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ABSTRAK

Inflamasi yang bersifat progresif cenderung akan merusak dan menimbulkan
beberapa permasalahan dalam tubuh. Enzim COX-2 merupakan salah satu
mediator yang betkontribusi besar dalam terjadinya inflamasi progresif.
Penelitian secara eksperimental daun jambu biji (Pszd’z'am guajava L.) terbukti
memiliki aktivitas anti-inflamasi diduga karena banyak terkandung senyawa
flavonoid, namun masih belum ada penelitian aktivitasnya terhadap
penghambatan COX-2 selektif. Tujuan dari penelitian ini yaitu untuk
mengetahui potensi senyawa flavonoid memiliki aktivitas anti-inflamasi
penghambat COX-2 selektif menggunakan uji penambatan molekul. Metode:
31 senyawa flavonoid daun jambu biji didapat dari studi literatur beberapa
penelitian in-vitro dan kode protein ID: 6COX yang digunakan pada penelitian
penambatan molekular ini dilakukan energl  Minimisasi terlebih dahulu.
Selanjutnya digunakan software docking Autodock4 dengan metode semi-
flexible dan Lamarckian Genetic Algorithm (LGA). Semua senyawa flavonoid
juga dilakukan prediksi Absorpsi, Distribusi, Metabolisme, Ekskresi, Toksisitas
(ADMET). Hasil: secara keseluruhan diperoleh semua 31 senyawa uji flavonoid
daun jambu biji berpotensi sebagai inhibitor COX-2 dan beberapa senyawa uji
diantaranya memiliki nilai docking AG terbaik yang berasal dari Epicatechin-3-
O-Gallate sebesar -9,31 kcal/mol, disusul oleh Gallocatechin sebesar -8,97
kcal/mol serta Tamarixetin -8,83 kcal/mol. Residu asam amino SER 353,
TYR 385, SER 530, GLN 192 dan ARG 120 juga banyak berkontibusi dalam
terbentuknya hidrogen. Epicatechin-3-O-Gallate
merupakan senyawa uji yang memiliki potensi besar sebagai anti-inflamasi
inhibitor COX-2 selektif karena memiliki kekuatan dan kestabilan ikatan yang
tinggi dengan energi docking terendah saat ditambatkan pada protein target.

ikatan Kesimpulan:

ABSTRACT

Progressive inflammation tends to damage and cause several problems in the
body. The COX-2 enzyme is one of the mediators that have a significant
contribution to progressive inflammation. Experimental study, guava leaves
(Pszb’fum guajava L.), have anti—inﬂammatory activity, presumably because they
contain many flavonoid compounds. However, the lack of those research on
their action against selective COX-2 inhibition. The purpose of this study is to
determine the potential for flavonoid compounds to have anti-inflammatory
activity of selective COX-2 inhibitors using molecular docking. Method: 31
flavonoids compound of guava leaves found on some literature studies of a
systematic literature review and protein code ID: 6COX used on this molecular
docking study by applying minimization energy at first. Next, using Autodock4
docking software with semi-flexible and Lamarckian Genetic Algorithm (LGA)
methods. All flavonoid compounds also used screening Absorption,
Distribution, Metabolism, Excretion, Toxicity (ADMET) prediction. Results:
Opverall results obtained that all 31 compounds of guava leaf flavonoids can
potentially be COX-2 inhibitors. One of them has the best docking value with
AG from Epicatechin-3-O-Gallate of -9.31 kcal/mol is high than the
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Gallocatechin of -8.97 kcal/mol and -8.83 kcal/mol Tamarixetin. The amino
acid residues SER 353, TYR 385, SER 530, GLN 192, and ARG 120
contributed significantly to form hydrogen bonds. Conclusions: Epicatechin-3-

O-Gallate has signiﬁcant potential as an anti—inﬂammatory selective COX-2

inhibitor because it has high bond strength and stability with the lowest energy

binding when attached to the target protein.

This is an open access article under the CC—BY-SA license.

Introduction

Inflammation is a biological body response,
usuaHy a protective physiological response to tissue
injury caused by physical trauma, damaging chemical
agents, and infection with microbiological agents
(Chen et al, 2018). However, in progressive
pathological conditions, where antigens dominate the
situation, the inflammation can damage cells, tissues,
or organs (Nurtamin, Sudayasa, and Tien 2018).
The incidence of inflammation is dominated by their
mediators of pro—inﬂammatory prostaglandin—
induced cyclooxygenase enzyme, and other research
shows the inhibition of Cyclooxygenase-2 (COX-2)
can reduce 75% of the production prostaglandins. In
contrast, Cyclooxygenase-1 (COX-I) inhibition
only decreases in 25 % of total prostaglandins in rats
(Ricciotti and Fitzgerald 2011). From these data, it
can be seen that the enzyme COX-2 mainly releases
the prostaglandins that cause inflammation
compared to COX-I. Additionally, the high
expression of COX-2 has played a major role in the
development of serious diseases such as cancer
(Desai, Prickril, and Rasooly 2018), Alzheimer
(Guan and Wang 2019), diabetes (Fujita et al.
2007), osteoarthritis, and rheumatoid arthritis
(Curtis et al. 2019). On the other side, the
inﬂammatory medication that speciﬁcaﬂy inhibits
COX-2 is limited, and celecoxib is the drug most
frequently used. Therefore it is necessary to make
new drug discovery as a drug candidate.

Guava leaves ( Psidium guajava L..) are known to
have anti-inflammatory activity. Research from Choi
et al. (2008) showed that ethanol extract from guava
leaves fermentation showed an inhibitory effect of
inducible nitric oxide synthase (iNOS), COX-2, and
NF kf activation has induced by lipopolysaccharide
on RAW 264,7 cells. Researchers assume that guava
leaves contain lots of flavonoids that might give these
anti-inflammatory effects. The anti-inflammatory
activity of these flavonoids was also supported by in
silico studies on the flavonoid binding model with
COX-2 exploring that several flavonols and flavones

containing 2,3-double bonds may act as preferential
inhibitors COX-2 (D'mello et al. 2011). Recent
research conducted by Sen et al. (2015) shows that
the flavonoid fraction of guava leaf extract is effective
in inhibiting Lipopolysaccharide (LPS) induced
production of Nitric Oxide (NO) and Prostaglandin
E2 (PGE2). Other results using either RT-PCR or
western blot also showed inducible iNOS and COX-
2 inhibiting activity. However, the researchers' Sen et
al. (2015) weakness is that there is no screening of
guava leaves' flavonoid contents, so further research
is needed.

The method used to identify potential anti-
inﬂammatory activity in plant compounds, especially
guava leaves, is molecular docking. Molecular
docking is a molecular modeling technique used to
predict how proteins (enzymes) interact with small
molecules (ligands) (Roy, Kar, and Das 20I5).
Molecular docking in drug development is included
in the Structure-Based Drug Design (SBDD) group
by utilizing information from the target protein
structure to find the protein's active site that binds to
the drug compound. The prediction of the best active
site is expected to create a bond between the
compound and the target protein to form expected

biological activity (Pranowo 2009; Roy et al. 2015).

Method
Equipment and Materials

The hardware used in this molecular docking
study was the Acer Aspire AS14-53G VGA laptop
with a specification of CoreTM 15-1035GI
Processor Intel®, 8 Gb RAM, I TB Hard disk, SSD
512 Gb, and Microsoft Windows 10 as an operating
system. The docking software we are used was
Autodock 4.2.6, energy minimization of ligand-
protein using Avogadro and Swiss PDB Viewer
software. Discovery Studio Visualizer and PyMOL
for visualizing protein—ligand interactions. kaSM
web tools for ADMET prediction.
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Protein-Ligand Preparation

Protein target complexed with selective inhibitor
COX-2 was downloaded in RCSB PDB web in code
ID: 6COX. All water molecule and non-standard
residues were removed from the protein structure,
adding all hydrogen (Yusuf et al. 20I8) and
separating chain A protein with ligand native's SC-
558 using Autodock software (Sohilait, Harno Dw1
Pranowo, and Winarto Haryadi 2017). Then we
downloaded the PubChem website for celecoxib, and
31 flavonoid compounds of guava leaves are from
Anand et al, 20I16; Barbalho et al, 2012;
Habtemariam, 2019; Jiang et al. 2020; Thome,
Sudiana, and Bakar 2019 article scientific is as
ligands. Those five-article scientific had been proven
by an experimental study in a systematic literature
review. In this study, all Iigands (31 flavonoid
compounds, celecoxib, and ligand native SC-558)
were optimized by energy minimization using
Avogadro software with MMFF94 force field
parameters (Hussein and Elkhair 2021). Swiss PDB
Viewer software with GROMOS96 force field for

protein minimization (Satyanarayana et al. 2018).

Protein-Ligand Docking

Molecular docking was performed using the
Autodock  Tools (Autodock4 &  Autogrid4)
programs. Kollman and Gastaiger charges were added
automatically on protein and ligand after identifying
ligand torsions (Yusuf et al, 2018). Docking
validation steps start from setting grid box active site
of protein, grid box dimension size was 40 X 40 X
40 and coordinate's (X = 22903 points, Y =
23481 points, Z = 46.936 points) with a space of
0.375 A. Flexible ligand and rigid macromolecule
were setting for protein target because this method
used semi-flexible docking. We did 100 search
conformation per compound on Autodock 4.2.6
used the Lamarckian Genetic Aigorithm with 150
population of Size and 2.500.000 maximum number
of evals (Fuhrmann et al. 2010). The best
confirmation as a re-docking ligand was comparing
for validation. Methods docking validation were
valid if the Root Mean Square Deviation (RMSD)
score of re-docking and co-crystal ligand was lower
than 2 A (Wati, Widodo, and Herowati 2020). The
visualization analysis of protein—ligand 2-
Dimensional interaction was view by BIOVIA
Discovery Studio Visualizer and 3-Dimensional

using PyMol software (Harisna et al. 2021).

ADMET Prediction
The Absorption, Distribution, Metabolism,
Excretion, and Toxicity (ADMET) prediction are

the crucial technique ernployed in  siico
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pharmacokinetic parameters profile of chemical
compounds that may affect their pharmacodynamic
activities (Nisha et al. 2016). There is a lot of online
tools and offline software to predicc ADMET. In
this study, we have used Predicting Small-Molecule
Pharmacokinetic Properties Using Graph-Based
Signatures (pcKSM) online web tools to predict
ADMET quickly and have a highly accurate result
(D. E. V. Pires, Blundell, and Ascher 2015). Each
compound model will be predicted on ADMET
properties tested on hundreds or thousands of drugs
before getting accurate prediction data. This
prediction starts by preparing every of the best
conformation of 33 ligands screened for ADMET
by changing the format to SMILES and then
uploading it in pcKSM online web tools.

Results and Discussion

Molecular docking is an in silico technique that
can predict the interaction between small ligands
(compounds) and target proteins in a stable binding
area. This interaction will show how strong affinity
(the abiiity of a compound to bind to a protein
pocket) is indicated by the binding energy
(Iheagwam et al., 2019). The success assessment of
the molecular docking results was analyzed based on
the RMSD docking validation, the Gibbs Binding
Energy (AG), and the Inhibition Constant (IC).

Docking Validation

Docking validation was carried out to check the
efficiency of the docking method by comparing co-
crystal ligands and ligand re-docking. This method
procedure was verified effectively using the RMSD
parameter with a docking validation value < 2 A
(Kartasasmita, Anugrah, and Tjahjono 2015). Based
on this research, the RMSD value of the validation
parameter is 1.064 A, indicating that the ligands and
receptors docked have valid criteria of the docking
method, so the method can determine the other
compounds. The RMSD value < 2 A shows that the
native Iigand SC-558 position of the co—crystai
Iigand and re-docking ligand is not too far away, and
the conformation is very similar (Adelina 2014).
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Figure I Overlapping visualization SC-558 native
ligand of co-crystal (green-dark blue) and re-
docking ligand (light blue-dark blue) with 1.064 A
RMSD value
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Gibbs Free Energy (AG) and Inhibition Constant
(c)

The best docking results can be analyzed by
comparing the AG and the IC value. Gibbs binding
energy indicated the strength of a ligand-receptor
bond (afﬁnity). The lowest Gibbs binding energy
value (the value is getting negative) indicates the best
ligand and receptor bond stability level. The bonds
formed are stronger and have maximum inhibitory
activity (Abdﬂlah, Ilmah, and Mahardhika 2017).
The IC plays an essential role in evaluating molecular
docking because it determines how strong the
protein-ligand bond produces inhibitory activity

(Kelutur, Mustarichie, and Umar 2020)

Table 1 Docking result of protein—hgand with Autodock4

No Chemical compounds Gibbs free energy (AG) Inhibition Constant (IC)
1 SC-558 - 10.96 kcal/mol 9.30 nM (nanomolar)
2 Celecoxib - 10.37 keal /mol 24.84 nM (nanomolar)
3 Epicatechin-3-O-Gallate - 9.31 keal/mol 149.65 nM (nanomolar)
4 Gallocatechin - 8.97 keal /mol 266.19 nM (nanomolar)
5 Tamarixetin - 8.83 keal /mol 335.71 nM (nanomolar)
6 Myricetin - 8.65 keal /mol 458.73 nM (nanomolar)
7 Leucocyanidin - 8.45 kel /mol 642.15 nM (nanomolar)
8 Isorhamnetin - 8.41 keal /mol 680.34 nM (nanomolar)
9 Cyanidin - 8.41 keal /mol 684.37 nM (nanomolar)
10 Phlorizin - 8.40 keal /mol 699.50 nM (nanomolar)
I Guaijaverin - 8.38 keal /mol 718.67 nM (nanomolar)
12 Catechin - 8.35 keal /mol 753.51 nM (nanomolar)
13 Quercetin - 8.34 keal /mol 766.90 nM (nanomolar)
14 Delphinidin - 8.33 keal /mol 783.60 nM (nanomolar)
15 Formononetin - 8.28 keal /mol 850.36 nM (nanomolar)
16 Naringenin - 8.26 kcal/mol 880.31 nM (nanomolar)
17 Epicatechin - 8.24 keal /mol 907.15 nM (nanomolar)
18 Apigenin - 8.10 kcal/mol I.16 uM (micromolar)
19 Phloretin - 8.02 keal /mol 1.33 uM (micromolar)

20 Gossypetin ~8.01 keal /mol 1.34 uM (micromolar)
21 Biochanin A - 7.99 keal /mol 1.40 uM (micromolar)
22 Genistein - 7.91 keal/mol 1.60 uM (micromolar)
23 Morin - 7.88 keal /mol 1.68 uM (micromolar)
24 Kaempferol - 7.88 keal /mol 1.69 uM (micromolar)
25 Isoformononetin - 7.83 keal /mol 1.81 uM (micromolar)
26 Daidzein - 7.83 keal /mol 1.82 uM (micromolar)
27 Esculin - 7.81 keal /mol 1.88 uM (micromolar)
28 Glycitein - 7.78 keal /mol 1.98 uM (micromolar)
29 Prunetin - 7.64 keal /mol 2.51 uM (micromolar)
30 Daidzin - 5.14 kcal /mol 172.1T uM (micromolar)
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31 Sissotrin - 5.05 keal/mol 198.63 uM (micromolar)
32 Genistin - 4.85 keal/mol 279.37 uM (micromolar)
33 Ononin - 4.35 kcal/mol 651.65 uM (micromolar)

The molecular docking data on the ID: 6COX
protein in Table 1 shows the compounds with the
lowest docking value, namely the Ononin with a AG
value of - 4.35 kcal/mol and IC of 651.65 uM.
While the results of the best docking of the flavonoid
compound were occupied by the Epicatechin-3-O-
Gallate compound with AG = - 9.31 kcal/mol and
IC of 149.65 nM (nanomolar), then followed by the
Gallocatechin compound AG = - 8.97 kcal/mol and
IC =266.19 nM (nanomolar), with Tamarixetin AG
= - 883 kcal/mol and IC = 33571 nM
(nanomolar).

The data of free bond energy (AG) shows that
the most stable compound is the Epicatechin-3-O-
Gallate compound, followed by the Gallocatechin
and Tamarixetin compounds. The stabiiity of the
compound can be seen from its low binding energy.
The lower the binding energy and the stronger non-
covalent interactions may affect more spontaneous
reactions between Iigands and proteins (Suhadi,
Rizarullah, and Feriyani 2019). Epicatechin-3-O-
Gallate can be a candidate for COX-2 inhibitor and
its strength is much higher when compared to
Gallocatechin and Tamarixetin.

As shown in the IC data, the smallest value is
owned by the Epicatechin-3-O-Gallate compound,
followed by the Gallocatechin and Tamarixetin
compounds. The smaller the constant inhibition
value was, the more stable the ligand-receptor
complex affects the high ability compound is as
inhibitor COX-2. Based on this study, the
Epicatechin-3-O-Gallate compound has the highest
affinity. It has a greater inhibitory power to bind to
protein, resulting in the drug's biological activity may
form of more potent COX-2 inhibition. In other
words, the Epicatechin-3-O-Gallate compound hasa
more significant potential to inhibit COX-2
compared to other compounds. The constant
inhibition value can also be used to reference or
compare in conducting the in vitro (ICso).

In this study, the Epicatechin-3-O-Gallate
compound had the most signiﬁcant potential n
inhibiting COX-2. The finding of this research
follows Al-Sayed and Abdel-Daim's (2018) research,
which also showed the anti-inflammatory activity of
the Epicatechin Gallate compound in mice induced
by carrageenan in vivo and there was inhibition of
high concentrations of the anti-inflammatory
mediator PGE2. PGE2 are major pro-inflammatory
induced by COX-2 than COX-I.

The Gallocatechin compound is in the second
position based on the docking score ranking after the
Gallocatechin compound, which may have anti-
inﬂammatory COX-2 inhibitor potential. This
prediction is corroborated by research from Giirbiiz
et al. (2019), which states that the Epicatechin
Gallate compound has anti-inﬂammatory activity
and an inhibitor by reducing iNOS and COX-2
levels in RAW 264.7 cells induced by LPS + IFN-
Y through RT-PCR screening.

Tamarixetin is the third compound that has the
highest docking value after Epicatechin—3—O—GalIate
and Gallocatechin. The docking value shows that the
Tamarixetin compound has the potential as a
selective COX-2 enzyme inhibitor. The prediction
of Tamarixetin as a COX-2 inhibitor is supported by
in vitro experimental studies from Park et al. (2018),
where  Tamarixetin compounds have anti-
inﬂammatory activity by inhibiting the
phosphorylation of JNKI, p38, and Akt, and
inhibiting COX-2 expression in Bone Marrow
Dendritic Cells (BMDCs) stimulated by LPS.

Based on the research above, it has been shown
that the three compounds with the highest docking
value (Epicatechin-3-O-Gallate, Gallocatechin and
Tamarixetin) not only have the potential to have
anti-inflammatory activity by m siico docking but
some of them have been proven experimentally to
have anti-inflammatory activity particularly specific

as a COX-2 inhibitor.

Amino Acid Residues Interaction

Observation of amino acid residues from the
interaction of the flavonoid compound with the
target protein aims to identify the interactions that
occur and are thought to contribute to the emergence
of pharmacological effects such as COX-2 inhibitors
by the flavonoid compound. These bond interactions
are hydrogen bonds, hydrophobic interactions, Van
der Waals interactions, electrostatic interactions, and
halogens (Oo et al., 2016). Hydrogen bonds play a
major role in the inhibition of molecular protein
complexes. On the other hand, hydrogen bonds also
make protein-ligand complexes stable and produce
biological activity (Ya'u Ibrahim et al. 2020).
Hydrogen bonds are the strongest of the non-
covalent bonds but weaker than ionic or covalent
bonds. Therefore, the amino acid with the most
hydrogen bonds is possible to be the most significant
contributor in producing the best activity.
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Table 2 Amino acid residue interaction formed hydrogen bond

No Compounds

Hydrogen Bond

1 SC-558

2 Celecoxib

Conventional Hydrogen Bond: ARG 120 (2.25 A), ARG 120 (2.09 A), GLN 192 (2.07 A),
LEU 352 (2.19 A).
Carbon Hydrogen Bond: -
Conventional Hydrogen Bond: ARG 120 (2.12 A), ARG 120 (2.50 A), GLN 192 (1.98 A),

LEU 352 (2.12 A), PHE 518 (2.94 A), TYR 355 (2.76 A).

3 Epicatechin-3-O-

Carbon Hydrogen Bond: -
Conventional Hydrogen Bond: ARG 120 (2.09 A), ARG 120 (2.85 A), GLN 192 (2.14 A),

Gallate PHE 518 (2.55 A), ARG 513 (2.22 A).
Carbon Hydrogen Bond: SER 353 (2.80 A).

4 Gallocatechin

Conventional Hydrogen Bond: GLN 192 (2.24 A), PHE 518 (2.77 A), MET 522 (2.20 A),

TYR 385 (241 A), VAL 349 (247 A), SER 353 (1.95 A), SER 353 (2.60 A), HIS 90

5 Tamarixetin

(1.99 AYHIS 90 (2.17 A).
Carbon Hydrogen Bond: -
Conventional Hydrogen Bond: GLN 192 (2.10 A), PHE 518 (2.24 A), VAL 349 (2.70 A),

SER 530 (2.10 A), MET 522 (2.14 A).
Carbon Hydrogen Bond: SER 353 (2.93 A).

Actually, there are 17 types of amino acids form
hydrogen bonds derived from the interaction of 33
ligands and the ID: 6COX protein, but on Table 2
above, we show amino acid interaction of 5 ligands
with the high docking score. The amino acid
interaction and 3D visualization of 5 ligands already
showed on Fig.2 ligand native SC-558, Fig.3
Celecoxib, Fig4 Epicatechin-3-O-gallate, Fig.5
Gallocatechin and Fig.6 Tamarixetin.

In this study, the TYR 385 formed 23
interaction is the amino acid that most contributes to
forming hydrogen bonds between ligands and
protein ID: 6COX. This research supported by
Yanuar, Setiajid, and Hayun (2014) on docking and
simulating  the molecular dynamics of the
cyclooxygenase-2 complex with several
Kuinazolinone derivative compounds form hydrogen
bonds with a percentage of occupancy above 90%
(Very strong hydrogen bonds) on the TYR 385
residue. Whereas in Basumatary et al. (2018)
research related to compound 2, 3—Dimethy1maleic
Anhydride forms a hydrogen bond interaction with
TYR 385 on the protein A chain. The two above
research were carried out on the COX-2 protein with
the same code, namely the protein ID: 6COX.

The SER 353 amino acid residue formed 29
hydrogen bonding interactions in this study. In a
study by Meenambiga, Rajagopal, and Durga (ZOIS)
using the ID: 6COX protein, it was stated that one
of the SER 353 residues was in the active site area of
the COX-2 enzyme. The same research from Yanuar
etal. (2014) above found that SER 353 residues also
had an occupancy percentage above 90% (very
strong hydrogen bonds).

This study shows that SER 530 amino acid
residues were also found to make I8 hydrogen

bonding interactions. SER 530 residue also formed
hydrogen bonds in the research of Basumatary et al.
(2018) regarding the interaction of Compound 2, 3-
Dimethylmaleic Anhydride with molecular docking
and molecular dynamics studies using protein ID:
6COX.

The amino acid residues of GLN 192 formed 18
hydrogen bonding interactions in the 1S compounds
with the highest docking ranking. In another study,
GLN 192 residues were also shown to form
hydrogen bonds by docking on the derivative 2,4-
Diaryl-5-4H-imidazolone to design anti-
inflammatory activity with the protein ID: 6COX
(El-Araby et al. 2012).

Based on this research, the amino acid residues of
ARG 120 formed many hydrogen bond interactions
in the three compounds with the top docking (SC-
558, Celecoxib, and Epicatechin—3—0—Gaﬂate
compounds). In the research of Alagumuthu,
Sathiyanarayanan, and Arumugam (2015), ARG
120 residues played a role in forming inhibitory
biological activity of COX-2, related to their
research in the form of COX-2 (ID: 6COX)
inhibitory activity by Isoquinolin  derivative
compounds.

In this study amino acid of SER 353, TYR 385,
SER 530, GLN 192, and ARG 120 has contributed
to the formatted hydrogen bonds, those 5 residues
are also found in other studies. This research shows
that the ligand in the molecule docking process on
the target protein is in the right place on the active
site. This is evidenced by the similarity of the
hydrogen bonding interactions of the five amino acid
residues above.
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Figure 2 Molecular docking visualization of ligand native SC-558: (a) 2D diagram of hydrogen bond and other
intermolecular interaction between ligand and A chains protein; (b) ligand native on binding pocket protein ID:
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intermolecular interaction between Celecoxib and A chains protein; (b) Celecoxib on binding pocket protein ID:
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Figure 4 Molecular docking visualization of Epicatechin-3-O-gallate: (a) 2D diagram of hydrogen bond and
other intermolecular interaction between Epicatechin-3-O-gallate and A chains protein; (b) Epicatechin-3-O-
gallate on binding pocket protein ID: 6COX
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Figure § Molecular docking visualization of Gallocatechin: (a) 2D diagram of hydrogen bond and other
intermolecular interaction between Gallocatechin and A chains protein; (b) Gallocatechin on binding pocket

protein ID: 6COX
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ADMET Prediction

The discovery of new drugs is not only seen by
the strength of the ligand binding on the target
protein. However, it is also evaluated in terms of
pharmacokinetics and toxicity to determine the
degree of effectiveness and therapeutic efficacy.
Pharmacokinetic processes or drug travel in the body
start from Absorption, Distribution, Metabolism,
and Excretion (ADME). Predicting Small-Molecule
Pharmacokinetic  Properties Using Graph-Based

,,,\lﬂ_,}u.é /
Figure 6 Molecular docking visualization of Tamarixetin: (a) 2D diagram of hydrogen bond and other

intermolecular interaction between Tamarixetin and A chains protein; (b) Tamarixetin on binding pocket protein

ID: 6COX

Signatures or pkCSM is a site that provides
predictions of ADMET properties in new chemical
compounds with a high degree of accuracy. ADMET
screened all flavonoid compounds through the
pkCSM web server, and ADMET predictions were
displayed from the three best dockings of flavonoid
Epicatechin-3-O-gallate,

Gallocatechin, and Tamarixetin.

compounds include

Table 3 Predicted pcKSM of flavonoid compounds

Compounds Parameters (D. E. V
Models unit Enicatechin Pires, Blundell, and
picatechin- . .. ) y
3-O-gallate Gallocatechin Tamarixetin Ascher 2015)
Absorption
Caco2 permeability Numeric (log -1,807 -0.597 -0.507 High permeability < 0.90
Papp in 10
cm/ s)
Intestinal absorption Numeric (% 63,139 58,153 72.71 Poorly absorbed if less
(human) Absorbed) than 30%
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Skin Permeability Numeric (log Kp) -2,735 -2,735 -2,735 Low skin permeability if
log Kp > -2.5
Distribution
VDss (human) Numeric (log 0.683 0.999 -0.09 Low VDss if log VDss <
L/kg) -0.15
High VDss if log VDss
> 045
BBB permeability Numeric (log BB) -1,992 -1.57 -1,294 Good distribution to the
brain if logBB > 0.3
Bad distribution to the
brain if logBB < -1
CNS permeability Numeric (log PS) -3,734 -3,514 -3,246 Can penetrate the CNS if
Log PS> -2
Unable to penetrate the
CNS if Log PS < -3
Metabolism
CYP2D6 substrate Categorical No No No
(Yes/ No)
CYP3A4 substrate Yes No No
CYPIA2 inhibitor No No Yes
CYP2CI9 inhibitor No No No
CYP2C9 inhibitor No No No
CYP2DG6 inhibitor No No No
CYP3A4 inhibitor No No No
Excretion
Total Clearance Numeric (log -0.213 0.268 0.513
ml/min/kg)
Renal OCT2 substrate Categorical No No No
(Yes / No)
Toxicity
AMES toxicity Categorical No No No
(Yes/No)
hERG I inhibitor No No No
hERG 1I inhibitor Yes No No
Hepatotoxicity No No No
Skin Sensitisation No No No
T Pyriformis toxicity Numeric (log 0.285 0.311 0.355 Compound predicted
ug/L) toxic if Log > 0.5 ug/L
Minnow toxicity Numeric (log 5,906 5,068 3,478 Compound predicted
mM) high acute toxic if Log
<-03
Epicatechin—3—0-gaiiate, Gallocatechin, and permeability to BBB & CNS is insufficient (not suitable

Tamarixetin have slightly low permeability to Caco2
permeability in the human intestinal mucosa. However,
it is predicted to have good absorption of Intestinal
human absorption, which means all compounds can
absorb through small intestinal humans. On another
side, those three flavonoid compounds have high skin
permeability, so it is predicted that the preparations can
be made in the topicai formulation with the
transdermal route.

Prediction in the distribution phase, it is possible
that the three flavonoid compounds Epicatechin-3-O-
gallate, Gallocatechin,
distributed more in the network because all compounds

have high VDss (human) (log> 0.45). However, the

and Tamarixetin can be

for targeting as drug candidates for BBB & CNS,
possibly because of their low lipophilicity).

Based on metabolism prediction, the three
Epicatechin-3-O-gallate,
Gallocatechin, and Tamarixetin do not inhibit the drug

compounds, such as

metabolism process carried out by cytochrome P450,
and inhibit CYPIA2 does not have a major effect on
the process of drug metabolism. The substrate
prediction shows that three compounds can be
appropriately metabolized by cytochrome P450 and are
easily excreted.

Tamarixetin produced the highest rate of total
clearance in the excretion compound prediction

Epicatechin-3-O-gallate and

compared to
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gallocatechin. These three compounds are also not a
Renal OCT?2 substrate, so it is predicted that they will
not cause toxicity if they are made for oral drug delivery
that is taken together with Renal OCT2 inhibitors.

Epicatechin—3—0—gallate, Gallocatechin, and
Tamarixetin were predicted not to cause mutations in
the predicted AMES and were not hepatotoxic. In the
hERG inhibitor, only the Epicatechin-3-O-gallate
compound is a possible hERG inhibitor (a side effect
may create heart problems). The three compounds were
also predicted to have toxicity to protozoa in the T.
Pyriforrnis toxicity but low toxicity to the environment
in the Minnow Toxicity.

Conclusion and Recommendation

Research on the flavonoid compounds on the ID:
6COX protein as a COX-2 inhibitor using the
molecular docking obtained the best free bond energy
(AG) as the results of the flavonoid compound, the
high-rank value of -9.31 kcal/mol were from the
Epicatechin-3-O-Gallate, which have potential activity
as COX-2 inhibitors and amino acid residues most
playing role of this research is SER 353, TYR 385,
SER 530, ARG 120, and GLN 192. In future research,
we expect new prospective studies to demonstrate
turther Molecular Dynamic or QSAR using the best
docking rank of flavonoids compound to evaluate bond
strength and biological activity.
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