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ABSTRACT

Inflammation is an important biological process for eradicating pathogens and maintaining tissue homeostasis. Cyclooxygenase
1 (COX-1) is one of the pharmacological targets for anti-inflammatory drugs. The purposes of this study was to predict the
affinity of 23 compounds contained in Hemigraphis alternata leaves in inhibiting COX-1. The compounds of Hemigraphis
alternata leaves were screened for its affinity towards COX-1 using docking software, DOCK 6.9, with aspirin as the reference.
Based on the Grid score, the greatest binding affinity is referred to 3,7,11,15-tetramethyl-2-hexadecen-1-ol. It is better than
affinity of aspirin to COX-1. The study showed that Hemigraphis alternata leaves contain potential active components that could

be developed as COX-1-inhibitor.
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1. INTRODUCTION

Inflammation is a pathophysiological response to
infection or tissue damage [1]. The biological process is
important for pathogen eradication and maintenance of tissue
homeostasis [2], [3]. Inflammation is a reflection of cell
damage caused by infection, physical injury or tissue
response to antibody rejection [4]. Clinical symptoms of
inflammation are characterized by rubor (redness), calor
(heat), tumor (swelling), dolor (pain) and functio laesa (loss
of function) [5].

Hemigraphis alternata has a long history as
ethnomedicine for wound healing and has been recorded in
ancient Indian medicinal texts since 3000 BC [6]. This plant
contains flavonoids which are predicted to provide anti-
inflammatory effects [7], [8]. There are 23 secondary
metabolites that have been isolated from the plant [6].

Non-steroidal anti-inflammatory drugs (NSAIDs) are the
most commonly anti-inflammatory drugs used in the
worldwide. They act via cyclooxygenase isozyme (COX)
inhibition and are a key component of pharmacological
management of acute and chronic pain [9]. COX-1 is
constitutively expressed in most tissues (eg, platelets, lung,
prostate, brain, gastrointestinal tract, kidney, liver and
spleen), whereas COX-1-derived prostanoids are involved in
homeostatic function [10]. COX-2 is less widely expressed,
constitutively expressed in several tissues and organs such as
brain, kidneys and reproductive tract [11].

In silico study is individual computer simulations for
development or evaluation of drugs [12]. In silico methods
can be used to predict the drugs affect in biological systems
which improve the clinical use, avoid the side effects and

guide to the better treatment selection and development. This
study provides additional benefits for generating hypotheses
about the biological mechanism of drugs or disease in new
drug candidates discovery [13].

Molecular docking is the activity of small molecules on
the binding side of the protein target [14], [15]. The result of
molecular docking is the energy required by the ligands to
bind to proteins. The low bond energy indicates that the
ligand is easy to bind to the target protein [16].

The aim of this study was to predict the anti-inflammatory
compounds in the leaves of Hemigraphis alternata which
have a greater affinity for COX-1 than the comparator drug,
aspirin through in silico study. Therfore, new drug candidates
can be obtained for anti-inflammatory.

2. MATERIALS AND METHODS

2.1. Tools

The hardwares used in this study were a set of laptop with
specifications processor AMD-A4-9125 RADEON R3, 4
COMPUTE CORES 2C+2G (2CPUs) ~2.3GHz with
operating system windows 10 Home 64-bit and operating
system Linux Ubuntu 16.04 LTS 64-bit and supercomputer
processor AMD Ryzen 7 3700X, GPU Nvidia GetForce with
operating system ubuntu 20.04. The softwares used were
Protein Data Bank (http://www.rcsb.org/pdb), Chimera
version 1.13, DOCK version 6.9, Discovery Studio
Visualizer  version  17.2.0.16349 and  Pub-Chem
(http://PubChem.ncbi.nlm.nih.gov).
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2.2. Materials

The three-dimensional (3D) structure of COX-1 receptor
(PDB code 1eqg) was downloaded from Protein Data Bank.
The 3D structure of 23 ligands and aspirin were downloaded
from PubChem.

2.3. Methods

Docking study were conducted using DOCK with flexible
docking method. The first step in docking using DOCK
program is to create a receptor surface using a Chimera, make
and select the sphere. The purpose of making spheres is to
make clusters on the receptor so that the coordinates of the
ligand-receptor bonds are known. Next is making boxes and
grids, then do molecular docking [16].

Redocking receptor COX-1 with its native ligand,
ibuprofen was carried out first to validate the method to obtain
Root Mean Square Deviation (RMSD) < 2 A [17]. This
validation was carried out to know that the molecular docking
system could obtain results which corresponds to the
crystallographic ligand conformation [16].

Molecular docking was performed on ligands and the
comparator drug, aspirin. The result is a grid score. The ligand
with the smallest grid score is the best ligand because the
energy used to bind to the receptors is getting smaller. After
that, the docking results were visualized by Discovery Studio
Visualizer to determine the bonds formed between the best
ligand and the COX-1 receptor.

3. RESULTS AND DISCUSSION

The technique used for 3D virtual screening in this study
is the molecular docking method. The molecular docking
method uses a search strategy with a scoring function [18].

The docking method used in DOCK 6.9 with the
molecular shape algorithm [19] in this study is flexible
docking or it can also be called soft docking, where the
backbone of the receptors and ligands is in a mobile state.
There are 3 docking methods, rigid body docking, flexible
ligand docking and flexible docking [20].

The validation method was performed before starting the
docking study with redocking the native ligand, ibuprofen
against COX-1 to determine the reliability of the docking
protocol. RMSD of Redocking COX-1 with its native ligand,
ibuprofen is 1.6 A. The result of redocking yields RMSD < 2
A, meaning that this method can be used for virtually any
compound screening [21].

The result of molecular docking using DOCK 6.9 is a grid
score which is the sum of Van der Waals energy and
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electrostatic energy. The more negative grid score indicates a
better bond between the ligand and the receptor [16].

The affinity of the compounds contained in the leaves of
Hemigraphis alternata for anti-inflammation was known
from the docking results against COX-1 (Table 1). The
docking results showed that 3,7,11,15-Tetramethyl-2-
hexadecen-1-ol had the greatest affinity among the 23
compounds with a grid score of -33.22 kcal/mol. This shows
that the affinity is higher than aspirin as a comparator drug
which requires more energy to interact with COX-1, -14.47
kcal/mol.

In the molecular docking result of 3,7,11,15-
Tetramethyl-2-hexadecen-1-ol and COX-1 complex, there
are 3 hydrogen bonds and 5 hydrophobic bonds (Figure 1).
The hydrogen bonds formed in the complex are between NH2
arginine 459 receptor with O1 ligands (distance 3.36 A), H40
ligands with O arginine 456 receptor (distance 2.83 A) and
H39 ligands with O arginine 456 receptor (distance 2.56 A).
The hydrophobic bonds formed in the complex are between
alkyl proline 162 receptor with alkyl ligand (distance 5.42 A),
C12 ligand with alkyl proline 162 receptor (distance 4.22 A),
C13 ligand with alkyl valine 33 receptor (distance 4.83 A),
C18 ligand with alky! proline 162 receptor (distance 5.12 A)
and C18 ligand with alkyl arginine 456 receptor (distance
4.62 A). This compound was selected as a candidate for a new
anti-inflammatory drug and is expected to be tested further
for its activity against COX-1.

3,7,11,15-Tetramethyl-2-hexadecen-1-ol known as phytol
(PYT) is an acyclic diterpene alcohol compound and a
constituent of chlorophyll. 3,7,11,15-Tetramethyl-2-
hexadecen-1-ol is a phytanic acid (PA) compound which
cause various biological effects. There are some evidences
suggesting that PA may play an important role in the
development of pathophysiological conditions. The studies
that have been conducted have shown that 3,7,11,15-
Tetramethyl-2-hexadecen-1-ol has anxiolytic, metabolic-
modulating, cytotoxic, antioxidant, autophagy- and
apoptosis-inducing,  antinociceptive,  anti-inflammatory,
immune-modulating, and antimicrobial effects [22].

3. CONCLUSION

The compound in Hemigraphis alternata leaves that has
the greatest affinity for inhibiting COX-1 is 3,7,11,15-
Tetramethyl-2-hexadecen-1-ol. It has a greater affinity than
aspirin as a comparator drug. This shows that the leaves of
Hemigraphis alternata contain potential active components
that can be developed as anti-inflammatory drugs.
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Table 1. Molecular docking result of the compounds to COX-1 using DOCK 6.9

Grid Score Grid Score
No ‘ Compound (kcalimol) No ‘ Compound (kcalimol)
1 | Aspirin (comparator drug) -14.47 13 | Z-2-Dodecenol -23.18
2 15-Chloro-4-pentadecyne -25.87 14 | 15-Chloro-4-pentadecyne -24.55
3 | 4-(2-Methoxyphenyl)piperidine -14.45 15 | 2-Methylenecholestan-3-ol -28.16
4 | Cyclobutanol -9.84 16 | L- Alanine -13.84
5 | 1-Hexadecyne -21.20 17 | levodopa -22.53
6 | 2-Propylmanonic acid -19.90 18 | Glycylsarcosine -20.07
7 n-Hexadecanoic acid -29.89 19 | 5-Hydroxymethylfurfural -13.71
8 | 2-Hexylacrylonitrile -15.85 20 | 10-Undecyn-1-ol -20.09
9 | 3,7,11-Trimethyl-1,6,10- -20.66 21 | 2,5-Dimethyl-2,3-dihydro-5H-1,4- -12,.97
dodecatrien-3-ol dioxepine
10 | 8a-Methylhexahydro-1,8(2H,5H)- -11.03 22 | 4-Nitro-5-hydroxy-1,2-dimethylindole -16.82
naphthalenedione
11 | Acrylonitrile B-[3-(2,2 -16.37 23 | 9,9-Dimethoxybicyclo[3.3.1]nona-2,4- -14.49
dimethylcyclopropyl)-2,2- dione
dimethylcyclopropyl
12 | 3,7,11,15-Tetramethyl-2- -33.22 24 | 2,7-Dioxa-tricyclo[4.4.0.0(3,8)]deca- -9.31
hexadecen-1-ol 4,9 diene

(@)

(b)

Figure 1 Visualization of docking result 3,7,11,15-Tetramethyl-2-hexadecen-1-ol to COX-1 using Discovery Studio Visualizer

17.2.0.16349 (a) 3D (b) 2D.
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