while others did not (D3,
D4, DS, D6, and D7). Oral rat acute toxicity (LDs) for the
amentoflavone derivatives is found in the range 2.535-3.06,
while the maximum tolerated dose for humans (log mg/kg/
day) is in the range 0.295-0.437. Also, the values range
between 0.571 and 0.833 (log ml/min/kg) was observed for
the total clearance (TC), and the predicted octanol/water

partition coefficient (LogP) fell in the range of 5.3886-6.043
for all derivatives. Additionally, Table 3 represents the no.
of hydrogen bond acceptors, no. of hydrogen bond donors,
and no. of rotatable bonds.

Molecular dynamics (MD) simulation

To establish the structural deviation of the docked macro-
molecule and phytochemical complex, the molecular dynam-
ics trajectories were analyzed where the root means square
deviation of the docked complex molecules was assessed
to find out the deviations. Figure SA illustrates that the
complex initially raised its RMSD profile which might be
due to the presence of a high level of flexibility among the
other complexes. After the course of the 30 ns simulation,
all the docked complexes displayed straight lines and they
possessed lower levels of deviations. Although some fluctua-
tions were observed for some docked complexes, they did
not exceed 3.0 A in RMSD analysis.

The solvent-accessible surface area of the complexes
was analyzed to check the change in the surface area. The
higher SASA value defines the expansion of the surface area,
whereas the lower SASA value relates to the truncation of
the surface area. D4 had a high level of fluctuation which
might occur due to instability. The other docked complexes
had a better profile as they did not change too much Fig. 5B.
The radius of gyration of the simulation trajectories defines
the labile nature of the protein. The camostat mesylate com-
plex molecules had a higher Rg profile which denotes the
loose packaging systems of the molecules. The other docked
complexes had lower deviations in the Rg profile in Fig. 5C.
The hydrogen bond systems define the structural stability of
the complexes where any change may lead to the hydrogen-
bonding systems defining the instability. Figure 5D states
that all docked complexes had stable hydrogen-bonding
patterns. The root means square fluctuations of the docked
complexes were analyzed to find out flexibility across the
amino acid residues. Figure SE states that maximum amino
acid residues of the docked complexes had lower RMSF than
2.5 A which indicates a lower level of flexibility of the com-
plexes. The binding free energy of the docked complexes
was calculated through the MM-PBSA model where posi-
tive energy indicates more favorable binding. The docked
complexes had a comparative stable binding score in Fig. 5SF
which indicates more favorable binding.

It is well known that the higher solvent-accessible surface
area (SASA) value defines the expansion of the surface area,
whereas the lower SASA value relates to the truncation of
the surface area. Due to its instability, D4 had a high level of
fluctuation. The other docked complexes had a more stable
profile since they encountered fewer changes (Fig. 5B). The
radius of gyration (RG) values of the simulation trajecto-
ries determines the labile nature of the protein. The control
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Camostat mesylate

Fig.4 Interactions among D1-D10, and control drug with targeted MPRO protein
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Table 3 ADMET properties of amentoflavone derivatives

Compounds MW H-Ac H-Do Nrot  TPSA (A% LogP B.S LD50 HT AT  MTD NLV TC

D1 566.51 10 4 5 159.80 5.74 055 2723 Yes No 043 1 0.710
D2 566.51 10 4 5 159.80 5.74 055  2.854 Yes No 0423 1 0.723
D3 552.49 10 5 4 170.80 53886 055 296 No No  0.295 1 0.619
D4 552.48 10 5 4 170.80 5.437 055  2.56 No No  0.437 1 0.571
D5 566.51 10 4 5 159.80 5.74 055 2733 No No  0.427 1 0.646
D6 552.48 10 5 4 170.80 5.437 0.55  2.548 No No  0.436 1 0.617
D7 552.49 10 5 4 170.80 5.437 055  2.535 No No  0.437 1 0.488
D8 580.54 10 3 6 148.80 6.043 0.55 2997 Yes No 0412 1 0.791
D9 580.54 10 3 6 148.80 6.043 0.55 2.84 Yes No 0419 1 0.794
D10 580.54 10 3 6 148.80 6.043 055  3.06 Yes No 0419 1 0.833

MW molecular weight (g/mol), H-Ac no. of hydrogen bond acceptors, H-Do no. of hydrogen bond donors, N.rot no. of rotatable bonds, TPSA
Topological polar surface area (AD), LogP predicted octanol/water partition coefficient, BS bioavailability score, TC total clearance (log ml/min/
kg), LD50 oral rat acute toxicity, HT hepatotoxicity, AT ames toxicity, MTD The maximum tolerated dose for human (log mg/kg/day), NLV no.

of lipinski rule violation, TC total clearance

drug namely, camostat mesylate complex molecules, had
a higher RG profile, whereas other docked complexes had
lower deviations in the RG profile in Fig. 5C. The hydrogen
bond systems define the structural stability of the complexes
where any change may lead to disorder and disruption in the
hydrogen bond system. Figure 5D illustrates that all docked
complexes had stable hydrogen-bonding patterns. The root
means square fluctuations of the docked complexes were
analyzed to find out flexibility across the amino acid resi-
dues. On the contrary, Fig. SE states that maximum amino
acid residues of the docked complexes had lower RMSF
than 2.5 A demonstrating the complexes had a lower level of
flexibility. The binding free energy of the docked complexes
was calculated through the MM-PBSA, and model favorable
binding was dictated by positive energy. The docked com-
plexes had a comparative stable binding score in Fig. 5F
which indicates a more favorable and efficient binding
between the macromolecule and phytochemical.

Construction of “drug-target-pathway” network

Based on the network pharmacology, D1-D10 collectively
downregulates nine genes as follows: TNNB1, KLK3,
CASPS8, FLT1, NOS2, MMP2, MMP7, FE2L.2, and MDM2.
The selected compounds, predicted gene targets, and the top
10 pathways were imported into Cytoscape 3.8.2 software,
and the “Drug-Target-Pathway” network was obtained as
shown in Fig. 6. Light green hexagonal symbols represent
the chosen drugs, the blue circle represents potential tar-
gets, and the red triangle represents pathways. Through the
software, the node is visualized by degree value, and the
node size is proportional to degree value. According to the
requirements of topological parameters, the key nodes were
determined by degree values greater than twice the median
to obtain potential active components for later molecular

docking tests. As recorded in KEGG, the MDM2 pathway
is networked with 8 different pathways such as cancer, pros-
tate cancer, proteoglycans in cancer, human cytomegalovirus
infection, bladder cancer, human papillomavirus infection,
p53 signaling pathway, and C-type lectin receptor signaling
pathway.

Discussion

Nowadays, the world is going through a pandemic situation
due to COVID-19 [60]. Researchers all over the world are
trying to find out the inhibitory agents, but they have hardly
been discovered. There are some antiviral drugs such as rito-
navir, lopinavir, indinavir, remdesivir, and camostat mesylate
are that have been applied for animal trials to confirm the
potentiality of these drugs as anti-coronavirus agents [61].
Although the pH of the protease is tried to elevate and
reported as a potent inhibitor of SARS-CoV-2 in the event
of an emergency, hydroxychloroquine and azithromycin are
being provided to the infected persons [62—64]. Despite hav-
ing potentiality, these drugs have not been allowed as can-
didate drugs due to an enormous number of hazardous and
drastic side effects to the human body. Therefore, research-
ers are searching for some tremendous natural compounds
that would be the more efficient candidates as therapeutics
against the COVID-19 as well as they will show fewer side
effects. Also, this research was conducted to discover medic-
inal plant-derived compounds and their derivatives that have
the ability for becoming the lead compound to combat the
nCoV-19 infection [65].

Amentoflavone (biflavonoid) is one of the plant deriva-
tives compounds that were isolated by Okigawa et al. [16],
and due to a wider range of bioactivities, it has drawn much
attention among the scientific community [3, 66, 67]. A
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Fig.5 Molecular dynamics (MD) simulation of the amentoflavone derivatives with MPRO which have shown RMSD (A), SASA (B), Rg (O),
hydrogen bond (D), RMSF (E), and MM-PBSA (F)

compound should have some fundamental properties for  cellular attachment; (ii) inhibition of viral replication inside
becoming an ideal anti-COVID-19 drug candidate [44] such  the host cells; (iii) cytotoxic effects on the existing viruses;
as (i) restriction ability of viral entrance, thereby inhibiting  and (iv) protection of the host normal cells from the viral
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Fig.6 Drug-targets-pathways network

origin oxidative stress and inflammatory responses. And the
compound amentoflavone is the evidence that followed all of
these pathways and performed as potential anti-COVID-19
therapeutics; even not only this compound alone but also
its derivatives showed the antioxidant [68, 69] and anti-
inflammatory [3, 70-72] activities. Moreover, the MPRO
should have the ability to break host polyproteins as well as
induce the formation of protein for viral replication [73], and
amentoflavone has the interaction capability with MPRO [28].
So, it can be possible that derivatives of amentoflavone will
bind to the MPRO and inhibit the viral infection.

Derivatives of amentoflavone such as D1-D10 displayed
better binding affinities with COVID-19 main protease
(MPRO) 8.6, -9.1, -9.9, -9.1, =9.0, - 9.1, —8.7, — 9.3,
—8.2, and — 8.9 kcal/mol, respectively, whereas camostat
mesylate (control drug) has been shown —7.9 kcal/mol. Fur-
thermore, some flavonoids and polyphenolic plant-derived
compounds such as kaempferol, quercetin, demethoxycur-
cumin, curcumin, catechin, epicatechin gallate, gingerol, and
gingerol are studied to inhibit the main protease of SARS-
CoV-2. These compounds have significant docking scores
as —9.41,-8.58,-8.17,-7.31, -7.05, - 7.24, — 6.67, and
—5.40 kcal/mol, respectively, from the Khaerunnisa et al.
[13], which claimed that the derivative of amentoflavone
has better properties than other proposed inhibitors. Here,
the control drug (camostat mesylate) displayed good binding
interactions with MPRO protein, and also the derivatives of
amentoflavone showed better binding interactions with MR
protein, and the significant data are tabulated in Table 2 with
illustration in Fig. 4.

() Pathways
Targets

Drugs

Swiss ADME and pkCSM calculated the pharma-
cokinetic parameters of the selected drugs based on their
expected values (Table 3), we have observed that amentof-
lavone derivatives are non-toxic and can be administered as
a medication with the level of tolerance specified for human
consumption, as anticipated by the website. Furthermore,
additional research should be conducted to determine the
toxicogenicity (including toxicity, cytotoxicity, genotoxic-
ity, and mutagenicity) of the substances using plant-derived
eukaryotic and/or animal models.

Molecular dynamic simulation (MDS) is a versatile tech-
nique that analyzes biomolecular interactions and the contact
between the arrangement and activity of proteins to aid in
modern drug discovery, as well as performance data from
dynamic trajectory analysis [2]. In this study, the YASARA
dynamics simulator package software has been conducted to
run molecular dynamic simulation (MDS) with the selected
physiological and physicochemical parameters. This simula-
tion trajectory of the simulation tool has also been used to
perfectly analyze the root mean square deviation (RMSD),
solvent-accessible surface area (SASA), the radius of gyra-
tion (Rg), hydrogen bond number, root mean square fluctua-
tion (RMSF), and molecular mechanics Poisson—Boltzmann
surface area (MM-PBSA) [74]. All the parameters possess
more significant results in the 100 ns dynamics simulation
process with the drug-protein complex. Additionally, the
selected compounds, predicted gene targets under the study
of network pharmacology, and the top 10 pathways were
imported into Cytoscape 3.8.2 software, and the “Drug-Tar-
get-Pathway” network was obtained as shown in Fig. 6. Even
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though additional in vivo studies are required to confirm the
findings of this study, our findings will be useful for future
non-clinical, pre-clinical, and clinical investigations includ-
ing these compounds in the future. Finally, this study will be
able to motivate medicinal experts to do enough research on
this potentially beneficial natural lead molecule and its labo-
ratory derivatives, as demonstrated in the previous section.

Conclusion and future directions

Amentoflavone (biflavonoid) compounds as D1-D10 have
antiviral activity against a variety of viruses. According to
this molecular docking and dynamic simulation assessment,
derivatives of amentoflavone exhibit a favorable interaction
with the MPRO protein. Amentoflavone compounds had
higher binding energies than clinical trial antiviral medi-
cines (camostat mesylate), which are commonly utilized in
numerous countries to treat COVID-19. Aside from that,
pharmacokinetic studies show that these amentoflavone
derivatives are superior to camostat mesylate in terms of
effectiveness. In consideration of the findings of this study,
it is possible to observe amentoflavone derivatives more
specifically D3, D5, and D7 (4""""-methylamentoflavone,
ginkgetin, and sequoiaflavone) for serving as potential lead
drugs against SARS-CoV-2 infection. Although additional
in vivo testing is required to confirm our findings which
will help future non-clinical, pre-clinical, and clinical stud-
ies with these compounds, while also inspiring medicinal
chemistry researchers to conduct appropriate research on
this promising natural lead compound and its derivatives.

The treatment of SARS-CoV-2 infection has rapidly
advanced from poorly tolerated oral and injectable medica-
tion combinations to all oral, well-tolerated drug combina-
tions with virologic cures for over 90% of patients. During
the next generation of treatments, COVID-19 treatment will
continue to advance. Several novel therapeutic techniques
for the treatment of COVID-19 have to be examined in the
following section; however, they are only a few examples
of the numerous current development programs and novel
tactics for the treatment of COVID-19. For future genera-
tion antiviral drugs, several practical concerns need to be
addressed, including drug-drug interactions, side effects, and
overlapping safety issues, dose, as well as futility restric-
tions, which now prevent them from being used in certain
situations. Therefore, our selected amentoflavone derivatives
would be addressed all major challenges and act as a major
medicative option.
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