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Abstract

Russelia equisetiformis has been used in traditional medicine, but its molecular mechanisms against breast cancer remain unexplored.
This study aimed to investigate the cytotoxic potential of R. equisetiformis ethanol extract and elucidate its molecular interactions
through a combined in vitro and in silico approach. Cytotoxicity evaluation using the Resazurin assay demonstrated the extract’s
activity against MCF-7 breast cancer cells with an IC5q value of 352.60 + 0.23 ug/mL. To understand the underlying mechanism, the
identified bioactive compounds that passed the druglikeness test were analyzed using molecular docking against the Progesterone
Receptor (PDB ID: 2W8Y) and Estrogen Receptor-alpha (PDB ID: 3ERT). Docking analysis revealed that these compounds form
binding interactions with target receptors, providing insight into their potential mechanism of action, albeit with lower affinity
compared to standard drugs (tamoxifen and anastrozole). Importantly, ADMET prediction using ProTox 3.0 highlighted apigenin,
kaempferol, isokaempferide, and kaempferol 3-O-rhamnoside as the most promising primary candidates, demonstrating inactivity
against hepatotoxicity, carcinogenicity, and cytotoxicity. These findings provide initial scientific evidence for the potential anticancer
properties of R. equisetiformis compounds, indicating that all four compounds are safe and viable bioactive candidates for further

development as non-toxic therapeutic agents.
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1. INTRODUCTION

Breast cancer is a disease caused by genetic changes resulting
from a combination of several conditions. These risk factors in-
clude nutrition, environment, and heredity (Latiel et al., 2023).
Despite the development of therapeutic methods in the last
decade, the number of deaths from breast cancer has increased
annually, making it one of the leading causes of death in women
(Barzegarparay et al., 2024; Bray et al., 2024). MCF-7 cells
are the most representative cell model for estrogen receptor al-
pha (ERa-positive) and progesterone receptor (PgR-positive)
breast cancer (Bajalovic et al., 2022; Konieczna and Rosiriska,
2025; Kunc et al., 2021). PgR is often used as a positive prog-
nostic marker of disease outcome (Faria et al., 2024). Mean-
while, ERa is a key endocrine regulatory protein in breast
cancer (Elango et al., 2024). Conventional therapeutic modali-
ties, such as surgery, radiotherapy, chemotherapy, and targeted
molecular therapy, although effective in most cases, often cause
significant side effects such as systemic toxicity, immunosup-
pression, gastrointestinal complications, and the emergence
of drug resistance (Qamar, 2021). Therefore, due to their

natural properties and minimal side effects, the use of herbal
medicines made from natural ingredients is on the rise. Recent
studies have extensively explored the bioactive compounds of
plants. This includes analyzing their phytochemical profiles
using LC-MS and assessing their specific pharmacological ef-
fects using a combination of laboratory and computational (in
silico) methods (Pebriani et al., 2026; Susanti et al., 2023).
The fountain plant (Russelia equisetiformis) is often used as an
ornamental plant due to its climbing green stems and attractive
red tubular flowers (Riaz et al., 2012). The genus Russelia be-
longs to the family Plantaginaceae (Columba-Palomares et al.,
2021). In its native Mexico (Ahmed et al., 2016), this plant is
used as a complementary therapy for type 2 diabetes mellitus
(Romero-Cerecero et al., 2009). Meanwhile, in other states,
decoctions of this plant are used to treat kidney stones, diabetes,
and leukemia (Gomez-Estrada et al., 2011; Oladeinde, 2005).
Various extracts from this plant have been reported to have
antioxidant, antimicrobial, anti-inflammatory, analgesic, and
antimalarial properties (Awe et al., 2004; Kolawole and Kola-
wole, 2010; Ojurongbe et al., 2015; Riaz et al., 2012). Reports


https://crossmark.crossref.org/dialog/?doi=10.26554/sti.2026.11.3.927-939&amp;domain=pdf
https://doi.org/10.26554/sti.2026.11.3.927-939

Ramiizah et. al.

on the alkaloid, flavonoid, tannin, saponin, and steroid content
of this plant have also been published (Riaz et al., 2012). Fur-
thermore, LC-ESI-MS/MS analysis of the methanol extract of
R. equisetiformis showed the presence of phytochemicals such
as catechin, syringic acid, gallic acid, caffeic acid, methyl proto-
catechuate, p-coumaric acid, 4-hydroxybenzoic acid, caftaric
acid, and chlorogenic acid (Riaz et al., 2017). Aqueous extract
from fresh leaves of R. equisetiformis showed the tentative iden-
tification of metabolite compounds in the form of russetinol,
russelianoside A, syringic acid, protocatechuic acid methyl es-
ter, methyl alpha-d-glucopyranoside, chrysoeriol 4’-O-beta-d-
glucopyranoside, luteolin 7-O-glucoside, and phenylethanoids
(Aldahasi et al., 2025). This is particularly important because
certain flavonoid compounds, such as luteolin, p-coumaric acid,
and apigenin, have been well documented to possess potent
anticancer properties and have been reported to significantly
inhibit the growth of MCF-7 breast cancer cells (Yang et al.,
2022).

Although numerous reports have examined various plant
extracts and flavonoid compounds for their anticancer activity
using similar in vitro and in silico approaches, the specific bioac-
tivity of R. equisetiformis and its main flavonoid constituents
against breast cancer remains uncharacterized. No previous
studies have evaluated the inhibitory potential of this plant
against breast cancer cells. Therefore, the novelty of this study
lies in the first comprehensive investigation of the ethanol ex-
tract of R. equisetiformis as an inhibitor of MCF-7 cells. This
study aims to address the current research gap by integrating
an in vitro resazurin-based cytotoxicity assay with in silico pro-
filing of key compounds identified by LC-MS in the extracts.
Through molecular docking of estrogen and progesterone re-
ceptors, this combined approach elucidates the specific bioac-
tive compounds responsible for the extract’s activity and its
inhibitory mechanisms.

2. EXPERIMENTAL SECTION
2.1 Materials

R. equisetiformis was obtained from Batu, East Java, Indonesia.
Ethanol 96% and dimethyl sulfoxide (DMSO) were obtained
from Merck, Germany. The breast cancer cell line used was the
MCF-7 cell line obtained from the Central Laboratory of Pad-
jajaran University, Bandung, West Java, Indonesia. Penicillin-
streptomycin antibiotics and Resazurin Sodium Salt reagent
were obtained from Sigma Aldrich, Singapore. Roswell Park
Memorial Institute (RPMI) cell media and Fetal Bovine Serum
(FBS) were obtained from Gibco, USA. Cisplatin as a positive
control was obtained from EDQM, France.

2.2 Methods

2.2.1 Preparation and Extraction of Sample

Russelia equisetiformis samples were separated from their roots
and then dried in the sun until dry. The dried stems (162 g)
were ground and then macerated using 96% ethanol at a ratio
of 1:20 (w/v). The maceration process was carried out for 24
hours at room temperature and repeated for three extraction
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cycles (Ramiizah et al., 2025) to ensure optimal recovery of
secondary metabolites. The extract was concentrated using
Rotavapor® R-180 (Buchi, Switzerland) after going through
a filtration stage with a Buchner funnel and a vacuum pump.
The evaporation process yielded 61 g of crude ethanol extract
(REE), corresponding to an extraction yield of 87.65%. Since
the product obtained was a crude extract consisting of a highly
complex mixture of phytochemicals and not a single pure iso-
late, macroscopic and structural measurements using UV and
IR spectroscopy were not performed. Instead, high-resolution
LC-MS was chosen as a more reliable method. The evaporated
extract was used for the MCF-7 cell viability test and LC-MS
analysis.

2.2.2 MCF-7 Cell Viability Analysis

An antiproliferation method was used to evaluate the cytotoxi-
city of REE against MCF-7 breast cancer cells grown in RPMI
liquid culture media containing 10% FBS and 50 u1./50 mL
penicillin-streptomycin antibiotics. The test was carried out
using the resazurin assay methodology. First, the cells were
seeded into a 96-well plate at a density of 17000 cells/well
and incubated for 24 hours at 37°C with 5% COq gas until cell
growth reached a minimum confluence of 70% (Mala et al.,
2024). To prepare the test solutions, a stock solution was first
made by dissolving 10 mg of the extract in 100 uL of 100%
DMSO (yielding a concentration of 100,000 ug/mL). This
stock was subsequently diluted with fresh media containing
eight variations of sample concentrations (7.81, 15.63, 31.25,
62.5, 125, 250, 500, and 1000 pg/mL), cisplatin as a positive
control, and DMSO as a negative control. The plate was then
incubated again for 48 hours. All experimental treatments in
this assay were performed in duplicate (n=2). Cell viability was
then measured by adding Resazurin Sodium Salt reagent to
each well. Metabolically viable cells will reduce resazurin (blue)
to resorufin (pink). Absorbance was measured using a Multi-
mode Reader (Tecan Infinite M200 PRO) at a wavelength of
570 nm with a reference wavelength of 600 nm (Manasathien
and Indrapichate, 2017). The percentage of cell viability was
calculated relative to the control, and the 1Cj5g value was deter-
mined using the GraphPad Prism software (version 9; Graph-
Pad, La Jolla, CA) (Nugraha et al., 2024) by analyzing the
non-linear regression curve between the percentage of cell vi-
ability and the logarithm of the sample concentration. The
results were expressed as the mean + standard deviation (SD)
of the two replicates.

2.2.3 LC-MS Analysis

The resulting crude extract consisted of a complex mixture of
phytochemicals, and liquid chromatography-mass spectrome-
try (LC-MS) was chosen to comprehensively profile the various
secondary metabolites present in the mixture (Barthwal and
Mahar, 2024). Screening of bioactive compounds in the R.
equisetiformis ethanol extract (REE) was conducted at the Labo-
ratory of the University of Muhammadiyah Malang, Indonesia,
by injecting 1 L of the extract sample into a liquid chromatog-
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raphy unit with C18 (2x150 mm, 8 um) (Shimadzu Shim
Pack FC-ODS, Shimadzu Corporation, Japan) as the station-
ary phase and eluent of ethanol: distilled water (90:10) as the
mobile phase with isocratic mode. The eluent with a flow rate
of 0.5 mL/min was run for 50 minutes in the column at 35°C.
Separation of ionized compounds was achieved using posi-
tive Electrospray lonization (ESI) at a source temperature of
100°C, with a capillary voltage of 3.0 kV and a cone voltage of
23.0 V to create a charged aerosol. Desolvation then occurred
at 350°C with a gas flow rate of 60 mL/h. The ion masses were
analyzed using a mass spectrometer. Fragmentation was per-
formed using the Low Energy Collision Induced Dissociation
(CID) method (5.0 V). The ion fragments were then captured
by a detector that would map the different mass-to-charge
(m/z) ratios to their abundance in the sample, producing a
chromatogram.

LC-MS serves to identify compound content based on sep-
aration with LC, followed by compound identification with
the MS detector. Compounds that are polar, ionic, have large
molecular weights, are thermolabile, and difficult to evaporate,
and are typically analyzed using LC-MS (Fiorelia et al., 2022).
LC-MS data is used to provide information on the molecu-
lar weight, structure, identity, and quantity of certain sample
components (Saibaba et al., 2016). Identification of the de-
tected compounds was performed putatively by comparing the
obtained mass spectra with the NIST Mass Spectrum Library
(NIST 17) (Setiyanto et al., 2025), using the NIST Mass Spec-
trum Search Program version 2.3 and MS Interpreter version
38.4.5; pure reference standards were not used in this untargeted
profile. As a selection criterion for further in silico studies, all
identified compounds from the initial LC-MS screening were
evaluated for their drug-likeness properties based on Lipinski’s
Rule of Five (Ro5). Only compounds that successfully met the
Ro) criteria were selected as viable candidates and proceeded
to molecular docking simulations.

2.2.4 Druglikeness Lipinski Analysis

The compounds identified by LC-MS were predicted for their
drug-like properties according to Lipinski’s rule of five. Pre-
diction of drug-like compounds was performed using the Swis-
sADME web server (http://www.swissadme.ch/index.php)
(Tukiran and Raihan, 2025). The use of an analog design
module allows for the creation of a virtual chemical library ac-
companied by automated assessment of drug-likeness profiles.
The standard used refers to Lipinski’s Rule of Five, where ideal
drug candidates have a molecular weight < 500 Da, the num-
ber of H-bond donors < 5, and H-bond acceptors < 10, and
a lipophilicity (LogP) of less than five (Lipinski et al., 2012).
According to this rule, a molecule is said to have drug-like
properties if it meets at least three of the four parameters for
predicting oral permeability and absorption (Jayaram et al.,

2012; Lipinski et al., 2012).
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2.2.5 Molecular Docking in silico

Crystal structures of progesterone (PDB ID: 2W8Y) and es-
trogen alpha (PDB ID: 8ERT) receptors (Patel et al., 2021)
obtained from the RCSB database (rscb.org) were prepared
using BIOVIA Discovery Studio Visualizer (v24.1.0.23298)
to obtain sterile proteins and their active sites. 3D structures of
bioactive compounds identified in REE were used as ligands.
Food and Drug Administration (FDA)-approved anticancer
drugs in the form of anastrozole and tamoxifen were used as
controls. For docking simulations, a grid box was specifically
configured with dimensions of 20 x 20 x 20 Ato adequately
cover the binding pocket. The docking coordinates were PgR
(X=11.212349; Y= 4.825880; Z=7.048795) and then ER«
(X=27.447000; Y= -2.048820; Z= 26.412361). PyRx soft-
ware (v0.8, 2011), integrating AutoDock Vina, was used to fa-
cilitate molecular docking simulations. Candidate compounds
that exhibited stronger (more negative) binding affinities than
the control drug were selected for further investigation using
PyMOL (v3.1.6.1). Before screening the extracted compounds,
the docking protocol was validated by re-docking the native
ligand. The docking method was considered valid if the Root
Mean Square Deviation (RMSD) value of the protein-ligand
re-docking was < 2A (Amrulloh et al., 2023). Visualization of
the interaction results was done in 2D and 3D using Discovery
Studio and PyMOL.

2.2.6 Toxicity Prediction as a Drug Compound

Toxicity prediction was performed on the ethanol extract of
R. equisetiformis using ProTox 8.0 (https://tox.charite.de/
protox3/) (Banerjee et al., 2025). The toxicity parameters
used in this study were hepatotoxicity, carcinogenicity, cytotox-
icity, and predicted median lethal dose (LD5() in mg/kg body
weight (Kurniawidjaja et al., 2021).

3. RESULTS AND DISCUSSION

3.1 MCF-7 Cell Viability Analysis

The cytotoxicity of REE against MCF-7 breast cancer cells
was evaluated using resazurin reagent to determine the con-
centration of 50% cell viability, expressed as ICjzp. The test
results were compared with the positive control cisplatin and
the negative control dimethyl sulfoxide (DMSO). Cisplatin as a
test comparator (Basu and Krishnamurthy, 2010), using a con-
centration of 12.95 ug/mlL, was able to reduce cell viability by
up to 46.82%. The dose-response curve illustrates the presence
of cellular antiproliferative activity (Figure 1). The percentage
of cell viability decreased significantly with increasing sample
concentration. At a concentration of 500 ug/mL, MCF-7 cells
showed more apoptotic cells than at a concentration of 250
pg/mL (Figure 2). Based on non-linear regression analysis,
the 1Cj0 value of REE was 352.60 + 0.28 ug/mL.

The National Cancer Institute considers an extract to be
highly active if it has an ICj5 of 80 ug/mL (Sabu et al., 2023),
while values below 100 ug/mL are still considered biologically
significant for crude extracts (Kumi et al., 2026). Although the
IC50 of REE falls into the weak category, this biological activity
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Figure 1. Dose-Response Curve Graph

remains highly relevant. The presence of interfering substances
in crude extracts can interfere with the desired activity (Harris,
2002). Crude extracts contain a mixture of compounds, includ-
ing active and inactive compounds (Sanjai et al., 2024), and
the bioactive compound levels in these extracts are relatively
low.

It is important to emphasize that the samples tested are
highly complex components consisting of a wide variety of
secondary metabolites, identified by LC-MS. Therefore, the
weak in vitro activity of the bulk extract does not negate the po-
tential of its individual constituents. This hypothesis is strongly
supported by in silico findings, which show that specific pure
flavonoids identified in the extracts have excellent binding affin-
ity to breast cancer receptors. Thus, the crude extract serves
as a valuable reservoir of potent anticancer agents that exhibit
strong targeted activity upon individual evaluation, successfully
bridging the gap between weak in vitro macroscopic results and
strong in silico molecular interactions.

To provide a broader scientific insight into the observed
cytotoxic activity, the 1Cj( values of the ethanolic extract of
R. equisetiformis were compared with those of other previously
reported plant extracts against MCF-7 breast cancer cells (Table
1). As shown in the table, the cytotoxicity of the crude extracts
varied significantly depending on the plant species, ranging
from highly active to relatively inactive. These data further
strengthen the notion that bioactivity is highly dependent on
the concentration of secondary metabolites in the complex,
necessitating further in silico profiling to determine the active
constituents.

3.2 LC-MS Analysis of Extract

Compounds in the R. equisetiformis ethanol extract (REE) were
identified to result in 116 peaks, as shown in Figure 8. LC-
MS profiling of REE identified 116 compounds consisting of
flavonoids, glycosides, phenolics, steroids, betalains, terpenoids,
and alkaloids, with the dominant compound being "kaempferol-
3-(6”caffeoylglucoside)" at 2.43% at a retention time of 35,508.
Chlorogenic acid (RT: 12.491 min, m/z: 354.31), p-coumaric
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acid (RT: 1.889 min, m/z: 164.16), gallic acid (RT: 8.042 min,
m/z: 170.12), and caffeic acid (RT: 4.6483 min, m/z: 180.16)
were also identified in the methanol extract of this plant (Riaz
etal., 2017).

3.8 Drug-likeness Lipinski Analysis

Lipinski’s Rule of Five serves as a guide to evaluate the po-
tential oral bioavailability of a compound, thus facilitating the
identification of molecules that have drug-like characteristics
(Zhang and Wilkinson, 2007). The results of the drug-likeness
analysis of the total compounds showed that 78 compounds
passed Lipinski’s rule of five (Table 2).

3.4 Molecular Docking Analysis

Potential drug compounds were then analyzed using molec-
ular docking. Molecular docking aims to model the interac-
tion through a computational approach (in silico) of a com-
pound as a ligand at the active site of a particular disease re-
ceptor (Damayanti et al.,, 2021). To determine the ability
to inhibit MCF-7 cell growth, promising compounds must
have inhibitory activity on both receptors (ERa and PgR) and
work effectively together. Before evaluating the bioactive com-
pounds from the extract, method validation was carried out
through a re-docking process, resulting in excellent RMSD
values of 0.848 Afor PgR and 1.307 Afor ERa (Table 8). The
ligand images in Table 3 show green as the natural ligand, while
orange indicates the ligand resulting from re-docking. A lower
binding affinity value indicates a stronger interaction of the
ligand with the receptor (Puspitasari et al., 2023).

Molecular docking simulations were performed on selected
phytochemicals that successfully passed Lipinski’s Rule of Five.
Complete docking scores for all candidates are provided in the
Table 4. To highlight the most promising candidates, the top 5
compounds that showed the strongest (most negative) binding
aflinity to ERa and PgR receptors, along with the control drug,
are in bold. The PgR-tamoxifen complex has a binding affinity
of —8.9 kcal/mol, and the ERa@-anastrozole complex has a
binding affinity of —8.0 kcal/mol. As shown in the summary
results, five compounds exhibit lower binding affinities than the
two control drug-receptor complexes synergistically: apigenin,
luteolin, kaempferol, isokaempferide, and kaempferol 3-O-
rhamnoside. These five compounds have the potential to act
as inhibitory agents for breast cancer by inhibiting the activity
of progesterone receptors and estrogen-alpha receptors.

Visualization of the results and interactions of five poten-
tial compounds was performed to determine the position and
type of bond between the ligand and the target macromolecule.
Analysis of Figures 4 and 5 shows the contribution of various
non-covalent forces, such as hydrogen bonds (interactions be-
tween hydrogen atoms with F, O, or N) (Widiastuti, 2019) and
hydrophobic interactions in non-polar regions such as aromatic
rings (Arwansyah et al., 2014). The stability of the complex
is also supported by electrostatic forces based on charge dif-
ferences (Lele et al., 2022) and halogen bonds. On the other
hand, some interactions are categorized as unfavorable bonds
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Figure 2. Morphological MCF-7 Cell

Table 1. Comparison of Cytotoxic Activity of Various Plant Extracts Against MCF-7 Cells

Plant Species Extract Solvent IC50 (ug/mL)  Reference

Ziziphus nummularia  Ethanol 38.27+0.72 (Elya et al., 2025)
Russelia equisetiformis  Ethanol 352.60 £ 0.23  This Study

Dioscorea esculenta n-Hexane : Acetone (7:3) 632.42 (Haryoto, 2019)
Plantago lanceolata Ethanol 70% 674.20 (Alsaraf et al., 2019)
Annona tomentosa Methanol 824.20 (Pinheiro et al., 2024)
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Table 2. Lipinski’s Five Rules Analysis of R. equisetiformis Ethanol Extract

No. Compound MW <500 g/mol HA <10 HD <5 logP <5 Violation Druglikeness
1 Cinnamaldehyde 132 1 0 2.3 0
2 Cinnamic Acid 148 2 1 2.6 0
3 Dopamine 153 3 4 -0.8 0
4 p-Methoxycinnamaldehyde 162 9 0 2.4 0
5 p-Coumaric Acid 164 3 2 1.4 0
6 3-Methoxytyramine 167 3 3 -0.3 0
7 Safrole 162 2 0 2.8 0
8 Vanillic Acid 168 4 2 1.3 0
9 Gallic Acid 170 5 4 0.7 0
10 L-Ascorbic Acid 176 6 4 -1.7 0
11 178 3 1 1.9 0
12 180 4 3 1.2 0
13 194 4 2 1.6 0
14 Leucodopachrome 195 5 4 -0.3 0
15 a@-Amino-3,4-dioxo-1,5-cyclohexadiene-1-propanoic acid 195 5 3 -2.4 0
16 4-(2-Aminoethyl)-2,6-dimethoxyphenol 197 4 3 -0.3 0

Betalamic acid 211 6 3 0.2 0

Ocimarin 220 4 2 0.6 0

Sinapic acid 224 5 2 1.3 0
9,3-Dihydro-5,7-dihydroxy-2-(4-methoxyphenyl)-8-methyl-4H-1-benzopyran-4-one 300 5 9 3.1 0
8,5,7-Trihydroxy-2-(4-methoxyphenyl)-6-methyl-2,3-dihydrochromen-4-one 316 6 3 2.1 0
5, droxy-2-methoxy-6,7-methylenedioxyisoflavone 328 7 2 2.1 0
5,8-Dihydroxy-3-(3-hydroxy-2-methoxyphenyl)-7-methoxychromen-4-one 330 7 3 1.6 0
6,7-Dihydroxy-3-(3-hydroxy-2-methoxyphenyl)-5-methoxychromen-4-one 330 7 3 14 0
5,3-Dihydroxy-7,8,2"-trimeth oflavone 344 7 2 1.7 0
5-Hydroxy-3-(3-hydroxy-2-methoxyphenyl)-6,7-dimethoxychromen-4-one 344 7 9 1.9 0
8-Hydroxy-3-(3-hydroxy-2-methoxyphenyl)-5,7-dimethoxychromen-4-one 344 7 2 15 0
7-Hydroxy-3-(3-hydroxy-2-methoxyphenyl)-5,6-dimethos 4 344 7 9 1.6 0
6-Hydroxy-3-(3-hydroxy-2-methoxyphenyl)-5,7-dimethoxychromen-4-one 344 7 9 L5 0
3-(3-Hydroxy-2-methoxyphenyl)-5,6,7 chromen-4-one 358 7 1 18 0
,8"-Dihydroxy-6,7,8,2-tetramethoxyisoflavone 374 8 2 1.8 0
5,6-Dihydroxy-3-(3-hydroxy-2-methoxyphenyl)-7-methoxychromen-4-one 330 7 3 1.6 0
y-Aminobutyric acid-betaxanthin 296 8 4 0.1 0

Tricin 4-apioside 462 11 5 1.4 1

Apigenin 270 5 3 3.0 0

Acacetin 284 5 2 3.0 0

Genkwanin 284 5 2 2.8 0

Luteolin 286 6 4 2.2 0

Kaempferol 286 6 4 2.0 0

Taxifolin 304 7 5 0.9 0

Hesperetin 302 6 3 2.6 0
5-Hydroxy-7,4-dimethoxyflavone 298 5 1 3.1 0

Quercetin 302 7 5 1.4 0

Indicaxanthin 308 8 3 -0.6 0

Nepetoidin A 314 6 4 2.1 0

Isokaerm i 300 6 3 2.7 0

i 328 6 1 2.8 0

328 7 5 1.0 0

Gonzalitosin | 328 6 1 2.8 0

Chrysoeriol 300 6 3 2.7 0

Cirsilineol 344 7 2 2.4 0

Nevadensin 344 7 2 2.6 0
5,6,4-Trihydroxy-7,8"-dimethoxyflavone 330 7 3 2.2 0
Cyclo-DOPA-chrome-glucoside 340 8 5 -0.7 0
3-Methoxytyramine-betaxanthin 360 8 4 0.4 0

Chlorogenic Acid 354 9 6 1.0 1

Portulacaxanthin IT 374 9 5 0.4 0

Mucroflavone B 360 8 3 2.0 0

Dopaxanthin 390 10 6 0.2 1

5,6-Dihydroxy-7,8,4" Trimethoxyflavone 344 7 2 2.3 0

Betanidin 388 10 5 -0.3 0

Santin 344 7 2 2.7 0

Dopaxanthin quinone 388 10 4 0.4 0

Valine-betaxanthin 310 8 4 1.2 0

Squalene 410 0 0 11.2 0

3-Methoxyluteolin 316 7 4 2.1 0

Asparagine-betaxanthin 325 10 6 -0.9 1

o8 (28 4E)4-[2-[(1)-1-carbosy-2-phenylethylliminocthylidenc]-2,3-dihydro-1H-pyridinc- 258 s A L3 o

9,6-dicarboxylic acid

69 412 1 1 6.6 1
70 426 1 1 6.0 1
71 426 1 1 6.5 1
72 432 10 6 1.1 1
73 itexin 432 10 7 1.0 1
74 Anthemoside 432 10 6 0.3 1
75 Kaempferol 8-O-rhamnoside 432 10 6 1.7 1
76 Tilianin 446 10 5 1.6 0
77 Betulinic Acid 456 3 2 4.2 0
8 6,7-dimethoxy-2-(d-methoxyphenyl)-5-[(2S,3R 4S,58,6R)-8,4,5-trihydroxy-6- 190 " A 4 .

(hydroxymethylyoxan-2-ylJoxychromen-4-one

Note: MW: Molecular Weight; HA: Hydrogen Bond Acceptors; HD: Hydrogen Bond Donor; logP: Lipophilicity

due to their destructive nature towards binding energy, which
is usually caused by steric hindrance or similarity of charge
polarity between adjacent atoms (Rambitan et al., 2021).
The visualization of five potential compounds resulting
from molecular docking, shown in Figure 4, illustrates the
interaction of PR receptors with ligand compounds. Apigenin
forms the same hydrophobic bonds as tamoxifen at amino
acid residues Leu A:718, Cys A:891, and Met A:759, which
is the same as the native ligand. Luteolin interacts with the

© 2026 The Authors.

same amino acids as the native ligand at Met A:725 and Met
A:759 and a hydrophobic bond at Cys A:891, which is similar
to tamoxifen. Kaempferol and isokaempferide interact with
the same amino acid residue as tamoxifen at Leu A:718 and
bind to Met A:725, Met A:759, and Phe A:794, which are the
same as the native ligand. Kaempferol 8-O-rhamnoside shares
amino acid residues with tamoxifen at Leu A:718, Cys A:891,
and Met A:909, as well as Gly A:722, Met A:725, Met A:759,
and Tyr A:890, which are similar to the native ligand.
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Table 3. Re-Docking Results

Ligand RMSD Binding Amino Acid
Receptor PDBID Ligand ID Docking Value Affinity Interactions
Validation 0 (kcal/mol)
Progesterone ~ 2W8Y 486 0.848 -12.4 o
Estrogen-a SERT OHT 1.307 -9.8
Note: Re-docking is considered valid if RMSD < 2
f e = G#é‘; = @2\5)

Kaempferol

g
AT15 (LR .
b
J
/

LEU

LEU
A718

LEU MET.

A797 A:801
Isokaempferide Kaempferol 3-O-rhamnoside Tamoxifen (Control)
Hydrogen Bond
l Hydrophobic Bond
‘ ‘ Electrostatic Bond
- Unfavorable

Figure 4. Visualization of PgR Complexes

In the ERe-ligand complex (Figure 5), apigenin, luteolin, ~ which are also bound by the native ligand. Luteolin also forms
and kaempferol bind to the same amino acid residues as anas-  a hydrogen bond with Glu A:353, which is similar to the native
trozole at Ala A:350 and Leu A:525, as well as to amino acids  ligand. Isokaempferide interacts with amino acid residues Met
Leu A:346, Leu A:387, Met A:388, Met A:421, and Ile A:424, A:843, Ala A:350, and Leu A:525, as well as similar residues

© 2026 The Authors.
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Table 4. Binding Affinity of REE Drug-Like Compounds with ER and PR

No. Ligand Compound 2W8Y 3ERT
1 Cinnamaldehyde -5.6  -5.5
2 Cinnamic Acid -6.0 -5.8
3 Dopamine -5.9  -5.6
4 p-Methoxycinnamaldehyde -5.8 =57
5 p-Coumaric Acid -6.5  -6.0
6 3-Methoxytyramine -5.9  -5.38
7 Safrole -6.1  -6.0
8 Vanillic Acid -6.0 -5.5
9 Gallic Acid -5.9  -5.5

10 L-Ascorbic Acid -5.2 <51
11 Coniferaldehyde -6.2  -5.7
12 Caffeic Acid -6.6 -6.3
13 Ferulic Acid -6.5  -6.3
14 Leucodopachrome -6.5 -64
15 a-Amino-3,4-dioxo-1,5-cyclohexadiene- 1-propanoic acid -6.2 -6.3
16 4-(2-Aminoethyl)-2,6-dimethoxyphenol -5.5  -54
17 Betalamic acid -6.4  -6.3
18 Ocimarin -7.0  -7.1
19 Sinapic acid -6.6 -6.1
20 2,3-Dihydro-5,7-dihydroxy-2-(4-methoxyphenyl)-8-methyl-4H- 1 -benzopyran-4-one -8.1  -8.2
21 8,5,7-Trihydroxy-2-(4-methoxyphenyl)-6-methyl-2,3-dihydrochromen-4-one -7.5  -7.2
22 5,3’-Dihydroxy-2’-methoxy-6,7-methylenedioxyisoflavone -8.6 -7.7
23 5,8-Dihydroxy-3-(8-hydroxy-2-methoxyphenyl)-7-methoxychromen-4-one -8.1 -6.6
24 6,7-Dihydroxy-3-(8-hydroxy-2-methoxyphenyl)-5-methoxychromen-4-one -8.83 -64
25 5,8’-Dihydroxy-7,8,2-trimethoxyisoflavone -7.7  -6.0
26 5-Hydroxy-3-(3-hydroxy-2-methoxyphenyl)-6,7-dimethoxychromen-4-one -6.8 -6.0
27 8-Hydroxy-38-(3-hydroxy-2-methoxyphenyl)-5,7-dimethoxychromen-4-one -7.8  -6.9
28 7-Hydroxy-3-(3-hydroxy-2-methoxyphenyl)-5,6-dimethoxychromen-4-one -7.8  -6.0
29 6-Hydroxy-3-(3-hydroxy-2-methoxyphenyl)-5,7-dimethoxychromen-4-one -7.6  -6.9
30 3-(3-Hydroxy-2-methoxyphenyl)-5,6,7-trimethoxychromen-4-one -7.0  -6.3
31 5,8’-Dihydroxy-6,7,8,2’-tetramethoxyisoflavone -6.6 -5.8
32 5,6-Dihydroxy-3-(8-hydroxy-2-methoxyphenyl)-7-methoxychromen-4-one -7.8  -64
33 y-Aminobutyric acid-betaxanthin -7.1 =72
34 Tricin 4’-apioside -1.8 -7.6
35 Apigenin -9.2 -85
36 Acacetin -7.8  -7.9
37 Genkwanin -89 -7.5
38 Luteolin -9.3  -83
39 Kaempferol -9.0 -8.2
40 Taxifolin -9.2  -79
41 Hesperetin -7.8  -8.0
42 5-Hydroxy-7,4’-dimethoxyflavone -6.8 -7
43 Quercetin -9.8  -79
44 Indicaxanthin -7.9  -7.2
45 Nepetoidin A -8.7 -8.0
46 Isokaempferide -8.9 -8.1
47 Salvigenin =54 -7.1
48 Zataroside B -7.8  -7.1
49 Gonzalitosin | -6.6 -7.5
50 Chrysoeriol -8.7 -7.8
51 Cirsilineol -6.9 -7.3
52 Nevadensin -6.1  -7.0
53 5,6,4’-Trihydroxy-7,3’-dimethoxyflavone -7.9  -7.3
54 Cyclo-DOPA-chrome-glucoside -7.8  -74
55 3-Methoxytyramine-betaxanthin -7.6  -7.6
56 Chlorogenic Acid -8.2 -7.7
57 Portulacaxanthin 1T -8.7 -7.9
58 Mucroflavone B -7.9  -7.1
59 Dopaxanthin -8.4 -8.0
60 5,6-Dihydroxy-7,3",4’-Trimethoxyflavone -6.4 -7.3
61 Betanidin -54  -8.2
62 Santin -6.4  -6.7
63 Dopaxanthin quinone -8.2 -7.6
64 Valine-betaxanthin -7.8  -7.0
65 Squalene -8.3  -8.1
66 3-Methoxyluteolin -8.8 -7.9
67 Asparagine-betaxanthin -7.8  -7.1
68 (2S,4E)-4-[2-[(1S)-1-carboxy-2-phenylethyl]iminoethylidene]-2,3-dihydro- 1 H-pyridine-2,6-dicarboxylic acid -8.2 -7.7
69 Stigmasterol -4.0 -7.8
70 B-Amyrin -1.3 -8.0
71 a-Amyrin -6.6 -7.7
72 Apigenin 7-galactoside -7.2  -7.6
73 Vitexin 9.1 -7.1
74 Anthemoside -6.5  -7.5
75 Kaempferol 8-O-rhamnoside -9.6  -8.1
76 Tilianin -5.8  -7.7
77 Betulinic Acid 1.2 -79
78 6,7-dimethoxy-2-(4-methoxyphenyl)-5-[(2S,3R,4S,5S,6R)-3,4,5-trihydroxy-6-(hydroxymethyl)oxan-2-yl]Joxychromen-4-one -5.0 -8.3
79 Tamoxifen (Control) -8.9 -

80 Anastrozole (Control) - -8.0

to the native ligand at Leu A:346, Glu A:353, Leu A:387, and
Leu A:391. Kaempferol 3-O-rhamnoside interacts with the

© 2026 The Authors.

same amino acids as anastrozole at Ala A:350, Trp A:383, and
Leu A:525 and forms a hydrogen bond at Asp A:351, which

Page 934 of 939



Ramiizah et. al.

ALA P
A:350 £LEUN L 419
‘8348 g ¥

GLV' \,j\/,x)\/\(n

lA 521 ‘

\LE
LEU 424 ‘ |
A525 - o

MET MET. ]
Ad421 A:388

Apigenin

LEU
A:391

LEU
A:384

4 et -~
A:346

Science and Technology Indonesia, 11 (2026) 927-939

ALA ¥
& (GIU) \
A:350 'Aass

Kaempferol

la,522/ ‘ ' ‘ \ ///n

<‘-\[/\ /. N /\\

2529

e & @ =
Isokaempferide Kaempferol 3-O-rhamnoside Anastrozole (Control)
Hydrogen Bond
i Hydrophebic Bond
Electrostatic Bond
Unfavorable

Figure 5. Visualization of ER@ Complexes

Table 5. Toxicity Prediction

Potential Compound LDj5o (mg/kg)

Hepatotoxicity  Carcinogenicity — Cytotoxicity

Apigenin 2500
Luteolin 3919
Kaempferol 3919
Isokaempferide 3919
Kaempferol 3-O-rhamnoside 5000

Inactive Inactive Inactive
Inactive Active Inactive
Inactive Inactive Inactive
Inactive Inactive Inactive
Inactive Inactive Inactive

is also bound by the native ligand. Hydrogen bonds and hy-
drophobic interactions contribute significantly to stabilizing
the interaction between ligand and receptor to maintain the
binding conformation (Hurria et al., 20206).

This similarity supports validation that the potential com-
pound has inhibitory activity, similar to that of a drug control
(Nugroho et al., 2023). Control drugs work by occupying the
active site of the receptor, therefore blocking the interaction
between essential amino acid residues and specific ligands that
play a role in the metabolic pathway. The similarity in the bio-
logical activity of a molecule and a drug compound correlates
with the similarity of interactions with amino acid residues in
the active site. This type of interaction optimizes the rigid-
ity of the formed complex, which in turn lowers the binding
free energy (AG). A stable complex composition maximizes

© 2026 The Authors.

favorable interactions while minimizing the formation of un-
favorable bonds. These bonds can increase the stability of the
complex formed by the receptor and ligand. The complex
becomes more stable as more interactions are formed, leading
to increased inhibitory activity (Sururi et al., 2023).

To highlight the significance of these results, the binding
affinities obtained in this study were compared with previously
reported molecular docking studies targeting the same receptor.
Recent computational results of kaempferol reported a binding
aflinity of -8.4 kcal/mol to the ERa receptor (PDB ID: 8ERT)
(Khudzaifi et al., 2024). Apigenin was also reported to bind
to ERa with an energy of -8.13 kcal/mol (HHammami et al.,
2025). In our study, the identified flavonoids exhibited even
stronger binding aflinities, ranging from -8.1 to -8.5 kcal/mol.
Furthermore, a study evaluating flavonoid derivatives against
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PgR (PDB ID: 2W8Y) determined that strong binding ener-
gies typically range from -8.30 to -12.87 kcal/mol (Widiyana
et al., 2024). The top five candidates in this study (apigenin,
luteolin, kaempferol, isokaempferide, and kaempferol 3-O-
rhamnoside) align with previous studies, exhibiting binding
energies between -8.9 and -9.6 kcal/mol for PgR. This analy-
sis strongly confirms the potential of R. equisetiformis flavonoid
compounds as highly competitive breast cancer receptor in-
hibitors.

Further validating these findings, the potent activity of these
individual flavonoids is well supported by established anticancer
mechanisms. Apigenin and kaempferol have previously been
reported to induce apoptosis in MCF-7 cells by modulating the
Bcl-2/Bax ratio and inhibiting the PISK/Akt signaling pathway,
which are essential for cancer cell survival (LLu et al., 2010; Yi
et al., 2016). Similarly, luteolin is known to act as a competi-
tive antagonist for the estrogen receptor (Puranik et al., 2019).
Another study showed that kaempferol-8-O-rhamnoside dose-
dependently inhibited proliferation in MCF-7 cells and pro-
moted apoptosis through activation of the caspase signaling
cascade, including caspase-9, caspase-3, and PARP (Diantini
etal., 2012). Isokaempferide has also been reported to potently
inhibit tumor cell lines (Costa-Lotufo et al., 20038). The fact
that this specific compound was identified as the top-ranked
ligand in the docking simulations strongly explains the molec-
ular basis underlying the cytotoxic activity observed in the in
vitro assay. The molecular-level synergy among these identi-
fied flavonoids provides a comprehensive explanation for the
inhibitory effect of R. equisetiformis extract on breast cancer cells,
thus bridging macroscopic laboratory test results with precise
computational interactions.

3.5 Toxicity Prediction

The potential compounds were then analyzed for toxicity to
support their profiles as anticancer drug candidates using the
ProTox 3.0 web server to determine their toxic profiles (Baner-
jeeetal., 2025). The safety evaluation of the compounds in this
study included parameters of hepatotoxicity, carcinogenicity,
cytotoxicity, and LDy prediction. The level of liver dam-
age due to exposure to the substance was measured through a
hepatotoxicity profile (Nursanti et al., 2022). Meanwhile, the
potential for triggering cancer due to abnormal cell prolifer-
ation was assessed through a carcinogenicity test (Nasyanka
et al., 2023). In addition, the destructive effects of substances
at the cellular level are identified through cytotoxicity parame-
ters (Rock et al., 2024). As an indicator of acute toxicity, the
LDj¢ value was used to predict the short-term lethal impact
of a single dose of the compound (Kurniawidjaja et al., 2021).
Based on data in Table 5, four of the five compounds showed
promising profiles as drug candidates because they did not have
hepatotoxic, carcinogenic, or cytotoxic properties, and were
classified as LLDs¢ Class 5. The four compounds, apigenin,
kaempferol, isokaempferide, and kaempferol 8-O-rhamnoside,
have a predicted LDj¢ in class 5. Meanwhile, compounds such
as luteolin are predicted to have carcinogenic properties with

© 2026 The Authors.
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a probability of 68%. These findings indicate the importance
of optimizing the dose and method of administration to the
target to minimize potential toxic effects (Hussein et al., 2025).

4. CONCLUSIONS

The results of the study indicate that Russelia equisetiformis has
the potential to be an anti-breast cancer agent by inhibiting
two receptors on MCF-7 cancer cells. In vitro testing of Rus-
selia equisetiformis ethanol extract using the resazurin method
demonstrated cytotoxic activity against MCF-7 cells with an
IC50 of 352.60 + 0.28 ug/mL. Molecular docking analysis
of compounds that passed the drug-likeness test resulted in
five potential compounds with strong binding affinity. Among
these, the four compounds with the safest predicted toxicity
as drug candidates are apigenin, kaempferol, isokaempferide,
and kaempferol 8-O-rhamnoside. Further research is needed
to provide stronger evidence regarding the potential of the R.
equisetiformis plant as a candidate natural ingredient for medical
use.

5. ACKNOWLEDGMENT

Gratitude was conveyed to the Institute for Research and Com-
munity Service, Universitas Negeri Surabaya, for funding sup-
port in the 2025 fiscal year through the Rector’s Decree Num-
ber B/66307/UN38.16/TU.00.02/2025.

REFERENCES

Ahmed, E., S. Desoukey, M. Fouad, and M. Kamel (2016).
A Pharmacognostical Study of Russelia equisetiformis Sch. &
Cham. International Journal of Pharmacognosy and Phytochemi-
cal Research, 8; 174-192

Aldahasi, R. M., S. S. Alghamdi, N. Albulushi, H. Alhuraibi,
R. S. Suliman, A. Alsubait, A. S. Alahmari, and A. E. Mo-
hammed (2025). Metabolite Detection via QTOF-LCMS
and Computational Analysis on Russelia equisetiformis Ex-
ploring Green Nanotechnology and Antifungal Against Phy-
topathogens. Chemical and Biological Technologies in Agricul-
ture, 12(1); 142

Alsaraf, K. M., M. H. Mohammad, A. M. Al-Shammari, and
I. S. Abbas (2019). Selective Cytotoxic Effect of Plantago
lanceolata L. Against Breast Cancer Cells. Journal of the Egyp-
tian National Cancer Institute, 31(1); 10

Amrulloh, L., N. Harmastuti, A. Prasetiyo, and R. Herowati
(2023). Analysis of Molecular Docking and Dynamics Simu-
lation of Mahogany (Swietenia macrophylla King) Compounds
Against the PLpro Enzyme SARS-CoV-2. Jurnal Farmasi
dan Ilmu Kefarmasian Indonesia, 10(3); 847-359

Arwansyah, A., L. Ambarsari, and T. I. Sumaryada (2014).
Simulasi Docking Senyawa Kurkumin dan Analognya se-
bagai Inhibitor Reseptor Androgen pada Kanker Prostat.
Current Biochemistry, 1(1); 11-19

Awe, E. O., ]. M. Makinde, O. A. Olajide, and O. K. Wakeel
(2004). Evaluation of the Anti-Inflammatory and Analgesic
Properties of the Extract of Russelia equisetiformis (Schlecht

Page 936 of 939



Ramiizah et. al.

& Cham) Scrophulariaceae. Inflammopharmacology, 12(4);
399-405

Bajalovic, N., Y. Z. Or, A. R. E. Woo, S. H. Lee, and V. C. L.
Lin (2022). High Levels of Progesterone Receptor B
in MCF-7 Cells Enable Radical Anti-Tumoral and Anti-
Estrogenic Effects of Progestin. Biomedicines, 10(8); 1860

Banerjee, P., O. Ulker, 1. Ozkan, and O. C. Ulker (2025). The
Investigation of the Toxicity of Organophosphorus Flame
Retardants (OPFRs) by Using the In Silico Toxicity Pre-
diction Platform Prolox-3.0. Toxicology Mechanisms and
Methods, 35(1); 32-42

Barthwal, R. and R. Mahar (2024). Exploring the Signifi-
cance, Extraction, and Characterization of Plant-Derived
Secondary Metabolites in Complex Mixtures. Metabolites,
14(2); 119

Barzegarparay, F., H. Najafzadehvarzi, R. Pourbagher, H. Par-
sian, S. M. Ghoreishi, and S. Mortazavi-Derazkola (2024).
Green Synthesis of Novel Selenium Nanoparticles Using
Crataegus Monogyna Extract (SeNPs@CM) and Investiga-
tion of Its Toxicity, Antioxidant Capacity, and Anticancer Ac-
tivity Against MCF-7 as a Breast Cancer Cell Line. Biomass
Conversion and Biorefinery, 14(20); 256369-25378

Basu, A. and S. Krishnamurthy (2010). Cellular Responses to
Cisplatin-Induced DNA Damage. Journal of Nucleic Acids,
2010(1); 201367

Bray, F., M. Laversanne, H. Sung, J. Ferlay, R. L. Siegel, I. So-
erjomataram, and A. Jemal (2024). Global Cancer Statistics
2022: GLOBOCAN Estimates of Incidence and Mortality
Worldwide for 36 Cancers in 185 Countries. CA: A Cancer
Journal for Clinicians, 74(3); 229-263

Columba-Palomares, M. C., R. M. Montiel-Ruiz, L. C.
Sanchez, D. Palafox-Gante, and V. Rodriguez-Lépez (2021).
Anti-Inflammatory, Antioxidant, and Antinociceptive Activ-
ities of Russelia equisetiformis (L.) Wettst. Avicenna Journal of
Phytomedicine, 11(2); 101-108

Costa-Lotufo, L. V., P. C. Jimenez, D. V. Wilke, L. K. A. M.
Leal, G. M. A. Cunha, E. R. Silveira, K. M. Canuto, G. S. B.
Viana, M. E. A. Moraes, and M. O. d. Moraes (2003). An-
tiproliferative Effects of Several Compounds Isolated from
Amburana cearensis AC. Smith. Zeitschrift fiir Naturforschung C,
58(9-10); 675-680

Damayanti, S., K. Khonsa, and T. Amelia (2021). Antiviral
Activity and Toxicity Prediction of Compounds Contained
in Figs (Ficus carica 1..) by in Silico Method. Indonesian
Journal of Pharmaceutical Science and Technology, 8(1); 21-33

Diantini, A., A. Subarnas, K. Lestari, E. L. 1. Halimah,
Y. Susilawati, S. Supriyatna, E. Julacha, T. H. Achmad,
E. W. Suradji, and C. Yamazaki (2012). Kaempferol-3-
O-Rhamnoside Isolated from the Leaves of Schima Wal-
lichii Korth. Inhibits MCF-7 Breast Cancer Cell Prolifera-
tion Through Activation of the Caspase Cascade Pathway.
Oncology Letters, 3(5); 1069-1072

Elango, A., I. Kannan, R. Ravichandar, and P. Kumaravelu
(2024). Molecular Docking Analysis of Imeglimin and Its
Derivatives With Estrogen Receptor-Alpha. Bioinformation,

© 2026 The Authors.

Science and Technology Indonesia, 11 (2026) 927-939

20(7); 711

Elya, B., R. Rosmalena, A. M. Fajrin, A. Tedjo, N. A. Ra-
madanti, N. N. Azizah, and N. B. M. Hashim (2025).
Ethanol Extract from Ziziphus nummularia Stem Inhibits
MCF-7 Breast Cancer Cell Proliferation Through TP53
Regulating Kinase (TP53RK)-Mediated p53 Activation: In
Silico and Gene Expression Investigations. Narra J, 5(1);
el382

Faria, S. S., D. Giannarelli, V. C. Cordeiro de Lima, S. L. An-
war, C. Casadei, U. De Giorgi, G. Madonna, P. A. Ascierto,
R. V. Mendoza Lépez, and R. Chammas (2024). Devel-
opment of a Prognostic Model for Early Breast Cancer
Integrating Neutrophil to Lymphocyte Ratio and Clinical-
Pathological Characteristics. The Oncologist, 29(4); e447-
edb4

Fiorelia, N. E., A. D. Wibowo, N. L. Lae, and O. Krisbianto
(2022). Types of High-Performance Liquid Chromatogra-
phy (HPLC) Columns: A Review. Food Tech, 5(1); 1-16

Gomez-Estrada, H., F. Diaz-Castillo, L. Franco-Ospina,
J. Mercado-Camargo, J. Guzman-Ledezma, ]. D. Medina,
and R. Gaitdn-Ibarra (2011). Folk Medicine in the Northern
Coast of Colombia: An Overview. Journal of Ethnobiology
and Ethnomedicine, 7; 1-11

Hammami, A., A. H. Saputro, W. N. Auli, S. R. Hasanah,
N. Fadila, A. P. Sunugroho, D. Y. Aristania, and P. Amanda
(2025). Studi Penambatan Molekul Senyawa Mangiferin,
Apigenin, Kukurbitasin E, dan Kuersetin sebagai Agen An-
tikanker Payudara terhadap Protein Target Reseptor Estro-
gen Alfa (ER-a). Jurnal Sains dan Kesehatan, 6(3); 1-10 (in
Indonesia)

Harris, G. H. (2002). Chapter 10 - The Use of CCC in the
Pharmaceutical Industry. In A. B. Berthod, editor, Counter-
current Chromatography, volume 88. pages 301-330

Haryoto, H. (2019). Cytotoxic Activities of Ethanol Extract,
Nonpolar, Semipolar, and Polar Fractions of Dioscorea escu-
lenta L., on MCF7 Cancer Cells. Journal of Nutraceuticals and
Herbal Medicine, 2(1); 12—-19

Hurria, A. Alfian, and R. Mahmudah (2026). Phytochemical
Properties, In Silico and In Vitro Analysis of the Antibacte-
rial Activity of Cinnamomum sulavesianum Bark from Sulawesi.
Science and Technology Indonesia, 11(1); 121-136

Hussein, U. A.-R., B. Abd, H. A. Mahamda, A. F. Al-Rubaye,
U. S. Altimari, and A. A. Al-Alwany (2025). Molecular
Docking and Toxicity Profiling of Quercetin and Silibinin:
A Computational Approach Against Key Hepatitis C Virus
Proteins. Journal of Experimental Zoology India, 28(2); 1311-
1318

Jayaram, B., T. Singh, G. Mukherjee, A. Mathur, S. Shekhar,
and V. Shekhar (2012). Sanjeevini: A Freely Accessible
Web-Server for Target-Directed Lead Molecule Discovery.
BMC Bioinformatics, 13(Suppl 17); S7

Khudzaifi, M., S. A. Kalsum, and A. Z. Nisak (2024). Molecular
Docking Senyawa Flavonoid Daun Sirsak (Annona muricata
L.) Terhadap Reseptor Estrogen Alfa (RE-a) Sebagai Kan-
didat Obat Antikanker Payudara. Sains Medisina, 8(1); 1-9

Page 937 of 939



Ramiizah et. al.

(in Indonesia)

Kolawole, O. T. and S. O. Kolawole (2010). Effects of Russelia
equisetiformis Methanol and Aqueous Extracts on Hepatic
Function Indices. Biol Med, 2(3); 38-41

Konieczna, A. and M. Rosiriska (2025). Early Predic-
tive Markers and Histopathological Response to Neoadju-
vant Endocrine Therapy in Postmenopausal Patients with
HR*/HER?" Early Breast Cancer. Cancers, 17(14); 2819

Kumi, J., A. Aning, J. Ampofo, S. Hamidu, and E. N. Y.
Nyarko (2026). In Vitro Cytotoxicity Assessment of Leaves
of Tieghemella heckelii on Breast (MDA-MB-468), Liver
(HepG2), and Prostate (PC3) Cancer Cell Lines. BioMed
Research International, 2026(1); 2002140

Kunc, M., M. Popeda, W. Biernat, and E. Senkus (2021). Lost
but Not Least—-Novel Insights into Progesterone Receptor
Loss in Estrogen Receptor-Positive Breast Cancer. Cancers,
13(19); 4755

Kurniawidjaja, L. M., F. Lestari, M. Tejamaya, and D. H.
Ramdhan (2021). Konsep Dasar Toksikologi Industri. FKM
Ul (in Indonesia)

Ladief, S., F. I. Syahruddin, I. Royani, and R. P. Juhamran
(2028). Hubungan Tingkat Pengetahuan dan Sikap terhadap
Deteksi Dini Kanker Payudara pada Pegawai RS Ibnu Sina.
Fakumi Medical Journal: Jurnal Mahasiswa Kedokteran, 3(9);
685-694 (in Indonesia)

Lele, M. N. E., N. I. Ahmad, and Y. Bare (2022). Molecular
Interaction Analysis of Homodihydrocapsaicin as a COX™2
Inhibitor. Spizaetus: Jurnal Biologi dan Pendidikan Biologi,
3(2); 36-42

Lipinski, C. A., F. Lombardo, B. W. Dominy, and P. J. Feeney
(2012). Experimental and Computational Approaches to
Estimate Solubility and Permeability in Drug Discovery and
Development Settings. Advanced Drug Delivery Reviews, 64;
4-17

Lu, H.-F.,, Y.-]. Chie, M.-S. Yang, C.-S. Lee, J.-]. Fu, J.-S.
Yang, T.-W. Tan, S.-H. Wu, Y.-S. Ma, and S.-W. Ip (2010).
Apigenin Induces Caspase-Dependent Apoptosis in Human
Lung Cancer A549 Cells Through Bax- and Bcl-2-Triggered
Mitochondrial Pathway. International Journal of Oncology,
36(6); 1477-1484

Mala, N., Y. F. Yun, and L. S. Aisyah (2024). Aktivitas Antiok-
sidan dan Antikanker dari Ekstrak Etanol, n-Heksana, Etil
Asetat, dan Air Etanol Kalanchoe marmorata (Crassulaceae).
Jurnal Kartika Kimia, 7(2); 121-128 (in Indonesia)

Manasathien, J. and K. Indrapichate (2017). Apoptosis of MCF-
7 Cancer Cells Induced by Pomegranate (Punica granatum
L.) Peel Extract. Suranaree Journal of Science & Technology,
24(1)

Nasyanka, A. L., D. Ratnasari, J. Na'imah, and S. N. Asiyah
(2028). Studi In Silico: Toksisitas Senyawa Potensial seba-
gai Antikanker Turunan N-((4-Fluorofenil) Karbamatiol)
Benzamida. Journal of Pharmaceutical Care Anwar Medika
(J-PhAM), 5(2); 1-16 (in Indonesia)

Nugraha, G. L., F. Amalia, F. Imadudda’wah, E. F. Ariyanto,
M. Ghozali, and S. N. Fatimah (2024). A Combination of

© 2026 The Authors.

Science and Technology Indonesia, 11 (2026) 927-939

Diethylpropion with Dietary Intervention Results in Body
Weight and Fat Loss with Preserved Muscle Mass in Obese
Patients. Medicine, 103(39); e39908

Nugroho, E. D., R. Ardiansyah, N. Kurniawan, Widodo, D. A.
Rahayu, and A. M. Sururi (2028). An In Silico Study on the
Chemical Compounds from Macrophiothrix longipedia as
Antiviral Compounds Against COVID-19. AACL Biofluz,
16(4); 2380-2390

Nursanti, O., A. Aziz, and G. Hadisoebroto (2022). Prediksi
Toksisitas dan Farmakokinetika untuk Mendapatkan Kandi-
dat Obat Analgesik. (in Indonesia)

Ojurongbe, O., J. A. Ojo, D. 1. Adefokun, O. O. Abiodun,
G. Odewale, and E. O. Awe (2015). In Vivo Antimalarial
Activities of Russelia equisetiformis in Plasmodium berghei-
Infected Mice. Indian Journal of Pharmaceutical Sciences, 77 (4);
504

Oladeinde, F. O. (2005). Phytochemical Screening of Cnidosco-
lus aconitifolius and Russelia equisetiformis Used for the Treat-
ment of Diabetes and Leukemia in Southwestern Nigeria. In
African Healing Wisdom: From Tradition to Current Application
and Research, International Conference. Washington DC, USA,
pages 6-9

Patel, A., M. Bhatt, A. Soni, and P. Sharma (2021). Identifica-
tion of Steroidal Saponins from Tribulus terrestris and Their
In Silico Docking Studies. Journal of Cellular Biochemistry,
122(11); 1665-1685

Pebriani, S. A., W. S. Bhagawan, M. E. Prastiyanto, R. M.
Rukmana, and R. Pratiwi (2026). Anticancer Efficacy of
a Combination of Curcuma longa L.. Rhizome and Annona
muricata L. Leal Extracts Against T47D Cells. Science and
Technology Indonesia, 11(2)

Pinheiro, A. A., C. Y.-A. Lee, A. G. P. d. Santos, E. R.
Pereira, M. S. d. Rosirio, D. L. Ribeiro, J. M. Serpeloni,
and C. Q. d. Rocha (2024). Chemical Characterization and
Evaluation of the Antitumoral Activity of Annona tomentosa
RE Fr. on Breast (MCF-7) Three-Dimensional (3D) Tumor
Spheroids. Journal of the Brazilian Chemical Society, 35(8);
e-20240087

Puranik, N. V., P. Srivastava, G. Bhatt, D. J. S. John Mary,
A. M. Limaye, and J. Sivaraman (2019). Determination
and Analysis of Agonist and Antagonist Potential of Natu-
rally Occurring Flavonoids for Estrogen Receptor (ERa)
by Various Parameters and Molecular Modelling Approach.
Scientific Reports, 9(1); 7450

Puspitasari, Y. E., M. A. Alfikri, R. Sitanggang, J. E. Tambunan,
and H. Hardoko (20238). In Silico Analysis of Phenolic Com-
pounds from Ceriops decandra Griff. Leaves and Molecular
Interaction as Anti-Diabetes. Science and Technology Indonesia,
8(4); 542-553

Qamar, S. U. R. (2021). Nanocomposites: Potential Thera-
peutic Agents for the Diagnosis and Treatment of Infectious
Diseases and Cancer. Colloid and Interface Science Communi-
cations, 43; 100463

Rambitan, S. R., A. Manampiring, B. J. Kepel, F. Budiarso,
and W. Bodhi (2021). Molecular Docking Senyawa Vitexin,

Page 938 of 939



Ramiizah et. al.

Ursolic Acid, dan Flavonol dalam Tumbuhan Binahong (4n-
dromeda cordifolia (Ten.) Steenis) yang Berpotensi sebagai
Penghambat Pertumbuhan COVID-19. EBiomedik, 9(2);
201-207 (in Indonesia)

Ramiizah, R. R., A. M. Sururi, R. A. Sutriyansyah, D. A. Ra-
madhani, A. H. Tsana, H. Kristyandari, Tukiran, D. A. Ra-
hayu, and N. B. Mamat (2025). LC-MS Identification of
Bioactive Compounds from the Methanol Extract of Veitchia
merrillii Seeds as Potential Antiviral Agents Targeting HIV-1
Protease, Integrase, and Reverse Transcriptase: An In Silico
Study. Tropical Journal of Natural Product Research, 9(11);
5360-5370

Riaz, M., N. Rasool, I. H. Bukhari, M. Shahid, A. F. Zahoor,
M. A. Gilani, and M. Zubair (2012). Antioxidant, Antimi-
crobial, and Cytotoxicity Studies of Russelia equisetiformis.
African Jowrnal of Microbiology Research, 6(27); 5700-5707

Riaz, M., N. Rasool, M. Igbal, A. Tawab, F. E-Habib,
A. Khan, and M. Farman (2017). Liquid Chromatography-
Electrospray lonization-Tandem Mass Spectrometry (L.C-
ESI-MS/MS) Analysis of Russelia equisetiformis Extract.
Bulgarian Chemical Communications, 49; 854-359

Rock, K. D., H. M. Starnes, and S. M. Belcher (2024). Repro-
ductive System, Female. In Encyclopedia of Toxicology (Fourth
Edition), volume 8. pages 167-202

Romero-Cerecero, O., H. Reyes-Morales, L. Aguilar-
Santamaria, M. Huerta-Reyes, and J. Tortoriello-Garcia
(2009). Use of Medicinal Plants Among Patients with Di-
abetes Mellitus Type 2 in Morelos, Mexico. Boletin Lati-
noamericano y del Caribe de Plantas Medicinales y Aromdticas,
8(5); 380-388

Sabu, A., J. Selvaraj, R. Gayatridevi, and E. Dilipan (2023).
In Vitro Anticancer Activity of Rauvolfia tetraphylla Extract
on MCF-7 Breast Cancer Cell Lines. Bioinformation, 19(1);
43-47

Saibaba, S. V., M. S. Kumar, and P. S. Pandiyan (2016). Mini
Review on LC/MS Techniques. World Journal of Pharmacy
and Pharmaceutical Science, 5(4); 2881-2395

Sanjai, C., S. L. Gaonkar, and S. S. Hakkimane (2024). Har-

© 2026 The Authors.

Science and Technology Indonesia, 11 (2026) 927-939

nessing Nature’s Toolbox: Naturally Derived Bioactive Com-
pounds in Nanotechnology-Enhanced Formulations. ACS
Omega, 9(43); 43302-43318

Setiyanto, A. E. R., M. D. Taufiqurrahman, T. Turhadi, and
D. Siswanto (2025). LC-MS-Based Metabolite Profiling of
Aqueous Garlic (Allium sativum 1..) Bulb Extract. Berkala
Penelitian Hayati, 31(2); 86-95

Sururi, A. M., D. K. Maharani, and F. A. Wati (2023). Potensi
Senyawa Eugenol dari Cengkeh (Syzygium aromaticum) seba-
gai Inhibitor Protease HIV-1 (PR). Unesa Journal of Chemistry,
12(1); 26-30

Susanti, N., A. Mustika, J. Khotib, R. Muti, and M. Rochmanti
(2023). Phytochemical, Metabolite Compound, and An-
tioxidant Activity of Clinacanthus nutans Leaf Extract from
Indonesia. Science and Technology Indonesia, 8(1); 38—44

Tukiran, T. and M. Raihan (2025). Chemical Profiling Ethyl
Acetate Extract of Basilicum Polystachyon Leaves and Ex-
ploration of Anticancer SIRT'1 Inhibitors Using an In Silico
Approach. Indonesian Journal of Chemistry, 25(1); 256-265

Widiastuti, N. L. G. K. (2019). Pendidikan Sains Terintegrasi
Keterkaitan Konsep Tkatan Kimia dengan Berbagai Bidang
Imu. Widya Accarya, 10(2); (in Indonesia)

Widiyana, A. P., T. Widiandani, and S. Siswodihardjo (2024).
5-O-Acetylpinostrobin Derivatives Inhibit Estrogen Alpha
and Progesterone Receptors Through a Molecular Docking
Approach. Pharmacy Education, 24(3); 244-250

Yang, Y., R. Zheng, P. Zhang, J. Wen, Y. Luo, Z. Zhao, L. You,
and C.-T. Ho (2022). Combination Effects of Polyphenols
Present in Sugarcane on Proliferation in MCF-7 Human
Breast Cancer Cells. Sugar Tech, 24(3); 832-840

Yi, X., J. Zuo, C. Tan, S. Xian, C. Luo, S. Chen, L. Yu, and
Y. Luo (2016). Kaempferol, a Flavonoid Compound from
Gynura medica, Induced Apoptosis and Growth Inhibition in
MCEF-7 Breast Cancer Cells. African Journal of Traditional,
Complementary and Alternative Medicines, 13(4); 210-215

Zhang, M.-Q. and B. Wilkinson (2007). Drug Discovery
Beyond the ‘Rule-of-Five’. Current Opinion in Biotechnology,
18(6); 478-488

Page 939 of 939



	INTRODUCTION
	EXPERIMENTAL SECTION
	Materials
	Methods
	Preparation and Extraction of Sample
	MCF-7 Cell Viability Analysis
	LC-MS Analysis
	Druglikeness Lipinski Analysis
	Molecular Docking in silico
	Toxicity Prediction as a Drug Compound


	RESULTS AND DISCUSSION
	MCF-7 Cell Viability Analysis
	LC-MS Analysis of Extract
	Drug-likeness Lipinski Analysis
	Molecular Docking Analysis
	Toxicity Prediction

	CONCLUSIONS
	ACKNOWLEDGMENT

