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ABSTRACT

Osteoarthritis (OA) is a progressive joint disease characterized by cartilage degradation and inflammation, with
TNF-a playing a crucial role in promoting inflammatory responses associated with the condition. This research
examines the molecular interactions between TNF-o and o, B, and y-mangostins to evaluate their potential as
supportive agents in cryotherapy for managing OA. Molecular docking simulations were performed to evaluate the
binding affinity and interaction profiles of these mangostin derivatives with the TNF-a receptor. Results indicate
that y-MG exhibited the highest binding affinity and most favorable interaction with key amino acids in the TNF-a
receptor's active site, closely mimicking the interactions observed with the native ligand. In contrast, a-MG and (-
MG showed lower binding affinities due to less optimal hydrogen bonding and hydrophobic interactions. The
findings suggest that y-MG, in particular, holds promise as a potent TNF-a inhibitor, potentially enhancing the anti-
inflammatory effects of cryotherapy in OA. This study provides a molecular basis for the development of
mangosteen-based auxiliary agents in cryotherapy, offering a novel therapeutic approach for OA management.
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INTRODUCTION
Continuous deterioration and devastation of cartilage is the hallmark of osteoarthritis (OA), a common
kind of arthritis. This ailment has become a primary contributor to adult disability, affecting millions of
people worldwide. It has been determined that one of the contributing factors of OA is disruption in
chondrocyte metabolism. To create efficient treatment plans, more study is necessary as the precise
mechanisms driving OA are yet unknown.! One important inflammatory cytokine that is essential to the
inflammatory process is TNF-a.? In addition to other inflammatory markers, it promotes the synthesis of
several matrix metalloproteinases, including MMP-13, ADAMTS-5, and ADAMTS-7. TNF-a increases
its proinflammatory effects by activating the NF-kB signaling pathway.
According to a recent study, TNF-a has a role in the cartilage degradation linked to osteoarthritis. The
particular mechanisms underlying the relationship between CST and TNF-a signaling in inflammatory
reactions are still unclear.® The aim of this work was to evaluate the possibility of CST as a therapeutic
method for reducing cartilage deterioration in OA by investigating its interaction with the TNF-o/TNFR
signaling system.* Many traditional medicines have proven effective in modern treatments, and an
increasing amount of research is confirming the therapeutic benefits of natural materials. Furthermore,
natural materials are often more affordable and widely available, especially in areas with abundant natural
resources, making them an attractive alternative for drug development in developing countries.’
In the present study, mangostin isolate investigated the inhibitory effects, specifically a, B, and y-
mangostins (a-MG, B-MG, and y-MG), isolated from the pericarp of mangosteen, both in vitro and in
vivo. In vitro analysis demonstrated that a-MG, B-MG, and y-MG effectively suppressed the secretion of
pro-inflammatory cytokines TNF-o and IL-6 from U937 cells.? Complementary in vivo studies revealed
that mangosteen extract significantly reduced LPS-induced TNF-o levels in mouse plasma. These
findings suggest the potential of mangosteen-derived compounds as therapeutic agents for inflammatory
conditions and arthritis.

Rasayan J. Chem., 18(1), 531-537(2025)

http://doi.org/l 0.31788/RJC.2025.1819104 This work is licensed under a CC BY 4.0 license.



RASAYAN J. Chem.
Vol. 18 | No. 1 |531-537] January - March | 2025

In this study, we investigated the molecular mechanisms of three types of mangostin, a-MG, B-MG, and
Y-MG, by in silico analysis.” This study aims to understand the molecular interactions and anti-
inflammatory effects of these compounds and evaluate their potential as therapeutic agents in the
treatment of inflammatory conditions and arthritis.

EXPERIMENITAL
Hardware and Software
The system is comprised of an Intel (R) Core 15-12500 CPU @ 4.30GHz (8CPUs) processor, a PC with a
2TB hard drive, 120GB solid-state drive, and 16GB RAM. The computer runs Linux Ubuntu 16.04 and
Windows 7 and is equipped with Gaussian 09, Gauss View 5.0.8, AutoDock 4.2 equipped with
MGLTools 1.5.6, BIOVIA Discovery Studio Visualizer 2016, GROMACS 2016.3, ACPYPE, ForceGen
0.4, VMD 1.9.2, and MMPBSA .py.

Ligand Preparation
The three-dimensional structure of metabolite which serves as the ligand was obtained from the Knapsack
database https://www.knapsackfamily.com/knapsack_core/.®

Target Receptor Preparation

The three-dimensional crystal structure of TNF-alpha complexed with a small molecule inhibitor (PDB
ID: 2AZ5), used as the target protein, was retrieved from the RCSB PDB website at https://www.rscb.org/
pdb. The resolution of the receptor was 2.1 A.°

Molecular Docking Analysis

The active site of the receptor was identified using Discovery Studio Visualizer by mapping the catalytic
residues. These catalytic residues were then input into Autodock4 software for molecular docking
simulations. During receptor preparation, polar hydrogens and Kollman charges were added after
removing water molecules and the native ligand.'®!!" All procedures were carried out using AutoDock 4.2.

Dynamics Simulation of Ligand

Various computational methods were employed to ensure accuracy in the molecular dynamics simulation
of protein-ligand complexes using Gromacs 2016.3 software.'? The initial topology and ligand parameters
were generated, and both the protein and ligand were treated with the AMBER99SB-ILDN force field.!>!*
To enhance precision, electrostatic interactions were calculated using the Ewald Particle Mesh method.
Na+ and Cl- ions were introduced for neutralization, and solvation was performed using the TIP3P water
model."”” The simulation began with a 10,000-step energy minimization, split into 5,000 steps using the
steepest descent method and 5,000 steps with the conjugate gradient approach.

The system was then gradually heated over 100 ps to 310 K'¢, with temperature controlled by Langevin
dynamics.!” The main production phase was conducted at a constant pressure of one atmosphere and a
temperature of 310 K. Hydrogen bonds was constrained using the SHAKE algorithm, with a time step of
2 5. Over the course of the 200 ns (200,000 ps) simulation, trajectory coordinates were recorded at 20ps
intervals.'%!?

Several analyses were performed, including solvent-accessible surface area (SASA), radial distribution
function (RDF), root mean square deviation (RMSD), radius of gyration (Rg), and changes in secondary
structure.”®?! These analyses provided valuable insights into the stability and dynamic behavior of the
protein-ligand complex throughout the simulation.

Computational MM-PBSA Binding Free Energy

For the computation of Molecular Mechanics-Poisson-Boltzmann Surface Area (MM/PBSA), the
Gromacs 2016.3 software's g mmpbsa module was utilized'?. At intervals of ten seconds, an average of
one hundred snapshots covering the MD trajectory from 0 to 100 ns were taken.?? Using a 0.5 A grid size,
the Poisson-Boltzmann equation was utilized to determine the polar desolvation energy.?* The nonpolar
energy contribution was calculated by computing the solvent-accessible surface area with a solvent radius
of 1.4 A. The solvent's dielectric constant was set to 80, which represents water. Next, a thorough
evaluation of the protein-ligand-free energy was carried out.
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RESULTS AND DISCUSSION

Binding Energy of Ligand-Receptor

Molecular docking analysis was conducted to assess the binding affinity of various compounds to the
target receptor, with the goal of evaluating the inhibitory potential of each ligand. Key parameters such as
binding energy and inhibition constant (KI) were utilized to evaluate the interactions (Table-1). The
native ligand, as the main comparator, showed a binding energy of -9.35 Kcal/mol and a KI of 140.07
nM. A more negative binding energy value indicates a high binding affinity, signifying a stable
interaction between the ligand and the target receptor. The low KI, in the nanomolar range, strengthens
the indication that the native ligand has a highly effective inhibitory capacity. aM and BM have binding
energies of -6.42 Kcal/mol and -6.7 Kcal/mol, respectively. The higher binding energy (less negative)
than the native ligand indicates that M and M have lower binding affinity. YM showed more promising
results compared to the other analogs, with a binding energy of -7.16 Kcal/mol and KI of 5.68 uM.
Among the three mangostin analogs tested, yYM had the lowest binding energy and the smallest KI,
indicating that yM has better binding affinity than alpha and beta-mangostin.

Table-1: The Energy of Ligand Binding with HELA Cell Receptors

Ligand Binding Energy (Kcal/mol) KI
aM -6.42 19.68 uM
M -6.7 12.29 uM
YM -7.16 5.68 uM

Amino Acid Interaction

Fig.-1 illustrates the interactions between native ligands and mangostin analogs with the TNF-alpha
receptor, involving various amino acid residues in the active site of the receptor. Differences in the types
of interacting amino acids can affect the stability and binding affinity of each ligand to the receptor.
Native ligands interact with amino acid residues through conventional hydrogen bonding and
hydrophobic interactions. Residue GLY121 is involved in hydrogen bonding, while interactions with
hydrophobic residues are formed with 4 residues namely LEUS5, VAL123, LEU57, and TYR119. Alpha-
mangostin hydrogen bonded with 4 amino acid residues different from the native ligand and 6
hydrophobic interactions were formed.

Alpha-mangostin tends to interact more with polar residues than native ones. Beta-mangostin and gamma-
mangostin showed similar interaction patterns to alpha-mangostin, which were stronger with hydrophobic
residues as the native ligand. However, gamma-mangostin interacts less with polar residues than the other
analogs. Thus, it appears that gamma-mangostin is the analog that is closest to the interaction pattern of
the native ligand.

Molecular Dynamics Simulation

RMSD and RMSF Evaluation of Mangostin Ligands-TNF-a Complex

The dynamic stability of native, C10, and C11 was evaluated using molecular dynamics (MD)
simulations for 100 ns. The resulting Root Mean Square Deviation (RMSD) graph is shown in Fig.-2. The
RMSD trajectory of the receptor complex with aM, BM, and YM on the TNF-a receptor (shown by the
graph in Fig.-2). The RMSD data showed that during the simulation, the three ligands had varying
fluctuations. In their configuration in the receptor, the M ligand showed better stability than the other
two ligands as indicated by the low RMSD value of 0.1-0.3 A. While M and yM ligands show
fluctuations above it.Furthermore, the Root Mean Square Fluctuation (RMSF) graph (Fig.-3) shows the
protein residues interacting with aM, BM, and yM ligands during 100 ns of molecular dynamics
simulation. The RMSF is used to calculate the average deviation of each protein residue location from its
average position during the simulation. Greater flexibility or dynamic properties of the residues are
indicated by higher RMSF values, while greater stability is indicated by lower values. Along the protein
residues with ligands aM (purple line), BM (yellow line), and yM (red line) in the graph, a similar pattern
of variation is observed. However, sequences 131-151, which is the region where the ligand binds, show a
larger variation of fluctuation in the residue position than the others. It can be seen that M in that area
shows the lowest fluctuation compared to other ligands, which indicates its strong binding stability.

533
MOLECULAR DOCKING AND DYNAMICS ANALYSIS OF o, B, and y-MANGOSTINS A. Tang et al.



RASAYAN J. Chem.
Vol. 18 | No. 1 |531-537] January - March | 2025

Hydrophobicity ’
300

2,00 ’
1,00 ﬁ
/

Hydrophobicity

3,00
2,00
1,00

00

Interactions

[1 van der Waals [ |
[P conventional Hydrogen Bond =)

Fig.-1: Amino Acid Interaction of Native Ligand (a), Alpha-Mangostin (b), Beta-Mangostin (c), Gamma-Mangostin
(d) in TNF-Alpha Receptor
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Fig.-3: RMSF Evaluation of aM, M, and yM in Complex with TNF-a

SASA Evaluation of Mangostin Ligands-TNF-a Complex

Figure-4 shows a graph demonstrating the change in solvent-accessible surface area (SASA) over 10,000
picoseconds (ps) on TNF-a at a, B, and YM. The surface area of a protein exposed to solvent is measured
by SASA, and variations in SASA can reveal details about protein stability and structural dynamics. As
observed in the graph, there are fluctuations in solvent-exposed surface area during the simulation for oM
(purple line), BM (yellow line), and yM (red line). In terms of average value, the SASA for yM is slightly
larger than that of M and PM, which is 248 nm? for oM, 251 nm? for BM, and 247 nm? for yM. This
result implies that the three ligands, especially oM and yM are superior to M in SASA evaluation.
However, throughout the simulation, the SASA for the three ligands actually showed very similar
fluctuations. This is a benchmark that indicates the three complexes are conformationally stable based on
the SASA values and may reduce the possibility of disruptive interactions such as denaturation or
aggregation.
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Fig.-4: SASA Evaluation of aM, BM, and yM in Complex with TNF-a

Mangostine Ligands Binding Free Energy

In this TNF-a receptor, we compared the binding free energy components for the three ligands aM, M,
and yM (Table-2). Molecular Mechanics Poisson-Boltzmann Surface Area (MM-PBSA) calculations
were performed to measure the stability and binding affinity between the three ligands.?* The overall
picture of ligand binding affinity is given by the total binding free energy, which is the sum of all energy
contributions, including Van der Waals energy, electrostatic energy, polar solvation energy, and solvent
accessible surface area energy (SAS). The binding free energy of aM is -148.997 kJ/mol, that of M
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ligand is -148.560 KJ/mol, and that of yM is -132.167 KJ/mol. This important difference indicates that
aM and BM ligands exhibit much stronger binding energies than yM toward the TNF-a receptor.

Table-2: Results of the Energy Summation of the MM-PBSA Calculations for the Human Receptor TNF-a with aM,
BM, and yM Ligands

Van der Waals Electrostatic Polar Solvation SASA Bqnq

Molecule Prediction
Complex Energy Energy Energy Energy Energy
(kJ/mol) (kJ/mol) (kJ/mol) (kJ/mol) (kJ/mol)

oM -186.124 +/- -15.136 +/- 69.495 +/- -17.232 +/- -148.997 +/-
11.993 4.904 6.416 0.879 12.346

BM -194.741 +/- -15.600 +/- 80.429 +/- -18.648 +/- -148.560 +/-
26.780 10.062 13.565 1.566 18.394

M -182.437 +/- -6.963 +/- 74.621 +/- -17.388 +/- -132.167 +/-
i 13.130 8.272 10.076 1.191 11.079

CONCLUSION

This study provides a molecular insight into the interactions of a-mangostin (a-MQG), B-mangostin (-
MG), and y-mangostin (y-MG) with TNF-a, a key inflammatory mediator in osteoarthritis (OA). Among
the three derivatives, y-MG demonstrated the highest binding affinity and the most favorable interaction
profile with the TNF-a receptor, suggesting its potential as a superior inhibitor compared to a-MG and f3-
MG. The binding analysis revealed that y-MG effectively mimics the interactions of the native ligand,
engaging with key amino acids in the active site of the receptor, which could translate into a more potent
suppression of TNF-o mediated inflammation. In contrast, a-MG and B-MG exhibited lower binding
affinities, primarily due to suboptimal hydrogen bonding and weaker hydrophobic interactions. These
results underscore the varying efficacy of mangostin derivatives in targeting TNF-a, highlighting y-MG
as the most promising candidate.
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