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ABSTRACT 

Objective: Mangosteen is a plant that is very effective for inflammation. Besides that, the skin of the mangosteen plant in Indonesia continues to be 
developed because it is an antioxidant and suppresses the production of cytokines.  

Methods: Screening pharmacophores and molecular docking simulations by molecular modeling computation to predict the activity of the 
Mangosteen plant in silico and to determine potential drug candidates from mangosteen for inflammation to the iNOS, COX-1, and COX-2.  

Results: Pharmacophore Screening, γ-mangosteen has the highest pharmacophore fit score of 33.32 and 33.64 on COX-1 and COX-2 and is selective 
to iNOS target. Molecular docking of α-mangosteen and γ-mangosteen test compounds to the active site of used, COX-1, and COX-2 enzymes showed 
free energy binding (ΔG °) values of,-5.09,-5.00,-6.15; and-6.76,-5.30,-7.81 Kcal/mol respectively. Meanwhile, hydrogen bonds and good ΔG ° values 
were formed between γ-mangosteen and COX-2, where the Hydroxyl group on γ-mangosteen interacted with the amino acids His75, Ser339, and 
Ala513 with ΔG ° of-7.81 Kcal/mol.  

Conclusion: It can be said that α-mangosteen and γ-mangosteen have molecular interactions with COX-1 and COX-2 active sites with the highest 
affinity for COX-2 compared to COX-1, and iNOS. 
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INTRODUCTION 

The use of plants as medicine is considered to be safer than 
synthetic drugs. One of the traditional medicinal plants with anti-
inflammatory potential is mangosteen (Garcinia mangostana L.), 
especially its rind. Several studies have shown that the rind of the 
mangosteen fruit contains compounds that have pharmacological 
and antioxidant activities. These compounds include flavonoids, 
tannins, and xanthones [1, 2].  

The mangosteen fruit is rich in nutrients called xanthones which are 
abundant in the skin of the fruit [3]. Several studies have shown that 
the largest component of the mangosteen fruit is the skin, which is 
70-75%, while the flesh is only 10-15% and the seeds are 15-20%. 
The highest xanthone content is found in the mangosteen rind, 
which is 107.76 mg per 100 g of rind [4]. However, several xanthone 
derivatives have beneficial pharmacological activities such as anti-
inflammatory, antihistamine, antibacterial, and antifungal and have 
been used for the treatment or therapy of heart disease and HIV. One 
of the xanthone derivatives is mangosteen [2, 5]. 

Mangosteen and its derivatives belong to the xanthone groups that 
are yellow phenolic pigments whose color reactions and 
chromatographic movements are similar to those of flavonoids. The 
main content in xanthones is the content of alpha-mangosteen and 
gamma-mangosteen. Alpha-mangosteen is a compound that is very 
efficacious in suppressing the formation of carcinogenic compounds 
in the colon. In addition to alpha-mangosteen, xanthone compounds 
also contain gamma-mangosteen, which is beneficial for the 
protection and prevention of diseases, such as inflammation [5]. 

Inflammation is the body's defense response against foreign body 
invasion, tissue damage, or both, caused by microorganisms, 
mechanical trauma, chemical substances, and physical influences. 
Symptoms of the anti-inflammatory response can be reborn 
(redness), heat, dolor (pain), and tumor (swelling). Prostaglandins 

(PG), arachidonic acid (AA) metabolites of cyclooxygenase (COX), are 
the major mediators in the regulation of inflammation and immune 
function [1]. PGs (prostaglandins) are mediators of inflammation 
that can be formed from arachidonic acid by consumptive enzymes, 
namely COX-1 and COX-2 [6]. 

Previous studies reported that α-mangosteen can significantly 
inhibit nitric oxide (), prostaglandin E2 (PGE2), tumor necrosis 
factor (TNF)-α, and iNOS (iNOs) induced production in 
lipopolysaccharide-stimulated RAW 264.7 cells (LPS) [7]. In 
addition, γ-mangosteen has an inhibitory effect on receptors ranging 
from the peripheral nervous system and central nervous system as 
well as lipopolysaccharide that stimulates the stimulation of 
(sodium oxide) production, which has anti-inflammatory effects and 
cyclooxygenase-2 (COX-2) and prostaglandin E2 (PGE2) [8].  

This study determines the pharmacophore fit score, affinity, and 
interaction of α-mangosteen and γ-mangosteen compounds, COX-1, 
and COX-2 enzymes by determining the hydrogen bonds and the 
selectivity of mangosteen compounds to iNOS enzymes, COX-1, and 
COX-2 using the molecular docking method. 

MATERIALS AND METHODS 

Materials 

Hardware: Laptop Intel ® CPU 2 Core N3350 processor up to 2.4 
GHz and 2 GB RAM.  

Software: ChemDraw 8.0, Discovery Studio, GaussView 8.0, 
Ligandscout 4.4.5 [9], Autodock Tools 1.5.6., Protein Data Bank 
(PDB) (http://www.rscb.org) [10], Pub Chem 
(http://pubchem.ncbi.nlm.nih.gov/) [11], and database active-
decoys used dude (http://dude.docking.org/) [9, 12] were used in 
this study [13]. The ligand structure was drawn using Chemdraw 
software and the structure was optimized using the Gaussian 
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software. In addition, protein structures were downloaded from the 
PDB (Protein Data Bank), including iNOS (PDB code: 1NSI), COX-1 
(PDB code: 1EQG), and COX-2 (PDB code: 3LN1). 

Methods 

Pharmacophore modeling 

Preparation of active, decoys, and testing databases using 
LigandScout 4.4. In structural modeling, a total of 10 models were 
validated using the enrichment factor parameter (EF 1%) to 
determine the specificity, accuracy, sensitivity values, and Receiver 
Operating Characteristics (ROC) of the Area Under Curve (AUC 
100%). Pharmacophore screening was carried out based on a 
selected best model against a database of test compounds consisting 
of γ-mangosteen, α-mangosteen, ibuprofen, celecoxib, and L-arginine 
[9]. 

Enzyme preparation of iNOS, COX-1, and COX-2 

The protein targets were downloaded from the protein data bank 
(PDB). The enzyme receptor preparation stage was carried out by 
separating the native ligand portion of the enzyme receptor using 
the Discovery Studio [14]. 

Docking validation method 

The Molecular docking validation was carried out by redocking 
between the native ligands and the target protein with Autodock 4.4. 
This validation was valid with the parameter value of RMSD less 
than 3 Å (Root Mean Square Distance) [15]. For the validation of the 
moorings carried out on the natural ligand iNOS enzyme, L-arginine 
was used. COX-1 binding validation was carried out with its natural 
ligand, ibuprofen, and for the validation of the binding of the COX-2 
enzyme, the crystalline, which was Celecoxib. Was isolated, and 
validation was carried out for binding site analysis to see an 
interaction between each natural ligand against the enzyme receptor 
and to determine the amino acid residues of the iNOS, COX-1, and 
COX-2 enzyme binding pockets [16]. 

Optimization of the 3d structure of α-mangosteen and γ-
mangosteen 

The test compound with a 3D shape was optimized using the 
GaussView 8.0 program using the AM1 semi-empirical method. Each 
analog is taken in the conformation with the lowest energy and stored 
in (.mol2 format) or in (.pdb format) as the ligand to be docked. 

Molecular docking of α-mangosteen and γ-mangosteen on iNOs, 
COX-1, and COX-2 enzymes 

The optimized test compound was then attached to the iNOS, COX-1, 
and COX-2 enzyme receptors without their natural ligands using 
Autodock Tools 1.5.6 software. This tethering process uses a grid box 
and the parameters of the valid tethering validation method [14]. 

Data analysis 

The resulting energy results in the form of bond-free energy (ΔG°), which 
shows the bond of the test compound with the target protein. The more 
negative the energy of a bond produced, it indicates that the stronger 
and more stable the bond between the test compound and the target 
protein is. The interaction can be seen from the type of bond formed and 
the visualization of the binding of molecules between α-mangosteen and 
γ-mangosteen with iNOS, COX-1, and COX-2 enzymes. 

RESULTS AND DISCUSSION 

Screening pharmacophore of iNOS, COX-1, and COX-2 

For each database, active and decoys on COX-1, COX-2, and iNOS 
targets used a ratio (100:400). Pharmacophore modeling was done 
by creating 10 structure models that automatically derive their 
chemical features. During the pharmacophore screening, each ligand 
was analyzed for its geometrical structural similarity based on the 
3D pharmacophore features [17]. Method validation was done by 
selecting the best model with specificity>0.5, sensitivity>0.5, hit 
score>0.7 and AUC>0.7 [18]. The following method validation 
results (fig. 1) Represent the best model of the ROC curve of the 
COX-1, COX-2, and iNOS targets [9]. 

 

 

(a)     (b) 

 

(C) 

Fig. 1: ROC of (a) COX-1, (b) COX-2, and (c) iNOs 
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Based on the results, the value of Area Under Curve (AUC100%) and 
enrichment factor (EF100%) iNOs; COX-1 (0.75 and 4.0), COX-2 (1.00 
and 5.0), and iNOS (1.00 and 5,0). These quality parameters are the 
most common parameters for evaluating pharmacophore modeling 
through the ROC curve. AUC and EF values can indicate an excellent 
screening method used for screening virtual pharmacophores [18]. 

The best-validated model was then used in virtual pharmacophore 
screening to test the suitability of the pharmacophore 3D structure 
via the percentage yield value of the geometrical structure similarity 
compared with the chemical features of the pharmacophore 3D 
model [19]. On table 1 are the results of virtual pharmacophore 
screening.

 

Table 1: Screening pharmacophore 

Target name Compound with hits Pharmacophore features Pharmacophore fit The best model ROC 
COX-1 γ-mangosteen 

α-mangosteen 
Ibuprofen 

 
 
 

33.32 
32.50 
32.30 

Model 8 AUC= 0.75 
EF= 4.0 

COX-2 γ-mangostin 
α-mangostin 
Ibuprofen 
Celecoxib 

 
 
 
 

33.64 
31.14 
33.09 
31.90 

Model 9 AUC= 1.00 
EF= 5.0 

iNOS - - - Model 2 AUC= 1.00 
EF= 5.0 

 

Based on the results of screening, γ-mangosteen had the highest 
chemical features and pharmacophore values, with 33.32 and 33.64 on 
COX-1 and COX-2 targets compared to α-mangosteen, ibuprofen, and 
celecoxib. This indicates that γ-mangosteen has a better affinity and is 
more selective for COX-1 and COX-2 targets. While on the iNOS target, 

none of the compounds were selective and had the same geometric 3D 
structure. This is indicated by the absence of compounds that produce 
hits and the pharmacophore fit score. The following (fig. 2) is the 
result of visualizing the structure that produces hits on COX-1 and 
COX-2 targets in 2D and 3D structures (fig. 2) [20, 21]. 

 

 
2D Structure-Ibuprofen 

 
2D Structure- γ mangostin 

 
2D Structure-α-mangostin 

 

2D Structure-Ibuprofen   2D Structure- γ mangostin  2D Structure-α-mangostin 

Fig. 2: Visualization for 2D and 3D of COX-1 with compound hits 

 

As shown in fig. 3., Chemical features i.e. positively ionized, 
hydrophobic interactions, hydrogen bond donors, and acceptors, are 
represented as blue stars, yellow circled, green arrows, and red 
arrows, respectively. The interaction between the COX-1 or COX-2 
target with the test compound was mainly hydrophobic and 
hydrogen bonding interactions existed in all compounds that had 
hits on the COX-1 and COX-2 targets [20, 9]. 

Enzyme preparation of iNOS, COX-1, and COX-2 

The iNOS, COX-1, and COX-2 receptors had several A, B, C, and D 
chains. The natural ligand inhibitor of iNOS was L-arginine located 
throughout the iNOS protein chain and the A chain was used in the 
receptor preparation process of this study. Likewise, with the COX-1 
receptor, the natural ligand used was ibuprofen in the entire chain of 
the enzyme receptor, but the chain used in this study was the A 

chain. In addition to the natural COX-2, the ligand used was celecoxib 
attached to the A chain [22]. 

The preparation of the iNOS, COX-1 and COX-2 enzyme receptors was 
carried out by removing the natural ligands for each selected chain so 
the space can be used for docking the test compound. In addition, the 
elimination of water molecules (H2O) on the receptor structure was 
carried out to hinder the tethering process and only ligands and 
receptors interacted [23]. The receptors; iNOS, COX-1, COX-2, and the 
ligands; L-arginine, Ibuprofen, and celecoxib were stored in PDB files.  

Validation molecular docking 

The validation of the molecular docking method was carried out by 
validating the binding of iNOS, COX-1, and COX-2 receptors with the 
native ligands using the Autodock Tools 1.5.6 program. Table 1 
represents the results and display of the interactions. 
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Ibuprofen 

 
Gamma Mangosteen 

 
Celecoxib 

 
Alfa Mangosteen 

(a) 

 
Ibuprofen 

 
Gamma Mangosteen 

 
Celecoxib 

 
Alfa Mangosteen 

(b) 

Fig. 3: Visualization for 2D and 3D of COX-2 with compound hits using pharmacophore modeling 

 

Table 2: Results of molecular docking validation 

Receptor Native ligand ΔG° (Kcal/mol) Ki  RMSD (Ǻ) AA Residue  Hydrogen bond 
iNOS (PDB: 
1NSI) 

L-arginine -4.81 300.45 µM 1.554 Gln263, Arg266, Arg388, Asp382, Tyr347, 
Gln377, Tyr373, Pro350,  

Glu377, Tyr373, 
Tyr347, Pro350 

COX-1 (PDB: 
1EQG) 

Ibuprofen -8.38 716.18 nM 0.887 Leu531, Arg120, Val116, Tyr355, Leu359, 
Ala527, Ser353, Val349, Ile523, Phe518, 
Trp387, Tyr385, Met522, Gly526, Phe381, 
Leu352 

Arg120 Tyr355 

COX-2 (PDB: 
3LN1) 

Celecoxib -10.92 9.84 nM 0.921 His75, Leu338, Val509, Gly512, Phe504, 
Arg499 Gln178, Ala502, Ile503, Ser339, 
Leu517, Val335 Leu345 Tyr341, Arg106 
Ala513, Leu370 Tyr371, Trp373, Met508 

His75 
Phe504 
Arg499 

 

The validation results of the iNOS, COX-1, and COX-2 enzyme binding 
pockets (code: 1NSI, 1EQG, and 3LN1) through binding validation of 
natural ligands as shown in table 2. Molecular docking parameters 
were selected with 50 runs and grid boxes varied according to the 
enzyme used. The free binding energy of L-arginine with iNOS is-
4.81 kcal/mol, with an inhibition constant of 300.45 nM, and an 
RMSD of 1.554 at amino acid residues Gln263, Arg266, Arg388, 
Asp382, Tyr347, Gln377, Tyr373, and Pro350. The hydrogen bonds 
formed between L-arginine and iNOS enzymes were Glu377, Tyr373, 
Tyr347, and Pro350. 

Furthermore, Ibuprofen and COX-1 enzyme give binding energy of-
8.38 kcal/mol, an inhibitory constant of 716.18 nM, and amino acid 
residue RMSD of 0.887 consisting of Leu531, Arg120, Val116, 
Tyr355, Leu359, Ala527, Ser353, Val349, Ile523, Phe518, Trp387, 
Tyr385, Met522, Gly526, Phe381, Leu352. The hydrogen bonds 
formed were Arg120 and Tyr355, with distances of 2.59 and 2.86 Ǻ.  

Interaction of Celecoxib and COX-2 enzyme resulted from free 
energy binding of-10.92 kcal/mol, inhibition constant of 9.84 nM, 
and RMSD of 0.921 with amino acid residues of His75, Leu338, 
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Val509, Gly512, Phe504, Arg499, Gln178, Ala502, Ile503, Ser339, 
Leu517, Val335, Leu345, Tyr341, Arg106, Ala513, Leu370, Tyr371, 
Trp373, and Met508. The hydrogen bonds formed between the 
natural ligand and the COX-2 enzyme were His75 with a distance of 

2.13 Ǻ. Phe504 with a distance of 3.15, and Arg499 with a distance 
of 3.27 Ǻ. Each RMSD (Root mean square deviation) is<2 Ǻ, hence 
the results are considered valid. The visualization results of docking 
validation of iNOS, COX-1, and COX-2 are shown in fig. 4. 

 

 
(a) 

 
(b) 

 

Fig. 4: Molecular docking visualization of (a) iNOS and L-arginine, (b) COX-1 and ibuprofen, and (c) COX-2 and celecoxib 
 

The docking results for each test ligand on iNOS, COX-1, and COX-2 
enzymes were fairly uniform between the test compound and the 
docking validation. The number of conformations produced was 

quite significant. The bonds were almost similar to the results of the 
validation process. Table 3 represents the binding results of the 
three enzymes to the test compounds α-mangosteen. 

 

Table 3: Molecular docking results of the test compound α-mangosteen 

Receptors ΔG °(Kcal/ mol) Ki RMSD (Ǻ) AA residue  Hydrogen bond 
iNOS 
 

-5.09 186.77 
µM 

64.963 Ile201, Cys200, Pro350, Glu377, Gln263, Tyr347, Tyr373, Asp382, 
Arg381, Arg266 

Arg266 Asp382 
Tyr373 Tyr374  

COX-1 -5.00 215.84 
µM 

204.504  Ser530, Tyr385, Phe381, Trp387, Gly528, Leu384, Phe518, Met522, 
Leu352, Ser353, Ile523, Ala527, Val349, Tyr355, Leu531, Arg120, 
Val116, Leu93, Leu359, Ile345, Met133 

Tyr355 

COX-2 -6.15 31.01 
µM 

38.307 Arg499, His75, Ser339, Val509, Tyr341, Ala513, Val102, Leu517, 
Met99, Ile311, Leu345, Val335, Arg105, Ser516, Tyr371, Gly512, 
Trp373, Met508, Phe508, Gln178, Leu338, Ile503, Ala502 

Tyr341 

 
Molecular docking of the iNOS enzyme with the test compound 
showed that α-mangosteen interacted with the active site of the iNOS 
enzyme through hydrogen bonds. A hydrogen bond is formed by a 
hydroxy group in the center of the structure, an amide group (peptide 
bond), and/or other groups that can become hydrogen bond donors or 
acceptors. In drug design, hydrogen bonding is exploited to obtain 
specificity, which was achieved t only through favorable specific short-
range directional interactions, but also through ligand-receptor 
arrangement leaving the binding capacity less favorable. The number 
of hydrogen bonds in the drug molecule might be limited by the 
requirements on polarity by absorption and permeation [15]. 

Lipinski's rule of five stated that compounds with more than 5 
hydrogen bond donors or more than 10 hydrogen bond acceptors are 
more likely to have poor absorption or permeation characteristics 

[13]. Hydrogen bonds formed between α-mangosteen and iNOS 
enzymes at residues Arg266 Asp382 Tyr373, and Tyr374 with a bond 
distance of 3.25, 2.10, 3.29, and 3.35 Ǻ that bound to O and OH atoms 
in the third chain of the α-mangosteen structure. The resulting binding 
energy was 5.09 Kcal/mol. The α-mangosteen compound has a fairly 
large bond-free energy of 5.00 Kcal/mol and Inhibitory constants of 
215.84 nM. The α-mangosteen compound formed hydrogen bonds 
with the amino acid residue Tyr355 with a distance of 2.63 Ǻ. The 
results showed that it was a significant value with small binding 
energy and good clusters. The α-mangosteen formed hydrogen bonds 
with residues of Tyr341 with a distance of 2.46. For the hydrophobic 
bonds, α-mangosteen bound to residues Phe504, Leu517 Val335, Leu 
345, and Ile331 via the alkyl and methoxy groups on the side chain of 
α-mangosteen. This is related to Dermawan et al. (2018), who stated 
that hydrophobic bonds in drug-receptor interactions are very 
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important because they greatly affect the absorption and permeation 
process of a drug or a compound [24]. 

The hydrogen and hydrophobic bonds resulting from the binding of 
the α-mangosteen to the COX-2 receptor amino acid residues, 

including Arg499, His75, Ser339, Val509, Tyr341, Ala513, Val102, 
Leu517, Met99, Ile311, Leu345, Val335, Arg105, Ser516, Tyr371, 
Gly512, Trp373, Met508, Phe508, Gln178, Leu338, Ile503, and 
Ala502. The resulting binding energy was 6.15 Kcal/mol and the 
inhibitory constant (Ki) was 31.01 µM. 

 

 
(a) 

 
(b) 

 

Fig. 5: Interactions of α-mangosteen against (a) iNOS, (b) COX-1, and (c) COX-2 
 

The molecular docking results of α-mangosteen to iNOS, COX-1, and 
COX-2 receptors were directly proportional to previous studies, such 
as Mohan (2018) [25]. The research reported that two xanthones 
compounds, namely α-mangosteen and γ-mangosteen isolated from 
the pericarp of G. mangostana significantly inhibited the production 
of nitric oxide and PGE2 from RAW cells 246,7 and stimulated 
lipopolysaccharide (LPS) [15]. The visualization of the molecular 
docking of the test compound of α-mangosteen can be seen in fig. 5. 

Molecular docking of γ-mangosteen on the iNOS, COX-1, and COX-2 
enzymes gave fairly uniform results between the binding process of 
the test compound and the results of the previous re-docking 
validation. The number of conformations produced was quite 
significant. The bonds produced were almost the same as the bonds 
from the validation results. The docking results of the three enzymes 
to the test compounds α-mangosteen and γ-mangosteen can be seen 
in the following table 3. 

 

Table 4: Molecular docking results of γ-mangosteen against iNOS, COX-1, and COX-2 

Receptors AG °(Kcal/mol) Ki RMSD (Ǻ) AA Residue  Hydrogen bond 
iNOS 
 

-6.76 11.14 
µM 

65.084 Trp463, Gly202, Cys200, Phe369, Val352, Gly371, Ala351, Pro350, 
Asn370, Glu377, Gln263, Tyr373, Tyr347, Trp346, Asp382, 
Arg388, Arg381 

Asp382, Tyr347, 
Tyr373, Pro350 

COX-1 -5.30 130.52 
µM 

204.145 Phe518, Gly526, Leu384, Met522, Ile523, Leu352, Ala527, Val349, 
Tyr355, Arg120, Leu93, Leu531, Ile345, Val116, Leu117, Met113, 
Leu359, Tyr348, Trp387, Phe381, Ser530, Tyr385 

Arg120, Met522 
 

COX-2 -7.81 1.90 
µM 

37.554 His75, Ile178, Gln178, Tyr341, Ser339, Leu338, Val335, Leu517, 
Pro514, Ala513, Ser516, Gly512, Met508, Phe504, Tyr371, 
Trp373, Leu370, Pje367, Val509, Ala502, Gly505, Arg499 

His75 
Ser339 
Ala513 

 

As shown in table 4, The binding of the γ-mangosteen molecule to 
the iNOS enzyme showed good results with a free bond energy of-
6.76 kcal/mol and inhibitory constant of 11.14 µM with amino acid 
residues of Phe593, Gly594, Tyr631, Phe634, Arg633, Cys635, 

Gly596, Gly627, Thr592, Ser591, Ser628, Glu546, Thr545, Ser550, 
Leu626, Lys549, Gln665, Glu661, and Thr547. The hydrogen bonds 
formed between residues Asp382, Tyr347, Tyr373, and Pro350 to 
the hydroxyl group on the γ-mangosteen compound. The residue 
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distances with the binding receptor were 1.84, 3.40, 2.90, and 2.23 Å, 
respectively. The results of the tethering of this molecule were 
promising. 

Meanwhile, molecular docking of γ-mangosteen to COX-1 resulted in 
a binding energy value of-5.30 Kcal/mol, an inhibition constant of 
130.52 M and the residues produced in this tethering includes 
Phe518, Gly526, Leu384, Met522, Ile523, Leu352, Ala527, Val349, 
Tyr355, Arg120, Leu93, Leu531, Ile345, Val116, Leu117, Met113, 
Leu359, Tyr348, Trp387, Phe381, Ser530, and Tyr385. The 
hydrogen bonds formed at residues of Arg120 with a distance 
between the receptor and the ligand at 1.62 Å and Met522 at a 
distance of 2.25 Å that bound to the receptor at the hydroxyl group 
OH. In addition, the binding of COX-1 to γ-mangosteen formed a 
hydrogen dor bond by residues Tyr355 and Ser353 with a distance 
of 3.58 and 3.26 Å. The residues and bonds formed with the γ-
mangosteen were almost the same as the bond in the validation 
process. The value of bond-free energy required for γ-mangosteen 
was significant, although higher than the docking energy produced 
during the process validation. 

Finally, the binding results of γ-mangosteen to the COX-2 yielded the 
best results as compared to the binding between iNOS and COX-1 to 
α-mangosteen and γ-mangosteen. The results of the tethering 
showed that the required free energy was 7.81 Kcal/mol and the 
inhibition constant (Ki) was 1.90 µM. The residues and bonds 
formed at γ-mangosteen were the same as the residues formed at 
the beginning, which were The178, Gln178, Tyr341, Ser39, Leu338, 
Val335, Leu517, Pro514, Ala513, Ser516, Gly512, Met508, Phe504, 
Tyr371, Trp373, Leu370, Phe367, Val509, Ala502, Gly505, and 
Arg499. The hydrogen bonds formed by His75 had a bond distance of 
2.48 Å, the residue, Ser339, with a bond distance of 1.75 Å, and Ala513 
with a bond distance of 2.31 Å. This hydrogen bond is bound to the 
hydroxyl group by bonding to the O-H in the C chain. 3, 6, and 7. 

The hydrogen bond formed on the binding of COX-2 to γ-
mangosteen was almost the same as the hydrogen bond in celecoxib, 
where the hydrogen bond formed was at His75. This result showed 
that γ-mangosteen could also bind to important amino acid residues, 
His75 in the COX-2 binding pocket, similar to binding with celecoxib. 
The visualization of the molecular docking of γ-mangosteen can be 
seen in fig. 6. 

 

 
(a)  

(b) 

 
(c) 

Fig. 6: Interactions of γ-mangosteen against (a) iNOS, (b) COX-1, and (c) COX-2 

 

The results of the superimpose α-mangosteen and γ-mangosteen 
(fig. 7) showed better results for the COX-2 binding receptor than 
the iNOS and COX-1 receptors. This is similar to the research 

reported by [26], where COX-2, was a selective target for good anti-
inflammatory drugs. COX-1 inhibition has side effects associated 
with anti-inflammatory COX inhibitors. Therefore, γ-mangosteen 
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was a test compound that produced a low value of bond-free energy, 
hence the best compound as an anti-inflammatory agent compared 
to the α-mangosteen compound. In its characteristics, the test 
compounds of α-mangosteen and γ-mangosteen had several 
different and unique characteristics, that could be one of the factors 
causing γ-mangosteen to produce a fairly good molecular docking 
value as in the research [27]. 

 

 

Fig. 7: Superimpose γ-mangosteen (green carbon), and α-
mangosteen (blue carbon) with celecoxib (grey carbon) in the 

binding site of COX-2 

 

CONCLUSION  

In the virtual pharmacophore screen, γ-mangosteen and α-
mangosteen were selective against COX-1 and COX-2 but t-selective 
for iNOS targets. The highest pharmacophore fit score on COX-1 and 
COX-2 was γ-mangosteen. The interaction of α-mangosteen and γ-
mangosteen compounds to the binding site of iNOS, COX-1, and COX-
2 forms hydrogen bonds, hydrophobic bonds, and hydrogen bonds 
van der walls. The best binding iNOS between the γ-mangosteen test 
compound and the COX-2 enzyme receptor. The binding energy 
values generated from molecular docking of each test compound; α-
mangosteen and γ-mangosteen to iNOS, COX-1, and COX-2 receptors 
were-5.09 Kcal/mol,-5.00 Kcal/mol, and-6.15 binding energy and-
6.76 Kcal/mol-5.30 Kcal/mol and-7.81 Kcal/mol respectively. α-
mangosteen and γ-mangosteen show good molecular interaction 
with iNOS, COX-1, and COX-2 receptors hence contributing to the 
anti-inflammatory activity. 

ABBREVIATIONS 

COX-1: Cyclooxygenase-1, COX-2: Cyclooxygenase-2, iNOs: inhibitor 
Nitric Oxide synthase, HIV: Human Immunodeficiency Virus, PG: 
Prostaglandins, AA: Arachidonic Acid, PGE: Prostaglandin E2, TNF: 
Tumor Necrosis Factor, LPS: Lipopolysaccharide, AUC: Area Under 
Curve, EF: Enrichment Factor, PDB: Protein Data Bank, ROC: 
Receiver Operating Characteristics, RMSD: Root Mean Standard 
Deviation 
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