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Influenza, a highly contagious respiratory infection, continues to threaten global
health with significant transmission rates and annual fatalities of 400,000. The virus's rapid
mutation and genetic reassortment necessitate the development of effective antiviral drugs.
Among other proteins related to the influenza virus, Hemagglutinin (HA) helps the virus to
enter and invade the human body. Hence in the present study molecular docking combined
with pharmacokinetic assessments was implemented to streamline drug development for the
target protein Hemagglutinin (HA). A database of 24 potential compounds was screened using
PubChem, followed by ADMET and drug-likeness analysis. A total of 07 ligands retrieved from
PubChem database with favorable profiles were considered for the molecular docking process
with hemagglutinin as the target protein through the AutoDock Vina package present in the PyRx
software. The docking results identified that among the tested compounds, 5,7,4’-Trihydroxy-
3-methoxyflavanone isolated from plant Populus szechuanica and retrieved from PubChem
database (PubChem ID 72281) exhibited the highest docking score of -8.5 kcal/mol in comparison
with standard drug Apigenin which displayed a docking score of -8.4 kcal/mol against target
protein HA. Hence compound 5,7,4’-Trihydroxy-3-methoxyflavanone can be further developed
as an effective drug against the influenza virus.

Keywords: Apigenin; Docking; Hemagglutinin; Influenza; 5,7,4’-Trihydroxy-3-Methoxyflavanone.

Influenza, sometimes referred to as
the flu, is an extremely infectious respiratory
infection caused by influenza viruses. The
influenza virus still poses a danger to world health
despite advances in medical technology, resulting
in yearly outbreaks and sporadic pandemics.
Between 13 March and 20 June 2024, 14 new
human cases of avian influenza virus infection
were reported worldwide.! A gradient rise in
influenza cases was observed during COVID-19

infection due to decrease in immunity caused by
SARS-CoV-2 virus. Hence there is need to study
phytocompounds to develop strong medication
against influenza.? The ever-evolving nature of
influenza viruses, marked by genetic reassortment
and mutations, makes the development of potent
antiviral medications imperative. Many potential
target proteins were studied to discover novel
drugs against the influenza virus. Among these
target proteins, the protein HA was considered
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for the present study due to its significant role in
assisting the entry of viruses into the human body.*
Hence HA was selected as the target protein in the
present study to find novel drugs with the help
of computational biology. Combining molecular
docking studies with pharmacokinetic tests within
this framework appears to be a viable way to
accelerate drug development. With the help of
computational biology, many phytocompounds
isolated from different plants (Toddalia asiatica,’
Curcuma aromatica,® Selaginella tamariscina®)
could be investigated as novel drugs against the
influenza virus. Scientists can forecast a drug’s
binding affinity with the target protein by modeling
the binding of putative antiviral drugs to particular
viral protein targets. The ligand or chemical
compounds tested for inhibitory effect against
target protein HA were retrieved from PubChem
database using molecular docking and ADMET
studies.

MATERIALS AND METHODS

PubChem screening of potential compounds
With the standard drugs apigenin, 7 and
isorhapontigenin, * as the input, data mining was
performed in the PubChem database to obtain the
chemical compounds displaying properties similar
to the input compound through the “2D Tanimoto
Similarity Search” package.’ After the completion
of the data mining process, the output molecules
similar to the input molecule were filtered through
Lipinski’s Rule of Five (i.e. octanol-water partition
coefficient (logP) <5, molecular weight < 500Da,
hydrogen bond acceptors d” 10, and hydrogen
bond donors d” 5), '*!! to obtain the molecules with
more potential of become lead molecules. At the
end of the filtering process, molecules displaying
Lipinski’s Rule of Five were saved for druglikeness
and ADMET studies.'
ADMET and Druglikeness analysis of database
SMILE format of the compounds present
in the Excel file prepared at the end of PubChem
screening was imported into Drulito software for
ADMET and druglikeness test.”* All the selected
800 compounds were tested for both ADMET
and druglikeness properties such as BBB, Ghosh
filter, CMC 50-like rule, Veber filter, MDDR-like
rule, uwwQED, and wQED. The output generated
was saved as an Excel file and analyzed with the
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help of Python script to filter out the compounds
exhibiting ADMET and druglikeness results within
the accepted range were further selected as the
ligand molecules for the docking process for the
target protein HA."
Target protein preparation in UCSF Chimera
UCSF Chimaera software was utilized
to line up the target protein that was chosen for
molecular docking. The protein molecule HA with
PDB ID 3AL4’s" 3D structure was obtained from
the PDB database and fed into UCSF Chimaera
to produce the protein. Initially, all the water
molecules were removed from the protein structure,
and hydrogen bonds (polar and non-polar) and
charges (Kollman) were added to the dehydrated
protein structure to facilitate proper molecular
docking with ligand molecules using the Dockprep
tool present in the UCSF Chimera. The constructed
protein structure was given the appropriate grid box
and stored in PDBQT format for docking.'®
Ligand preparation for molecular docking
Using PyRx software, all the chosen
ligand molecules as well as the standard drug
were ready for the molecular docking procedure.'’
All the ligand molecules were entered into the
PyRx application as input for molecular docking
after being downloaded in SDF format from the
PubChem database. Initially, energy minimization
was performed to ensure the stability of the
ligand molecules, which plays a crucial role in
the molecular docking process. Stabilized ligand
molecules were then given additional hydrogen
bonds and charge, and the final structure was
recorded in PDBQT format for the molecular
docking process.'®
Molecular docking of ligands with hemagglutinin
Both ligand molecules and target protein
in PDBQT format were processed as input into
PyRx software for the molecular docking process."
After providing input, “AutoDock wizard”
was implemented for molecular docking, and
necessary inputs such as ligand molecule names,
target protein names, grid box coordinates, and
the number of exhaustiveness were provided to
ensure a site-specific molecular docking process.
The output generated was saved as an SDF file of
docked ligand molecules and further provided as
the input to form the complex and study docking
between protein and ligand molecules.?
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Protein-ligand analysis in Discovery Studio
SDF files generated as the output of the
docking process were provided as input for protein-
ligand interaction analysis in Discovery Studio
Software. ' After providing the input SDF file,
the final structure of the target protein was merged
with the SDF file to form a protein-ligand complex.
PDB format of protein-ligand complex was stored
in PDB format and the “2D diagram” option was
used to visualize the interaction between ligand
molecule and target protein hemagglutinin in 2D
diagram format. This 2D interaction image was
saved in image format for documentation purposes.
The entire protocol was repeated for all selected
ligand molecules and standard ligand molecules. %

RESULTS
PubChem screening of potential compounds

With standard ligand molecules apigenin
and isorhapontigenin as the query molecules,
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a database of 1598 molecules was obtained as
output. These molecules were further tested for
Lipinski’s rule of five and among 1598 molecules,
24 compounds clearing Lipinski’s rule of five were
further saved in Excel format for ADMET and
druglikeness test.
ADMET and Druglikeness analysis of database
Among 24 molecules, 07 compounds
cleared both ADMET and druglikeness tests
when tested in ADMETIab software (Table 1 and
Table 2). Molecules clearing both ADMET and
druglikeness test were further selected with the
help of Python script as the ligand molecules to
test their docking affinity with the target protein
hemagglutinin through AutoDock vina package
(PyRx).
Target protein preparation in UCSF Chimera
The target protein selected for molecular
docking was prepared in the UCSF chimera using
the AutoDock package. The grid coordinates
surrounding crystallized ligands were used as

Table 1. Druglikeness results for tested compounds

No. Compound Name MW HBA HBD  TPSA No ROS
Rotatable violation
bonds
L. 5,7,4’-Trihydroxy-3-methoxyflavanone 272.07 5 3 86.99 1 0
2. 5,7,4'-Trihydroxyflavone 360.12 7 1 83.45 5 0
3. Catechin 288.06 6 4 107.22 1 0
4. 5-Hydroxy-7,3'4'-trimethoxyflavone 272.07 5 3 86.99 1 0
5. Coumarin 288.1 5 3 86.99 5 0
6. Genistein 220.07 4 1 59.67 1 0
7. 3',5-Dihydroxy-7,4'-dimethoxyflavone 304.06 7 5 127.45 1 0
8. Dihydroflavonol 272.07 5 3 86.99 1 0
9. 5,7-Dihydroxy-4'-methoxyflavone 220.07 4 1 59.67 1 0
10.  Kaempferol 288.06 6 4 107.22 1 0
11.  Epicatechin 288.06 6 4 107.22 1 0
12. Chlorogenic Acid 224.07 5 2 75.99 4 0
13.  2-Methoxy-4-(3-methyl-2-butenyl)phenol 212.1 4 2 58.92 5 0
14.  Myricetin 3',4',5'-Tri-O-methyl Ether 306.11 6 2 77.38 5 0
15.  Chrysin 316.13 5 1 57.15 6 0
16.  Caffeic Acid 212.07 5 3 86.99 4 0
17.  Resveratrol 374.17 6 2 77.38 8 0
18.  5,7,4'-Tri-O-methylkaempferol 390.2 6 2 77.38 9 0
19.  3,5,7,3"4-Pentamethoxyflavone 350.14 7 2 86.61 8 0
20.  7-Hydroxy-3'.4'-dimethoxyflavone 290.12 5 1 57.15 5 0
21.  Vanillyl Alcohol 318.15 5 2 68.15 7 0
22.  Chrysin 316.13 5 1 57.15 6 0
23.  Methyl Syringate 290.08 6 4 107.22 4 0
24.  Chlorogenic Acid 224.07 5 2 75.99 4 0
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input for site-specific docking. Figure 1 indicates
the removal of miscellaneous molecules and the
addition of charge and hydrogen to target protein
to facilitate the molecular docking process.
Ligand preparation for molecular docking
Ligand molecules were selected for
molecular docking and were prepared using Open
Babel software and PyRx AutoDock vina package.
Figure 2 indicates the energy minimization process
performed to stabilize the ligand molecules for the
molecular docking process.
Molecular docking of ligands with hemagglutinin
Among 07 ligand molecules, ligand
molecule 5,7,4’-Trihydroxy-3-methoxyflavanone
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(PubChem ID 72281)* displayed the highest
docking score of -8.5 kcal/mol, lowest RMSD
of 0.00 A° in comparison with the standard drug
Apigenin, which displayed a docking score of -8.4
kcal/mol (Table 3). Hence the ligand compound
5,7,4’-Trihydroxy-3-methoxyflavanone can be
further selected for protein-ligand interaction
analysis.
Protein-ligand analysis in Discovery Studio
Protein-ligand interaction analysis
depicted that the molecule 5,7,4’-Trihydroxy-3-
methoxyflavanone and standard drug apigenin
formed 06 bonds with the active site amino
acids present inside the active site of the target

Ligand-
molecule]

Water:
moleculey

Hydrogen-Bonds§

Fig. 1. Target protein before (1A) and after (1B) protein preparation process
1A. Indicates the 3D protein structure before the removal of the ligand molecule.
1B. Visualization of protein structure addition of hydrogen bonds (green lines)

Hydrogen Bond

2B

Fig. 2. Energy minimization process used for preparation of ligand structure for molecular docking process
depicted using standard ligand as an example.
2A. Indicates the 3D ligand structure before the addition of the hydrogen bond.
2B. Indicates the addition of hydrogen bonds (green line) to ligand structure.
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protein hemagglutinin. Figure 3 indicates a 3D
protein-ligand interaction analysis of protein
hemagglutinin with molecules 5,7,4’-Trihydroxy-
3-methoxyflavanone and apigenin. Figure 4
indicates the 2D interaction between both ligand
molecules (5,7,4’-Trihydroxy-3-methoxyflavanone

Fig. 3. 3D protein-ligand interaction analysis
of protein hemagglutinin with molecules
5,7,4’-Trihydroxy-3-methoxyflavanone (Red) and
standard drug apigenin (Dark blue)
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and apigenin) with the active site amino acids of
the target protein hemagglutinin. Hence ligand
molecule 5,7,4’-Trihydroxy-3-methoxyflavanone
isolated from the plant Populus szechuanica can be
further developed as a novel effective drug against
the target protein hemagglutinin to treat influenza.

DISCUSSION

The influenza virus, a global health
threat, is responsible for many respiratory deaths
and cardiovascular deaths annually. The present
antiviral drugs are unable to tackle the virus
completely due to its rapid mutational rates. Hence
there is a need to find novel and effective antiviral
drugs to address the influenza viral infection and
reduce the death rates significantly. Central to the
influenza virus’s life cycle is the hemagglutinin
protein, the primary target for antiviral drug
development. Among the potential target proteins
studied for the influenza virus, the target protein
hemagglutinin plays a vital role by allowing the
entry of the virus inside the human body.? Hence the
present study aims to identify potent inhibitors of
hemagglutinin by focusing on the pharmacological

@
@

(3]

@ \,‘@

&5

4A 4B
Interactions

[1 wvan der waals I Pi-Anion
I conventional Hydrogen Bond [ 1 Alkyl
I Fi-Cation [ 1 Pi-Alkyl

Fig. 4. Protein-ligand interaction analysis between ligand molecules and target protein hemagglutinin
4A. Visualization of bond formation between standard ligand apigenin and target protein hemagglutinin
4B. Visualization of bond formation between ligand 5,7,4’-Trihydroxy-3-methoxyflavanone and target protein hemagglutinin.
Color codes (Van der waals = #90EE90, Conventional Hydrogen Bond =#00FF00, Pi-Cation = #FFA500, Pi-Anion = #FF8C00,
Alkyl =#DDAO0DD, and Pi-Alkyl = #FF69B4).
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Table 3. Molecular docking results for tested compounds

No Name of Compound Score (Kcal/mol) Interaction PubChem ID

1. 5-Hydroxy-7,3',4'-trimethoxyflavone -8.0 04 5272653

2. 3',5-Dihydroxy-7,4'-dimethoxyflavone -8.4 06 5378823

3. 57,3 4-Tetramethoxyflavone -8.3 06 631170

4.  5,7,4-Trihydroxy-3-methoxyflavanone -8.5 06 72281

5. 3,5,7,3"4'-Pentamethoxyflavone -8.4 04 97332

6.  5,7-Dihydroxy-4'-methoxyflavone -7.3 03 5280442

7. 7-Hydroxy-3',4'-dimethoxyflavone -7.4 04 5378518
Apigenin (Standard) -8.4 06 5280443

potential of similar compounds to the known
compounds apigenin and isorhapontigenin. The
presented study screened a library of molecules
retrieved from PubChem database, rigorously
testing them against Lipinski’s rule of five,
ADMET properties, and drug-likeness criteria.
From an initial pool of 24 molecules, 07 candidates
cleared both Lipinski’s rule of five and the ADMET
test and were further selected as ligand molecules
for the molecular docking process against the
target protein hemagglutinin. Among the 07 tested
compounds, phytocompound 5,7,4’-Trihydroxy-
3-methoxyflavanone (PubChem ID 72281),*
isolated from plant Populus szechuanica and
retrieved from PubChem database emerged as the
leading candidate, exhibiting the highest docking
score of -8.5 kcal/mol and formed 06 bonds
with the 06 active site amino acids of the target
protein hemagglutinin. Sadati and the team have
studied the flavonoids through molecular docking
to find novel inhibitors for the target protein
hemagglutinin against influenza disease. Results
indicated that the best compound indicated in
the study displayed a docking score of -7.5 kcal/
mol, while on the other hand, the phytocompound
5,7,4’-Trihydroxy-3-methoxyflavanone discussed
in our study displayed a docking score of -8.5 kcal/
mol and formed 06 bonds with the 06 active site
amino acids of the target protein hemagglutinin.
Further, our study has performed druglikeness
and ADMET study to evaluate the safety and
toxicity of phytocompound 5,7,4’-Trihydroxy-3-
methoxyflavanone inside the human body, which
is missing in the study conducted by Seyed and
his team.” Chinayan and his team have performed

a study to explore novel compounds to block the
activity of haemagglutinin protein as a medication
against influenza virus. The study only focused
on molecular docking analysis, while on the
other hand, our study has explored druglikeness
and ADMET study to evaluate the safety and
toxicity of phytocompound 5,7,4’-Trihydroxy-3-
methoxyflavanone inside the human body, which
is missing in the study conducted by Seyed and
his team.?* The compound homoeriodictyol has
been isolated by Okinczyc and his team from the
bud exudates of Populus szechuanica and stored
in the PubChem database. A study analyzing
the phenolic compounds in the bud exudates of
Populus szechuanica.*” These findings indicated
that the phytocompound 5,7,4’-Trihydroxy-3-
methoxyflavanone can be further explored as
a novel and effective lead compound against
influenza virus with hemagglutinin as the target
protein through in-vitro and in-vivo tests.

CONCLUSION

The flu, caused by the influenza virus
is one of the leading causes of death around the
world. The present medications are unable to fully
address the virus due to the rapid mutation of the
virus. In the present study, the ligand molecule
5,7,4’-Trihydroxy-3-methoxyflavanone (PubChem
ID 72281) shows a docking score of -8.5 kcal/
mol and zero RMSD value. Hence, the molecule
5,7,4’-Trihydroxy-3-methoxyflavanone can be
further tested in vitro and developed into a suitable
drug for influenza virus.
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