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Abstract

Context: The attachment of human immunodeficiency virus type 1 glycoprotein 120 (HIV-1 gp120) to the CD4 receptor of human immune cells is the beginning
of HIV-1 infection. Stimulation of reactive oxygen species (ROS) production through upregulation of nicotinamide adenine dinucleotide phosphate (NADPH)
oxidase-2 (NOX-2) and -4 (NOX-4), and cytochrome P450 2E1 (CYP2E1) of the virus can be a potential target for anti-HIV agents.

Aims: To evaluate the inhibitory effects of caffeoylquinic acids (CQAs) and flavonoids of Pluchea indica leaves against the binding of HIV-1 gp120 with CD4
receptor and their antioxidant activities via interactions with NOX-2, NOX-4, and CYP2E1 through in silico study.

Methods: Ten CQAs and nine flavonoids of P. indica were docked to the 3TGS (gp120 HIV-1), 2CDU (NOX-2), 3A1F (NOX-4), and 3T3Z (CYP2E1) receptors using
the AutoDockTools 1.5.7. Physicochemical and pharmacokinetics properties were predicted using the pkCSM online tool, while toxicity was predicted using
the ProTox-Il webserver.

Results: Mostly, all of the CQAs and flavonoids were able to bind to all receptors. 3,4-Di-O-caffeoylquinic acid has the lowest binding energy (-8.79 kcal/mol)
against 3TGS (gp120). 5-O-Caffeoylquinic acid and apigenin have great potential as antioxidants due to their good binding with NOX-2 and CYP2E1. However,
CQAs might have ADME problems. Most test compounds did not cause hepatotoxicity, carcinogenicity, or mutagenicity. All test compounds have no cytotoxic
potential. However, all CQAs have the potential to be immunotoxins.

Conclusions: The findings indicated that 3,4-di-O-caffeylquinic acid could be a potential inhibitor of HIV-1 gp120-CD4 binding, while 5-O-caffeoylquinic acid
and apigenin demonstrated strong antioxidant activities via NOX-2 and CYP2E1 inhibition. However, in-depth studies, including experimental in vitro and in
vivo studies, are required to validate the anti-HIV activity of the compounds further.

Keywords: antiviral; in silico; molecular docking; phenolics; Pluchea indica.

Resumen

Contexto: La unién de la glicoproteina 120 del virus de la inmunodeficiencia humana tipo 1 (VIH-1 gp120) al receptor CD4 de las células inmunitarias humanas
es el inicio de la infeccién por VIH-1. La estimulacién de la produccién de especies reactivas de oxigeno (ROS) a través de la regulacién al alza de la
nicotinamida adenina dinucleétido fosfato (NADPH) oxidasa-2 (NOX-2) y -4 (NOX-4), y el citocromo P450 2E1 (CYP2E1) del virus puede ser un objetivo
potencial para los agentes contra el VIH.

Objetivos: Evaluar los efectos inhibidores de los acidos cafeoilquinicos (CQAs) y flavonoides de las hojas de Pluchea indica contra la unién de la gp120 del VIH-
1 con el receptor CD4 y sus actividades antioxidantes via interacciones con NOX-2, NOX-4, y CYP2E1 a través de un estudio in silico.

Métodos: Diez CQA y nueve flavonoides de P. indica se acoplaron a los receptores 3TGS (gp120 VIH-1), 2CDU (NOX-2), 3A1F (NOX-4) y 3T3Z (CYP2EL1) utilizando
AutoDockTools 1.5.7. Las propiedades fisicoquimicas y farmacocinéticas se predijeron con la herramienta en linea pkCSM. Las propiedades fisicoquimicas y
farmacocinéticas se predijeron con la herramienta en linea pkCSM, mientras que la toxicidad se predijo con el servidor web ProTox-Il.

Resultados: En general, todos los CQAs y flavonoides fueron capaces de unirse a todos los receptores. El acido 3,4-Di-O-cafeilquinico tiene la energia de unién
mas baja (-8,79 kcal/mol) frente a 3TGS (gp120). El 4cido 5-O-cafeilquinico y la apigenina tienen un gran potencial como antioxidantes debido a su buena
unién con NOX-2 y CYP2EL. Sin embargo, los ACQ podrian tener problemas de ADME. La mayoria de los compuestos de prueba no causaron hepatotoxicidad,
carcinogenicidad ni mutagenicidad. Todos los compuestos de ensayo no tienen potencial citotéxico. Sin embargo, todos los CQAs tienen el potencial de ser
inmunotoxinas.

Conclusiones: Los resultados indicaron que el 4cido 3,4-di-O-cafeilquinico podria ser un inhibidor potencial de la unién gp120-CD4 del VIH-1, mientras que el
acido 5-O-cafeilquinico y la apigenina demostraron fuertes actividades antioxidantes a través de la inhibicién de NOX-2 y CYP2EL. Sin embargo, se requieren
estudios en profundidad, incluyendo estudios experimentales in vitro e in vivo, para validar ain mas la actividad anti-VIH de los compuestos.

Palabras Clave: acoplamiento molecular; antiviral; fenoles; in silico; Pluchea indica.
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Abbreviations: ADME: Absorption, distribution, metabolism, and excretion; AIDS: Acquired immunodeficiency syndrome; ARV:
Antiretroviral; BBB: Blood-brain barrier; CNS: Central nervous system; CQAs: Caffeoylquinic acids; CYP: Cytochrome P450; GHS: Globally
Harmonized System of Classification and Labelling; Gp120: Glycoprotein 120; Gp41: Glycoprotein 41; HIV-1: Human immunodeficiency
virus type 1; Ki: Inhibition constant; LDso: Lethal dosage 50; NADPH: Nicotinamide adenine dinucleotide phosphate; NOX: NADPH
oxidase; OCT2: Organic cation transport 2; POX: Proline oxidase; RMSD: Root mean square deviation: ROS: Reactive oxygen species; VDss:

Volume distribution.

INTRODUCTION

Human immunodeficiency virus type 1 (HIV-1) is
a lentivirus that infects the human immune system
(World Health Organisation, 2023), especially cells
with CD4 receptors on their surface, such as T helper
cells, macrophages, dendritic cells, and astrocytes
(Seitz, 2016). In 2022, 39 million people were living
with HIV in the world (World Health Organisation,
2023). Until now, treatment with antiretroviral (ARV)
is still the primary choice for suppressing viral repli-
cation (Shin et al., 2021). Targets for HIV replication
inhibition from ARV include attachment, fusion or
entry, and viral enzymes ( Popovié¢-Djordjevi¢ et al.,
2022; Sierra-Aragén and Walter, 2012).

Attachment is an early stage in the HIV-1 life cy-
cle, which can be a crucial target with great opportu-
nities in the discovery and development of ARV (Caf-
frey, 2011), HIV-1 pre-exposure prophylaxis therapy
(Malik et al., 2017; Mirani et al., 2019), even protection
from infection (Bruxelle et al., 2021). Glycoprotein 120
(gp120) is one of the HIV-1 proteins (besides gp41)
that plays a role in the initial attachment (Malik et al.,
2017). Gp120 has also been reported to play a role in
stimulating the production of reactive oxygen species
(ROS), such as O,*~ and HO,, in various cell lines (i.e.,
astrocytes and microglia) (Ivanov et al., 2016; Reshi et
al, 2014). Stimulation of ROS production occurs
through wupregulation of cytochrome P450 2E1
(CYP2E1), proline oxidase (POX), and activation of
the nicotinamide adenine dinucleotide phosphate
(NADPH) oxidase-2 (NOX-2) and -4 (NOX-4) (Ivanov
et al., 2016). High amounts of ROS can increase the
risk of accelerating the progression of infection to-
wards acquired immunodeficiency syndrome (AIDS)
(Reshi et al., 2014). Fostemsavir is a first-in-class drug
as an attachment inhibitor, which was approved by
the United States (US) Food Drugs Association (FDA)
in July 2020 for the treatment of patients with multi-
drug-resistant HIV-1 infection (Hiryak and Koren,
2021). However, as with other ARVs, the possibility of
adverse side effects (viz., poor tolerability, toxicities,
and drug-drug interactions, among others), availabil-
ity of types and affordability of drugs in certain coun-
tries (Forsythe et al., 2019) are challenges. Thus, the
discovery and development of new medicinal com-
pounds are urgently needed.

Several natural compounds have been reported as

sources of medicinal chemicals with anti-HIV proper-
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ties (Najmi et al., 2022; Popovi¢-Djordjevic et al., 2022;
Salehi et al., 2018), such as polyphenolics (including
phenolics, flavonoids, lignans, tannins), coumarins,
and alkaloids, which target the HIV-1 life cycle (Kaur
et al., 2020; Popovié-Djordjevi¢ et al., 2022). Asteraceae
is a family of herbs that is rich in phenolic hy-
droxycinnamic acid derivatives (one of which is
caffeoylquinic acids, CQAs) and flavonoids, which
are beneficial for protecting human health (Rolnik
and Olas, 2021). Both classes of natural compounds
have been shown to have anti-HIV activity against
reverse transcriptase (Mahmood et al.,, 1993; Phos-
rithong et al., 2012; Tamayose et al., 2019b), integrase
(Hu et al., 2010; McDougall et al., 1998; Serina et al,,
2016), and protease (McDougall et al., 1998; Serina et
al., 2016). They also have good antioxidant activity
(Heim et al., 2002; Lu et al., 2020; Magafia et al., 2021;
Markovi¢ and Tosovi¢, 2016; Tamayose et al., 2019a).
Pluchea indica Less. is one of many members of the
Asteraceae, whose leaves have been identified to con-
tain several types of CQAs and flavonoids. CQAs are
the major active compounds in P. indica leaves
(Kongkiatpaiboon et al., 2018). Traditionally, the
leaves are used to treat digestive diseases caused by
bacterial or parasitic infections (Hikmawanti et al.,
2024). Decoction of the leaves in boiling water is used
to treat tuberculosis symptoms (Alvin et al., 2014).
The antiviral potential of P. indica leaves has also been
reported against HIV-1 (Locher et al., 1996, Wardani
et al, 2018) and hepatitis B virus (HBV) (In-
drasetiawan et al., 2019). Thus, studying the CQAs
and flavonoid components of P. indica leaves as po-
tential HIV-1 attachment inhibitors is interesting.

Generally, drug discovery and development from
medicinal plants begin with metabolite extraction,
purification, preclinical testing, and clinical trials on
humans. The different stages can take a long time,
require a lot of energy, and be very costly. In addi-
tion, the failure rate at the clinical trial stage is very
high, with possibly only one out of 5000 lead com-
pounds reaching the market for therapeutic use (Ez-
zat et al., 2019). Recently, computational approaches
have been used to screen candidate compounds to be
developed as drugs particularly through in silico mo-
lecular docking studies (Najmi et al., 2022; Shaker et
al., 2021). Through molecular docking studies, predic-
tions of interactions and binding affinity between
candidate compounds and target receptors can be
studied simultaneously. In addition, the assessment
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of pharmacokinetic properties, such as ADME and
toxicity, can be done in silico (Rudrapal and Chetia,
2020).

Therefore, the evaluation of CQAs and flavonoids
from P. indica leaves as anti-HIV targeting gp120 HIV-
1 and antioxidants targeting interactions with
CYP2E1, NOX-2, and NOX-4 through computational
molecular docking studies was carried out. Their per-
formance was also compared with reference drugs,
such as fostemsavir, BMS-806, dextromethorphan,
apocynin, and propofol. In addition, in silico ADME
and toxicity of the tested CQAs and flavonoids were
also predicted in this study.

MATERIAL AND METHODS

Instrumentation

The research was conducted using Windows 11
Home Single Language 64-bit (10.0, Build 22621). The
processor used was AMD RYZEN 5 4500U with
Radeon Graphics (6CPUs, ~2.4 GHz) and memory
8192MB RAM.

Molecular docking

Preparation of proteins

The type of target receptors, their characteristics,
and the positive controls used in this study are pre-
sented in Table S1. Before docking, each receptor was
prepared by removing water molecules and ions from
the receptor molecule. The native ligand was separat-
ed from the receptor molecule. Polar hydrogen was
added to the receptor structure. Receptor structure
preparation was carried out with PyMol (v.2.5.5). Fig.
S1 shows the structures of the receptors that were
prepared and used in this study.

Preparation of ligands

The ligands used in this study were compounds
from the CQA and flavonoid groups found in P. indi-
ca leaves through literature searches. The list of lig-

Table 1. Compounds used in this study.
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ands used in this study is presented in Table 1. The
structure of each compound was downloaded from
the PubChem database
(https:/ /pubchem.ncbi.nlm.nih.gov/). Optimization
of the shape of 3D compounds was carried out by
adding hydrogen and minimizing energy using Avo-
gadro2. Once completed, the file was saved in the pdb
format.

Validation of the docking method

The docking method was validated by re-docking
the native ligand on the active site of the receptor. The
docking method validation parameters were met if
the root mean square deviation (RMSD) value was <2
A. Specifically for the 3A1F receptor, the docking
method was validated using VAS2870 on the binding
pocket previously predicted by Vinay et al. (2020).

Docking assay

Initially, the receptor and ligand file format in pdb
was changed to pdbqt. Central grid points for each
receptor used in this study, viz., -20.864(x), -3.978(y),
19.876(z) for 3TGS; 15.597(x), -13.324(y), 10.201(z) for
3A1F; 18.427(x), -6.355(y), -1.793(z) for 2CDU; and
24.468(x), 26.146(y), 13.305(z) for 3T3Z, respectively.
The dimensions of the grid box used were 44 x 44 x 44
for 3TGS, 66 x 56 x 54 for 3A1F, 30 x 24 x 32 for 2CDU,
and 40 x 40 x 40 for 3T3Z. Spacing was specified on
0.375 A. The grid box settings were saved in gpf for-
mat and then ran AutoGrid. The docking process in
this study used the following genetic algorithm pa-
rameter settings: number of GA runs = 100, Popula-
tion size = 150, maximum number of evals = medium
(2 500 000), and other parameters were in default
conditions. The Lamarckian GA (4.2) output was
saved in dpf format and then run by AutoDockTools
1.5.7. The docking results in the form of files in dlg
format were analyzed using Notepad ++ (v8.5.4)
software. Visualization of docking results was carried
out using Discovery Studio Visualizer 2021
(v21.1.0.20298).

PubChem

Molecular

* H *k
Compound Synonym Code CID* formula* Chemical structure Ref.
Caffeoylquinic acids (CA):
3-0-Caffeoylquinic  Chlorogenic CAl 1794427 Ci6H1809 (Chewchida and Vongsak, 2019;
acid acid Kongkiatpaiboon et al., 2018;
Vongsak et al., 2018)
https://jppres.com J Pharm Pharmacogn Res (2024) 12(4): 703
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Table 1. Compounds used in this study(continued.)..

PubChem Molecular

* H *k
Compound Synonym Code CID* formula* Chemical structure Ref.
4-0-Caffeoylquinic ~ Crypto CA2 9798666 Ci16H1809 (Chewchida and Vongsak,
acid chlorogenic acid R 2019; Kongkiatpaiboon et al.,

2018; Vongsak et al., 2018)

5-0-Caffeoylquinic ~ Neochlorogenic CA3 5280633 Ci6H1809 (Chewchida and Vongsak,

acid acid 2019; Kongkiatpaiboon et al.,
2018; Vongsak et al., 2018)

3,4-Di-0- Iso chlorogenic CA4 5281780 Ca5H24012 (Chewchida and Vongsak,

Caffeoylquinicacid acid B 2019; Kongkiatpaiboon et al.,

2018; Vongsak et al., 2018)

3,5-Di-O- Iso chlorogenic CA5 6474310 CasH24012
Caffeoylquinicacid  acid A

(Chewchida and Vongsak,
2019; Kongkiatpaiboon et al.,
2018; Vongsak et al., 2018)

4,5-Di-O- Iso chlorogenic CA6 6474309 Ca5H24012
Caffeoylquinicacid  acid C

(Chewchida and Vongsak,
2019; Kongkiatpaiboon et al.,
2018; Vongsak et al., 2018)

4,5-Di-0O- - CA7 10052718 C26H26012 (Arsiningtyas et al., 2014)
Caffeoylquinic acid
methyl ester

3,4,5-Tri-O- - CA8 6440783 C34H30015
Caffeoylquinic acid

(Arsiningtyas et al., 2014)

3,4,5-Tri-O- - CA9 53239460 C35H32015 (Arsiningtyas et al., 2014)
Caffeoylquinic acid
methyl ester

1,3,4,5-Tetra-O- - CA10 5281799 Ca3H36018
Caffeoylquinic acid

(Arsiningtyas et al., 2014)
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Table 1. Compounds used in this study(continued...)

PubChem Molecular
* H *k
Compound Synonym Code CID* formula* Chemical structure Ref.

Flavonoids (F):

Quercetin - F1 5280343 Ci5H1007 oy (Andarwulan et al., 2010)

Kaempferol - F2 5280863 Ci15H1006 (Andarwulan et al., 2010)
Myricetin - F3 5281672 Ci5H1008 (Andarwulan et al., 2010)
Luteolin - F4 5280445 Ci5H1006 (Andarwulan et al., 2010)
Apigenin - F5 5280443 Ci15H100s (Andarwulan et al., 2010)
Quercetin 3-0- Quercitrin F6 5280459 C21H20011 (Hussin et al., 2019)
rhamnoside

Quercetin 3-0- Isoquercetin F7 5280804 C21H20012 (Hussin et al., 2019)
glucoside

Quercetin 3-0- Miquelianin F8 5274585 C21H18013 (Hussin et al., 2019)
glucuronide

Kaempferol 3-O-B-D-  Astragalin F9 5282102 Ca1H20011 (Hussin et al., 2019)

glucopyranoside
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Table 1. Compounds used in this study(continued...)

In silico anti-HIV of phenolics from Pluchea indica

PubChem Molecular
* H ek
Compound Synonym Code CID* formula* Chemical structure Ref.
Reference drugs (RD):
Fostemsavir BMS-663068 free acid RD1 11319217 Ca5H2sN70sP (Lai, 2021)
BMS-806 BMS-378806 RD2 5495818 C22H22N404 (Tintori et al., 2013)
Dextromethorphan  d-Methorphan RD3 5360696 CisH2sNO (Da Silva Costa et al.,
2018)
Propofol 2,6-diisopropylphenol  RD4 4943 C12H180 (Lewis et al., 2000)
Apocynin Apocynin A RD5 9804654 C24H20010 (Mhya et al., 2023)

*From PubChem database (https://pubchem.ncbi.nlm.nih.gov/); **Visualization from Discovery Studio 2021.

Determination of predicted physicochemical
parameters

Prediction of these parameters was carried out via
the pkCSM webserver
(https:/ /biosig.lab.ug.edu.au/pkcsm/ prediction),
which was accessed for free. The respective ligand
molecules were uploaded in canonical SMILE format.
The parameters of the physicochemical properties of
each ligand determined in this study were molecular
weight (g/mol), log P, number of rotatable bonds,
hydrogen bond donors, hydrogen bond acceptors,
and surface area.

Determination of ADME parameter predictions

ADME parameter predictions were carried out to
obtain an overview of the properties of adsorption
(A), distribution (D), metabolism (M), and excretion
(E). The adsorption parameters determined include
water solubility (A1), Caco-2 permeability (A»), intes-
tinal absorption (human) (As), skin permeability (A4),
P-glycoprotein substrate (As), P-glycoprotein I inhibi-
tor (A¢), and P-glycoprotein II inhibitor (A7). The dis-
tribution parameters determined include volume
distribution (VDss), human) (D), fraction unbound
(human) (D), blood-brain barrier (BBB) permeability

https://jppres.com

(Ds), and central nervous system (CNS) permeability
(D4). The metabolic parameters determined include
CYP2D6 substrate (Mi), CYP3A4 substrate (Ma),
CYP1A2 inhibitor (Ms), CYP2C19 inhibitor (M),
CYP2C9 inhibitor (Ms), CYP2D6 inhibitor (Ms), and
CYP3A4 inhibitor (My). The specified excretion pa-
rameters were total clearance (E1) and renal organic
cation transport 2 (OCT>) substrate (E2).

Determination of predicted toxicity parameters

Prediction of toxicity parameters for each ligand
was carried out using the ProTox-1I, which was ac-
cessed for free via https:/ /tox-
new.charite.de/protox_IlI/). The predicted toxicity
parameters were the lethal dosage 50 (LDso) value,
toxicity class, hepatotoxicity, carcinogenicity, immu-
notoxicity, mutagenicity, and cytotoxicity properties
of each compound.

Data analysis

Validation of the docking method was accepted if
the RMSD value of the redocking result was <2 A. The
binding affinity energy (AG) and the inhibition con-
stant (Ki) values from the molecular docking study of
each CQA and flavonoid tested were compared with

J Pharm Pharmacogn Res (2024) 12(4): 706
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each reference drug. In addition, chemical interactions
between residues on the target protein and the tested
ligand with the most negative binding affinity energy
values were observed and presented in the form of 2D
images using Discovery Studio Visualizer 2021
(v21.1.0.20298). Predictions of the physicochemical
properties of each compound investigated were com-
pared with the Lipinski rule (Turner and Agatonovic-
Kustrin, 2007). The ADME and toxicity predictions for
each compound tested were compared with the crite-
ria for each test parameter based on literature (if any).

RESULTS

Evaluation of molecular docking

The overlay of the native ligand crystal with the
re-docked ligand is presented in Fig. 1. Based on the
results obtained, the RMSD value of each re-docked
native ligand gave a result of <2.0 A. It means that the
docking method can be used to dock the compounds
being tested. Meanwhile, blind-docking was carried
out on the 3A1F receptor using ordinates and grid box
dimensions based on a study by Vinay et al. (2020).

The docking results of the CQAs and flavonoids of
P. indica leaves are presented in Table 2. From the
CQAs group, the lowest binding energy value com-
pared to other CQAs against the 3TGS (gp120 HIV-1)
receptor was 3,4-di-O-caffeoylquinic acid (-8.79
kcal/mol), against the 3A1F (NOX-4) receptor was 4-
O-caffeoylquinic acid (-5.56 kcal/mol), against the
2CDU (NOX-2) receptor is the 5-O-caffeoylquinic acid

In silico anti-HIV of phenolics from Pluchea indica

(=7.98 kcal/mol), and against the 3T3Z (CYP2E1) was
5-O-caffeoylquinic acid (—6.18 kcal/mol). From the
flavonoids group, the lowest binding energy com-
pared to other flavonoids against the 3TGS (gp120
HIV-1) receptor was quercetin 3-O-glucoside (-7.38
kcal/mol), against the 3A1F (NOX-4) receptor was
quercetin 3-O-glucuronide (-5.73 kcal/mol), against
the 2CDU (NOX-2) receptor was the apigenin (-7.33
kcal/mol), and against the 3T3Z (CYP2E1) was apig-
enin (-8.91 kcal/ mol).

Fig. 2 shows the 2D interaction between the lig-
ands with the lowest binding energy and residues
around the binding pocket of the 3TGS receptor. Lig-
and 03G, as a native ligand of 3TGS, interacted with
Glu429, Met426, Gly473, and Asn425 residues via
hydrogen bonds. In addition, ligand 03G also inter-
acted with Phe382 and Val255 residues via Pi-alkyl
and Phe376 residues via halogen Cl interactions. 3,4-
Di-O-Caffeoylquinic acid interacted with Asn425,
Gly431, Asp368, and GIn428 residues via hydrogen
bonds, Val255 residue via Pi-alkyl interactions, and
Trp427 residue via Pi-lone pair interactions. Quercetin
3-O-glucoside interacted with Asn425, Glu370,
Asp368, Aspd74, Met426, Gly431, and GIn428 residues
via hydrogen bonds and Val430 residue via Pi-Sigma
interactions. Fostemsavir interacted with Trp427 resi-
due via hydrogen bonds, Val430 residue via Pi-alkyl,
[le424 residue via Pi-Sigma, and Glu429 residue via
stacked amide-Pi interactions. Meanwhile, BMS-806
interacted with Glu429 and Met427 residues via hy-
drogen bonds and Val430 residues via Pi-alkyl inter-
actions.

Native (03G)

Redocking (03G)
RMSD = 1.69 A

Redocking (9PL)
RMSD=1244A

Figure 1. Overlay of the crystal structure of the native ligand (color by element) and the
redocking result ligands (magenta) of the 3TGS (A), 2CDU (B), and 3T3Z (C) receptors.

Native (ADP)

R

Redocking (ADP)
RMSD=1.05 A

Native (9PL)

/
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Table 2. Molecular docking results of selected P. indica compounds.

In silico anti-HIV of phenolics from Pluchea indica

3TGS (gp120 HIV-1) 3A1F (NOX-4) 2CDU (NOX-2) 3T3Z (CYP2E1)
Compound AG
Codes ﬁ((::al/mol) Ki (M) (Akial/mol) Ki (M) (AS:al/mOl) Ki (uM) (kcal/mol) KIuM)
03G* -10.39 0.02 nd nd nd nd nd nd
VAS2870 nd nd -6.21 27.88 nd nd nd nd
ADP* nd nd nd nd -9.08 0.22 nd nd
9PL* nd nd nd nd nd nd —6.61 14.39
CAl —6.82 10.00 -5.03 205.97 -6.91 8.65 -5.85 51.87
CA2 -6.27 25.35 -5.56 83.36 -6.74 11.56 -4.93 245.07
CA3 —6.59 14.84 -5.21 151.44 —7.98 141 —6.18 29.73
CA4 -8.79 0.36 —5.43 103.83 -7.41 3.70 -0.37 5.37x10°
CA5 -8.58 0.52 -4.69 364.56 —4.85 277.22 -5.10 183.38
CA6 -7.30 4.45 -4.93 241.95 —6.58 14.92 - -
CA7 —-8.52 0.57 —-4.72 344.87 —6.53 16.44 - -
CA8 —-6.59 14.83 -3.38 3.31x10° - - - -
CA9 -6.92 8.42 -3.96 1.26x10° -0.27 6.37x10° - -
CA10 —5.76 60.32 -2.90 7.50 x 10° - - - -
F1 —6.82 10.05 -5.26 140.43 -6.96 7.97 —6.64 13.60
F2 —-6.59 14.65 -4.79 307.92 -6.51 16.80 -6.34 22.35
F3 —6.83 9.93 —4.88 265.71 -6.90 8.81 -5.54 86.42
F4 —-6.90 8.82 -5.03 205.58 —6.84 9.64 —7.60 2.68
F5 —71.27 4.68 -5.26 139.67 -7.33 4.21 -8.91 0.29
F6 -7.37 3.96 -5.37 115.04 -5.87 49.85 -3.57 2.43x10°
F7 —7.38 3.87 -5.29 133.13 —5.42 105.72 —-1.08 1.61x10°
F8 —6.57 15.27 -5.73 63.37 -5.08 189.49 - -
F9 —7.07 6.62 —5.54 87.33 —5.66 70.49 -2.81 8.73x10°
RD1 -8.01 1.34 nd nd nd nd nd nd
RD2 -8.28 0.86 nd nd nd nd nd nd
RD3 nd nd -5.15 166.59 -6.83 9.84 nd nd
RD4 nd nd nd nd nd nd —6.41 20.17
RD5 nd nd -5.91 46.82 —4.66 386.76 nd nd

*Native ligand, CA1: 3-O-Caffeoylquinic acid, CA2: 4-O-Caffeoylquinic acid, CA3: 5-O-Caffeoylquinic acid,

CA4: 3,4-Di-O-Caffeoylquinic acid, CA5: 3,5-Di-O-

Caffeoylquinic acid, CA6: 4,5-Di-O-Caffeoylquinic acid, CAT: 4,5-Di-O-Caffeoylquinic acid methyl ester, CA8: 3,4,5-Tri-O-Caffeoylquinic acid, CA9: 3,4,5-
Tri-O-Caffeoylquinic acid methyl ester, CA10: 1,3,4,5-Tetra-O-Caffeoylquinic acid, F1: Quercetin, F2: Kaempferol, F3: Myricetin, F4: Luteolin, F5: Apigenin,
F6: Quercetin 3-O-rhamnoside, F7: Quercetin 3-O-glucoside, F8: Quercetin 3-O-glucuronide, F9: Kaempferol 3-0-B-D-glucopyranoside, RD1: Fostemsavir,
RD2: BMS-806, RD3: Dextromethorphan, RD4: Propofol, RD5: Apocynin, nd: not determined, (-): poor binding energy (positive value), AG: free energy of

binding, Ki: Inhibition constant, uM: micromolar.

Fig. 3 presents the 2D interaction between the lig-
and with the lowest binding energy and residues
around the binding pocket of the 3A1F receptor.
VAS2870 was the ligand used to validate the docking
method for this receptor, according to that carried out
by Vinay et al. (2020). VAS2870 interacted with I1e139
residue via Pi-Alkyl, Glul35, and Lys54 residues via
Pi-Cation/Pi-Anion, and Asn93, Ser91, Tyr56, GIn142,
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and Tyr58 residues via Pi-donor hydrogen bonds. 4-
O-Caffeoylquinic acid interacted with GIn123, Asn93,
Tyr95, Ser91, and GInl42 residues via hydrogen
bonds and Glul35 residue via Pi-Anion. Quercetin 3-
O-glucuronide interacted with Ser91, GIn142, GIn123,
and Glu135 residues via hydrogen bonds and Thr138
via Pi-Sgma. Dextromethorphan interacted with Ser91
residue via a hydrogen bond, 1le139 residue via a Pi-
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Alkyl bond, and Tyr56 and GInl42 residues via a
carbon-hydrogen bond. Apocynin interacts with
Lys124, Ser91, GIn123, and Glul35 residues via hy-
drogen bonds and Leu126 residue via Pi-Alkyl.

Fig. 4 shows the 2D interactions between ligands
with low binding energy and residues around the
binding pocket of the 2CDU receptor. The ADP native
ligand interacted with Cys242, Glyl6l, Tyr188,
Tyr159, Ile160, Gly244, His181, Asp179, Gly180, and
Val 214 residues via hydrogen bond interactions,
Gly156 residue via carbon-hydrogen bond, Lys213
residue via Pi-alkyl, and Ile243 residue via Pi-Sigma.
5-O-Caffeoylquinic acid interacted with Glyl61,
Cys242, Lys187, Aspl79, and Lys213 residues via
hydrogen bonds and His181 residue via carbon-
hydrogen bonds. Apigenin interacted with Lys187,
Val214, and Cys242 residues via a hydrogen bond,
Lys213 residue via Pi-Alkyl, His181 residue via a car-
bon bond, and Asp179 residue via Pi-Anion. Dextro-
methorphan interacted with Argl83 and Asp179 resi-
dues via carbon-hydrogen bond, Ile243, and His181
residues via Pi-Alkyl, Lys187 residue via Pi-Cation,
and Ser157 residue via Amide-Pi Stacked. Apocynin
interacted with Cys242, His181, Aspl79, and Ile243
residue via hydrogen bond, Gly180 residue via van
der Waals, and Lys213 and Lys187 residues via Pi-
Cation.

In silico anti-HIV of phenolics from Pluchea indica

2D interactions of ligands with low binding energy
to residues around the 3T3Z receptor binding pocket
are shown in Fig. 5. 9PL (pilocarpine), as a native
ligand of 3T3Z, interacted with Thr303 residue via
hydrogen bonds, Phe207 residue via Pi-Alkyl bond,
and HEM500 via Pi-Sigma bond. 5-O-caffeoylquinic
acid interacted with Ala299 and Thr303 residues via
hydrogen bonds, Leu103, Leu210 and Leu368 residues
via Pi-Alkyl bond, and Phell6 residue via Pi-Pi T-
shape bond. Apigenin interacted with Ala299 and
Thr303 residues via hydrogen bonds, Leu210, Leu
115, and Leu368 residues via the Pi-Alkyl bond,
Phe298, and Phel16 residues via Pi-Pi T-shaped bond,
and Hemb500 residue via unfavourable bump. The
propofol interacted with Hem500 and Thr303 residues
via the Pi-Sigma bond and Ala299 residue via the Pi-
Alkyl bond.

The tested compounds are predicted to provide
low binding affinity energy (AG) and show the best
inhibition constant (Ki) value. For example, 3,4-di-O-
caffeoylquinic acid has a Ki value of 0.36 uM (for
3TGS, gp120 HIV-1) lower than the Ki value of the
reference drugs (Fostemsavir, Ki = 1.34 uM and BMS-
806, Ki = 0.86 uM) for 3TGS. Otherwise, if the binding
affinity energy is high, then the Ki value of the test
compound is poor.
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Figure 2. Interaction of 03G, 3,4-Di-O-caffeoylquinic acid, quercetin 3-O-glucoside, fostemsavir, and BMS-806 with residues in the
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Figure 3. Interaction of VAS2870, 4-O-caffeoylquinic acid, quercetin 3-O-glucuronide, apocynin, and dextromethorphan with
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Ligand physicochemical based on Lipinski's rule

Predictions of the physicochemical properties of
the ligands used in this research are presented in Ta-
ble 3. The calculation of the physicochemical values
determined was based on the Lipinski rule. The
mono-CQAs (3-O-caffeoylquinic acid, 4-O-caffeoyl-
quinic acid, and 5-O-caffeoylquinic acid) in P. indica
leaves violated one rule, while the di-, tri-, and tetra
caffeoylquinic acids violated three rules. Quercetin,
kaempferol, luteolin, and apigenin have no violation
of the rules. Myricetin violated one rule. Quercetin 3-
O-rhamnoside, quercetin 3-O-glucoside, quercetin 3-
O-glucuronide, and kaempferol 3-O-B-D-glucopyra-
noside violated two rules.

ADME prediction

Table 4 describes the predicted absorption, distri-
bution, metabolism, and excretion (ADME) properties
of each ligand tested using the pkCSM online tool.
Absorption studies can be carried out using various
approaches. Generally, cell-based assays using cell
lines such as Caco-2 and Madin-Darby canine kidney
(MDCK) are performed for this purpose (Van de Wa-
terbeemd et al., 2007). This study found that the Caco-
2 permeability of apigenin has a value of >0.9, while
the other test compounds have a value of <0.9. The
intestinal absorption (human) of apigenin is >30%
(93.25%). It shows that the apigenin compound has

https://jppres.com

the potential to be well absorbed in the small intes-
tine. Meanwhile, most CQAs and flavonoids in P.
indica were predicted to have intestinal absorption
values (human) >30%. The skin permeability value of
the tested compounds was in the range of -2.735
(<2.5), which means that these compounds could
penetrate the skin easily. All test compounds were
predicted as P-glycoprotein substrates. All tested
flavonoids were not inhibitors of P-glycoprotein I and
II. 4,5-Di-O-caffeoylquinic acid methyl ester and 3,4,5-
tri-O-caffeoylquinic acid methyl ester were predicted
to be inhibitors of P-glycoprotein I. 3,4,5-Tri-O-
caffeoylquinic acid methyl ester and 1,3,4,5-tetra-O-
caffeoylquinic acid were P-glycoprotein II inhibitors.

The distribution parameters determined include
VDss (human) (Ds), fraction unbound (human) (D>),
BBB permeability (Ds3), and CNS permeability (D).
The VDss value accepted was >-0.15. Thus, based on
the prediction results, all tested compounds in this
study met the criteria. Unfortunately, all tested com-
pounds have BBB permeability values that did not
meet the criteria (log BBB <0.3), which means that
they have difficulty in penetrating the BBB. In this
study, only kaempferol, luteolin, and apigenin were
predicted to meet acceptable CNS permeability crite-
ria because they have log P >-3. It means that these
three compounds have the potential to penetrate the
central nervous system.
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Table 3. Physicochemical of ligands based on Lipinski's rule.

In silico anti-HIV of phenolics from Pluchea indica

Compound Codes MW (g/mol) LogP RB HBA HBD TPSA Number of violations
CAl 354.311 —0.6459 4 8 6" 141.587 1
CA2 354.311 —-0.6459 4 8 6" 141.587 1
CA3 354.311 —-0.6459 4 8 6" 141.587 1
CA4 516.455* 1.0296 7 11* ™ 209.119 3
CA5 516.455* 1.0296 7 11* ™ 209.119 3
CA6 516.455* 1.0296 7 11* I 209.119 3
CA7 530.482* 1.118 7 12* 6" 215.803 3
CA8 678.599* 2.7051 10 14* 8" 276.651 3
CA9 692.626* 2.7935 10 15* I 283.335 3
CAl0 840.743* 4.3806 13 17* 9* 344.182 3
F1 302.238 1.988 1 7 5 122.108 0
F2 286.239 2.2824 1 6 4 117.313 0
F3 318.237 1.6936 1 8 6" 126.902 1
F4 286.239 2.2824 1 6 4 117.313 0
F5 270.24 2.5768 1 5 3 112.519 0
F6 448.38 0.4887 3 11* ™ 179.107 2
F7 464.379 —0.5389 4 12* 8* 183.901 2
F8 478.362 —0.4466 4 12* 8* 188.063 2
F9 448.38 —0.2445 4 11* ™ 179.107 2
RD1 583.498* 1.16812 8 11* 2 232.706 2
RD2 406.442 2.1273 4 5 1 172.995 0
RD3 271.404 3.3834 1 2 0 121.667 0
RD4 178.275 3.639 2 1 1 80.415 0
RD5 468.414 2.3983 2 10 ™ 191.672 1

CAL: 3-O-Caffeoylquinic acid, CA2: 4-O-Caffeoylquinic acid, CA3: 5-O-Caffeoylquinic acid, CA4: 3,4-Di-O-Caffeoylquinic acid, CA5: 3,5-Di-O-Caffeoylquinic acid,
CA6: 4,5-Di-O-Caffeoylquinic acid, CAT: 4,5-Di-O-Caffeoylquinic acid methyl ester, CA8: 3,4,5-Tri-O-Caffeoylquinic acid, CA9: 3,4,5-Tri-O-Caffeoylquinic acid
methyl ester, CA10: 1,3,4,5-Tetra-O-Caffeoylquinic acid, F1: Quercetin, F2: Kaempferol, F3: Myricetin, F4: Luteolin, F5: Apigenin, F6: Quercetin 3-O-rhamnoside,
F7: Quercetin 3-O-glucoside, F8: Quercetin 3-O-glucuronide, F9: Kaempferol 3-O-B-D-glucopyranoside, RD1: Fostemsavir, RD2: BMS-806,

RD3: Dextromethorphan, RD4: Propofol, RD5: Apocynin, MW: molecular weight, RB: rotatable bonds, HBA: hydrogen bonds acceptor, HBD: hydrogen bonds
donor, MR: Molar refractivity, TPSA: Topological polar surface area, Lipinski’s rule of five: MW <500 g/mol, LogP <5, HBA (—N= or —0—) <10, HBD (—NH- or —OH)

<5, (Turner and Agatonovic-Kustrin, 2007), *violation.

All tested compounds did not affect CYP2D6 and
were not metabolized by it. The di-, tri-, and tetra-
CQAs in this study were predicted to be able to act as
CYP3A4 substrates. Quercetin, kaempferol, myricetin,
luteolin, and apigenin might act as CYP1A2 inhibi-
tors. 3,4,5-Tri-O-Caffeoylquinic acid methyl ester
could possibly act as CYP3A4 substrate and CYP3A4
inhibitor, while luteolin as CYP1A2 and CYP2C9 in-
hibitors. Apigenin was predicted as CYP1A2 and
CYP2C19 inhibitors.
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The excretion parameters determined were total
clearance (E1) and renal OCT2 substrate (E2). The
total clearance values of all flavonoids and mono-
CQAs in this study were positive. It means they could
be excreted quickly. On the other hand, the com-
pounds di-, tri-, and tetra-CQAs have negative values.
Furthermore, all compounds in this study were not
substrates of the OCT2, which is involved in the up-
take and secretion of cationic drugs.
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Table 4. Prediction of ADME properties of ligands.

gz:‘e'?“"d A A A A As Ac Ar D D. Ds D. M1 M2 M3 M4 M5 M6 M7 E: E

CAl —2.449 —0.84 36.377 -2.735 Yes No No 0.581 0.658 —-1.407 —-3.856 No No No No No No No 0.307 No
CA2 —2.428 —0.892 20.029 -2.735 Yes No No 0.546 0.662 -1.593 -3.791 No No No No No No No 0.298 No
CA3 —2.449 0.84 36.377 -2.735 Yes No No 0.581 0.658 -1.407 —-3.856 No No No No No No No 0.307 No
CA4 —2.955 —-1.203 29.037 —2.735 Yes No No 1.633 0.294 —2.08 —3.804 No Yes No No No No No —0.042 No
CA5 —2.952 —-1.147 44.225 -2.735 Yes No No 17 0.28 —2.069 -3.822 No Yes No No No No No —0.044 No
CA6 —2.955 -1.203 29.037 -2.735 Yes No No 1.633 0.294 —-2.08 —-3.804 No Yes No No No No No —0.042 No
CA7 —2.981 —0.168 41.034 —2.735 Yes Yes No 1.902 0.234 -2.011 —3.798 No Yes No No No No No —0.031 No
CA8 —-2.899 -1.422 41.915 -2.735 Yes No No 1.521 0.166 —2.603 —3.768 No Yes No No No No No —0.203 No
CA9 —2.894 -0.371 47.21 -2.735 Yes Yes Yes 1.604 0.194 —2.682 -3.811 No Yes No No No No Yes —-0.198 No
CAl0 —2.892 -1.673 32.738 -2.735 Yes No Yes 0.572 0.269 -3.186 -3.765 No Yes No No No No No —0.369 No
F1 -2.925 —-0.299 77.207 -2.735 Yes No No 1.559 0.206 —-1.098 —-3.065 No No Yes No No No No 0.407 No
F2 —-3.04 0.032 74.29 —2.735 Yes No No 1.274 0.178 —0.939 —2.228 No No Yes No No No No 0.477 No
F3 -2.915 0.095 65.93 —2.735 Yes No No 1.317 0.238 —1.493 —3.709 No No Yes No No No No 0.422 No
F4 -3.094 0.096 81.13 -2.735 Yes No No 1.153 0.168 —-0.907 -2.251 No No Yes No Yes No No 0.495 No
F5 -3.329 1.007 93.25 —2.735 Yes No No 0.822 0.147 -0.734 —2.061 No No Yes Yes No No No 0.566 No
F6 —-2.903 0.048 52.709 -2.735 Yes No No 1.517 0.13 —-1.495 —4.156 No No No No No No No 0.364 No
F7 —2.925 0.242 47.999 -2.735 Yes No No 1.846 0.228 —1.688 —4.093 No No No No No No No 0.394 No
F8 —2.897 —-1.061 25.112 —2.735 Yes No No 1.647 0.274 -1.614 —4.139 No No No No No No No 0.434 No
F9 —2.863 0.306 48.052 —2.735 Yes No No 1.444 0.218 -1.514 —3.908 No No No No No No No 0.462 No
RD1 -3.157 0.99 70.902 —2.735 Yes Yes No —-0.58 0.076 —2.035 =3.77 No Yes No No No No No 0.615 No
RD2 -3.229 1.898 71.86 —2.753 Yes No No 0.052 0.052 —1.148 -3.411 No Yes No No No No Yes 0.729 No
RD3 —4.13 1.657 97.234 —2.757 Yes No No 1.25 0.131 0.698 -1.11 No Yes No No No Yes No 0.964 Yes
RD4 -4.019 1.564 91.115 -1.77 No No No 0.703 0.093 0.497 -1.365 No Yes Yes No No No No 0.204 No
RD5 -2.901 -1.144 56 -2.735 Yes Yes Yes 0.379 0.125 —-1.952 —3.738 No No No No No No No 0.039 No

CAL1: 3-O-Caffeoylquinic acid, CA2: 4-O-Caffeoylquinic acid, CA3: 5-O-Caffeoylquinic acid, CA4: 3,4-Di-O-Caffeoylquinic acid, CA5: 3,5-Di-O-Caffeoylquinic acid, CA6: 4,5-Di-O-Caffeoylquinic acid, CAT: 4,5-Di-O-Caffeoylquinic acid methyl ester, CA8: 3,4,5-Tri-O-Caffeoylquinic acid, CA9: 3,4,5-Tri-O-
Caffeoylquinic acid methyl ester, CA10: 1,3,4,5-Tetra-O-Caffeoylquinic acid, F1: Quercetin, F2: Kaempferol, F3: Myricetin, F4: Luteolin, F5: Apigenin, F6: Quercetin 3-O-rhamnoside, F7: Quercetin 3-O-glucoside, F8: Quercetin 3-O-glucuronide, F9: Kaempferol 3-0-B-D-glucopyranoside,

RD1: Fostemsavir, RD2: BMS-806, RD3: Dextromethorphan, RD4: Propofol, RD5: Apocynin, ADME: absorption, distribution, metabolism, and excretion, A;: Water solubility (log mol/L), A: Caco-2 permeability (log Papp in 10°cm.s), As: Intestinal absorption (human) ((% absorbed), As: Skin
permeability (log Kp), As. P-glycoprotein substrate, As. P-glycoprotein I inhibitor, Az: P-glycoprotein Il inhibitor (A7), D1: VDss (human) (log L/kg), D.: Fraction unbound (human) (Fu), Ds: BBB permeability (log BB), Da: CNS permeability (log P), Mi: CYP2D6 substrate, M: CYP3A4 substrate, Ms: CYP1A2
inhibitor, Ms. CYP2C19 inhibitor, Ms: CYP2C9 inhibitor, Ms: CYP2D6 inhibitor, M;: CYP3A4 inhibitor, E.: total clearance (log mL/min/kg), and E.: renal OCT, substrate
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Table 5. Prediction of toxicity properties of ligands.

In silico anti-HIV of phenolics from Pluchea indica

COT:::nd L:::(d:gt/e:g) Tot(zi;i;:;:ss Hepatotoxicity Carcinogenicity Immunotoxicity Mutagenicity Cytotoxicity
CAl 5000 5 Inactive Inactive Active Inactive Inactive
CA2 5000 5 Inactive Inactive Active Inactive Inactive
CA3 5000 5 Inactive Inactive Active Inactive Inactive
CA4 5000 5 Inactive Inactive Active Inactive Inactive
CA5 5000 5 Inactive Inactive Active Inactive Inactive
CA6 5000 5 Inactive Inactive Active Inactive Inactive
CA7 1190 4 Active Inactive Active Inactive Inactive
CA8 5000 5 Inactive Inactive Active Inactive Inactive
CA9 5000 5 Inactive Inactive Active Inactive Inactive
CA10 5000 5 Inactive Inactive Active Active Inactive

F1 159 3 Inactive Active Inactive Active Inactive
F2 3919 5 Inactive Inactive Inactive Inactive Inactive
F3 159 3 Inactive Active Inactive Active Inactive
F4 3919 5 Inactive Active Inactive Active Inactive
F5 2500 5 Inactive Inactive Inactive Inactive Inactive
F6 5000 5 Inactive Active Active Inactive Inactive
F7 5000 5 Inactive Inactive Active Inactive Inactive
F8 5000 5 Inactive Active Active Inactive Inactive
F9 5000 5 Inactive Inactive Inactive Inactive Inactive
RD1 370 4 Inactive Inactive Inactive Inactive Inactive
RD2 1000 4 Inactive Inactive Inactive Inactive Inactive
RD3 116 3 Inactive Inactive Inactive Inactive Inactive
RD4 500 4 Inactive Inactive Inactive Inactive Inactive
RD5 2500 5 Inactive Inactive Active Inactive Inactive

CA1: 3-0O-Caffeoylquinic acid, CA2: 4-O-Caffeoylquinic acid, CA3: 5-O-Caffeoylquinic acid, CA4: 3,4-Di-O-Caffeoylquinic acid, CAS5: 3,5-Di-O-Caffeoylquinic acid, CA6: 4,5-Di-
0-Caffeoylquinic acid, CAT: 4,5-Di-O-Caffeoylquinic acid methyl ester, CA8: 3,4,5-Tri-O-Caffeoylquinic acid, CA9: 3,4,5-Tri-O-Caffeoylquinic acid methyl ester,

CA10: 1,3,4,5-Tetra-O-Caffeoylquinic acid, F1: Quercetin, F2: Kaempferol, F3: Myricetin, F4: Luteolin, F5: Apigenin, F6: Quercetin 3-O-rhamnoside, F7: Quercetin 3-0-
glucoside, F8: Quercetin 3-O-glucuronide, F9: Kaempferol 3-O-B-D-glucopyranoside, RD1: Fostemsavir, RD2: BMS-806, RD3: Dextromethorphan, RD4: Propofol,

RD5: Apocynin, LDso: lethal dosage 50.

Toxicity prediction

CQAs are in class 5 based on their LDs; values, ex-
cept 4,5-di-O-caffeoylquinic acid methyl ester, which
is a compound in class 4 (See Table 5). Most of the
flavonoids in this study are class 5; only quercetin and
myricetin are class 3. Based on the GHS category,
Class 1 includes compounds with LDsy <5 mg/kg,
class 2 includes compounds with 5 < LDsy < 50
mg/kg, class 3 includes compounds with 50 < LDsp <
300 mg/kg, class 4 includes compounds with 300 <
LDso < 2000 mg/kg), and class 5 includes compounds
with LDsg >2000 mg/kg (Gadaleta et al., 2019). All test
compounds, except 4,5-di-O-caffeoylquinic acid me-
thyl ester, have no potential for hepatotoxicity. All
CQAs were not carcinogenic, while only kaempferol,
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apigenin, quercetin 3-O-glucoside, and kaempferol 3-
O-B-D-glucopyranoside were not carcinogenic. All
CQAs have the potential to have immunotoxicity
properties, while from the flavonoid group in this
study, quercetin, kaempferol, myricetin, luteolin,
apigenin, and kaempferol 3-O-B-D-glucopyranoside
did not have immunotoxicity properties. 1,3,4,5-tetra-
O-caffeoylquinic acid, quercetin, myricetin, and luteo-
lin were predicted to have mutagenicity. None of the
test compounds have cytotoxicity properties.

DISCUSSION

Gp120 HIV-1 is a viral protein that plays an essen-
tial role in the initial life of the virus in human target
host cells with the CD4 receptor. In summary, at-
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tachment of gpl120 to CD4 causes a conformational
change of gpl120, which subsequently allows the
presentation of the chemokine co-receptor protein
CXCR4 or CCR5 binding site together with gp41 (Caf-
frey, 2011; Sierra-Aragén and Walter, 2012). This pro-
cess opens the way for HIV genetic material to enter
the host cell and initiate the HIV cycle itself. CYP2E1
and NADPH oxidase (NOX-2 and NOX-4) are acti-
vated due to the presence of viral particles, one of
which is gp120, causing excess ROS production in
cells (Ivanov et al., 2016). Excessive amounts of ROS
can cause activation of nuclear factor (NF)-xB. This
factor controls gene transcription, which can lead to
increased HIV replication (Aquaro et al, 2008).
Through molecular docking studies, predictions of
the interaction of test compounds with specific recep-
tor targets or proteins can help researchers search for
and develop drug-candidate compounds (Najmi et al.,
2022).

3TGS is a crystal structure of HIV-1 clade C strain
C1086 gp120 core in complex with NBD-556 (Table
S1). NBD-556 (native ligand 03G) is a small molecule
(337.8 Da). This molecule binds to the Phe43 cavity of
gp120 (Kwon et al., 2012) and shows its potential in
targeting the inhibition of HIV-1 gp120 binding to
host cells with the CD4 receptor (Tintori et al., 2013).
In this study, it appears that the oxalamide NH in the
native ligand 03G interacts with the Glu429, Met426,
Gly473, and Asn425 amino acid residues with hydro-
gen bonds in the Phe43 cavity of 3TGS (Fig. 2) with a
distance of 1.98, 2.14, 2.26, and 2.00 A, respectively.
According to Tintori et al. (2013), the oxalamide moie-
ty of NBD-556 formed two hydrogen bonds with the
carbonyl oxygen atoms of Asn425, Asp368, and
Gly473 residues in the proposed Phe43 binding mode.
In this study, the compounds 3,4-di-O-caffeoylquinic
acid and quercetin 3-O-glucoside also interacted with
Asn425 and Asp368 residues via hydrogen bonds.
Previously, it was reported that the compound 3,4-di-
O-caffeoylquinic acid interacts with HIV-1 integrase
through molecular docking studies (Hu et al., 2010;
Serina et al., 2016). This compound was assessed as
having poor interaction with HIV-1 protease in silico
(Serina et al., 2016).

Meanwhile, 3A1F and 2CDU are crystal structures
of NOX. NOX is an enzyme that produces ROS (su-
peroxide, O>* or hydrogen peroxide, H>O,). The en-
zyme was identified in the membranes of phagocytic
immune cells, namely macrophages and neutrophils
(Vermot et al., 2021). NOX plays a role in pathogen
killing by pumping ROS into the phagosome, where
ingested pathogens can be destroyed. NOX also plays
a role in cellular signaling, which is related to the
processes of apoptosis, proliferation, homeostasis,
and gene regulation (Couret and Chang, 2016). NOX
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is also commonly known as phagocytic NADPH oxi-
dase (phox). There are several types of NOX, includ-
ing NOX-1, NOX-2, NOX-3, NOX-4, NOX-5, dual
oxidase-1 (DUOX-1) and DUOX-2. At the beginning
of the entry of viral proteins into host cells, gp120
triggers the expression of NOX-2 and NOX-4. NOX-2
(gp91rhex) is an enzyme isolated from phagocytes with
a molecular weight of 91 kDa. NOX-2 was the first
NOX isoform identified. Meanwhile, NOX-4 is ex-
pressed most in the kidney, osteoclasts, fibroblasts,
and endothelial cells. Its maturation depends on
p22rhox, NOX-4 produces detectable H>O» in vitro in
the absence of superoxide dismutase (Vermot et al.,
2021). By blocking NOX-2 and NOX-4, oxidative
stress levels can be reduced (Reshi et al., 2014).

The 3A1F receptor does not have a native ligand,
so docking is carried out using the blind docking
method, where the binding set is determined accord-
ing to studies by Vinay et al. (2020) by using VAS2870
as the target ligand. VAS2870 is an inhibitor of NOX
isoforms (except NOX-3) (Vinay et al., 2020). Mean-
while, the native ligand used in the 2CDU receptor is
ADP. Apocynin and dextromethorphan are used as
reference inhibitors of NOX (Jiang et al., 2013; Da
Silva Costa et al., 2018). In this study, compounds
apocynin, 4-O-caffeoylquinic acid, and quercetin 3-O-
glucuronide interacted with GIn123 and Ser91 resi-
dues in the 3A1F binding site via hydrogen bonds.
Meanwhile, dextromethorphan only showed hydro-
gen bonds with Ser91. A study reported that phenolic
derivative compounds anchored to the 3A1F receptor
showed interactions with Ser91, GIn142, and Glul35
receptors via hydrogen bonds (Aqeel et al., 2020).
Furthermore, in this study, the ligands ADP, 5-O-
caffeoylquinic acid, apigenin, and apocynin both in-
teracted with Cys242 and Aspl79 residues in the
2CDU receptor binding site. Meanwhile, with Asp179
residue, dextromethorphan showed carbon-hydrogen
bond interactions. According to Da Silva Costa et al.
(2018), Asp179 is an amino acid residue that interact-
ed via hydrogen bonds with the test ligand, namely
two selected caffeine analogs, and via carbon-
hydrogen bonds with dextromethorphan.

Cytochrome P450 (CYP) 2E1 (CYP2EL1) is a family
of heme-containing monooxygenase enzymes (Leung
et al., 2013). In this study, the 3T3Z receptor, which is
human CYP2E1l in complex with pilocarpine, was
used. One study reported that the presence of gp120
showed the cause of increased expression of CYP2E1.
They were involved in the production of ROS, which
causes oxidative stress. Antioxidant activity associat-
ed with HIV-1 pathogenesis that acted on the CYP
pathway could potentially be a new drug target
(Reshi et al., 2014). There are several mechanisms of
CYP2E1 inhibition, including haem ligation (4-methyl
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pyrazole, 3-amino-1,2,4-triazole, and diallyl sulfide),
haem interaction (disulphiram and phenethyl isothio-
cyanate), and competitive (propofol) (Lewis et al.,
2000). In this study, 5-O-caffeoylquinic acid and apig-
enin were compounds that are good at interacting
with 3T3Z (CYP2E1).

Failure of the drug in its clinical application and
unmanageable toxicity are closely related to the poor
pharmacokinetics profile of the drug. Thus, initial
evaluation by predicting ADMET properties using
online tools is straightforward. It can reduce research
costs compared to in vitro studies and shorten re-
search time (Dulsat et al., 2023). In this study, predic-
tions of the physicochemical and ADME properties of
the test compounds were carried out using the
pkCSM tool. The tool is considered to have an exten-
sive range of ADME parameter information. Another
advantage is that this tool can be accessed for free
(Dulsat et al.,, 2023). Drug-likeness is related to the
Lipinski rule of five (Turner and Agatonovic-Kustrin,
2007). This study found that the 3,4-di-O-caffeoyl-
quinic acid is an anti-HIV candidate with a mecha-
nism of action via attachment inhibition gp120-CD4.
The compound also has antioxidant properties via
NOX inhibition. However, the compound violated
three Lipinski's rules. Based on the rule, if two or
more criteria are violated, then the high-risk com-
pound has oral bioavailability problems, such as poor
absorption and permeation capabilities (Van de Wa-
terbeemd et al., 2007). However, it should be noted
that the rule does not definitely categorize whether a
compound will be absorbed quantitatively well or
poorly. In addition, compounds that do not violate
the criteria are not always orally bioavailable. Thus,
scientific proof regarding this matter is still needed.
Even though the compound can be absorbed well, it
can still have low bioavailability due to the presence
of a high pre-systemic clearance system. In general,
low bioavailability of marketed drugs may occur in
oral dosage forms of hydrophobic chemical compo-
nents and be absorbed slowly (Turner and Agatono-
vic-Kustrin, 2007).

As previously explained, the unmanageable toxici-
ty of candidate compounds is also critical in their
development as drugs. In this study, the ProTox-II
webserver was used as a tool to predict the toxicity of
tested compounds. The advantage of this tool is that it
has extensive toxicity information, is easy to interpret,
and is easily accessible for free (Banerjee et al., 2018).
In this study, the toxicity of the compound 3,4-di-O-
caffeoylquinic acid is predicted to be in class 5 as a
compound that is categorized as safe. However, this
compound is predicted to have potential immunotox-
icity properties. Behne et al. (2023) reported that the
CQAs (especially 5-O-caffeoylquinic acid and 3,5-di-
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O-caffeoylquinic acid) found in coffee by-products
have immunotoxin effects which could impact the
immune system. However, the intake of both in coffee
by-products is still considered relatively safe.

CONCLUSION

Based on this in silico study, CQAs and flavonoids
from P. indica have the potential to act as anti-HIV
and antioxidant agents. 3,4-Di-O-Caffeoylquinic acid
was suggested to act as an anti-HIV by inhibiting
gp120-CD4 attachment and as an antioxidant via
NOX inhibition. The flavonoid that has the potential
to be a good anti-HIV in this study was quercetin 3-O-
glucoside. Antioxidant activity through NOX-2 inhi-
bition was demonstrated by the 5-O-caffeoylquinic
acid and apigenin, while NOX-4 inhibition was
demonstrated by the 4-O-caffeoylquinic acid and
quercetin 3-O-glucuronide. Meanwhile, 5-O-caffeoyl-
quinic acid and apigenin were potential CYP2E1 in-
hibitors. By targeting the initial process of infection,
drug candidates can be developed for HIV prevention
and prophylaxis therapy. Based on ADMET predic-
tions, there is a possibility that 3,4-di-O-caffeoylquinic
acid compound experiences problems with oral bioa-
vailability and immunotoxicity. However, in-depth
studies, including experimental in vitro and in vivo
studies, are required to validate the anti-HIV activity
of the compounds further.
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Figure S1. Structures of the receptors used in this study.

https://jppres.com J Pharm Pharmacogn Res (2024) 12(4): 720


https://jppres.com/

Hikmawanti et al.

Tabel S1. Characteristics of the target receptors used in this study.
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Ligands used in

Targets PDB ID* Characteristics* docking method Reference drugs Ref.
validation

HIV-protein: 3TGS o Crystal structure of HIV-1 clade | N-(4-chlorophenyl)-N'- | Fostemsavirand (Kwon et al.,
Gp120 Cstrain C1086 gp120 core in (2,2,6,6- BMS-806 2012; Lai,

complex with NBD-556 tetramethylpiperidin- 2021; Tintori

« Organism: Human 4-yl) e*thane diamide etal.,, 2013)

immunodeficiency virus 1 (HIV 1) (036)

¢ Expression System: Homo

sapiens

o Mutation: No

o Method: X-ray diffraction

e Resolution: 2.70 A
Proteins 3A1F o The crystal structure of NADPH | VAS2870 Dextromethorphan | (Quarta et
related- binding domain of gp91 (phox) and Apocynin al., 2021;
oxidants: « Organism: Homo sapiens Sreedevi et
NADPH ) o al., 2022;
oxidase-4 . E)fpressmn System: Escherichia Vinay et al.,
(gp91°"*), NOX- coli 2020)
4 e Mutation: No

o Method: X-ray diffraction

e Resolution: 2.00 A
NADPH 2CDU o The Crystal Structure of Water- | Adenosine-5'- Dextromethorphan | (DaSilva
oxidase-2 forming NAD(P)H Oxidase from diphosphate (ADP)* and Apocynin Costaetal.,
(NOX-2) Lactobacillus sanfranciscensis 2018; Mhya

e Organism: Fructilactobacillus etal., 2023)

sanfranciscensis

® Expression System: Escherichia

coli

e Mutation: No

e Method: X-ray diffraction

e Resolution: 1.80 A
Cytochrome 373z e Human Cytochrome P450 2E1 (3S,4R)-3-ethyl-4-[(1- Propofol (Fanetal.,,
P4502E1 in complex with pilocarpine methyl-1H-imidazol-5- 2018; Lewis
(CYP2E1) yl)methyl]dihydrofura et al., 2000)

® Organism: Homo sapiens

® Expression System: Escherichia
coli

e Mutation: No
e Method: X-ray diffraction
e Resolution: 2.35 A

n-2(3H)-one (9PL)*

https://j

“From RCSB Protein Data Bank (https://www.rcsb.org/).

res.com
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