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Abstract
Cassia siamea has been reported by multiple ethnopharmacological studies to treat a broad spectrum of diseases, including cancer.The aim of this study was to evaluate the antioxidant and antiproliferation activities of C. siamea stem bark extract. Following themaceration, the sample was fractionated using column chromatography, yielding 1 ethyl acetate extract and 4 different fractions(Fractions A–D). Antioxidant activities of the extract and its four fractions were assessed based on the 2,2-diphenyl-1-picrylhydrazyl(DPPH) inhibition. Phytocompounds contained in the extract and its fractions were identified using Gas Chromatography-MassSpectrometry (GC/MS) analysis, followed by in silico molecular docking. The ethyl acetate extract of C. siamea L. stem bark hadtotal phenolic, flavonoid, and tannin contents of 280 mg GAE/g dry extract, 23.97 mg QE/g dry extract, and 26.5 mg TAE/ g dryextract, respectively. Strong antioxidant activities were exhibited by Fraction A and the ethyl acetate extract (IC50= 13.72 and 14.10,respectively). LC50s of the ethyl acetate extract and Fraction A against the A. salina larvae were 49.61 ppm and 51.52 ppm, respectively.Optimal inhibitions of Hep2 cell proliferation were observed in both ethyl acetate extract and Fraction A with IC50s of 936.34 ppmand 580.76 ppm, respectively. Both the extract and Fraction A contained lupeol, among other compounds with anticancer potential.Complementary in silico docking analyses indicated that lupeol achieved optimal binding with laryngeal carcinoma–related targets(ΔG = –7.9 to 9.5 kcal/mol).
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1. INTRODUCTION

Comprehensive estimates on cancer prevalence and mortality
worldwide by the International Agency for Research on Cancer
reported that the cancer incidence almost reached 20 million
in 2022 alone. The cancer-related mortality was reported to
reach 9.7 million in 2022, with an estimated 1 in 9 men and
1 in 12 women dying from cancer (Bray et al., 2024) . The
trend of cancer prevalence, in general, is experiencing a signifi-
cant increase (Chhikara and Parang, 2023) . Such a concerning
trend can be associated with the persistently growing pollution
and unhealthy lifestyle problems (Iqhrammullah et al., 2023;
Leiter et al., 2023; Qi et al., 2023) . Thus, it is of importance
to develop new strategies in cancer treatment, including the ex-

ploration of natural products with anticancer activities (Fikriah
et al., 2024; Rahman et al., 2024) . One of the approaches to
explore such natural products is by screening plants that have
been ethnomedicinally utilized in cancer treatment (Adedokun
et al., 2024; Harahap et al., 2022; Tolo et al., 2023) .

In this light, Cassia siamea Lamk. has been considered as an
ethnomedicinal plant in many communities, where its tradi-
tional uses include the treatment of malaria, skin diseases, dia-
betes, inflammation, and wounds (Saising et al., 2022; Widiyas-
tuti et al., 2024) . The efficacy of C. siamea extract in various
pathological conditions could be attributed to its rich con-
tents of flavonoids and carotenoids (Kolar et al., 2018) . In
ethnomedicinal research, the roots of C. siamea are reported to
be commonly used as anthelminthic and anticonvulsant (Ku-
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mar et al., 2017; Olivier et al., 2024) . In a previous study, the
stem bark extract of C. siamea was found to contain an abun-
dant amount of fatty acids such as 9,12-octadecadienoic acid
(Z,Z) and n-hexadecanoic acid, which are attributable to the
anti-inflammatory and antioxidant activities (Ogbiko, 2020) .
Another study found that the stem bark extract contained an-
tioxidants such as caffeic acid and known anticancer agents such
as cassanthraquinone A and 5-(hydroxymethyl)-2-methyl-6-
prenylisoindolin-1-one (Adedokun et al., 2024) . Phytocom-
pound profiling in a Cassia plant (Cassia mimosoides) suggests
high contents of alkaloids, flavonoids, and anthraquinone gly-
cosides (Ezeabara et al., 2023) .

Phytochemical profile of C. siamea determines the potency
of its bioactivities, including that against cancer cells. Flavonoids
inhibit the growth of cancer cells by scavenging free radicals,
modulating oncologic signaling pathways, and regulating pro-
/anti-apoptotic proteins (Kopustinskiene et al., 2020) . The
phenolic acids, such as caffeic acid could protect cells from
DNA damage via its antioxidant activities, particularly because
of its catechol moiety (Tatipamula and Kukavica, 2021) . More-
over, phenolic acids can inhibit the proliferation of cancer
cells by arresting the cell cycle at various phases (G1 or G2/M
phases) (Kuruburu et al., 2022) . As for the anthraquinones,
the compounds are known to induce apoptosis in cancer cells
by disrupting mitochondrial function and increasing reactive
oxygen species production (Nowak-Perlak et al., 2023) . The
compounds were also reported to inhibit topoisomerase en-
zymes involved in DNA replication, leading to DNA damage
and cancer cell death (Malik et al., 2021) . The strong activi-
ties of anthraquinones in reducing cancer cell growth can be
associated with the quinone structure in anthraquinones (Tian
et al., 2020) . The abundance of these compounds in C. siamea
depends on the growing location. Previous studies reported
the anticancer screening of C. siamea collected in Thailand and
Africa (Gagman et al., 2020; Saising et al., 2022) . Only a lim-
ited number of studies investigated C. siamea originating from
Indonesia. A previous study reported the screening of C. siamea
from three different locations in Indonesia. However, the pre-
vious study mainly focused on the antimalarial activity (Tasiam
et al., 2020) . The novelty of this study is the investigation of
antioxidant and antiproliferation activities of C. siamea collected
from Indonesia. The investigated extract was retrieved using
ethyl acetate as a semipolar solvent, aiming at a wide range of
bioactive compounds (Yusuf et al., 2023) .

2. EXPERIMENTAL SECTION

2.1 Herbarium Specimen and Chemicals
Herbarium specimen was collected in October 2022 from the
area around Kopelma Banda Aceh Regency, Aceh Province,
Indonesia (5◦34’06.6”N 95◦21’53.3”E.). The specimen identi-
fication (B/518/UN11.1.8.4/TA.00.03/2023) at the Herbar-
ium Laboratory of Universitas Syiah Kuala confirmed C. siamea
L. Chemicals used in this study were DPPH, dimethyl sulfox-
ide (DMSO), silica gel, ethyl acetate, n-hexane, and methanol.
Pharmaceutical-grade Vitamin C was purchased from PT. Supra

Ferbindo Farma (Jawa Barat, Indonesia). Otherwise stated, all
chemicals were analytical grade and purchased from Merck
(Selangor, Malaysia).

Figure 1. Thin-Layer Chromatography Chromatogram of
Ethyl Acetate Extract from C. siamea L. Stem Bark and Its
Fractions Eluted with Methanol : Chloroform (0.5 : 9.5) and
Observed Under 254 nm UV Lamp (a), 366 nm UV Lamp (b),
and with Vanillin Sulfate Reagent (c). EA, Ethyl Acetate
Extract; FA, Fraction A; FB, Fraction B; FC, Fraction C; FD,
Fraction D

2.2 Extraction and Fractionation of Casssia siamea L. Bark
As much as 10 kg of dried powder of C. siamea L. bark was
macerated at room temperature using methanol solvent for
four cycles (24 h/cycle). The filtrate was separated from the
residue using a rotary evaporator (230 mbar; 10◦C chiller;
55◦C heating bath). The extract was then partitioned using
n-hexane and ethyl acetate solvents to obtain the n-hexane and
ethyl acetate extract sample. In a separating funnel, a mixture of
n-hexane solvent and the previously obtained methanol extract
was separated. The lipid residue was removed, whereas the
soluble layer was collected and reconcentrated using a rotary
evaporator under the same operating conditions.

Fractionation was further carried out on the ethyl acetate
extract sample by means of gradient column chromatogra-
phy (diameter = 5 cm and height = 50 cm). The ethyl ac-
etate extract (7 g) was impregnated and inserted in a column
containing preheated 150 g silica gel 60 GF254, which was
purchased from Merck (Selangor, Malaysia) with a specifica-
tion of 230–240 mesh American standard testing and material
(ASTM). The extract was firstly eluted with 100% n-hexane
followed by n-hexane:ethyl acetate with 9:1, 8:2, and 7:3 ratios,
sequentially. In total, 80 fractionation tubes were obtained,
where each was subjected to thin-layer chromatography (TLC)
analysis. Fractions having the same stain patterns were com-
bined, resulting in only 4 fraction samples. The photographs
of TLC patterns of each combined fraction obtained from
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Figure 2. Effects of the Ethyl Acetate Extract from Cassia siamea L. Stem Bark (a) and Its Fractions, Including Fraction A (b),
Fraction B (c), Fraction C (d), and Fraction D (e), on the Mortality of A. salina Larvae in Different Concentrations. Different
Superscript Letters Denote Significant Differences (p < 0.05; Fisher’s LSD).

the methanol:chloroform solvents of 0.5:9.5 are presented in
Figure 1. All samples were subjected to phytochemical profil-
ing using Gas Chromatography-Mass Spectrometry (GC/MS)
analysis, with operating conditions matching those previously
reported (Yusnaini et al., 2023) .

2.3 Measurements of Total Phenolic, Flavonoid, and Tannin
Contents

To measure the total phenolic content (TPC), the extract was
prepared by dissolving it in 95% ethanol 95% (10 mg: 1 mL).
As much as 100 𝜇L was then added to a mixture containing 1
mL distilled water, 1.5 mL NaHCO3 2%, and Folin–Ciocalteu
reagent (10% total mixture volume). Thereafter, the absorbance
of the mixture was measured in a UV–vis spectrophotometer
at 763 nm. The TPC was calculated based on the gallic acid
calibration curve and expressed as mg gallic acid equivalent
(GAE) /g dry extract.

As for the total flavonoid content (TFC) measurement, the
C. siamea extract was initially dissolved in ethanol 95% (10 mg :
1 mL). Into the same reaction tube, 1 mL AlCl3 2% and 1 mL
potassium acetate 120 nM were then added, followed by an
hour of incubation. The absorbance was recorded at 435 nm
in a UV–Vis spectrophotometer, where the TFC was expressed
as mg quercetin equivalent (QE)/g dry extract.

To determine total tannic content (TTC), 0.5 g solid ex-
tract was initially dissolved in 10 mL distilled water, followed

by the addition of Folin–Ciocalteu reagent (0.5 mL). After
being left for 3 minutes, saturated Na2CO3 (1 mL) was then
added to the mixture. Following the 15-minute incubation, the
absorbance was measured at 740 nm in a UV–Vis spectrometer.
The TTC was determined based on the tannic acid calibration
curve ranged from 100 ppm to 300 ppm and expressed as mg
tannic acid equivalent (TAE) /g dry extract.

2.4 2,2 Diphenyl 1 Picrylhydrazyl Assay
2,2-Diphenyl 1 picrylhydrazyl (DPPH) assay was performed
with two repetitions following the procedure reported previ-
ously (Quranayati et al., 2023) . Briefly, the respective samples
(ethyl acetate extract and fractions A–D) were initially diluted
in methanol to obtain 25, 50, and 100 ppm concentrations.
The dissolved sample (5 mL) was inserted into a test tube and
added with DPPH 0.4 mM (1 mL). The test tube was covered
with aluminum foil and homogenized using a vortex mixer,
then placed in an incubator for 30 minutes at 37◦C. Inhibited
DPPH free radicals were estimated using an ultraviolet-visible
mini-1240 spectrophotometer (Kyoto, Japan) at 𝜆 =517 nm.
With the same procedure, the antioxidant activity of ascorbic
acid (3–9 ppm) was determined.

2.5 Brine Shrimp Lethality Test Assay
Before performing the brine shrimp lethality test (BSLT) assay,
the A. salina eggs were hatched and grown for 48 h. Into each
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Table 1. List of Ligand Candidates and Their Label (C1–23)

Ligand Candidate Label
Butanamide, 2-hydroxy-N,2,3,3-tetramethyl- C1
Benzaldehyde, 3-(chloroacetoxy)-4-methoxy- C2
d-Mannose C3
2-Propenoic acid, 3-(4-hydroxy-3-methoxyphenyl)-, methyl ester C4
Hexadecanoic acid, methyl ester C5
3-Amino-5-methoxyphenylpropionamide C6
n-Hexadecanoic acid C7
Dihydroartemisin, 6-deshydro-5-deshydroxy-3-desoxy- C8
Methyl 3-(3,4-diethoxyphenyl)prop-2-enoate C9
2,6-Dimethoxybenzaldehyde carbamoylhydrazone C10
Dodecanoic acid, 2-hydroxy-1-(hydroxymethyl)ethyl ester C11
10-Octadecenoic acid, methyl ester C12
Methyl stearate C13
3-Trifluoroacetoxypentadecane C14
Azuleno[4,5-b]furan-2(3H)-one, decahydro-7,9-dihydroxy-6,9a-dimethyl-3-methylene- C15
Octadecane, 3-ethyl-5-(2-ethylbutyl)- C16
Bis(2-ethylhexyl) phthalate C17
Octadecane, 3-ethyl-5-(2-ethylbutyl)- C18
E-8-Methyl-9-tetradecen-1-ol acetate C19
Lupeol C20
Dimethyl dl-malate C21
Hexadecanoic acid, methyl ester C22
E-11-Hexadecenal C23

test tube, saline water was added, followed by 10 previously
hatched A. salina larvae. n-hexane extract and its fractions
(FA–D) were dissolved in DMSO so that a variation of concen-
tration of 1, 10, 100, 500, and 1000 ppm was obtained. Each
concentration variation was added to the test tube containing A.
salina larvae and stored under a tubular lamp. A test tube with-
out the n-hexane extract or its fractions was taken as a control.
After 24 h, the surviving and dead larvae were counted. This
procedure was performed in two times repetition, where the
number of dead larvae was averaged and presented as a mor-
tality percentage. A linear curve equation was used to calculate
the minimum concentration required to cause 50% mortality
(LC50).

2.6 3-(4,5-Dimethylthiazol-2-yl) -2-5 Diphenyl Tetrazolium
Bromide (MTT) Assay

The Hep2 cell line, with an initial cell density of approximately
2.5–3.0 × 104 cells/well, was seeded into 96-well plates. Cells
were incubated for 24 hours to allow for attachment and growth,
after which they were washed with PBS. The cells were then
treated with and without samples, specifically the Ethyl acetate
extract from C. siamea L. bark and its five fractions (Fractions
1-5), each at a concentration of 1 mg/mL. For each sample,
concentrations of 0.1, 0.3, 1, 3, 10, 30, and 100 𝜇g/mL were
prepared by dissolving the extract or fraction in DMSO, which
was then added to the wells. Control wells received DMSO only.
After a 72-hour incubation period, the medium was removed,

and 10 𝜇L of MTT solution (5 mg/mL in PBS, pH 7.2) was
added to each well. Plates were incubated for an additional 4
hours at 37 ◦C. Following this incubation, 100 𝜇L of DMSO
(<0.5%) was added to each well, and the plate was shaken for
15 minutes to solubilize the formazan product. Subsequently,
MTT-stop solution containing SDS was added, and the plates
were incubated for another 24 hours. Absorbance was then
measured at 𝜆 540 nm using an ELISA reader to determine
cell viability.

2.7 ADMET (Absorption, Distribution, Metabolism, Excre-
tion, and Toxicity)

The metabolites identified by GC–MS from C. siamea ethyl
acetate extract and Fraction A were subjected to in silico phar-
macokinetic and toxicity screening. Twenty-three compounds
were first selected on the basis of canonical SMILES availability
in PubChem, labeled as C1-23 (Table 1). The SDF file was sub-
sequently downloaded from PubChem. Canonical SMILES
strings were submitted to the pkCSM platform and validated
using the DeepPK server (Biosig Lab). The following param-
eters were predicted: Caco-2 permeability, human intestinal
absorption (HIA), oral bioavailability probability (F20), plasma
protein binding (PPB), volume of distribution at steady state
(Vd), Ames mutagenicity, carcinogenicity, and maximum toler-
ated concentration (MTC). All results were extracted directly
from the software outputs. Compounds predicted to have poor
absorption or mutagenic potential were flagged for exclusion
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Figure 3. Effects of the Ethyl Acetate Extract from Cassia siamea L. Stem Bark (a) and Its Fractions, Including Fraction A (b),
Fraction B (c), Fraction C (d), and Fraction D (e), on the Proliferation of Hep2 Cells in Different Concentrations. Different
Superscript Letters Denote Significant Differences (p < 0.05; Fisher’s LSD)

from subsequent analyses.

2.8 In Silico Molecular Docking and ADMET Prediction
The secondary metabolites identified from C. siamea stem bark
were subjected to in silico screening to evaluate pharmacoki-
netic properties and molecular interactions with cancer-related
targets, as recommended previously (Pomalango et al., 2025;
Ramadhani et al., 2024) . Twenty-three compounds (C1–23)
were retrieved from PubChem in SDF format. ADMET prop-
erties, including were predicted using the pkCSM/DeepPK
platforms.

Potential human protein targets for active compounds were
predicted via SwissTargetPrediction using canonical SMILES
input. Disease-related targets for laryngeal carcinoma were ob-
tained from GeneCards and DisGeNET databases (relevance
score > 5, gene–disease association ≥ 0.4). The overlap be-
tween predicted compound targets and laryngeal carcinoma-
related genes was analyzed with Venny 2.1. STRING database
(v12.0, Homo sapiens, confidence > 0.7) was used in the pro-
tein–protein interaction (PPI) networks construction, where
the visualization was carried out using Cytoscape (v3.10.1).
Enrichment analysis of Gene Ontology (GO) categories (Bio-
logical Process, Molecular Function, Cellular Component) and
KEGG pathways was performed in DAVID with significance
set at p<0.05 for the Benjamini–Hochberg parameters.

Molecular docking was performed using CBDock2 with

blind docking mode against four key laryngeal carcinoma-
related proteins: STAT3 (PDB: 6NUQ), AKT1 (PDB: 6HHF),
EGFR (PDB: 8SC7), and HIF1A (PDB: 2ILM). Structures
were retrieved from the Protein Data Bank. Ligands were
docked as SDF files converted from PubChem. Protocol vali-
dation was carried out through re-docking of co-crystallized
ligands, with root-mean-square deviation (RMSD) < 2.0Å con-
sidered acceptable. Binding affinities (ΔG, kcal·mol-1) and
interaction residues were extracted, and docking complexes
were visualized using Discovery Studio Visualizer (BIOVIA
v24.1.0).

2.9 Data Analysis
Data distribution was analyzed using the Shapiro-Wilk test.
Data with normal distribution were analyzed using one-way
ANOVA with Fisher LSD post hoc test. Statistical significance
was observed when p<0.05. The IC50 or LC50 is calculated
based on the linear regression on probit values. In cases where
the mortality reached 0% or 100%, Abbott’s correction was
applied. RStudio version 2024.04.2 was employed to perform
the above-mentioned statistical computation.
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Figure 4. Chromatograms for Ethyl Acetate Extract of C. siamea Stem Barks (a) and Its Fraction A (b). Lupeol was Identified in
Both Samples as Indicated by the Red Arrow

Table 2. Colors and Weights of the Ethyl Acetate Extract and
Its Fractions from Cassia siamea L. Bark

Extract/Fraction Container Weight (g) Color
Ethyl acetate extract Not applicable 7.561 Green
Fraction 1 1-13 2.51 Dark green
Fraction 2 14-29 1.03 Brown
Fraction 3 30-60 0.39 Brown
Fraction 4 61-80 0.58 Brown

3. RESULTS AND DISCUSSION

3.1 Yield and Color Appearance of the Ethyl Acetate Extract
and Its Fractions

We observed different colors of ethyl acetate extract and its
fraction 1–4 from C. siamea L. bark. The extract weighed
at 7.561 g with green color appearance. Fractions deriving
from the extract had green as their base color, but varied in
intensity. Chromatograms from the TLC analysis on the ethyl
acetate extract and its fractions (Fraction A-D) are presented
in Figure 1. A distinct separation for Fraction A and Fraction
D was observed under the 254-nm UV lamp. Under a 366
nm UV lamp, minimal glowing was observed, indicating the
presence of only a few fluorescent compounds. In the extract,

several colored spots were visible, including brown and blue
spots, accompanied by yellow and pink spots, which suggest
the presence of multiple compounds. Fraction A displayed a
small brown spot located near the baseline and a yellow spot
at the top of the plate, indicating compounds that possibly
include flavonoids or other pigments. Additionally, distinct
pink, blue, and purple spots were observed, which could be
indicative of phenolic compounds or anthocyanins. Fractions
B and C are predominantly characterized by brown color, with
smaller yellow spots in the middle. This suggests the presence
of long-chain hydrocarbons or fatty acids. Fraction D exhibited
a strong brown spot at the bottom, likely indicating a high
concentration of a non-polar compound, and a faint purple spot
in the middle, which may indicate the presence of anthocyanins
or other flavonoid-related compounds. The summary of this
observation is presented in Table 2.

3.2 In Vitro Antioxidant Capacities and Activities
The TPC and TFC of the extract were estimated to be 280
mg GAE/g dry extract and 23.97 mg QE/g dry extract, respec-
tively. As for the TTC, the value reached 26.5 mg TAE/ g
dry extract. The antioxidant activities were measured in vitro
based on the DPPH assay, where the IC50s for the ethyl ac-
etate extract and its fractions are presented in Table 3. All
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Table 3. Effectiveness of the Ethyl Acetate Extract from C. siamea L. Bark and Its Fractions According to DPPH, BSLT, and
MTT (Hep2) Assays.

Sample Equation IC50/LC50 (ppm)

DPPH assay
Ethyl acetate extract y = 1.43x + 3.35 14.10
Fraction A y = 1.06x + 3.79 13.72
Fraction B y = 1.43x + 3.03 23.70
Fraction C y = 1.73x + 2.39 31.97
Fraction D y = 2.36x + 1.08 46.31
Ascorbic acid y = 0.96x + 4.80 1.60

BSLT assay
Ethyl acetate extract y = 0.88x + 3.51 49.61
Fraction A y = 1.10x + 3.11 51.52
Fraction B y = 0.46x + 3.87 275.57
Fraction C y = 1.11x + 2.34 252.26
Fraction D y = 0.65x + 3.54 175.32

MTT assay (Hep2)
Ethyl acetate extract y = 0.60x + 3.21 936.34
Fraction A y = 0.87x + 2.59 580.76
Fraction B y = 0.26x + 3.16 12.61 × 106
Fraction C No inhibition Not applicable
Fraction D Inhibition only at 500 ppm Not applicable

IC50 represents the concentration that inhibits 50% of the biological or biochemical activity. LC50 denotes the concentration that causes
50% mortality in the test population. All brine shrimps in the control (saline water) group survived.

samples had lower antioxidant capacity as compared to ascor-
bic acid (IC50=1.6 ppm). The highest antioxidant capacity
was achieved by Fraction A (IC50=13.72 ppm), followed by
the extract (IC50= 14.10 ppm). As for Fractions B, C, and
D, the IC50s were 23.70 ppm, 31.97 ppm, and 46.31 ppm,
respectively. At 100 ppm, the ethyl acetate extract, Fractions
A–D, scavenged DPPH free radicals as much as 91.5%, 85.09%,
83.46%, 83.86%, and 83.31%, respectively.

Figure 5. Venn Diagram Showing the Overlap Between
Targets Identified from C. siamea and Genes/Targets
Associated with Laryngeal Carcinoma

3.3 BSLT-Based Cytotoxicity
The effects of the C. siamea extract and its fractions on the
mortality of A. salina larvae are presented in Figure 2. The
effects are dose-dependent for all samples, except for Fraction
B. The mortality of the larvae was significantly increased when
by increasing the concentration was increased from 10 ppm to
50 ppm (p=0.014). However, no further changes in mortality
were observed even when the concentration reached 1000 ppm.
At the highest concentration (1000 ppm), the mortality reached
93.3%, 100%, 56.7%, 73.3%, and 86.7% when exposed to the
ethyl acetate extract, Fractions A–D, respectively. The strongest
cytotoxicity activity was yielded by the extract (LC50=49.61
ppm), followed by Fraction A (LC50=51.52 ppm). The LC50s
for all samples have been summarized and presented in Table
3.

3.4 Effectiveness against Hep2 Cell Proliferation
Results from the MTT assay against the Hep2 cell line are
presented in Figure 3. In Fractions B and D, the inhibition
was unlikely even at the highest concentration of 500 ppm. In
Fraction D, the absorbance was even found to be significantly
higher (p=0.022) when the concentration was set at 125 ppm.
However, the inhibition was found to be significant (p<0.001)
when the concentration was increased to 500 ppm. The effect
of Fraction A exposure to the Hep2 cell culture was found to
be dose-dependent, with the highest and significant inhibition
observed at 500 ppm (p<0.001). The IC50s of the extract
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Table 4. Results for the Phytocompound Identification Using GC/MS

# Identified compound RT (min) Area (%) Sim. (%)
Ethyl acetate extract
1 4-Methoxy-3-(trimethylsilyl)-1-octene 4.93 0.67 96
2 Butanamide, 2-hydroxy-N,2,3,3-tetramethyl- 5.07 0.43 98.6
3 Benzaldehyde, 3-(chloroacetoxy)-4-methoxy- 20.12 1.61 95
4 d-Mannose 28.5 0.44 97.5
5 2-Propenoic acid, 3-(4-hydroxy-3-methoxyphenyl)-, methyl ester 30.2 0.55 99.3
6 Hexadecanoic acid, methyl ester 31.8 2.63 95.9
7 Hexadecanoic acid, 3,5-bis(1,1-dimethylethyl)-4-hydroxy-, methyl ester 32.18 0.37 98.7
8 3-Amino-5-methoxyphenylpropionamide 32.27 1.45 98.9
9 n-Hexadecanoic acid 32.56 4.33 91.4
10 Dihydroartemisin, 6-deshydro-5-deshydroxy-3-desoxy- 33.5 0.47 98.4
11 Methyl 3-(3,4-diethoxyphenyl)prop-2-enoate 33.56 0.67 91.6
12 2,6-Dimethoxybenzaldehyde carbamoylhydrazone 33.72 2.09 96.8
13 Dodecanoic acid, 2-hydroxy-1-(hydroxymethyl)ethyl ester 35.01 1.37 98.5
14 10-Octadecenoic acid, methyl ester 35.11 1.68 100
15 Methyl stearate 35.58 2.62 94.7
16 3-Trifluoroacetoxypentadecane 36.75 0.68 90.2
17 3-Myristyl panthenate 36.85 0.56 98.2
18 3-(4-Methoxyphenyl)-(E)-2-Propenoic acid 38.96 0.88 90.8
19 Azuleno[4,5-b]furan-2(3H)-one,decahydro-7,9-dihydroxy-6,9a-dimethyl-3-

methylene-
40.09 0.52 96.9

20 Octadecane, 3-ethyl-5-(2-ethylbutyl)- 40.18 0.59 100
21 Octadecane, 3-ethyl-5-(2-ethylbutyl)-1,2-ethanediol ester 41.76 0.4 100
22 Hexadecanoic acid, 1-(hydroxymethyl)-1,2-ethanediol ester 41.96 1.18 100
23 Bis(2-ethylhexyl) phthalate 42.59 65.09 100
24 Ethyl iso-alcoholate 43.21 0.48 100
25 Octadecane, 3-ethyl-5-(2-ethylbutyl)- 43.28 0.53 100
26 E-8-Methyl-9-tetradecen-1-ol acetate 44.73 0.61 91.2
27 Ergosta-5,22-dien-3-ol, acetate, (3Î2,22E)- 49.03 0.44 94.8
28 Ethyl iso-alcoholate 49.91 0.47 98.9
29 W-18 50.8 0.38 99
30 W-18 53.01 0.37 98.3
31 Glycine, N-[(3a,5Î2)-24-oxo-3-[(trimethylsilyloxy)cholan-24-yl]-methyl ester 53.27 0.5 95.1
32 W-18 53.48 0.4 99.4
33 Lupeol 54.17 1.13 97.6
34 W-18 55.74 0.49 99.5
Fraction A
1 Dimethyl dl-malate 12.62 14.3 99.76
2 Hexadecanoic acid, methyl ester 31.81 2.57 94.3
3 1H-2-Benzopyran-1-one, 3,4-dihydro3,8- dihydroxy-3-methyl-, (-)- 32.38 7.53 99.53
4 1H-2-Benzopyran-1-one, 3,4-dihydro3,8- dihydroxy-3-methyl-, (-)- 32.55 2.4 99.63
5 Methyl 10-trans,12-cisoctadecadienoate 34.99 0.77 93.71
6 E-11-Hexadecenal 35.11 0.71 93.54
7 Bis(2-ethylhexyl) phthalate 42.57 65.58 99.89
8 (E)-4-Chloro-N-(1-(4-nitrophenethyl) piperidin-2-ylidene) benzene sulfonamide 52.87 0.3 99.52
9 Lupeol 54.15 4.32 98.4

RT: retention time
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Figure 6. PPI Network of Overlapping C. siamea–Laryngeal Carcinoma Targets. Node color = Betweenness Centrality, Node Size
= Degree, Edge Thickness = STRING Confidence Score. (b) Top 10 Hub Genes Ranked by MCC: GAPDH, HSP90AA1, JUN,
BCL2, AKT1, STAT3, CASP3, CCND1, EGFR, HIF1A)

and its fractions for the MTT assay are presented in Table 3.
The ethyl acetate extract and Fraction A reached the IC50s
of 936.34 ppm and 580.76 ppm, respectively. Fractions B
and E had the IC50s higher than 1000 ppm. The IC50s for
Fractions C and D could not be calculated because they showed
no inhibition at the concentration range of 31.25 ppm to 500
ppm.

In this present study, the ethyl acetate extract of C. siamea
stem barks was found containing rich phenolics, flavonoids,
and tannins. The extract and its fraction were active in multi-
ple assays, including DPPH assay, BSLT assay (A. salina), and
MTT assay (Hep2). The extract and its Fraction A were found
to be most active across the three assays. In comparison, lower
antioxidant capacities were reported in a previous study in-
vestigating a wide range of Cassia species. The highest TPC
and TFC were reported to be 200 GAE mg/g dry extract and
75 QE mg/g dry extract, respectively (Tomar and Srivastava,
2022) . The antioxidant activities based on DPPH inhibition
between those observed in the present study and previous stud-
ies are similar (Oyebade et al., 2021; Tasiam et al., 2020) .
Previously, the C. siamea aqueous extract had cytotoxic effect
that was effective against Caenorhabditis elegans (Gagman et al.,
2020) . The cytotoxicity of this plant leaf extract has also been
witnessed in human carcinoma cell lines with the IC50s ranging
from 135.81ppm to 235.52 ppm, depending on the cultivation
location (Tasiam et al., 2020) . The antioxidant activities of C.
siamea extracts are consistently reported to be strong, while the
cytotoxic effect was found to be potent across studies (Gagman
et al., 2020; Oyebade et al., 2021; Tasiam et al., 2020; Tomar

and Srivastava, 2022) . Findings from this study regarding the
efficacy of the extract against Hep2 cells significantly contribute
to the significance of C. siamea as an alternative modality in
cancer treatment and antioxidant therapies.

3.5 GC/MS Profiles of Ethyl Acetate Extract and Fraction
A

Gas chromatography analysis was performed on ethyl acetate
extract and Fraction A due to their high activity in across differ-
ent assays in this study. The chromatograms for both samples
are presented in Figure 4. More compounds were identified
in the extract as compared to those of Fraction A. The extract
contained methyl ferulate (0.55%) and dihydroartemisinin, 6-
deshydro-5-deshydroxy-3-desoxy- (0.47%) (Table 4). As for
Fraction A, the sample contained methyl 10-trans,12-cisocta-
decadienoate (conjugated linoleic acid methyl ester) (0.77%).
Lupeol, a compound with known anti-cancer potential, was
found in both the extract and Fraction A. The concentration of
lupeol is higher in Fraction A than in the extract (4.32% versus
1.13%).

In this present study, we have characterized the ethyl ac-
etate extract of C. siamea stem bark and found that the extract
is rich in phenolics, flavonoids, and tannins. The extract and
its fraction were active in multiple assays, including the DPPH
assay, BSLT assay (A. salina), and MTT assay (Hep2). The
extract and its Fraction A were found to be most active across
the three assays. In comparison, lower antioxidant capacities
were reported in a previous study investigating a wide range of
Cassia species. The highest TPC and TFC were reported to
be 200 GAE mg/g dry extract and 75 QE mg/g dry extract,
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Table 5. ADMET Screening Results for the C. siamea Secondary Metabolites (C1-23)

Compound Caco-2 HIA F20 PPB Vd Toxicity Carcinogen MTC

C1 -4.81 Absorbed 0.632 31.14 0.61 Safe Safe 0.98
C2 -4.35 Absorbed 0.366 11.81 1.18 Safe Safe 1.38
C3 -5.23 Absorbed 0.642 32.09 0.15 Safe Safe 2.5
C4 -4.54 Absorbed 0.366 17.75 0.59 Safe Safe 0.71
C5 -4.84 Absorbed 0.781 28.31 1.79 Safe Safe 2.32
C6 -4.76 Absorbed 0.366 10.55 2.86 Safe Safe 0.91
C7 -4.78 Absorbed 0.781 42.74 0.62 Safe Safe 2.21
C8 -4.71 Absorbed 0.642 7.83 1.18 Safe Safe -0.35*
C9 -4.83 Absorbed 0.781 90.82 0.57 Safe Safe 0.57
C10 -4.71 Absorbed 0.366 24.04 0.43 Safe Safe 0.95
C11 -4.91 Absorbed 0.809 9.42 1.03 Toxic* Safe 1.87
C12 -4.9 Absorbed 0.44 25.97 2.58 Safe Safe 2.22
C13 -4.94 Absorbed 0.781 29.54 1.83 Safe Safe 2.43
C14 -4.52 Absorbed 0.809 35.72 1.96 Toxic* Safe 1.04
C15 -4.82 Absorbed 0.642 20.91 0.89 Safe Safe 0.8
C16 -4.96 Absorbed 0.23* 17.31 3.71 Safe Safe 1.41
C17 -4.58 Absorbed 0.642 41.39 3.32 Safe Safe 0.96
C18 -4.96 Absorbed 0.23* 17.31 3.71 Safe Safe 1.41
C19 -4.68 Absorbed 0.642 34.15 2.24 Safe Safe 1.82
C20 -4.78 Absorbed 0.642 87.89 1.64 Safe Safe 1.93
C21 -4.7 Absorbed 0.604 -7.54* 0.7 Safe Safe 1.29
C22 -4.84 Absorbed 0.781 28.31 1.79 Safe Safe 2.32
C23 -4.61 Absorbed 0.642 28.31 2.31 Safe Safe 1.73

*Reason to exclude

Figure 7. Gene Ontology (GO) and KEGG Enrichment Analysis of the 132 Overlapping C. siamea–Laryngeal Carcinoma Genes.
(a) Top 10 GO Biological Processes, (b) Molecular Functions, (c) Cellular Components, and (d) KEGG Pathways
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Table 6. Redocking Validation and Gridbox Parameters Used in Molecular Docking

Protein (PDB ID) RMSD (Å) Grid Size Grid Position
X Y Z X Y Z

STAT3 (6NUQ) 1.781 14 24 16 13.619 54.042 -0.083
AKT1 (6HHF) 0.8427 12 16 18 4.864 7.525 13.947
EGFR (8SC7) 1.277 18 10 12 21.68 0.772 50.704
HIF1A (2ILM) 1.860 10 6 8 19.675 25.596 28.272

Figure 8. Three-Dimensional Illustration of the Molecular Binding Between Lupeol and the Pocket Regions of Roteins STAT3
(a), AKT1 (b), EGFR (c), and HIF1A (d)

respectively (Tomar and Srivastava, 2022) . The antioxidant
activities based on DPPH inhibition between those observed
in the present study and previous studies are similar (Oyebade
et al., 2021; Tasiam et al., 2020) . Previously, the cytotoxic
effect of aqueous extracts of C. siamea had been observed to be
effective against Caenorhabditis elegans (Gagman et al., 2020) .
The cytotoxicity of this plant leaf extract has also been wit-
nessed in human carcinoma cell lines, with the IC50s ranging
from 135.81ppm to 235.52 ppm, depending on the cultivation
location (Tasiam et al., 2020) . The antioxidant activities of C.
siamea extracts are consistently reported to be strong, while the
cytotoxic effect was found to be potent across studies (Gagman
et al., 2020; Oyebade et al., 2021; Tasiam et al., 2020; Tomar
and Srivastava, 2022) . Findings from this study regarding the

efficacy of the extract against Hep2 cells significantly contribute
to the significance of C. siamea as an alternative modality in
cancer treatment and antioxidant therapies.

Herein, the ethyl acetate extract was found to contain sev-
eral bioactive compounds such as lupeol; 2-propenoic acid,
3-(4-hydroxy-3-methoxyphenyl)-, methyl ester (also known
as methyl ferulate); dihydroartemisinin, 6-deshydro-5-deshy-
droxy-3-desoxy-; and benzenpropanoic acid, 3,5-bis(1,1-dime-
thylethyl)-4-hydroxy-, methyl ester. Lupeol is a triterpenoid
that has demonstrated both antioxidant and anticancer activ-
ities, as suggested in multiple studies (Liu et al., 2021; Bhatt
et al., 2021; Eldohaji et al., 2021; Malekinejad et al., 2022) .
In a meta-analysis of pre-clinical studies, lupeol was reported
to be effective in reducing the tumor volume and weight in
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Table 7. Binding Affinities of C. siamea Secondary Metabolites Toward Laryngeal Carcinoma-Related Proteins

Compounds
Binding Affinity (kcal · mol−1)

STAT AKT EGFR HIF1A

C1 -4.7 -5 -4.7 -4.7
C2 -5.6 -6.7 -6.1 -6.2
C3 -4.9 -5.7 -5.8 -5.6
C4 -5.7 -5.6 -5.9 -6.2
C5 -4.5 -5.2 -6 -4.6
C6 -5.6 -6.6 -5.8 -5.9
C7 -4.6 -5.5 -5.5 -5.3
C9 -4.6 -10.2 -8.3 -7.9
C10 -6.3 -7.2 -5.8 -6.3
C12 -4.8 -6.6 -6 -5.2
C13 -4.8 -4.3 -6 -4.8
C15 -6.7 -8.3 -6.9 -7.2
C17 -5.3 -7.7 -6.6 -6.1
C19 -5.3 -7 -6.2 -5.4
C20* -7.8 -9.5 -8.8 -7.9
C22 -4.5 -4.9 -5.6 -5.7
C23 -5 -6.3 -5.8 -5

*The highest binding score against all proteins.

different cancer models and administration routes (Fatma et al.,
2024) . Methyl ferulate is a derivative of ferulic acid, thus
indicating the presence of this compound in the extract. Fer-
ulic acid has strong antioxidant properties and the ability to
inhibit tumor growth and promote cell apoptosis (Bao et al.,
2023; Stompor-Gorący and Machaczka, 2021) . Its antioxidant
has been found useful in protecting the intestinal epithelial
cells (Hwang et al., 2022) . Antioxidant properties of ferulic
acid can be attributed to the methoxyl on its benzene rings
(Yang et al., 2021) . Ferulic acid has a bioactivity to modulate
cancer-related signaling pathways (Gupta et al., 2021; Her-
diansyah et al., 2024; Singh Tuli et al., 2022) . As for the
dihydroartemisinin, 6-deshydro-5-deshydroxy-3-desoxy-, the
compound is thought to be a derivative of artemisinin that has
been reported in several studies to cause apoptosis in differ-
ent types of cancer (Zeng et al., 2023) . Benzenpropanoic acid,
3,5-bis(1,1-dimethylethyl)-4-hydroxy-, methyl ester has a sim-
ilar structure with butylated hydroxytoluene (BHT) which is a
synthetic antioxidant often used in food preservation (Sarmah
et al., 2020) . There are only limited studies reporting the pro-
tective effect of BHT against cancer cells (Ahmad et al., 2021;
Fahim et al., 2023) . Though limited, several studies suggest
the toxicity of BHT that involves induced anxiety and reduced
heart rate (Tortosa et al., 2020) .

As for Fraction A, other than lupeol, the phytochemical
analysis in the present study suggests the presence of coumarin
derivative (1H-2-benzopyran-1-one, 3,4-dihydro3,8-dihydro-
xy-3-methyl-, [-]-), linoleic acid derivative (methyl 10-trans,12-
cisoctadecadienoate), and palmitic acid derivative (hexadecanoic

acid). Coumarins have been reported to effectively scavenge
free radicals, with some of their derivatives exhibiting cyto-
toxic activities against cancer cells (Al-Warhi et al., 2020; Bhat-
tarai et al., 2021) . A recent report suggested that derivatives
of coumarin and their structural hybrids can inhibit different
isoforms of carbonic anhydrase enzymes, suggesting broad an-
ticancer applications of these compounds (Rubab et al., 2022) .
Linoleic acid and its derivatives have been studied for their
antiproliferative activities (Banni et al., 2020) . Some studies
have associated the antioxidant and anticancer activities of the
investigated extract to the presence of linoleic acid (Al-Hwaiti
et al., 2021; Morsi et al., 2020; Saffaryazdi et al., 2020) .

3.6 ADMET Prediction of Identified Metabolites
In silico pharmacokinetic and toxicity screening was performed
on 23 metabolites identified from the C. siamea ethyl acetate
extract and Fraction A. The majority of compounds were pre-
dicted to be absorbed in the gastrointestinal tract and exhib-
ited acceptable oral bioavailability probabilities (F20 range:
0.23–0.81). Most metabolites showed moderate to high pre-
dicted plasma protein binding and variable distribution vol-
umes (0.15–3.71 L/kg). Two compounds (C11 and C14) were
predicted as potentially mutagenic, while others were classified
as non-mutagenic and non-carcinogenic. Predicted MTC val-
ues ranged from 0.57 to 2.50, suggesting tolerability within a
reasonable range. These findings indicate that most metabolites
from C. siamea demonstrate favorable ADMET properties, sup-
porting their potential to exert biological effects. Compounds
with unfavorable profiles (such as mutagenic predictions) were
flagged for exclusion from further interpretation. Summarized
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Figure 9. Three-Dimensional Illustration of the Molecular Bindings Between Lupeol and the Pocket Regions of Proteins STAT
(a), AKT (b), EGFR (c), and HIF (d), Showing the Type of Interactions and Involved Residues

ADMET parameters of the ligand candidates is presented in
Table 5.

3.7 Target Prediction and PPI Network Analysis
To identify potential protein targets of the metabolites, canon-
ical SMILES of the 23 compounds were submitted to Swis-
sTargetPrediction, and disease-related genes for laryngeal car-
cinoma were retrieved from GeneCards and DisGeNET. The
overlap between compound-derived targets and laryngeal car-
cinoma–associated genes is presented in Figure 5. Out of the
total predicted targets, 132 genes were found to be common
to both datasets, representing candidates for further functional
and docking analyses. The 132 overlapping targets between C.
siamea metabolites and laryngeal carcinoma genes were further
analyzed using the STRING database to explore their interac-
tion profiles. The Cytoscape-derived PPI network visualization
is presented in Figure 6a. In this network visualization, node
color encodes betweenness-based centrality, node size scales
with its degree (number of direct interactions), and edge thick-

ness corresponds to the STRING combined confidence score.
The network revealed several highly connected nodes, suggest-
ing the presence of key regulators within the overlap set. To
identify the most central genes, topological ranking was per-
formed, yielding top 10 hub genes were GAPDH, HSP90AA1,
JUN, BCL2, AKT1, STAT3, CASP3, CCND1, EGFR, as well
as HIF1A (Figure 6b).

Functional enrichment analysis of the 132 overlapping tar-
gets revealed consistent patterns across GO and KEGG cat-
egories (Figure 7). The most significant biological processes
were related to protein phosphorylation and kinase regula-
tion, while molecular functions were dominated by protein
kinase activity. Enrichment of cellular components highlighted
membrane-associated structures such as receptor complexes
and focal adhesions. KEGG pathway analysis indicated strong
involvement of PI3K–AKT signaling, EGFR tyrosine kinase
inhibitor resistance, focal adhesion, and HIF-1 signaling.
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3.8 Molecular Docking Prediction
Herein, accuracy of the docking procedure was verified by re-
docking native ligands into their respective active sites. The
RMSD values ranged between 0.84 and 1.86 Å, all below the
2.0 Åthreshold, indicating that the docking protocol was suffi-
ciently accurate for predicting ligand–protein interactions (Ta-
ble 6). Binding affinity values varied across compounds and tar-
gets, with several metabolites showing predicted free energies
of binding below –7.0 kcal·mol-1 (Table 7). Among these, Com-
pound C20 displayed consistent affinities toward all four pro-
teins, with values of –7.8 kcal·mol-1 (STAT3), –9.5 kcal·mol-1

(AKT1), –8.8 kcal·mol-1 (EGFR), and –7.9 kcal·mol-1 (HIF1A).
Compound C9 (methyl 3-(3,4-diethoxyphenyl)prop-2-enoate)
also showed a strong predicted affinity for AKT1 (–10.2 kcal
·mol-1). Other compounds demonstrated moderate interac-
tions, with scores ranging from –4.3 to –7.2 kcal·mol-1 depend-
ing on the target (Table 7). The three-dimensional illustration
of the C20 (lupeol) binding to the pockets of STAT3, AKT1,
EGFR, and HIF1A, showing the donor and acceptor region, is
presented in Figure 8.

When interacting with STAT3, lupeol formed a stabiliz-
ing hydrogen bond with His437, supported by hydrophobic
and polar contacts involving Leu436, Leu438, Val490, Arg379,
Gly380, Ser381, Arg382, Lys383, Glu435, and Asp369, which
collectively contributed to its stable binding orientation (ΔG
= –7.8 kcal/mol) (Figure 9). In AKT1, lupeol was positioned
within the conserved ATP-binding cleft between the N- and
C-lobes of the kinase domain, engaging hinge-region residues
Gln79 and Asp292 through key hydrogen bonds. These in-
teractions were supplemented by polar contacts with Thr82, hy-
drophobic stabilization from Leu210, Ala212, Leu264, Val270,
and Ile290, and 𝜋–𝜋 stacking with Trp80. Additional van der
Waals contacts from Lys268, Tyr263, Arg206, and His207 re-
inforced the binding, producing the strongest predicted affinity
(ΔG = –9.5 kcal·mol-1). Within the lupeol-EGFR, a hydro-
gen bond with Glu762 anchored the ligand, while surround-
ing hydrophobic residues (Phe723, Leu747, Ile759, Ala755,
Leu858) and polar interactions with Asp837, Arg841, and
Pro877 stabilized the complex, yielding a high binding affin-
ity (ΔG = –8.8 kcal·mol-1). In lupeol-HIF1A complex, al-
though no hydrogen bonds were detected, the small molecule
was stabilized by extensive hydrophobic and aromatic contacts
with Trp296, His199, Tyr102, Ala201, and Arg238, along
with additional packing from Leu186, Gln148, Tyr93, and
Arg120, resulting in an affinity comparable to STAT3 (ΔG =
–7.9 kcal·mol-1).

Findings of the present study are significant to the under-
standing of C. siamea therapeutic potential, particularly related
to antioxidant therapies and anticancer treatment. However,
several limitations in this research have to be acknowledged.
First, the C. siamea was sampled from a single location; the
concentrations of phytocompounds can be varied due to the
differences in the growing environmental conditions. The in-
terpretation of the antioxidant activity is also limited since the
study only used a single in vitro assay. The MTT assay was

also only performed in a single type of cell, and thus could
not be extrapolated to different cells due to the differences in
their physiology. Further, the identification was performed
semi-quantitatively using the compound library for the refer-
ence. Studies in the future might consider carrying out the
analysis on different in vitro assays and performing in-depth
phytocompound profiling.

4. CONCLUSIONS

The ethyl acetate extract of C. siamea L. stem bark showed
strong potential for antioxidant and anticancer applications.
Fraction A demonstrated significant activity in scavenging DP-
PH free radicals and inhibiting the proliferation of the Hep2
cell line. GC/MS analysis identified several bioactive com-
pounds, including lupeol, ferulic acid, coumarin, artemisinin,
and hexadecenoic acid, which may contribute to these activ-
ities. To further support these findings, molecular docking
was performed on representative compounds against laryngeal
carcinoma–related targets. Among the tested molecules, lu-
peol exhibited the strongest predicted affinities, particularly for
AKT1 and EGFR, followed by STAT3 and HIF1A. Detailed
interaction analyses revealed that lupeol engaged hinge residues
in the ATP-binding site of AKT1 and formed stable hydrogen
bonds with STAT3 and EGFR, while hydrophobic and aro-
matic contacts dominated its interaction with HIF1A. These
results suggest that compounds from C. siamea may act through
multiple oncogenic signaling pathways, aligning with the ob-
served antiproliferative activity in Hep2 cells. Further studies
are warranted to validate these interactions experimentally and
to explore their therapeutic relevance.
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