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Polyherbal Phytochemicals as Multi-Target Inhibitors of Key Breast Cancer
Proteins: A Computational Approach

Abstract

Breast cancer is a primary worldwide health concern, and conventional therapies often cause side
effects. This study was performed to investigate the therapeutic potential of a polyherbal formulation
containing Curcuma longa, Phyllanthus niruri, Ziziphus mauritiana, Nigella sativa, and Annona muricata as
multi-target inhibitors against breast cancer protein targets using molecular docking and molecular
dynamics in silico approach. Bioactive compounds were analyzed using Liquid Chromatography High-
Resolution Mass Spectrometry (LC-HRMS) to identify the extract's phytochemicals. The compounds were
examined for drug-likeness, membrane permeability, bioactivity, and toxicity. The inhibitory ability against
the proto-oncogene pathway, which is commonly dysregulated and mutated in breast cancer, including
the EGFR and MTOR pathways, was then assessed using molecular docking and dynamics simulations.
The findings indicate that various phytochemicals present in the polyherbal formulations demonstrate
strong binding affinities and advantageous pharmacokinetic characteristics against MTOR, PIK3CA, and
EGFR. This implies their potential as effective multi-target inhibitors. The capability of these bioactive
compounds to modulate multiple targets presents a significant advantage compared to therapies that
focus on a single target. This study proposes a novel, potent, and non-toxic therapeutic approach for
breast cancer
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Abstract

Breast cancer is a primary worldwide health concern, and conventional therapies often cause side effects. This study
was performed to investigate the therapeutic potential of a polyherbal formulation containing Curcuma longa, Phyl-
lanthus niruri, Ziziphus mauritiana, Nigella sativa, and Annona muricata as multi-target inhibitors against breast cancer
protein targets using molecular docking and molecular dynamics in silico approach. Bioactive compounds were
analyzed using Liquid Chromatography High-Resolution Mass Spectrometry (LC-HRMS) to identify the extract's
phytochemicals. The compounds were examined for drug-likeness, membrane permeability, bioactivity, and toxicity.
The inhibitory ability against the proto-oncogene pathway, which is commonly dysregulated and mutated in breast
cancer, including the EGFR and MTOR pathways, was then assessed using molecular docking and dynamics simu-
lations. The findings indicate that various phytochemicals present in the polyherbal formulations demonstrate strong
binding affinities and advantageous pharmacokinetic characteristics against MTOR, PIK3CA, and EGFR. This implies
their potential as effective multi-target inhibitors. The capability of these bioactive compounds to modulate multiple
targets presents a significant advantage compared to therapies that focus on a single target. This study proposes a novel,
potent, and non-toxic therapeutic approach for breast cancer.

Keywords: Breast cancer, MTOR, PIK3CA, Polyherbal medicine, Virtual screening

1. Introduction

B reast cancer is a group of different cancers that
appear in the mammary glands [1]. Breast
cancer caused 670,000 deaths and 2.3 million new
cases among women worldwide. The annual rates
rose by 1-5% in half of the countries examined [2].
In Indonesia, breast cancer is the most prevalent
cancer, with 19.2% of all cancers [3]. There are
several common treatments for breast cancer,
including chemotherapy, radiotherapy, and sur-
gery, but these treatments cause harmful side ef-
fects to the body if used long-term. Fatigue,
sleeplessness, peripheral neuropathy, cognitive

decline, estrogen deficiency, cardiotoxicity, and
secondary malignancies are among the most
frequent long-term side effects of chemotherapy
[4]. This has encouraged the development of alter-
native treatments that combine herbal plants as a
therapy for breast cancer, known as polyherbal
formulations. Polyherbal formulation enhances the
synergistic effect to increase the activity of com-
bined substances over the additive effect in a pol-
yherbal combination. This synergistic effect can
enhance the antioxidant activity by combining
several potent herbal plants [5]. Polyherbalism
provides some advantages that single herbal for-
mulations cannot match due to their synergistic
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effects. This method can lower the possibility of
unfavourable side effects by giving greater thera-
peutic efficacy at lower dosages. The formulation
also showed fewer side effects and was environ-
mentally friendly. Bioactive compounds derived
from the individual plants are not enough to pro-
vide the pharmacological action [6].

Curcuma longa contains Curcumin, which has anti-
oxidant activity with apoptotic and antiproliferative
properties. Curcumin can alter the expression and
functions of some proteins, including transcription
factors, inflammatory cytokines, and enzymes, and
gene products associated with cell survival and pro-
liferation [7]. Furthermore, Phyllanthus niruri can
inhibit breast cancer metastasis and proliferation by
inhibiting matrix metalloproteinases 2 and 9 expres-
sion through the ERK pathway. Inhibiting hypoxia-
inducible factor 1-o lowered the expression of
vascular endothelial growth factor and inducible ni-
tric oxide synthase, leading to anti-angiogenic effects
and anti-metastasis [8]. Another herbal plant that has
anticancer potential is Ziziphus mauritiana, or Indian
jujube. This plant has anticancer agent activity, where
the extracts from its fruits, leaves, and seeds show
antioxidant activity, while its bark and pulp exhibit
cytotoxic effects against various cancer cell lines [9].
Additionally, Nigella sativa also shows powerful
anticancer ability and inhibits breast cancer cell
migration, and promotes apoptosis [10]. In addition,
Annona muricata Linn, or soursop, is a tropical plant
with anticancer effects and is traditionally used
worldwide to treat cancer. Studies show that its leaf
and fruit extracts exert cytotoxic, chemoprotective,
and anti-metastatic effects through mechanisms,
such as cell cycle arrest, apoptosis, EGFR down-
regulation, and MAPK pathway modulation, pri-
marily attributed to its rich acetogenin and alkaloid
content [11].

EGEFR plays a central role in cell physiology and
oncogenesis, and extensive research has led to the
development of effective targeted therapies.
Additionally, EGFR is also known for driving pro-
liferation and inhibiting apoptosis as a key proto-
oncogene with complex signaling networks [12].
Furthermore, EGFR activation also begins with
ligand-induced dimerization and cross-phosphor-
ylation, creating docking sites for effector proteins
that trigger primary signaling cascades, such as
KRAS-MAPK, PI3K-AKT, and STAT, then driving
proliferation, survival, angiogenesis, and migra-
tion, which are deregulated in cancer due to ge-
netic mutations [13]. Another crucial pathway, such

as mTOR, a kinase downstream of PIK3K/AKT,
regulates cell growth through TORC1 and TORC2,
and is frequently dysregulated in cancer. Hyper-
activation of the PI3K/AKT/MTOR pathway can be
driven by PIK3CA, AKT mutations, PTEN loss, or
AKT?2 amplification, which promote proliferation,
survival, metastasis, and resistance to therapy [14].
This study aims to analyze the potential of poly-
herbal medicine in inhibiting the breast cancer
proto-oncogene pathway.

2. Materials and methods

2.1. Sample preparation and liquid chromatography
high-resolution mass spectrophotometry (LC-HRMS)
analysis

The formulation of C. longa, P. niruri, Z. mauritiana,
N. sativa, and A. muricata was obtained from Ismut
Fitomedika Indonesia (IFI). The sample was pre-
pared by weighing 5 mg in 1 mL of methanol, then
filtered using a Nylon membrane with a pore size of
0.2 pm. LC-HRMS analysis was performed using
UHPLC Vanquish™ Tandem Q Exactive Plus
Orbitrap HRMS ThermoScientific™. Thermo-
Scientific Accucore C18, 100 x 2.1 mm, 1.5 um, was
used for liquid chromatography. The mobile phase
was analyzed using MS-grade water containing
0.1% formic acid (A) and acetonitrile + 0.1% formic
acid (B) using a gradient method with a 0.2 mL/min
flow rate. The mobile phase B was set at 5% and
rose to 95% steadily in 28 min until returning to the
previous state (5% B) for 28—33 min. The column
temperature was 30 °C, and the injection volume
was 2 pL. The untargeted screening was utilized
with positive and negative ionization modes. The
data was analyzed using the online database
ChemSpider and mzCloud. Furthermore, the mass
error of each compound was identified using War-
wick Mass Error (https://warwick.ac.uk/fac/sci/
chemistry/research/barrow/barrowgroup/
calculators/mass_errors/), with a mass error score
of up to +10 ppm of the candidate structures, to
ensure more accurate identification of bioactive
compounds [15]. The fragment ions from com-
pounds were determined using the database CFM-
ID (Competitive Fragment Modeling Identification)
(https://cfmid.wishartlab.com/) and FooDB (https://
foodb.ca/) to predict, annotate, and understand the
tandem mass spectra of small compounds [16]. The
matched fragment ion from the database indicates
similar bioactive compounds.
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2.2. Drug-likeness, membrane permeability, bioactivity,
and toxicity analysis

The bioactive compounds were screened using
SwissADME (http://www.swissadme.ch/) with pa-
rameters Lipinski's rule of five, Veber, and Egan.
Drug-likeness was determined through structural
or physicochemical examinations of compounds
that were progressed enough to be regarded as
oral medication candidates. This concept is used to
filter chemical libraries to exclude compounds
having features that are most likely incompatible
with an appropriate pharmacokinetic profile [17].
The compounds that passed drug-likeness
screening were analyzed for toxicity screening
using the ProTox web server (https://tox.charite.
de/protox3/) to evaluate chemical safety and have
the potential to manage risks associated with
chemical exposure [18]. Membrane permeability
screening was analyzed using the PerMM web
server (https://permm.phar.umich.edu/) to deter-
mine compounds that are capable of diffusion
through lipid bilayers [19]. The PerMM web server
is utilized to calculate membrane binding energies,
energy barriers, and permeability coefficients for
various membrane systems [20]. Compounds that
passed the screening were used for bioactivity
analysis using the PASS Prediction of Activity
Spectra for Substances web server (http://
way2drug.com/passonline/). The biological activ-
ity was performed to determine Pa (to be active)
and Pi (to be inactive) values using a cut-off value
of Pa > 0.7 [21].

2.3. Target protein determination

Protein targets were determined using Swiss
Target analysis (https://www.swisstargetprediction.
ch/), Disgenet, and KEGG from DAVID (https://
davidbioinformatics.nih.gov/tools.jsp). The protein
was then analyzed for mutation using cBioportal
(https://www.cbioportal.org/). The protein that
showed more than 1% of mutation was used for
further molecular docking analysis.

2.4. Functional annotation analysis

Functional annotation was performed to catego-
rize target proteins according to their role in the
cell. Functional annotation analysis was carried out
using the DAVID web server (Database for Anno-
tation, Visualization, and Integrated Discovery)
(https://david.ncifcrf.gov/) [22]. The databases were
created using the Gene Ontology (GO) and the
Kyoto Encyclopedia of Genes and Genomes (KEGG

pathway). GO groups proteins into three domains:
Biological Process, Cellular Component, and Mo-
lecular Function. The KEGG pathway classifies
target proteins based on their role in human
cellular pathways [23].

2.5. Protein and ligand preparation

PubChem was utilized to obtain the 2D structure
of the compounds (https://pubchem.ncbi.nlm.nih.
gov/). The 3D structure of compounds was used
for molecular docking analysis. The inhibitors for
the proteins were obtained from PubChem or
extracted from the protein PDB using Discovery
Studio 2019. The ligands are then minimized using
the Open Babel plugin built into the PyRx 0.9.5
program. Furthermore, the RCSB PDB database
was utilized to retrieve the 3D structure of the
protein target (https://www.rcsb.org/) (Table 1).
The protein was prepared using Discovery Studio
2019 Client ver 19.1.0 software (Dassault Systemes
Biovia, San Diego, California, USA) by removing
water molecules and native protein ligands. The
results obtained were saved in PDB format.

2.6. Molecular docking and visualization

Specific docking to the active areas of the protein
target was performed using AutoDock Vina tools
and PyRx 0.9.5 (Table 1). The complex with the
lowest binding affinity compared to the inhibitor
was chosen for the molecular dynamics simulation.

2.7. Molecular dynamics and binding energy simulation

Molecular dynamics analysis was carried out
using Yet Another Scientific Artificial Reality
Application (YASARA) 19.12.14 version. The
AMBER14 force field was used on YASARA Dy-
namics for the simulation. Furthermore, water
molecules were added, and then the system was
neutralized with 0.9% NaCl salt at 310 K and pH 7.4.
The simulation was carried out under a periodic
boundary condition. The temperature of the simu-
lation was regulated by the Berendsen thermostat
(310 K) and barostat (1 pressure bar) for 20 ns with
automated storage every 25 ps. The simulation was
performed with the macro program md_runfast.
Additionally, the analytical program md_analyze
was utilized to compute root-mean-square devia-
tion (RMSD), spin radius, and hydrogen bonds. The
root mean square fluctuation (RMSF) was analyzed
using md_analyzeres, and the molecular dynamic
binding energy was analyzed using md_bindinge-
nergy [24].
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Table 1. Polyherbal medicine bioactive compounds and the matched fragment ions.

No Compound Formula RT Theoretical Observed Mass error CID Fragment ion m/z Bioavailability
(min) mlz mlz (ppm)
1 Curcumin C51H3006 16.758  368.12477 369.13117  —4.346352 969516 368.1240; 369.13171 0.55
2 Curcumin II C3oH1505 16.45 338.11443 339.12122  —-3.57867 5469424  91.05421; 121.06499; 117.0322; 119.048; 0.55
145.02808; 147.04370; 339.12155
3 Hexyl cinnamaldehyde Cy5H00 20.786  216.15079 217.15807  —3.3331008 1550884  83.04924; 91.05438; 103.05437; 117.06985;  0.55
119.08537; 217.15834
4 DL-malic acid C4HeOs5 1117 134.02049 133.01321  5.72313 525 59.013; 71.01279; 72.99207; 87.00768; 0.56
89.02341; 115.00268; 133.01332
5 Choline CsHy3NO 1.049 103.09983 10410711  —6.983523 305 58.06557; 60.08119; 86.09664; 104.10690; 0.55
105.11031
6 (+)-Nootkatone Cy5H0 22.38 218.16635 219.17369  —3.025214 1268142  53.03899; 79.05452; 93.07001; 91.05426; 0.55
105.06985; 177.12672; 201.16341;
219.17371
7 L-(+)-Valine CsH11NO, 1.052 117.07894 118.08621  —6.25109 6971018  54.50256; 56.04974; 58.06556; 59.07337; 0.55
70.06546; 116.07059; 118.08608
8 4-Aminobenzoic acid C;H;NO, 1.079 137.04744 138.05472  —5.253655 978 67.05454; 78.03426; 93.05777; 93.05267; 0.55
92.04962; 94.06527; 111.06344; 138.05460
9 1,3,4,5- C;H1,06 1.075 192.06256 191.05528  3.748779 1064 57.03351; 59.01273; 71.01273; 85.02848; 0.56
Tetrahydroxycyclohexanecarboxylic 87.00786; 127.03931; 171.02898;
acid 173.04494; 191.05542; 192.05869
10  Valerenic acid C15H,0, 16.311  234.16113 23516841  —3.074806 6440940 67.0546; 81.07013; 107.08566; 109.10123;  0.85
217.15805; 235.16861
11 Pulcherriminic acid CpHpoN,O, 1631 256.14305 25715033 ~ —2.810929 3083664 57.07036; 71.08572; 171.04346; 257.15045  0.55
12 Moracin C C19H1504 15.925  310.11992 309.11292  3.224559 155248 203.07089; 309.11322 0.55
13 Phytosphingosine CygH30NO;  15.386  317.29192 31829919  —2.30072 122121 71.08589; 300.28900; 318.29950 0.55
14 13S-hydroxyoctadecadienoic acid Cy5H3203 19.936  296.23469 29522742  2.464262 6443013  59.01278; 113.09597; 195.13841; 0.85
277.21713; 296.23090; 295.22757
15 Pheophorbide A C35H36N4Os  26.631  592.26561 593.27289  —1.215671 253193 533.25458; 593.27399 0.56
16 (+)-Alantolactone C15Hz002 16.91 232.14557 233.15285  —3.101502 72724 79.05446; 91.05434; 107.08559; 177.09061;  0.55
233.15334
17 Sphinganine C15H39NO, 17.62 301.29689 302.3041 —2.621999 91486 57.0703; 71.08588; 102.09145; 284.29376; 0.55
303.30789; 302.30444
18 Cinnamyl alcohol CoH100 17.732  134.07288 135.08015  —5.4448 5315892  65.03346; 65.03877; 91.05444; 117.06985; 0.55
135.08023
19  Linolenelaidic acid C415H300, 19.96  278.22353 279.23074  —2.839444 5282822  55.05460; 67.05458; 69.07025; 79.05442; 0.85
81.07012; 83.08594; 131.08531 93.07005;
95.08564; 107.08572; 109.10115;
131.08531; 149.13223;
20 Reticuline CoHpsNO,  7.715 329.16146 330.1687 —2.308897 439653 137.05945; 151.07527; 192.10152; 0.55
299.12653; 330.16925
21 5,7,4'-Trihydroxy-6- CyoHz005 16.192  340.1302 339.12314  2.76648 3519901  120.05250; 119.04922; 134.0632; 0.55
prenylflavanone 149.05991; 191.07008; 219.06673;
233.08058
22 Azelaic acid CoH1604 9.725 188.10408 187.0968 3.827668 2266 57.03357; 97.06486; 125.09618; 143.10680;  0.85

187.09683; 188.10062

(continued on next page)
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Table 1. (continued)

No

Bioavailability

Fragment ion m/z

CID

Observed Mass error

Theoretical

mlz

Formula

Compound

(ppm)

mlz

(min)

0.55

55.05468; 59.04943; 67.05453; 69.03385;
79.05450; 83.04935; 97.06499; 107.08559;

109.06494; 125.09594

—5.802306 20534

125.09587

124.08859

23.37

CgH1,0

2-Butylfuran

23

0.55
0.85
0.55

69.07024; 86.09664; 132.10164

121.0285; 122.03168

6106
243

—6.026189
5.981855

132.10168

131.09447
122.03573
202.17148

1.584
6.992

C6H13N02

C7/HeO;
C151{22

L-(+)-Leucine
Benzoic acid

24
25

121.02846
203.17876

55.05465; 67.05455; 79.05447; 69.07014;
81.07010; 93.06999; 91.05440; 95.08562;

107.08557; 105.06990; 119.08540;

147.11646; 161.13206;
67.05457; 95.08566

92139

—3.561333

20.481

Curcumene

26
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0.55
0.56

354398
94715

-1.207114
3.710539

597.47101

596.46373
194.04187

24.647
1.062

C35H64O7

Annonacin

27

59.01273; 87.00786; 103.00272

193.03459

CeH1007

D-Glucopyranuronic acid

28

3. Results

3.1. Identification of bioactive compounds in polyherbal
formulation

LC-HRMS analysis was performed to identify
bioactive compounds in the polyherbal medicine.
The mass error and fragmentation ion of each
compound were analyzed using Warwick mass
error calculation (https://warwick.ac.uk/fac/sci/
chemistry/research/barrow/barrowgroup/
calculators/mass_errors/). The study showed that
there were 28 compounds identified according to
the CFM-ID Database (https://cfmid.wishartlab.
com/) and met the criteria between —-10 and
10 ppm of mass error (Table 1).

The compounds' fragment ions were compared
with the database, revealing several matched frag-
ment ions. CFM-ID is a machine learning tool to
predict in silico tandem mass spectra (MS/MS) for
suspected metabolites, for which the chemical
standards are not available [25]. The database
accurately predicts electrospray ionization mass
spectra (ESI-MS/MS) from chemical structure, then
identifies compounds according to MS/MS spectral
matches [26].

A previous study showed the LC-HRMS frac-
tionation result of Curcuma longa contained curcu-
min, dimethoxycurcumin, and curcumene, which
were also included in our present study [27]. In
addition, P. niruri in previous literature also
demonstrated several compounds similar to those
in our previous study, such as azelaic acid [28]. A.
muricata also displayed annonacin, which is
consistent with the LC-HRMS profiles of A. muricata
[29]. Furthermore, a previous study also explained
about Z. mauritiana compounds such as p-Gluco-
pyranuronic acid, which were included in the pre-
sent study. The compound is well known for liver
detoxification and excreting glucuronidation as an
exogenous chemical [30].

3.2. Drug-likeness screening, membrane permeability,
bioactivity, and toxicity analysis

Drug-likeness screening was conducted to
analyze which compounds have a role as medicine.
In addition, drug-likeness, introduced to guide
advanced drug discovery, refers to the molecular
physicochemical properties typical of drugs and
often linked to PK and safety, also identifies com-
pounds with desirable ADMET properties using
Lipinski's Rule of Five, Veber, and Egan analysis
that define compounds within specific property
ranges as drug-like [31]. According to the study of
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drug-likeness screening, 21 bioactive compounds
pass the Lipinski, Veber, and Egan properties
(Fig. 1A). The drug-likeness screening also showed
that all phytochemicals showed more than 0.55 in
bioavailability scores. Phytochemicals with a
bioavailability score> 0.55 are considered easy and
are well absorbed by the body [32]. Drug-likeness
requires assessing a compound's absorption, dis-
tribution, metabolism, and excretion (ADME). In
addition, this analysis plays a crucial role in main-
taining the balance of molecular characteristics and
structural traits. The Lipinski rule of five was used
to assess drug-likeness according to five physico-
chemical properties, and evaluates the bioavail-
ability of bulk materials to determine their drug-
like qualities [33].

The membrane permeability analysis indicates
that every 21 compounds can penetrate the plasma
membrane (Fig. 1B). PerMM analysis was per-
formed to calculate membrane binding energies,
energy barriers, and permeability coefficients for
various membrane systems [20]. This will identify
the passive permeability of molecules across
membranes with diverse structures. Passive diffu-
sion requires the movement of molecules in
response to the concentration gradient between the
two water media on the two sides of the membrane
sides [34].

Bioactivity analysis was conducted to determine
compounds with potential anticancer activity. In
addition, the screening identified five compounds
with the highest potential, such as curcumin, cur-
cumin II, moracin C, 5,7,4'-Trihydroxy-6-prenyl-
flavanone, and p-Glucopyranuronic acid (Fig. 2A).
The compounds curcumin, curcumin II, moracin C,
and 5,7,4-Trihydroxy-6-prenylflavanone possess
apoptotic agonist properties. In addition, an
important property demonstrated is the free radical
scavenger activity possessed by all five compounds.
Furthermore, the compound 5,7,4'-Trihydroxy-6-
prenylflavanone showed optimal activity in MMP9
and TP53 expression, antineoplastic, and anti-
mutagenic activities. Polyherbal bioactive com-
pounds undergo enzymatic digestion, metabolic
modification, and selective absorption before
exerting biological effects. The analysis in this study
was intended to illustrate the analytical and
experimental screening strategy.

Additionally, the toxicity prediction of bioactive
compounds showed that the five compounds are
unlikely to cause liver and nervous system damage.
According to the carcinogenicity property, they were
also predicted as inactive with a probability of 0.95, so
they are unlikely to be carcinogens. The mutagenicity
aspect showed that they did not cause genetic

mutations. In addition, the cytotoxicity property was
predicted as inactive, and the compounds are not
toxic to the cells (Fig. 2B). Furthermore, the LD50
analysis showed that the bioactive compounds
exhibit low acute toxicity. Curcumin, Curcumin II,
and 5,7,4'-Trihydroxy-6-prenylflavanone can be
harmful in high quantities. Additionally, moracin Cis
safer and may be harmful at extremely large doses. In
addition, p-Glucopyranuronic acid is nontoxic to
humans (Fig. 2C).

3.3. Target protein compounds of polyherbal
formulations

The protein target analysis was conducted to
determine the appropriate target protein for each
compound. The study was performed to identify
the protein targets of each compound. Swiss Target
is a database used to identify potential protein
targets by inputting SMILES structures. In addition,
Disgenet and KEGG were used to screen target
proteins from the Swiss Target to make them more
specific. Furthermore, cBioportal was used to
identify mutations in the target proteins, where if
mutations of more than 1% were found, they would
be used as target proteins for molecular docking.

The study showed that curcumin has several
target proteins, such as EGFR and AKT1, while the
curcumin II compound also has the MTOR protein.
Additionally, the bioactive compound moracin C
can target several compounds, such as AKT1 and
ESR1. In addition, 5,7,4-Trihydroxy-6-prenyl-
flavanone also targets the ESR1 protein and other
proteins such as PIK3CA, ERBB2, and KIT.
Furthermore, the last compound, p-Glucopyranur-
onic acid, shows the protein AKT1 and ESR1 as the
target (Fig. 3).

Swiss Target Prediction is a vital database to
predict compound targets according to the simi-
larities of compounds' structures. The database as-
signs a score to each target to indicate the likelihood
of a target protein prediction [35]. CBioPortal was
utilized as a comprehensive resource for patients
and sample-level clinic genomic data in cancer,
enabling detailed studies and comparisons of
different subtypes. Furthermore, this database of-
fers efficient analysis, making it ideal for re-
searchers without prior knowledge of massive
datasets [36]. The cBioPortal database can assess
the genetic alterations in such proteins, specifically
in cancer disease. Genetic mutations are crucial to
predict and understand disease, especially in breast
cancer [37]. Furthermore, the protein—protein
interaction (PPI) network was analyzed using the
six molecular targets of the polyherbal medicine
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(Fig. 4A). Signalling route cross-talk demonstrated
the therapeutic effect. The highest connections
were shown by highlighted yellow proteins, such as
EGFR, PIK3CA, AKT1, ERBB2, MTOR, and ESRI.
The result indicates their crucial regulatory roles in
the network.

Proteins associated with the upstream signaling,
such as IGFIR and the ERBB family [38,39]. In
addition, intracellular kinases demonstrate several
proteins, such as PI3K isoforms, SRC, JAK3, and
PTK6 [40—42]. Additionally, downstream effectors
contribute with STAT1/3 and CCND1, then form
interconnected modules converging primarily on
the PIBK/AKT/mTOR pathway [43]. The PPI
network displayed that the bioactive compounds
targeted a multi-node, multi-pathway regulatory
system rather than a single pathway.

Gene ontology analysis was performed for bio-
logical process, cellular component, and molecular
function roles (Fig. 4B). The protein network
showed several proteins associated with signal
transduction, including 37 proteins, the EGFR
signaling pathway, and intracellular signal trans-
duction for 21 proteins, indicating central regulators
of upstream and downstream signaling cascades. In
addition, cell proliferation, positive regulation of
apoptotic signaling, MAPK cascade, and T-cell re-
ceptor signaling are also represented, suggesting
that this network modulates key pathways in cell
growth and immune regulation.

The proteins are also localized in the cytosol,
plasma membrane, and cytoplasm, which indicates
the dominance of kinase adaptors and receptors.
Furthermore, molecular function analysis demon-
strates protein binding, ATP binding, protein kinase
activity, and receptor-tyrosine kinase binding. High
representation of protein serine/threonine kinase
activity and enzyme binding indicates the key regu-
lators of PI3K/AKT, MAPK, and JAK/STAT pathways.

3.4. Molecular docking between compounds from
polyherbal formulations and their target proteins

Molecular docking analysis was performed and
showed various binding affinities and a similar
position of chemical interaction compared to the
inhibitor (Table 2, Fig. 5). EGFR interacting with
curcumin showed similarity in hydrophobic inter-
action, such as ALA743 and LEU844, compared to
the inhibitor. In addition, curcumin II interacts with
EGFR and indicates two similar hydrophobic in-
teractions with the inhibitor, such as VAL726 and
LYS745. Additionally, curcumin II exhibited lower
binding affinity after interacting with MTOR
compared to the inhibitor, which is —8.5 kcal/mol.

The amino acid residue also showed a similar po-
sition compared to the inhibitor, which are TYR1583
and LYS1452.

Furthermore, moracin C interacts with protein
ESR1 and displays similar amino acid residues for
hydrophobic interaction, such as ALA350, LEU525,
and LEU387. Moreover, 5,7,4'-Trihydroxy-6-prenyl-
flavanone with PIK3CA exhibited low binding affin-
ity, which is —9.2 kcal/mol, and there is one hydrogen
interaction and three hydrophobic interactions
compared to the inhibitor. Protein ESR1 interacts
with compound p-Glucopyranuronic acid and in-
dicates two similar hydrogen interactions compared
to the inhibitor, such as ARG394 and GLU353.

3.5. Interaction between compounds in polyherbal
medicine and their target proteins

A molecular dynamics simulation was per-
formed to demonstrate the interaction stability
between the ligand and protein. The simulation
was determined using RMSD backbone, number of
hydrogen bonds, and binding energy analysis
(Fig. 6). RMSD backbone analysis showed a stable
simulation in curcumin with EGFR, since the
RMSD value is less than 3 A, whereas curcumin 11
is less stable because the RMSD value is mostly
more than 3 A. In addition, curcumin II also in-
teracts with MTOR and is more stable compared to
the EGFR interaction. Furthermore, the interaction
exhibited instability in the middle and at the end of
the simulation. Moracin C, p-Glucopyranuronic
acid, and 5,7,4-Trihydroxy-6-prenylflavanone
showed more stability in the simulation from the
start to the end of the simulations since the RMSD
values are less than 3 A. Ligands with lower RMSD
values (<3 A) remained more stable in the initial
pose, while an average RMSD of 3—8 A indicated
that the ligand underwent conformational changes
while binding and was stable in the catalytic site
[44] (Fig. 6A).

Moreover, the number of hydrogen bonds was
also analyzed, and it was shown that curcumin and
curcumin II have more hydrogen bonds compared
to their inhibitor in EGFR and MTOR interaction.
Furthermore, moracin C and 5,7,4'-Trihydroxy-6-
prenylflavanone have fewer hydrogen bonds
compared to their inhibitors. In contrast, p-Gluco-
pyranuronic acid has a greater number of hydrogen
bonds compared to the inhibitor in the simulation
(Fig. 6B).

The binding energy simulation also determines
the stability of ligand and macromolecule interac-
tion. The simulation demonstrated that curcumin,
curcumin II, moracin C, p-Glucopyranuronic acid,
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Fig. 4. Functional annotation analysis of the protein targets. A. Protein—protein network examination and B. Gene ontology determination of

biological process, cellular component, and molecular function.

and 5,7,4'-Trihydroxy-6-prenylflavanone showed
more negative binding energy compared to their
inhibitor. On the other hand, curcumin II showed
higher binding energy compared to the inhibitor
when it interacts with MTOR (Fig. 6C).

4. Discussion
4.1. Polyherbal medicine bioactive compounds

Polyherbal medicine showed potential bioactive
compounds such as curcumin, curcumin II, moracin

C, 5,7,4'-Trihydroxy-6-prenylflavanone, and p-Glu-
copyranuronic acid. Curcumin is a hydrophobic
polyphenol from Curcuma longa. It has long been
used in traditional medicine and is highly recog-
nized for its anticancer role by regulating multiple
signaling pathways, including transcription factors,
receptors, kinases, cytokines, enzymes, and growth
factors. Moreover, clinical and experimental studies
have demonstrated its efficacy, such as in mam-
mary cancer, highlighting curcumin as a promising
agent for cancer prevention and therapy in
combination or alone [45]. Curcumin II or
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Table 2. Molecular docking analysis of bioactive compounds with the targeted protein and inhibitor.

Compound Protein Target PDB ID Inhibitor Binding affinity (kcal/mol)
Protein-compound Protein-inhibitor
Curcumin EGFR 4123 Dacomitinib -74 -8.1
AKT1 6HHF Borussertib -9.1 —15.2
Curcumin II EGFR 4123 Dacomitinib -7.6 -8.1
AKT1 6HHF Borussertib -9.1 -15.2
MTOR 4JSV Inhibitor —8.5 -7.8
Moracin C AKT1 6HHF Borussertib -9.5 -15.2
ESR1 3ERT Tamoxifen -7.8 -9.8
5,7,4 -Trihydroxy-6-prenylflavanone ESR1 3ERT Tamoxifen -72 -9.8
PIK3CA 5DXT Alpelisib -9.2 -9.7
ERBB2 3PPO Inhibitor —-10.4 -11.1
KIT 7KHG Pexidartinib -9.6 -11.9
D-Glucopyranuronic acid AKT1 6HHF Borussertib -5.7 -15.2
ESR1 3ERT Tamoxifen —6.1 -9.8

desmethoxycurcumin is contained in Curcuma longa
and showed anticancer activity (anticarcinogenic) in
moderate criteria (0.5 < Pa < 0.7) [46].

Moracin C is a phenolic compound that shows
anti-inflammatory activity and potentially inhibits
the proliferation of the A549 cell line and the
human breast cancer cell line MCF-7 [47]. Addi-
tionally, moracin C also exhibited the most potent
cytotoxicity against the HL-60 cell line or human

@ us

o QI
S et

Inhibitor

5,7,4'-Trihydroxy-6-
prenylflavanone

Moracin C

leukemia cells with an IC50 value of 6.7 + 0.8 uM
[48]. In addition, 5,7,4'-Trihydroxy-6-prenyl-

flavanone is a flavonoid derivative that has a prenyl
side chain, which increases the structural diversity
of flavonoids and enhances their bioactivity and
bioavailability. This compound exhibits anticancer,
anti-inflammatory, neuroprotective, anti-obesity,
anti-diabetic, and cardioprotective properties [49].
study, as

This a preliminary screening to

Fig. 5. Molecular docking visualization and position of chemical interaction. A. EGFR-Curcumin and EGFR-Inhibitor, B. EGFR-Curcumin II and
EGFR-Inhibitor, C. MTOR-Curcumin II and MTOR-Inhibitor, D. ESR1-Moracin C and ESRI1-Inhibitor, E. PIK3CA-5,7,4'-Trihydroxy-6-pre-
nylflavanone and PIK3CA-Inhibitor, F. ESR1-p-Glucopyranuronic acid and ESR1-Inhibitor. Note: A Red circle means the similarity of the com-

pound'’s position in the chemical interaction with the inhibition.
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number of hydrogen bonds and the C. Binding energy simulation.

characterize the bioactive compounds, has a limi-
tation of the absence of chromatographic fraction-
ation to isolate individual compounds. Future
studies will incorporate solvent extraction followed
by fractionation-based isolation and subsequent
LC-HRMS analysis of the fraction. This approach
will enable more precise identification of active
metabolites. Fractionation-based analysis would

strengthen compound-specific validation in future
research.

The molecular docking analysis displayed only
single-compound interactions. It does not account
for the synergistic, additive, or antagonistic effects
that may occur when metabolites are combined
within the polyherbal formulation. Further in vitro
examination is required for the extract or fractions.
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4.2. Drug-likeness potential, membrane permeability,
bioactivity, and toxicity screening

The screening analyses indicated the identifica-
tion of compounds with suitable ADME character-
istics, =~ membrane  permeability, functional
relevance, and acceptable toxicity profiles. Incor-
porating these steps improves the transparency and
rationale of the molecular docking analysis. The
drug-likeness analysis identifies that the five com-
pounds had no violation in the Lipinski, Veber, and
Egan parameters. Understanding and predicting
oral bioavailability for an orally administered drug
is essential. The absorption and distribution of
drugs in the body significantly impact their thera-
peutic efficacy [50]. Additionally, membrane
permeability analysis also indicates that the po-
tential compound exhibited low transfer energy and
can penetrate the membrane lipid bilayer. Mem-
brane permeability is an essential parameter in
drug development. A drug must have sufficient
permeability with high efficacy for the intracellular
target [51].

Curcumin and curcumin II have several signifi-
cant bioactivities that play a crucial role in breast
cancer, such as apoptosis agonist, MMP9 and TNF
expression inhibitor, free radical scavenger, anti-
mutagenic, and caspase 3 stimulant. In addition,
moracin C and 5,7,4'-Trihydroxy-6-prenylflavanone
also showed apoptosis agonist, MMP9 and TNF
expression inhibitor, antineoplastic, and free radical
scavenger. Moreover, 5,7,4'-Trihydroxy-6-prenyl-
flavanone simulates antioxidant, antimutagenic,
and anti-inflammatory activities. Furthermore, D-
Glucopyranuronic acid displays other potentials,
such as a caspase 8 stimulant. These bioactivities
have a Pa value > 0.7 as the cut-off. Pa value de-
notes the compound's active nature, while Pi sym-
bolizes its passive nature. Pa value with more than
0.7 means that the bioactive compounds are likely
to have considerable experimental, biological, and
pharmacological activity [52].

The five compounds also showed non-toxic and
safe results for humans according to parameters of
hepatotoxicity, = neurotoxicity, = carcinogenicity,
mutagenicity, and cytotoxicity. This result indicates
that the bioactive compounds are safe for the liver
and neurons, non-carcinogenic, non-mutagenic,
and non-toxic. Drug-induced neurotoxicity can
potentially cause severe difficulties in the regular
functioning of the brain, resulting in a variety of
neurological symptoms or diseases [53]. These
screens have limitations and can be used to analyze
compound prioritization.

4.3. Determining the protein target in breast cancer

Protein targets were determined explicitly ac-
cording to each compound. EGFR was targeted, and
the protein interacts with curcumin and curcumin II.
Additionally, AKT1 interacts with curcumin, curcu-
min II, moracin C, and p-Glucopyranuronic acid.
MTOR also interacts with curcumin II; meanwhile,
moracin C and p-Glucopyranuronic acid interact
with ESR1. In addition, PIK3CA, ERBB2, and KIT
interact with 5,7,4'-Trihydroxy-6-prenylflavanone.
Those proteins play an essential role in breast can-
cer. The epidermal growth factor receptor (EGFR) is
widely regarded as the prototype for all receptor
tyrosine kinases. In addition, this protein is one of the
ERBB family receptor tyrosine kinases that play a
crucial role in epithelial cell physiology. EGFR is
frequently mutated or overexpressed in various
cancers, including breast cancer [54,55].

Protein kinase inhibitors (PKIs) are therapeutic
agents designed to block the activity of protein ki-
nases. PKIs work by competing with ATP at the
catalytic site, while others bind in a form that forms
covalent bonds to enhance selectivity and durability
of inhibition. In addition, EGFR and PI3K/Akt/
mTOR pathway illustrate how kinase dysregulation
drives cancer. EGFR inhibitors suppress down-
stream RAS-RAF-MEK-ERK signaling to reduce
proliferation, but resistance can arise through sec-
ondary mutation or activation of bypass routes,
such as PI3K/Akt. Furthermore, hyperactivation of
AKT and mTOR promotes survival and growth,
often through mutations in regulators, such as
PIK3CA or TSC1/2 [56,57]. ERBB2 promotes tumor
progression and chemoresistance; therefore, this
protein is essential to suppress in breast cancer
therapy. In addition, ERBB2 is overexpressed in
about 30% of breast cancer cases and is strongly
associated with aggressive behavior, metastasis,
and poor clinical outcomes [58].

The present study contributes to supporting the
therapeutic potential of natural bioactive com-
pounds as kinase-targeting agents in breast cancer.
Bioactive compounds from herbal medicine
modulate critical oncogenic pathways, including
EGFR, PI3K/Akt/mTOR. Our study found that
curcumin, curcumin II, moracin C, p-Glucopyr-
anuronic acid, and 5,7,4-Trihydroxy-6-prenyl-
flavanone modulate key nodes within these
pathways, suggesting they may function as a se-
lective inhibitor and play an essential role in a
broader multi-pathway suppression strategy.

The protein—protein network analysis showed
that the bioactive compounds in the polyherbal
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medicine act via multi-target modulation of inter-
connected pathways, dominating growth factor re-
ceptor signaling and PIK3/AKT/mTOR pathway.
Gene ontology enrichment analysis indicates that
bioactive components predominantly influence
pathways in cell survival, proliferation, and in-
flammatory response. The cytosolic and mem-
brane-localized proteins in the CC analysis align
with receptor-mediated signaling, where ligand
binding at the cell surface can trigger downstream
phosphorylation activity in the cytosol [59].
Furthermore, MF enrichment in ATP binding, ki-
nase activity, and receptor-kinase binding confirms
that the network is driven by enzymes, scaffold
proteins, and receptor complexes, which play a
crucial role as checkpoints.

PI3Kinase (PI3K) activates AKT1 by phosphory-
lating phosphatidylinositol 4,5-biphosphate (PIP2),
resulting in phosphatidylinositol 3,4,5-triphosphate
(PIP3) [60]. Moreover, mTOR is a serine/threonine
protein kinase that is located downstream of the
PI3K and AKT pathway [61]. Most breast cancers
(>80%) are hormone-dependent, commonly
expressing ER, especially ESR1, PR, and/or HER,
which drive their growth. ESR1 is activated by es-
trogen and plays a role in tumor progression [62].

4.4. Molecular docking analysis exhibited low binding
affinity and similar chemical interaction position

Molecular docking analysis showed that 5,7,4'-
Trihydroxy-6-prenylflavanone exhibited a favorable
binding affinity toward PIK3CA. Hydrogen bonds
were established with VAL851 and SERS854, then
hydrophobic interactions with ILE838, ILE932,
VALS850, ARG852, and TRP780, similar to alpelisib's
active sites. The analysis is particularly significant
since PIK3CA is one of the most frequently mutated
oncogenes in breast cancer.

Similarly, curcumin II displayed low binding af-
finity toward MTOR. These results suggest that
some bioactive compounds may achieve interaction
energies comparable to clinically used inhibitors. In
addition, the chemical interaction position also
revealed that ligands established multiple
hydrogen bonds and hydrophobic interactions with
amino acid residues critical for the stability of each
active site. Furthermore, similarity in binding resi-
dues between bioactive compounds and inhibitors
indicates competitive binding potential. Although
D-Glucopyranuronic acid exhibited moderate
binding affinity (—5.7 kcal/mol) against AKT1, it still
formed stable hydrogen bonds, such as ARG394
and GLU353, which are critical for maintaining the
ESR1 structural conformation.

Moreover, structure similarity suggests that
bioactive compounds have a similar pocket and
potentially interfere with the same signaling
cascade as the inhibitor. This study indicates that
phytochemicals such as curcumin II, moracin C,
and 5,7,4'-Trihydroxy-6-prenylflavanone demon-
strate promising binding profiles against oncogenic
target proteins. The molecular docking analysis also
suggests that curcumin II shows slightly stronger
affinity compared to curcumin itself.

Curcumin and curcumin II with EGFR showed
interactions that align strongly with the residues.
Hydrophobic pocket residues can enhance the
ligand binding via van der Waals interactions, such
as ALA743 and LEU844 for curcumin (Fig. 5A), then
VAL 726 for curcumin II (Fig. 5B). In addition,
LYS745 showed strong interaction in the hydrogen-
bond network with the EGFR inhibitor. Curcumin
forms a hydrogen-bond interaction with LYS745,
suggesting a stabilizing anchoring in the catalytic
site.

Curcumin II binds to MTOR and shows critical
interacting residues, such as LYS1452 and TYR1583.
These residues are located on the ligand surface
and at the edge of the binding channel. Further-
more, they contribute to the secondary electrostatic
stabilization and define the ligand entry or exit
pathway (Fig. 5C). Moreover, moracin C and the
inhibitor within ESR1 show that both ligands
occupy the canonical ligand-binding pocket and
interact with a largely overlapping set of key resi-
dues. Hydrophobic contacts with LEU387, LEU525,
ALA350, and LEU346 stabilize Moracin C, forming a
non-polar environment that anchors its aromatic
rings. The presence of these shared interactions
suggests that Moracin C occupies the same func-
tional cavity as the established ESR inhibitor
(Fig. 5D).

The binding profile of 5,7,4’-Trihydroxy-6-pre-
nylflavanone within PIK3CA demonstrates that the
ligand interacts with several residues that are like-
wise engaged by the reference inhibitor. Both li-
gands share hydrophobic amino acids with ILE932,
ILE848, VALS850, and one hydrogen bond for
SER854 (Fig. 5E). The m-alkyl interaction with
ILE932 and VALS50 stabilizes the aromatic scaffold
within the catalytic region. In addition, the non-
polar pocket consists of ILE848, frequently utilized
by ATP-competitive PI3K. Additionally, SER854, as
a hydrogen bond amino acid, can stabilize the
interaction and be involved in ligand orientation.
The matched amino acid interactions indicate that
the compound occupies the same functional bind-
ing pocket and may exhibit a similar ATP-compet-
itive inhibitory mechanism against PIK3CA. In
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addition, GLU353 and ARG394 are the residues that
form strong hydrogen bond anchors in ESR1-p-
glucopyranuronic acid binding. The phytochemi-
cals consistently form hydrogen bonds with these
residues, indicating stable engagement in the
ligand-binding domain (Fig. 5F).

4.5. Molecular dynamics simulation indicates stability of
compounds’ interaction with the protein targets

RMSD backbone provides an overview of the
structural stability between the protein and ligand
during 20 ns simulations. Most complexes main-
tained RMSD values below 3 A, indicating overall
stability. Moracin C and p-Glucopyranuronic acid
exhibited low RMSD fluctuations when interacting
with ESR1 compared to the inhibitor, suggesting
stable binding modes. On the other hand, curcumin
IT with EGFR exhibited larger deviations after 15 ns,
implying weaker stabilization compared to the in-
hibitor. Similarly, curcumin II and MTOR showed
higher fluctuations, whereas 5,7,4'-Trihydroxy-6-
prenylflavanone closely matched with the inhibitor,
indicating a strong interaction.

Hydrogen bond profiles revealed that the bioac-
tive compounds form dynamic but consistent in-
teractions throughout the simulation. Moracin C
and 5,7,4'-Trihydroxy-6-prenylflavanone, interact-
ing with ESR1 and PIK3CA, showed comparable or
higher hydrogen bonds compared to the inhibitors,
highlighting their strong affinity. In contrast, cur-
cumin II, interacting with EGFR and MTOR,
exhibited fewer hydrogen bonds, which may
contribute to the less stable and significant RMSD
fluctuation.

Binding energy analysis showed that most
bioactive compounds have comparable or more
favorable binding energy than each inhibitor.
Moracin C and p-Glucopyranuronic acid, interact-
ing with ESR1, maintained lower binding energy
compared to the inhibitors, indicating strong
binding stability. In addition, 5,7,4'-Trihydroxy-6-
prenylflavanone with PIK3CA exhibited consistent
binding energy and stronger binding affinity than
the inhibitor. Moreover, curcumin II with EGFR and
MTOR relatively have higher binding energy,
aligning with low hydrogen bond and RMSD pat-
terns' instability.

Future research is required to perform a study of
the most promising compound, particularly 5,7,4-
Trihydroxy-6-prenylflavanone, to confirm the
bioactivity in relevant breast cancer models. In
addition, further synergistic mechanism analysis
among components of the formulation would help
clarify their therapeutic potential.

5. Conclusions

The study found that polyherbal formulations
comprising Curcuma longa, Phyllanthus niruri, Nigella
sativa, Ziziphus mauritiana, and Annona muricata
contain various bioactive compounds, such as cur-
cumin, curcumin II, moracin C, 5,7,4'-Trihydroxy-6-
prenylflavanone, and p-Glucopyranuronic acid. The
compounds showed strong potential as anticancer
agents by screening for drug-likeness, membrane
permeability, bioactivity, and toxicity. Curcumin II
and 5,7,4'-Trihydroxy-6-prenylflavanone interacted
with MTOR and PIK3CA, respectively, and then
exhibited favorable and comparable binding affin-
ity compared to the inhibitor. The molecular dy-
namics simulation demonstrates that bioactive
compounds targeting ESR1, which are moracin C
and p-Glucopyranuronic acid, then PIK3CA, with
5,7,4 -Trihydroxy-6-prenylflavanone, demonstrate
minimal RMSD fluctuation, sustained hydrogen
bond, and favorable binding energy. EGFR with
curcumin exhibits moderate stability. However, this
finding still needs to be confirmed using further
experimental analysis and integrating data from
multi-omics techniques and epigenetic studies.
Further QSPR and QSAR modelling could deepen
the understanding and identify additional molecu-
lar targets involved in breast cancer progression.
Compound analysis using chromatography and
spectrophotometry is needed to analyze the main
compound.
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