JFSP Vol.9, No.2, May-August 2023, Page: 104-113 pISSN: 2549-9068, eISSN: 2579-4558

= Jurnal Farmasi Sains dan Praktis
(JFSP) el
Mmu@mﬁ http://journal.unimma.ac.id/index.php/pharmacy FARhiIL,JASI SAINS
JEUREMNGNL dan PRAKTIS

NARINGIN'S POTENTIAL AS A HEPATITIS B VIRUS
REPLICATION INHIBITOR: AN IN-SILICO STUDY OF
SECONDARY METABOLITE COMPOUND

Muhammad Khalil* &, Muh. Nur Akbar?, Ardiyas Robi Saputra®, Subhan Hadi Kusuma?*

!Department of Biology Education, Faculty of Teacher Training, Universitas Samudra. JI. Prof. Syarief
Thayeb, Langsa, 24416, Aceh, Indonesia

2Department of Biology Education, Faculty of Mathematics and Natural Science, Universitas Negeri
Gorontalo, JI. Jendral Sudirman 6, Gorontalo, 96128, Gorontalo

3Department of Biology, Faculty of Mathematics and Natural Sciences, Universitas Negeri Malang, JI.
Semarang 5, Malang, 65145, East Java, Indonesia

4Graduate School of Frontier Biosciences, Osaka University, 1-3 Yamadaoka, Sulta, 565-0871, Osaka,
Japan

& muhammadkhalil@unsam.ac.id

@ https://doi.org/10.31603/pharmacy.v9i2.8564

Avrticle info: ABSTRACT

Submitted  : 17-01-2023 Naringin is a secondary metabolite compound of the flavonoid group which is
) generally found in plants that are consumed and traditionally used as medicine.

Revised : 30-04-2023 The aim of this study was to examine the potential of naringin as a candidate for

Accepted  : 08-05-2023 hepatitis B virus replication inhibitor using an in-silico approach. This research

uses exploratory descriptive method with molecular docking analysis was carried
out using the blind docking technique. The 3D structures of naringin and
reference ligands were collected from the PubChem database, and the 3D
structures of target proteins were collected from the PDB database. The target
protein used is the hepatitis B virus capsid protein with PDB ID: 5GMZ. Docking

This work is licensed under

a Creative Commons
Attribution-NonCommercial
4.0 International License

Publisher:
Universitas Muhammadiyah
Magelang

analysis was performed using AutoDock Vina which is integrated into PyRx.
Docking results were visualized using the PyMol software and Biovia Discovery
Studio 2019. The results of the analysis showed that the binding affinity of all
simulation models between naringin and the HBV capsid protein ranged from -
7.1to -7.9 kcal/mol. The binding site formed between naringin and the receptor
corresponds to the reference ligand, involving the same 12 amino acid residues,
namely PHE 23, PRO 25, LEU 30, THR 33, TRP 102, ILE 105, SER 106, PHE
110, TYR 118, ILE 139, LEU 140, and SER 141. Based on these results, it can

be concluded that the naringin compound has the same bioactivity as the
reference ligand in inhibiting viral replication, so that naringin has the potential
as a candidate for hepatitis B virus replication inhibitor

Keywords: Antivirus; Hepatitis; Molecular docking; Naringin; Natural
compounds

1. INTRODUCTION

Hepatitis B virus infection (HBV) is a health problem that causes acute and chronic liver
disease that infects one in three human populations in the world, where around 360 million
individuals are at risk of developing chronic hepatitis B disease, cirrhosis and liver cancer
(Chuang et al., 2009; Kanda et al, 2019). Diseases due to HBV infection in Indonesia itself are
still classified as moderate to high with a prevalence percentage of between 2.5-10% (Muljono,
2017). Based on data findings released by the World Health Organization (WHQO) in 2020
regarding the prevalence of hepatitis B in the ASEAN, the prevalence of hepatitis B in children
under five years of age in Indonesia is the highest in ASEAN, which is 1.3% (Ministry of Health
of the Republic of Indonesia, 2021).

HBV classified into the genus Othohepadnavirus which is a member of the hepadnaviridae
virus family with a genome in the form of circular double helix DNA with a length of about 3.2
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kb (Lietal., 2020; Littlejohn et al, 2016). HBV uses reverse transcriptase in its replication cycle,
which has the ability to replicate like some retroviruses found in animals and pararetroviruses
found in plants (Jones & Hu, 2013).

The Food and Drug Administration (FDA) has approved two types of HBV drugs, namely
immunomodulators/interferons (IFN-a-2b and peg-IFN-a-2a) and nucleoside analogues (Hu et
al., 2019; Tseng et al., 2014), but long-term use of this drug can cause resistance and specific
mutations in HBV so that the drug's efficacy decreases (Firdayani et al., 2017; Khalil et al., 2020).
One of the efforts made is to use the capsid protein of HBV as a drug target because it has an
important role in the HBV replication cycle (Chen et al., 2021; Liu, et al., 2021). Previous studies
showed that the interaction between 4-methyl heteroaryldihydropyrimidine (4-methyl HAP) was
able to inhibit HBV replication (Qiu et al., 2016b). The study of the use of natural compounds
from plants that have medicinal properties is also one of the efforts that can be implemented to
deal with this problem.

Naringin is a compound with the molecular formula C27H32014 with a molecular weight
of 580.5 g/mol (NCBI, 2022). Compounds belonging to the flavonoid class can be found as
secondary metabolites in plants which are generally consumed and also used as traditional
medicines (such as: Drynaria fortunei, Citrus aurantium and Citrus medica) (Zhang et al., 2014).
Consuming foods that contain naringin can reduce the risk of various diseases, including cancer
and cardiovascular diseases (Fadholly et al., 2020). Naringin also exhibits bioactivity as an anti-
inflammatory (Chtourou et al., 2016; Jain & Parmar, 2011), as well as an antiviral (Roy et al.,
2022). Therefore, this study was conducted to examine the potential of naringin compounds as
candidates for HBV replication inhibitors using an in-silico approach.

2. METHODS

2.1. Study Area
The study used a descriptive exploratory method that examined the potential of naringin

compounds in inhibiting hepatitis B virus (HBV) replication activity using an in-silico approach
through molecular docking techniques. The research was carried out in July-November 2022 at
the computer laboratory of the Faculty of Teacher Training and Education, Universitas Samudra.
This in silico study used the PubChem compound database and the Protein Data Bank (PDB) as
data sources, as well as PyMol, PyRx, and Biovia Discovery Studio 2019 software for the docking
and visualization analysis stages.

2.2. Collection of Ligands and Receptor
The 3D structure of the naringin compound was obtained from the PubChem database with

CID 442428 (NCBI, 2022). The 3D structure of naringin was downloaded in *.sdf format (Figure
1a). In addition, the reference ligand structures are also collected from the same database. The
reference ligand used was 4-methyl heteroaryldihydropyrimidine (4-methyl HAP) (Khalil et al.,
2020; Qiu et al., 2016a), with CID 121488107 (NCBI, 2022) (Figure 1b).

Figure 1. 3D structure of (a) naringin compound; and (b) reference ligand
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As for the receptor used in this study, the core protein of the HBV capsid was collected from
a protein database, namely PDB. The 3D structure of the protein used has an ID of 5GMZ with a
resolution of 1.70 A (Figure 2a). The 3D structure of the HBV core protein was obtained using
the x-ray diffraction method, the structure consists of six chains with a sequence length of 155.
The HBV capsid protein forms a complex with 4-methyl HAP (ligand ID: 6XU), which is the
reference ligand that will be used in molecular docking analysis. Then the 3D structure is
downloaded in *.pdb format and saved for further analysis.

(b)

Figure 2. 3D structure of (a) HBV capsid protein; and (b) HBV capsid chains were prepared

2.3. Ligands and Receptor Preparation
The naringin compound and the reference ligand obtained from PubChem were then

prepared by optimizing and converting the format. Optimization and conversion of naringin
compounds and reference ligands were carried out using the Open babel software which has been
integrated with PyRx (Husain et al., 2022). Optimization is carried out to minimize the energy
used by the compound and make the ligand stable (Hanif et al., 2020). Conversion of compounds
and ligands was carried out to change the format from *.sdf to *.pdb so that it can be read by
PyRx software for molecular docking analysis.

HBV capsid protein receptors were prepared using the PyMol software. The preparation was
carried out by selecting a chain with the most complete amino acid from the six chains available
in the 3D structure that was previously downloaded. This study used the D chain from the
available sequences which is the chain with the most complete sequence compared to the other
five chains. The chain is then cleaned of contaminating ligands and water molecules and stored
in *.pdb format (Figure 2b).

2.4. Analysis and Interpretation
Naringin compounds, reference ligands, and HBV capsid proteins were analyzed by

molecular docking technigue in the form of blind docking. This blind docking strategy is used so
that the program runs the search for the most optimal binding sites on all sides of the protein with
the lowest binding energy (binding affinity) (Du et al., 2016; Yan et al, 2016). Docking using
AutoDock Vina software integrated with PyRx (Trott & Olson, 2009).

Binding affinity data obtained from molecular docking analysis are then interpreted by
comparing the scores between the tested compounds and the reference ligands used. The smaller
the score formed indicates that the bond formed is more optimal (Atkovska et al., 2014; Pantsar
& Poso, 2018). Data analysis results were also visualized using PyMol and Biovia Discovery
Studio 2019 (Kusumawati et al., 2022), so that binding sites were obtained and interactions
formed in the docking complex between the naringin compound and the HBV capsid protein and
between the reference ligand and the HBV capsid protein (Seeliger & de Groot, 2010). The
binding site data and the interactions that are formed can be used as an indicator showing that the
tested compound has relatively the same bioactivity as the reference compound used in the study.
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3. RESULTS AND DISCUSSION

3.1. General Properties of Naringin and Reference Ligand
Treatment with the use of herbal plants is an alternative effort whose trend is currently

popular in curing various diseases. The use of herbal plants has been passed down from generation
to generation and has provided guidance in the selection, preparation and application of herbal
formulations to control and treat various diseases. Healing using herbal plants has been carried
out for endocrine and metabolic, immune, neurodegenerative diseases, and even for curing
diseases caused by bacterial and viral infections (Khan & Ahmad, 2019)

Herbal plants contain various secondary metabolite compounds which are natural products
found in plants. Naringin is an example of a secondary metabolite compound found in plant
extracts. The naringin compound belongs to the flavonoid group which is widely found in
medicinal plants and fruits (Rivoira et al., 2021). Naringin is a secondary metabolite compound
that is commonly found in plants such as tomatoes, grapefruits, plants of the Citrus genus, and in
herbal plants that are commonly used for traditional medicine such as Hydrocotile sibthorpioides
(Hazarika et al., 2021; Husin al., 2015)

Detailed information regarding the reference ligands and natural compounds used are
presents in Table 1 and their 2D structures are presented in Figure 3. The table presents PubChem
ID, chemical formula, molecular weight, hydrogen bond donor (HbD), hydrogen bond acceptor
(HbA), number of rotational bonds (nRB), partition coefficient (LogP), and also Figure 3 show
the 2D structures of the ligands and compounds used in this study. This information is obtained
from the PubChem database.

Table 1. General information regarding reference ligands and naringin compounds

. Molecular
Compounds P“bl(l:jhem ?:frrnnl'fl:' weight  HbD HbA nRB  LogP
(g/mol)
Naringin 442428 C27H32014 580.5 8 14 6 -0.5
4-methyl HAP
(reference 7121488107  CooH21F3N4O4S 494.5 1 11 7 0.9
ligand)
F
//\1/ ¥ YA ,\
/
| §
. Sy \ /

o U | , (b)

Figure 3. 2D structure regarding reference ligands and naringin compounds

3.2. Docking Analysis
The molecular docking analysis carried out in this study used the blind docking technique.

This technique is used for the detection of possible binding sites and modes of peptide ligands by
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scanning the entire surface of protein targets, in order to obtain comprehensive docking results.
The grid box is set to cover the entire protein so that the AutoDock Vina program algorithm will
look for the most optimal ligand binding locations in all parts of the target protein (Sharma et al.,
2018). The results of the analysis show nine tethering model simulations for each interaction. The
docking results between the reference ligand and the HBV capsid protein showed nine simulation
models with binding affinity scores ranging from -6.2 to -6.6 kcal/mol. Meanwhile, the model
that successfully simulated the binding between the naringin compound and the HBV capsid
protein showed a binding affinity score between -7.3 to -7.9 kcal/mol (Table 2).

Table 2. Binding affinity score between ligand and receptor

Binding Affinity  py\ishiu (&) RMSDILB (A)

Ligand Mode

(kcal/mol)

0 -6.6 0 0
1 -6.3 7.242 3.273
2 -6.3 6.239 3.999
5gmz—reference 3 -6.3 8.618 4.958
ligand 4 -6.3 20.348 18.03
S -6.3 17.443 15.403
6 -6.2 22.277 18.212
4 -6.2 17.48 15.146
8 -6.2 24.706 21.227
1 -75 20.467 16.789
2 -1.5 20.879 17.633
3 -7.4 6.033 3.017
Sgmz—naringin 4 -7.3 8.567 2.691
S -7.1 1.592 1.354
6 -7.1 19.77 16.376
7 -7.1 21.606 18.033
8 -7.1 25.838 21.88

The results of redocking the reference ligand, 4-methyl heteroaryldihydropyrimidine (4-
methyl HAP), with the structure of the HBV capsid protein showed that the interaction between
the two formed a complex that had the highest binding affinity score of -6.6 kcal/mol in the mode
0 simulation results. Meanwhile, the docking results of naringin with the structure of the HBV
capsid protein produces a complex that interacts with a binding affinity score in mode 0 of -7.9
kcal/mol the naringin complex are more optimal. The binding affinity score is a value that
indicates the number of Gibbs free energy ( A G) of binding. The smaller the value, the less energy
is required to form an optimal bond (Bitencourt-Ferreira et al., 2019; Shen et al., 2020).

3.3. Binding Site and Interactiom Formed to HBV Capsid Protein
The 3D structures of naringin, reference ligand, and HBV capsid protein formed were

visualized with PyMol to study binding sites. The visualization results show that naringin and the
reference ligand form a complex with the HBV capsid protein at relatively the same binding site
(Figure 4).

Further visualization analysis was carried out to see the interactions formed between the
ligand and the receptor using the Biovia Discovery Studio 2019 software. The visualization was
carried out by activating the display of the interaction of the ligand and the amino acid residues
of the receptor. Visualization of these chemical interactions is necessary to determine the complex
character of the ligand target protein and maintain molecular interactions, stability, and dynamics
(Fatchur & Putra, 2020). The results of visualization of the reference ligand complex with amino
acid residues from the HBV capsid protein show various interactions that are formed, namely van
der Waals interactions on amino acid residues PHE 23, SER 106, THR 109, ILE 139, SER 141,
and THR 142, Conventional Hydrogen bond on amino acid residues THR 33 and TRP 102,
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halogen (fluorine) interactions on ASP 29, pi-sulfur interactions on TYR 118, pi-pi T-shaped
interactions on TYR 118, and alkyl and pi-alky! interactions involving PRO 25 amino acids , LEU
30, LEU 37, TRP 102, ILE 105, PHE 110, and LEU 140 (Figure 5).

G reference ligand
Figure 4. Visualization of binding sites between naringin, reference ligand, and HBV capsid protein
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Figure 5. Visualization of reference ligand interactions (a) 3D structure; and (b) 2D structure
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While the results of visualization of the naringin compound complex with amino acid
residues from the HBV capsid protein show interactions that are formed, including van der Waals
interactions on amino acid residues ASP 22, PRO 25, LEU 30, THR 33, ILE 105, SER 106, PHE
110, PHE 122, ASN 136, ALA 137, PRO 138, and SER 141, conventional hydrogen bond
interactions at amino acid residues PHE 23 and TYR 118, carbon hydrogen bond interactions and
pi-donor hydrogen bonds at ILE 139 and LEU 140, and alkyl interactions and pi-alkyl at amino
acid residues PHE 23, TRP 102, TYR 118, ILE 139 and LEU 140 (Figure 6).
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Figure 6. Visualization of the interaction of naringin compounds (a) 3D structure; and (b) 2D structure

The visualization performed on the two docking complexes showed that the naringin
compound formed a binding site that was relatively the same when compared to the reference
ligand used. The interaction between 4-methyl HAP and HBV capsid protein involves a total of
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16 amino acid residues from the capsid protein structure, namely PHE 23, PRO 25, ASP 29, LEU
30, THR 33, LEU 37, TRP 102, ILE 105, SER 106, THR 109, PHE 110, TYR 118, ILE 139, LEU
140, SER 141, and THR 142 by van der Waals interaction, conventional hydrogen bond, halogen
(fluorine), pi-sulfur, pi-pi T-shaped, alkyl and pi- alkyl. Meanwhile, the interaction between the
naringin complex and the HBV capsid protein involves 17 amino acid residues, namely ASP 22,
PHE 23, PRO 25, LEU 30, THR 33, TRP 102, ILE 105, SER 106, PHE 110, TYR 118, PHE 122,
ASN 136, ALA 137, PRO 138, ILE 139, LEU 140, and SER 141 with van der Waals interactions,
conventional hydrogen bonds, carbon hydrogen bonds and pi-donor hydrogen bonds, alkyl and
pi-alkyl. Naringin and 4-methyl HAP bind to the HBV capsid protein at sites involving the exact
same 12 amino acid residues, namely PHE 23, PRO 25, LEU 30, THR 33, TRP 102, ILE 105,
SER 106, PHE 110, TYR 118, ILE 139, LEU 140, and SER 141. The reference ligand has formed
a conventional hydrogen bond on the THR 33 and TRP 102 amino acid residues of the target
protein. Whereas in the target naringin-protein complex, the conventional hydrogen bonds that
are formed are PHE 23 and TYR 118. 4-methyl HAP has bioactivity in interrupting the normal
capsid formation of HBV so that it can block HBV replication (Cole, 2016; Qiu et al., 2017,
2016Db).

Based on data from in silico analysis in this study with indicators of comparison of binding
affinity scores, binding sites, and interactions formed between the tested compound and reference
ligands on viral proteins, naringin has bioactivity inhibiting HBV replication, so this compound
has the potential to be used as a candidate.

4. CONCLUSION

It can be concluded that the naringin compound has potential as an inhibitor of hepatitis B
virus replication based on the results of molecular docking. The results of the analysis showed
that naringin and HBV capsid protein formed a complex with a binding affinity score of -7.9
kcal/mol (<-6.6 kcal/mol). Naringin binds to the binding site according to the reference ligand
and forms the same interaction with the 12 amino acid residues of the structure of the HBV capsid
protein complex and the reference ligand. Therefore, naringin has the same potential as the
reference ligand so that it can be developed as a candidate for HBV replication inhibitor.
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