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Abstract

Context: The advances on cancer treatment, by discovering antitumor compounds in Syzygium oblanceolatum (C.B.Rob.) Meer., potentially paving the way for
innovative therapeutic drug. Through in silico techniques like molecular docking, it becomes feasible to predict the interaction of these compounds with
tumor-specific targets. Compounds demonstrating high binding affinity and bioactivity could form the foundation for developing treatments that are not only
more effective but also less harmful for cancer patients, overcoming the drawbacks of existing therapies. Additionally, this approach streamlines and reduces
the costs of the drug discovery process.

Aims: To explore and identify potential antitumor compounds present in S. oblanceolatum stem bark using in silico methods. By predicting bioactivity and
characterizing these compounds, the study aims to contribute to the discovery of novel agents with potential therapeutic applications.

Methods: The EGFR protein (1M17) was prepared for docking by stabilizing its structure and optimizing chemical compounds obtained through GC-MS
analysis. Docking simulations were conducted with Autodock Vina, and interactions were visualized to analyze binding energy and validate docking
reliability. Promising compounds were ranked based on binding affinities for experimental evaluation.

Results: The study successfully identified potential antitumor compounds within S. oblanceolatum stem bark through computational analyses of polar and
nonpolar compounds from ethanol extract and n-hexane fraction. These compounds were prioritized based on their predicted bioactivity and interactions
with tumor-related targets. This research highlights the relevance of natural sources and underscores the efficiency of in silico methods in drug discovery.
Future validation studies are essential to confirm the bioactivity and explore the mechanisms of action of these compounds.

Conclusions: This research effectively investigated and pinpointed potential antitumor compounds (such as milbemycin B, (+)-pericyclivine, and B-sitosterol)
in the stem bark of S. oblanceolatum through in silico approaches. The study enhances the discovery of new therapeutic agents by predicting their bioactivity
and providing detailed compound characterization.
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Resumen

Contexto: Los avances en el tratamiento del cancer, mediante el descubrimiento de compuestos antitumorales en Syzygium oblanceolatum (C.B.Rob.) Meer.,
abren potencialmente el camino a farmacos terapéuticos innovadores. Mediante técnicas in silico como el acoplamiento molecular, es posible predecir la
interaccién de estos compuestos con dianas tumorales especificas. Los compuestos que demuestren una elevada afinidad de unién y bioactividad podrian
sentar las bases para desarrollar tratamientos no sélo mas eficaces, sino también menos nocivos para los enfermos de céncer, superando los inconvenientes
de las terapias actuales. Ademas, este enfoque agiliza y reduce los costes del proceso de descubrimiento de farmacos.

Objetivos: Explorar e identificar posibles compuestos antitumorales presentes en la corteza del tallo de S. oblanceolatum utilizando métodos in silico.
Mediante la prediccidn de la bioactividad y la caracterizacidon de estos compuestos, el estudio pretende contribuir al descubrimiento de nuevos agentes con
potenciales aplicaciones terapéuticas.

Métodos: La proteina EGFR (1M17) se prepard para docking estabilizando su estructura y optimizando los compuestos quimicos obtenidos mediante analisis
GC-MS. Se realizaron simulaciones de acoplamiento con Autodock Vina y se visualizaron las interacciones para analizar la energia de unidn y validar la
fiabilidad del acoplamiento. Los compuestos prometedores se clasificaron en funcién de su afinidad de unidn para su evaluacion experimental.

Resultados: El estudio identificé con éxito compuestos antitumorales potenciales dentro de la corteza del tallo de S. oblanceolatum a través de andlisis
computacionales de compuestos polares y no polares del extracto de etanol y de la fraccién de n-hexano. Estos compuestos se priorizaron en funcién de su
bioactividad prevista y sus interacciones con dianas relacionadas con tumores. Esta investigacion pone de relieve la relevancia de las fuentes naturales y
subraya la eficacia de los métodos in silico en el descubrimiento de farmacos. Futuros estudios de validacion son esenciales para confirmar la bioactividad y
explorar los mecanismos de accidn de estos compuestos.

Conclusiones: En este estudio se investigaron y determinaron eficazmente compuestos antitumorales potenciales (como milbemicina B, (+)-periciclivina y -
sitosterol) en la corteza del tallo de S. oblanceolatum mediante métodos in silico. El estudio mejora el descubrimiento de nuevos agentes terapéuticos al
predecir su bioactividad y proporcionar una caracterizacion detallada de los compuestos.

Palabras Clave: antitumoral; exploracion; in silico; Syzygium oblanceolatum.
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INTRODUCTION

Many plants are recognized for their potential an-
titumor properties, largely attributed to bioactive
compounds such as alkaloids, flavonoids, and terpe-
noids, which may contribute to inhibiting cancer cell
growth (Foroughi-Gilvaee et al., 2024). Scientific re-
search on specific plant species has yielded encourag-
ing results in laboratory settings, indicating their
promise as natural agents for cancer treatment
(Gahtori et al., 2023). Additionally, the use of these
plants in traditional medicine underscores their his-
torical relevance in cancer therapy (Adedokun et al.,
2023). Current studies are focused on isolating these
compounds and elucidating their mechanisms of ac-
tion to support future therapeutic developments
(Mohamed Abdoul-Latif et al., 2023).

The genus Syzygium (a member of the Myrtaceae
family) is recognized for its potential medicinal prop-
erties. It is well known for its medicinal benefits, in-
cluding its potential antitumor properties (Ibana et al.,
2024). Bioactive compounds such as flavonoids and
tannins found in the Syzygium genus are believed to
contribute to the inhibition of cancer cell proliferation
(Majid and Parish, 2020). Research has demonstrated
that Syzygium extracts can trigger apoptosis in cancer
cells, highlighting their therapeutic potential
(Shanmugam, 2024). Traditionally, Syzygium has been
used in herbal medicine, particularly in the context of
cancer treatment. Further studies are necessary to
fully comprehend the mechanisms and therapeutic
efficacy of Syzygium in cancer therapy (Sinan et al,,
2024).

One of the species within the Syzygium genus is
Syzygium oblanceolatum (C.B.Rob.) Merr. has recently
gained attention due to the discovery of a novel com-
pound in its leaves, which has shown potential for
inhibiting cancer cell growth (Koga et al., 2024), thus
it can be effective as an epidermal growth factor re-
ceptor (EGFR) inhibitor.

The EGFR plays a pivotal role in cell signaling
pathways that regulate growth and division, and its
abnormal activation is associated with various can-
cers, including lung, breast, and colorectal cancers
(Abo-El Fetoh et al., 2023). Targeting EGFR with spe-
cific therapies has shown the potential to inhibit tu-
mor growth and improve patient outcomes. A com-
prehensive understanding of EGFR’s function is es-
sential for developing personalized cancer treatments
and targeted therapies, offering a more precise ap-
proach to cancer care (Barot et al., 2023).

https://jppres.com

This study aims to fill that gap by using in silico
methods, including molecular docking and computa-
tional screening, to predict the bioactivity and bind-
ing affinity of compounds found in the S. oblanceola-
tum stem bark against cancer-related targets. By com-
bining traditional ethnomedical knowledge with
modern computational techniques, this research aims
to identify promising bioactive molecules, thus accel-
erating the discovery of plant-derived anticancer
agents and providing a scientific foundation for their
potential therapeutic uses.

This study utilized a molecular docking approach,
informed by the identification of compounds through
GC-MS analysis of the steam bark extract and frac-
tion. We anticipate that the results of this investiga-
tion serve as preliminary data, paving the way for
future research and further development in this area.

MATERIAL AND METHODS

Instruments and materials

The enzyme model preparation involved down-
loading the enzyme model from the Protein Data
Bank (PDB), where the specific code for EGFR 1M17.
The native ligands and other water molecules were
removed from the protein structure, and the energy
level of the protein structure was stabilized using
Chimera software (version 1.6). Additionally, the
chemical compounds were obtained by GC-MS analy-
sis based on the polarity of samples (the ethanol ex-
tract and the n-hexane fraction) (Najib et al., 2019).
These chemical compounds were then converted from
2D to 3D structures using the ACD/ChemSketch pro-
gram and saved in MDL Mollfiles [V2000] (*.mol) for-
mat. Subsequently, chemical compound optimization
was performed using the Obabel program. Finally,
docking simulations were conducted using the Auto-
dock Vina (Najib et al., 2023).

Plant material

The plant samples were collected in Bengo-Bengo
Village, Maros Regency, South Sulawesi, Indonesia, at
coordinates 5°0'21.448" S 119°45'53.827" E. The plant
was identified by Dr. Wuu-Kuang Soh at the Univer-
sity of Dublin (Dublin, Ireland), and the collection is
stored at the Natural Product Laboratory, Hasanud-
din University, under the voucher code 16 AR18004.

Analysis using GC-MS for ligands

GC-MS analysis was employed to determine the
chemical profile of the sample. Each compound in the
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sample exhibited different retention times and peak
areas in the chromatogram, depending on its specific
chemical nature. The GC-MS (Ultra Shimadzu QP
2010 plus autosampler AOC-20i, Japan) conditions
were as follows: The oven was set to a maximum
temperature of 325°C, starting at 70°C and increasing
by 10°C per minute until reaching 325°C over 40
minutes. Helium (He) was used as the mobile phase,
with 1 pL of the sample injected at a split injection
temperature of 250°C. A capillary column measuring
30 m in length, with a 25 mm diameter and particle
size of 0.25 microliters, was used. The chemical con-
tent was identified through the computer's mass spec-
trum analysis, based on the ratio of peaks and reten-
tion times, and matched to known fragmentation
patterns of specific compound classes. The com-
pounds from GC-MS analysis were used as ligands
for docking to EGFR (1M17). The GC-MS from the
sample represents polar compounds and nonpolar
compounds named ethanol extract and n-hexane frac-
tion, respectively, from the stem bark of S. oblanceola-
tum.

Protein molecular dynamics simulation and
molecular docking

Ligands and proteins in .pdbqt format were pro-
cessed using the PyRx software (version 3.1.0). Initial-
ly, the configurations for both the ligand and macro-
molecule were adjusted, followed by the setup of the
Grid Box, which was typically optimized for maxi-
mum size. The Vina docking process was then exe-
cuted until it reached full completion. Docking was
carried out using the Autodock Vina Wizard feature
in PyRx (Najib et al., 2023).

After docking, the resulting ligand-protein com-
plexes were visualized with PyMOL (version 4.6.0)
and Discovery Studio 2017 (version 17.2). This step
allowed the analysis of binding free energy (AG) and
the identification of the amino acids involved in the
interactions.

Validation of the docking method

The docking process started with the validation of
the docking method using both crystallographic lig-
ands and optimized docking ligands. This validation
step was conducted to assess the similarity between
the results of the crystallographic ligands and the
optimized docking outcomes, ensuring the suitability
and reliability of the docking method (software) for
use in subsequent docking procedures. Docking vali-
dation for the protein was performed using erlotinib
as a control (the native ligan of 1M17), conducted
alongside the other compounds (Najib et al., 2023).

https://jppres.com

Syzygium oblanceolatum antitumor compounds evaluated in silico

Visualization of docking

The docking results were visualized using PyMol
and LigPlot to examine the RMSD values and the
interaction between the ligand and the receptor. The
molecular interactions were visualized using Ligplot
Plus for 2D structures and PyMol for 3D structure
visualization. Ligplot Plus was employed to depict
hydrophobic interactions and hydrogen bonding,
while PyMol was utilized to visualize the binding site
(Najib et al., 2023).

Data analysis

Binding energy reflected the strength of the inter-
action between the ligand and its receptor. Lower
binding energy values indicated a more favorable
interaction, potentially suggesting greater inhibitory
effectiveness. These values were useful for ranking
compounds for further experimental evaluation.

Comparing results from multiple docking simula-
tions allowed the identification of trends in binding
affinities and interaction types across various com-
pounds. This aids in choosing the most promising
candidates for experimental validation.

RESULTS AND DISCUSSION

Enzyme model preparation

Fig. 1 displays the protein structure of PDB ID
1M17. PyMol analysis revealed no additional mole-
cules apart from those constituting the protein.

Figure 1. Enzyme model PDB ID 1M17.

GC-MS chromatogram for ligands

The GC-MS analysis was performed on two differ-
ent fractions: an ethanol extract and an n-hexane frac-
tion. The GC-MS chromatogram is a visual represen-
tation that shows the compounds detected in a sam-
ple. In this study, 113 compounds were identified in
the ethanol extract, while 91 compounds were detect-
ed in the n-hexane fraction, as shown in Fig. 2. These
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numbers highlight the diversity of chemical constitu-
ents in each fraction.

Following the identification of these compounds,
molecular docking studies were carried out to predict
how the detected molecules might interact with a
specific enzyme (1M17). Molecular docking simulates
how these compounds bind to the target enzyme,
helping to evaluate the affinity and strength of inter-
actions. This step is crucial for understanding poten-
tial therapeutic effects, as it gives insight into which
compounds may be the most effective at binding to
the enzyme.

The docking analysis revealed that out of 214
docked compounds, 32 exhibited lower binding ener-
gy than the native ligand. Lower binding energy indi-
cates stronger interactions between the compound

Syzygium oblanceolatum antitumor compounds evaluated in silico

and the enzyme, suggesting a higher likelihood of
effectiveness. This discovery opens up new possibili-
ties for drug development, particularly for further
research into these 32 compounds for their potential
use in therapeutic applications, such as antitumor
agents, as shown in Table 1.

Docking validation

The molecular docking results revealed three
promising compounds with binding affinities lower
than the native ligand, indicating potential as anti-
tumor agents. These compounds demonstrated
stronger interactions with the target enzyme, which is
crucial for the development of effective cancer thera-
pies. Fig. 3 shows that the docking process of the
three ligands with the lowest binding energy has been
validated.

A

(Normalized)

JENEEED it L L |

TIC

Figure 2. The chromatogram of
ligands.

The ethanol extract (A) contained 113
compounds, with milbemycin B (peak 99)
being the most representative
compound. The n-Hexane fraction (B)
contained 91 compounds, the
representative compound being lupan-3-
ol acetate (peak 91).
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Table 1. Docking results from the 32 active compounds (ligands).

Sample Compounds (ligands) Binding affinty (Kcal/mol)

Ethanol extract Milbemycin b, 13-chloro-5-demethoxy-28-deoxy-6,28-epoxy-5-(hydroxyimino)-25- -11.24
(1-methylethyl)-,
(6R,13R,25R)-2-anilino-3-(1H-1,2,3-benzotriazol-1-yl)naphthoquinone -10.49
4-(3-Methylpiperidino)-2-phenylquinoline -9.463
D:A-Friedooleanan-26-al, 3-(acetyloxy)-, (3f)- -9.422
(+)-Pericyclivine -9.406
[3-Sitosterol -8.931
1-[Formyl-[2-(2-methyl-1H-indol-3-yl)-ethyl]-amino]-cyclohexanecarboxylic acid -8.917
(2,6-dimethyl-phenyl)-amide
Cholesta-5,24-dien-3-ol, (3B)- -8.889
Berberine hydrochloride -8.872
al-Sitosterol -8.828
2-(2-cyano-4-nitro-phenyl)-1,3-dioxo-2,3-dihydro-1H-isoindole-5-carboxylic acid -8.819
5,6,7,8,9,10-Hexahydro-9-benzyl-spiro[2H-1,3-benzoxazine-4,1'-cyclohexane]-2- -8.716
thione
Ajmalan-17-ol, (2a,17R)- -8.568
3,4-Bis(cyclohexylmethyl)dihydrofuran-2(3H)-one -8.406
5-((4-(Benzo[d][1,3]dioxol-5-ylmethyl)tetrahydrofuran-3-yl)methyl)-2- -8.38
methoxyphenol
Lanost-8-en-3-ol, (3B)- -8.142
Phenol, 4-[2-(4-methoxyphenyl)ethenyl]-2-nitro -8.073
3-Hydroxy-2-(2-methoxy-5-nitrophenylazo)but-2-enoic acid, (4- -7.78
trimethylsilylphenyl)amide
2,6-Dimethyl-9-(1-methylethyl)-1-cyclodecanone -7.762
n-(2-nitrophenyl)pentopyranosylamine -7.735
20,21-Dinoribogamin-18-ol, 2-ethyl-, acetate (ester) -7.687
Kessane -7.553

n-hexane fraction Lupan-3-ol, acetate -9.045

2-(2,3-Dimethoxy-benzylidene)-6,7-dimethyl-benzo[4,5]imidazo[2,1-b]thiazol-3-one  -8.880

14f3-H-Pregnan -8.749
Hydroxylamine, n-(4,5-dihydro-5-methyl-3-spirocyclohexyl-3H-2-benzazepin-1-yl)- -8.384
Cyclopentalg]-2-benzopyran, 1,3,4,6,7,8-hexahydro-4,6,6,7,8,8-hexamethyl- -8.268
1-(2-methoxy-phenyl)-4-(2-nitro-4-trifluoromethyl-phenyl)-piperazine -8.155
5-[3-(4-(2-acetoxyethyl)piperazinyl)propyl]-5H-dibenzo[b,flazepine -8.071
Indole-3-carboxylic acid, 6-bromo-5-methoxy-1-phenyl-2-(1-pyrrolidinylmethyl-, -7.660
ethyl ester
4,15-Diazacycloheptadecane-3,16-dione, 4,15-dihexyl-1-oxa -7.644
Cyclopentadecanone, 2-hydroxy- -7.622
Control Erlotinib -7.470
Hydrophilic interaction which play a significant role in how molecules behave

in biological environments (Chen et al., 2024). In mo-
lecular docking, these interactions contribute to the
stabilization of ligand binding to target proteins,

Hydrophilic interactions occur between polar mole-
cules capable of forming hydrogen bonds with water,
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thereby improving both specificity and affinity (Lin et
al., 2024). Their importance lies in their influence on
accurately predicting binding modes and affinities in
computational studies, making them critical in drug
design and discovery. This explanation is based on

Syzygium oblanceolatum antitumor compounds evaluated in silico

general knowledge of molecular docking and hydro-
philic interactions (Naithani and Guleria, 2024).

The hydrophilic interaction of the native ligan and

three ligands with the lowest binding energies is
shown in Table 2.

Figure 3. 3D Visualization of (A)
milbemycin b, (B) 2-anilino-3-
(1h-1,2,3-benzotriazol-1-
yl)naphthoquinone, (C) lupan-
3-ol, acetate.

Table 2. The hydrophilic interaction between the native ligan and three ligands.

Ligand 3D

2D Binding sites

Erlotinib (native ligand)

HYDROGEN
MET769
HYDROPHOBIC
LEU694
PHE771
PRO770
ASPT76
GLY772
VAL702
CYS773
LEU764
THR766
LYS721
THR830
GLUT738
LEU768
ASP831
ALA719
LEU820
GLN767"
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Table 2. The hydrophilic interaction between the native ligan and three ligands (continued...)

Ligand 3D 2D Binding sites

Milbemycin b, 13-chloro-5- nom‘& HYDROGEN
demethoxy-28-deoxy-6,28- LEU694
epoxy-5-(hydroxyimino)-25- ',,,,@5 ?7:%5

(1-methylethyl)-,
(6R,13R,25R)- % m}

ProIAl

HYDROPHOBIC
- MET742
o & LEU820
ASP831
VAL702
THR830
ARG817
CYST73
GLYT72
PROT70
MET769
ILE720
ALAT19
THR766
LYST21

Me769(4)

K
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Args17A)

2-Anilino-3-(1h-1,2,3- ,‘)7;;“@ HYDROGEN
benzotriazol-1- THR766

l)naphthoquinone - Loy ]
s ‘ﬁﬁg QMMEK %f HYDROPHOBIC
LspSIL(A)

¥ al ™ LEU694
LEU820

: %‘m %; VAL702

ARG817
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iy = ASP831

m

THR830
GLU738
LYS721

LEU764
MET742
ALA719

LEU768
MET769

Lew64(4)

Merra2(A)

4-(3-Methylpiperidino)-2- Sy HYDROGEN
phenylquinoline MET769
HYDROPHOBIC
PHE699
ASN818
ASP831
VAL702
ALAT19
GLN767
LEU768
LEU820
CYS773
LEU694
ARG817
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The first compound exhibited a significantly lower
binding energy, suggesting it may have high specifici-
ty and affinity for the enzyme. Its strong interaction
profile could potentially inhibit the enzyme’s activity,
which is vital in cancer cell proliferation. This com-
pound's lower binding energy compared to the native
ligand suggests that it could disrupt key pathways
involved in tumor growth, making it a prime candi-
date for further investigation.

The second compound also displayed favorable
docking results, with a binding energy notably lower
than the native ligand. Its interaction pattern suggests
strong hydrophobic and hydrogen bonding with the
enzyme, which may enhance its stability in the bind-
ing site. Given that lower binding energy is associated
with higher inhibitory potential, this compound could
play a significant role in preventing the enzyme's
function in cancer progression.

The third compound stood out due to its balance
between binding affinity and interaction stability. It
not only had a binding energy lower than the native
ligand but also formed multiple interactions, includ-
ing hydrophilic and hydrophobic contacts, which are
essential for effective enzyme inhibition. This com-
pound’s strong binding to the enzyme indicates it
could serve as a potent inhibitor in the treatment of
cancer, warranting further preclinical studies to assess
its efficacy.

CONCLUSION

The docking analysis identified three compounds
(milbemycin B, (+)-pericyclivine, and [-sitosterol)
with lower binding energies than the native ligand, all
of which show strong potential as antitumor agents.
Their ability to interact effectively with the target
enzyme makes them promising candidates for further
research and development in cancer therapy.
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