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Abstract

Breast cancer is a disease that significantly contributes to global women death. The study aims to conduct in vitro activity testing
and assessment with a bioinformatics approach using a pharmacological network of bioactive compounds from bangun-bangun
(Coleus amboinicus) leaves extract as a breast cancer drug. The methods used are extraction of bioactive compounds by maceration
and partition, identification and analysis of bioactive compounds using the Liquid Chromatography High-Resolution Mass
Spectrometry (LC-HRMS) instrument, cytotoxic testing of breast cancer cells (MCF-7) and normal cells (CV-1) with the MTT
method, and assessment with a bioinformatics approach through a network pharmacology. The results of the cytotoxic test of ethyl
acetate extract provided better activity with ICsy value of 102.30 and 457.09 pg/mL against MCF-7 cancer cells and CV-1 normal
cells. The selectivity index value of 4.23 indicates the potential for further development in the treatment of breast cancer. The
results of the analysis of chemical compound content show various types of potential bioactive compounds as breast cancer
anticancer; assessment of the bioinformatics approach through networks pharmacology with pathways in cancer provides
predictions of signal transducer and activator of transcription 3 (STAT3) protein as the main therapeutic mechanism target in breast
cancer treatment. This study provides initial information for further research on testing and utilizing bioactive compounds from C.

amboinicus leaves as an alternative treatment for breast cancer.
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1. INTRODUCTION

Breast cancer is the most common type of
disease diagnosed in women. Over the past two
decades, breast cancer has continued to increase and
become the highest contributor to women death [1]-
[3]. More than two million women are diagnosed
each year in various age ranges, and it is a common
and high-occurring disease in more than 100
countries in the world [4]. In developed countries,
the age of diagnosis is 68 years and in Indonesia, it
is diagnosed around the age of 48 years, and around
5,000 women are diagnosed under the age of 50
years [5][6].
incidence in developed areas is higher than in
developing countries [7][8]. Risk factors for the

Based on geographical areas, the

occurrence are known, such as environmental

factors, lifestyle behavior, genetics, metabolomic
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factors, eating habits, and others [9]. Genetic
factors such as family members who have breast or
ovarian cancer, which causes congenital mutations
in BRCA1 and BRCA2, contribute to 5-10% of
cases [4]. In 2020, the incidence and mortality rates
of age-standardized breast cancer ranked first and
second among all cancers [10].

Understanding the high-risk factors, incidence,
and mortality associated with breast cancer,
prevention, and control are very important [10].
Cancer events due to genetic factors that encode
proteins in the cell cycle or because of somatic
mutations in upstream cell signaling make
conventional therapy or treatment unsuccessful.
This incident is also exacerbated by the occurrence
of cancer cell metastasis, malignancy, and
resistance to chemotherapy and radiotherapy,
resulting in failure of healing [11]. Research and
development of various cancer treatments continue
to be pursued with the aim of obtaining effective
and efficient drugs and minimizing the side effects
they cause. The side effects of chemotherapy and
radiotherapy have been reported to increase the risk
of cardiovascular disease, and this occurs acutely,
during the treatment process, or decades after
treatment  [12]. Treatment with  targeted
immunotherapy is an alternative that continues to
be developed for patients with early-stage and

metastatic  breast cancer. Treatment with
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Table 1. Testing the activity of bioactive compounds.

IC5y (ug/mL . .

No. Sample Breast cancer (M Cl(Tl-lg) )Normal (CV-1) Selectivity Index (SI)
1.  Initial EtOH extract 154.80 501.19 3.24
2.  n-CgHi, extract 217.20 630.96 2.91
3. CHiCl extract 102.30 189.10 1.85
4.  EtOAc extract 108.00 457.09 423"
5. Residual EtOH extract 396.40 531.00 1.34
6.  Cisplatin 53"

Description: *Concentrations are expressed in M or equivalent to 15.96 ppm, and selected extracts against breast cancer.

immunotherapy agents or in combination is
considered promising for breast cancer patients with
certain conditions. Therefore, the integration of
biomarkers and consideration of dynamic signs of
early response or resistance provide optimal
information in the investigation of immunotherapy
and its clinical practice integration [13]. Treatment
with the development of new therapeutic drugs that
are specifically in the treatment of breast cancer
continues to be carried out, one of which is by
utilizing natural products such as those sourced
from plants [14]-[17].

Plants have
compounds

various groups of Dbioactive
terpenoids,

phenolics, polyphenols, and alkaloids that provide

such as flavonoids,
cytotoxic activity in vitro and in vivo against breast
cancer cells with various mechanisms in inhibiting
intrinsic and extrinsic apoptosis pathways,
autophagy activity, and stopping cancer cells [14].
Bangun-bangun (Coleus amboinicus) plant has 76
volatile compounds and 30 non-volatile compounds
such as the monoterpenoid, diterpenoid,
triterpenoid, sesquiterpenoid, phenolic, flavonoid,
alcohol, and aldehyde esters [18]-[20]. The study of
various possible mechanisms of various bioactive
compounds in natural product products was carried
out through a bioinformatics approach through
pharmacology networks. This study aims to reveal
the mechanism of bioactive compound content in C.
amboinicus leaf extract with a bioinformatics
approach through pharmacology networks and
cytotoxic testing against breast cancer cells (MCF-

7).

2. MATERIALS AND METHODS

2.1. Materials

Materials in the preparation process, analysis of
bioactive compounds, and testing of C. amboinicus
leaf extract on MCF-7 cancer cells refer to the
research data we conducted previously [21]. The
materials used for molecular docking based on the
results of pharmacological studies are computers
(Intel Core 15 with Windows 10 operations), PyMol
2.3, PyRx 0.8, Auto Dock Tools 1.5.6, GaussView
5.0 (MDL Information System, Inc.), and Discovery
Studio 21.0 Client (DSV 19.0).

2.2. Establishment of Compounds Information

The extraction process of C. amboinicus leaf
samples using ethanol solvents was then carried out
in stages with n-hexane, chloroform, and ethyl
acetate solvents, and finally the residue (ethanol and
water) was obtained. Each extract was tested for
anticancer activity against MCF-7 cancer cells
using the 3-(4, 5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) method and
against normal cells (CV-1). The results of the
activity test were calculated as the selectivity index
(SI) value using the formula 1 [22][23].

o1 [Cso value for normal cell
" ICso value for breast cancer cell

(1)

The extract with the best anti-breast cancer
activity (or lowest ICsy value) and a greater
selectivity index for cancer was continued with the
analysis of bioactive compounds using the Liquid
Chromatography-High Resolution Mass
Spectrometry (LC-HRMS) instrument. Bioactive
compounds were filtered, and ten dominant
compounds were selected based on kastan the
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highest area and were considered to have the
potential to be breast anticancer.

2.3. Assessment of Active Compounds Against
Target Cancers Using Pharmacological Networks

2.3.1. Pharmacological Identification of Active
Compounds Against Target Cancers

Ten bioactive compounds (target compounds)
were drawn using ChemDraw to obtain SMILE
data, then uploaded to the SWISS target prediction
database (http://www.swisstargetprediction.ch/).
The gene data for each target compound was
downloaded in CSV format, filtered, and integrated
using Microsoft Excel. This data provides
information on the target proteins of drug
candidates that are used to identify therapeutic
protein targets for diseases. The therapeutic target
of the disease was set as “breast cancer,” obtained
from the National Center for Biotechnology
Information =~ GeneCards  database  (https://
www.genecards.org/), Therapeutic Target Database

(TTD; https://db.idrblab.net/ttd/), Online Mendelian

Inheritance in Man (OM1IM; https://
www.omim.org/), and DisGeNET  (https://
www.disgenet.org/)  [15][24][25]. The gene
information of bioactive compounds and

therapeutic proteins of cancer targets was integrated
using the VENNY diagram (https://
www.biotools.fr/misc/venny) to obtain protein
targets.

2.3.2. PPI between Bioactive Compounds and
Breast Cancer Target Proteins

The Protein-Protein Interaction (PPI) network
between selected bioactive compounds of C.
amboinicus extract and breast cancer therapeutic
proteins was constructed and analyzed using the
STRING database (https://string-db.org/) with the
“homo sapiens” setting and a confidence level of
0.7. PPI interactions are expressed by Nodel and
Node2, and the combined score of the imported
export file was constructed using Cytoscape 3.10.2
software [26]. The results of the analysis to
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Figure 1. Morpology of cytotoxic testing of EtOAc extract against breast cancer and normal cells.
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with n-hexane, chloroform, and ethyl acetate
solvents, so that five extracts were obtained. The
addition of water in the partition process was
carried out to clarify the boundary between extracts
in the separating funnel. Each liquid extract
obtained was concentrated using a rotary vacuum
evaporator to obtain a thick extract, and activity
testing was continued against breast cancer cells
(MCF-7) and normal cells (CV-1) using the MTT
method. The results of the activity test against
cancer and normal cells are shown in Table 1. The
results of the activity test were determined by the
selectivity index value.

Ethyl acetate (EtOAc) extract was selected as the
best activity for breast cancer. The selected extracts
further analyzed wusing an LC-HRMS
instrument to obtain

were
ten potential bioactive
compounds against the target cancer. The National
Cancer Institute (NCI) classifies the anticancer
agent based on cytotoxic activity (ICsp) values, i.e.,
IC59< 20 pg/mL in the high category, ICsy 20—-100
pug/mL in the medium category, ICsy 101-500 ng/
mL in the weak category, and ICsy > 500 pg/mL in
the inactive category [27]-[29]. The anticancer
activity of all C. amboinicus leaves extracts against

MCF-7 cells is included in the weak category. Each
extract activity value is stronger against cancer cells
compared to normal cells, and the activity of
cisplatin as a drug is included in the high category
(53 uM or 1593 pg/mL) (Figure 1). The
concentration of EtOAc extract between 62.50 and
125.00 pg/mL clearly shows the difference in the
growth or density of MCF-7 cancer cells (it has
begun to loosen or decrease), indicating that growth
inhibition has occurred. This is in line with the ICs,
value of cytotoxic EtOAc extract against MCF-7
cancer cells (102.30 pg/mL), which is included in
the weak category. Increasing the activity of
therapeutic drugs or natural compounds can
generally be done by making them nanoparticles
with ideal size and shape engineering results, as
well as increasing their solubility, biodistribution,
and blood circulation half-life [30][31]. In normal
cells at concentrations between 250 and 500 pg/mL,
a clear difference is seen in that the density of cell
growth has been inhibited, and it is suspected that
there is damage to the integrity of the cell
membrane (lysis process), as indicated by the
increasing loss of black marks (cell membranes) in
that concentration range. This is in line with the
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Figure 2. Structure of potential bioactive compounds from the EtOAc extract against breast cancer.
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3.2. Identification of Bioactive Compounds Against
Target Cancer

Based on the investigation of ADMET
prediction, online PASS and toxicology showed all
bioactive compounds in the ethyl acetate extract of
C. amboinicus leaves have the potential to be anti-
breast cancer. Prediction of genes (proteins) of
bioactive compounds for Resolvin D1 (NA),
Gibberellin A24 (33 genes), Hexyl 2-furoate (43
genes), 13(S)-HOTrE (102 genes), Arachidonic
acid (110 genes), 4-Indolecarbaldehyde (10 genes),
Asiatic acid (69 genes), 9(S)-HpOTrE (110 genes),
Caffeic acid (49 genes), and Arctiopicrin (NA)
(Table S1). Breast cancer genes filtered results
14,180 genes. The total bioactive compound genes
from ethyl acetate extract are 526 potential genes
and are filtered by removing duplicate genes to
obtain 282 target genes. These genes are analyzed
to find genes that overlap with breast cancer genes
(Figure 3).

3.3. PPI Network Analysis of Bioactive Compounds
with Target Cancer

The intersecting target genes from each were
imported into the STRING database to build
potential relationships, which were investigated
using a confidence score of 0.7. The results of
STRING Data analysis of bioactive compounds of
C. amboinicus leaves EtOAc extract on breast
cancer obtained the number of nodes 265, the
number of edges 1,013, the average node degree
7.65, the average local clustering coefficient 0.527,

the expected number of edges 325, and the
enrichment p value <10e'®. Cytoscape analysis
showed the main clusters related to the PPI network
based on edge count, average shortest path length,
betweenness centrality, closeness centrality, and
clustering coefficient. PPI interaction STRING
data, major clusters associated with the PPI
network, and 15 potential target proteins from the
cancer pathway of bioactive compounds of EtOAc
extract against breast cancer are shown in Figures 4
(a)-(c) (Table S2).

3.4. GO and KEGG Pathway Analysis

Gene ontology (GO) analysis conducted includes
GO biological process, GO cellular component, GO
molecular function, and the Kyoto Encyclopedia of
Genes and Genomes (KEGG) of each gene
(protein) that intersects with bioactive compounds
against target cancer using the ShinyGO 0.80
database. ShinyGO 0.8 database uses a confidence
score of 0.05 by setting a special “homo sapiens."”
The results of the GO and KEGG analyses of the
bioactive compounds of the EtOAc extract of C.
amboinicus leaves in the treatment of breast cancer
are shown in Figures 5(a)—(d).

Bioinformatic study of GO biological processes
provides prediction of specific genetic analysis of
molecular sequences to produce certain gene
products from an organism. GO cellular molecule
provides prediction of location description relative
to compartment and cell structure where molecular
function occurs, while GO molecular function

Bioactive EtOAc

Breast Cancer

13915
(98.01%)

%igure 3. Venn diagram depicting the overlap between bioactive compounds of C. amboinicus leaves ethyl

acetate extract and breast cancer.
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PPI network from the STRING database; (b) PPI network built using the cytoHubba 3.10.2 plug-in target.
STRING database; (¢) 15 potential gene targets in the PPI network from network analysis using the

(@) A

Response to organic

Cellular

(©)
Prostagiandin receptor activity - »
Carbonate dehydratase activity - ®

Prostanoid receplor activity - ¢
Bile acid binding - »

Nuclear receptor activity =

Ligand-activated transcription tactor activity =

lonocarboxylic acid binding -

(Carboxylic acid binding -

Zin ion binding -

Transition metal ion binding -

Protein kinase binding -

Lipid binding -

Signaling receptor activity -

Molecular transducer activity «

Signaling receptor binding -

Enzyme binding -

Catalytic activity ar:tmg on a protein +

Anion binding -

Metal ion binding -

Cation binding -

tolipid -

i compound - *
Cellutzr response to oxygen-containing compound *
e lo axygen-containing compound -

0NSe 1o organonitrogen compound = ©
Response to endogenous stimulus -
nse to endogenous stimulus -
mall molecule metabolic proc. -
Homeostatic proc. -
Reg. of cell poputation prolferation -
Posilive reg. of signaling -
Response Io organic substance -
Cell population proleration -
Celular respense 1o organic substance -
Celular response fo chemical stimulus -
Reg. of multicellular organismal proc. *
Reg. of localization -
Reg. of biological qualty -
Response o extemal stimulus -
to chemical -

60
N. of Genes

CytoHubba 3.10.2 plug-in.

(b) Integrin complex - +
N, of Genes Integral component of presynaptic membrane - ®
Intrinsic component of presynaplic membrane + ¢ M. of Genes
¢ 75 Integral component of synaplic membrane - -
" Intrinsic component of synaplic membrane - @ ¥
Presynaptic membrane - @
125 Reoeptor complex - . 50
0 150 Leading edge membrane - # 7
lembrane raft - ]
Memsbvane microdomain - .
10(FDR) ynaplic membrane - . “log10{FOR
“hglhFOR) External side of plasma membrane - . 11 0FOF)
LK Newonal celbody - ® 075
Cell body - . 0.
0% Side of membrane - L} @ 100
[ Xl Somatodendriic compartment - 0 0125
[ X Integral component of plasma membrane - (] @ 150
% Intrinsic component of plasma membrane - L]
Plasma membrane region - L]
Vesicle - : : e
% 50 75
N. of Genes
(d)
Nitrogen metabolism= *
Small cell lung cancer- . N. of Genes
N. of Genes Prostale cancer- U
. Endocrine resistance-  # v 10
Prog edialed 00cyle i ) (]
5 Insulin reslstarr.e' .
' FoxQ SDQI'IE]II‘E - . L]
lepatitis (] ® 40
100 MicroRNAs in cancer- .
Non-alcoholic fatty liver disease- . : 50
Measles- . 60
4og10(FOR) Lipid and atherosclerosis- .
0 Proteoglycans in cancer- .
Human cytomegalovirus infection- . -log10(FDR)
[ B0 Chemical carcif is-teceplor activation® . °
o tein-Bar vius infection- @ 5
Neuroactive ligand-receptor interaction- (] (W)
LR Pathways in cancer- . 05
PI3K-Akt signaling pathway - .
Metabolic pathways - ) . L
2 40 60

N. of Genes

Figure 5. GO and KEGG analysis of bioactive compounds of EtOAc extract in breast cancer treatment. (a)
biological process; (b) cellular component; (c) molecular function; and (d) potential KEGG of bioactive
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studies the process carried out by macromoleculars
through direct interaction with other molecular
entities, including biochemical activity and role as a
component in a larger molecular process system
[64]. KEGG provides biological interpretation,
including cellular and organism-level functions.
Various molecular-level data sets containing gene
sets in complete genomes are generally widely used
in the approach to uncovering pharmacological
pathways [65]. This study revealed 20 possible
components of the GO biological process: the GO
cellular molecule, the GO molecular function, and
the KEGG of bioactive compounds against target
cancer diseases. Bioinformatic studies such as this
are part of the development of targeted and rational
active compounds for the discovery of alternative
new drugs by utilizing active compounds sourced
from natural materials. Utilizing biological
integration and polypharmacology bases with
various considerations of network interactions
between potential bioactive compounds against
target diseases makes it possible to find potential
new drugs for various diseases [66]. This study
reveals the correlation of the results of cytotoxic
testing of the dominant bioactive compound content
of the EtOAc extract of C. amboinicus leaves
against breast cancer cells with a pharmacological
network approach in cancer pathways. Proteins
involved in the cancer pathway network are shown
in Figures 6(a) and 6(b), showing the relationship
between in and  other

pathways cancer

pharmacological pathways of bioactive compound
activity (Table S3).

Based on the results of the analysis of GO and
KEGG in the general cancer pathway network, the
main protein to continue the molecular docking
analysis is the STAT3 protein. The STAT3 protein
is the third potential protein in the three PPI
analysis results. Constitutively, the Signal
Transducer and Activator of Transcription 3
(STAT3) protein is almost always activated in
various types of cancer, including more than 40%
of breast cancers [34]. STAT3 is a protein that is a
cytoplasmic transcription factor that mediates
intracellular signaling on the surface of receptor
cells to send signals to the nucleus when activated
by cytokines and growth factors [67][68]. Under
normal conditions, STAT3 protein activation occurs
quickly and temporarily and functions to regulate
genes that control bassic biological
processes such as proliferation, sursvival, and cell
development [68]. The cellular functions of STAT 3
proteins include protein phosphorylation by specific
kinases, dimerization that drives phsosphorylation,
and gene expression activity by phosphorylated
dimers [69]. Under abnormal conditions, STAT3
signaling promotes the initiation and development
of cancer cells by inhibiting apoptosis or inducing

nuclear

cell proliferation, invasion, angiogenesis, and

metastasis. Therefore, suppression of STAT3

activity in cancer patients results in the induction of

apoptosis in tumor cells or cancer cells and
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SFigure 7. Prediction of the cancer pathway network of bioactive compounds in the ethyl acetate extract of
C. amboinicus leaves using the ShinyGO 0.8 database with an FDR cutoff of 0.05.

encourages pharmacological modulation by tyrosine
kinase inhibitors, antisense, decoy nucleotides,
oligonucleotides, dominant negative proteins, RNA
interference, and chemopreventive agents in
suppressing breast cancer cell proliferation that
[70][71]. Literature-based identification
results show the interaction of bioactive compounds
with STAT3 protein in cancer pathways, including

occurs

resolvin D1 and hexyl 2-furoate compounds, which
play a role in inhibiting tumor inflammation [72]
[73]; gibberellin A24 plays a role in inhibiting
FGFR 1 activation and KDR activation [40]; 13(S)-
HOTY?E and 9(S)-HpOTrE compounds play a role in
apoptosis and  anti-inflammation  [42][56];
arachidonic acid plays a role in suppressing growth,
migration, and invasion [74]; 4-indolecarbaldehyde
plays a role in apoptosis [75]; asiatic acid plays a
role in inhibiting phosphorylation, inducing cell
death, and reducing tumor growth and metastasis
[53][55]; caffeic acid plays a role in the process of
inhibiting proliferation and migration [76]; and
arctiopicrin plays a role in anti-inflammatory and
proliferative inhibition [62]. Prediction of cancer

from bioactive
amboinicus leaves

pathways compounds of C.
EtOAc extract from tissue

pharmacology studies is shown in Figure 7.

3.5. Analysis of The Interaction of Bioactive
Compounds with The Main Target Cancer Proteins
by Molecular Docking

Each potential bioactive compound as an anti-
breast cancer was optimized for energy using
GaussView5.0.8 by selecting jobtype optimization,
ground state DFT method, and basis set 3-21G. The
results of energy optimization for bioactive
compounds are shown in Table 4. The GaussView
program is an application that is able to determine
and position each atom in space in its stable
position so that the resulting molecular structure is
in ideal conditions with minimum repulsion [77].

Energy optimization of bioactive compounds
aims to obtain the ideal conformation form of the
active molecule before conducting a molecular
docking study with the protein, thus optimizing the
interaction between the active compound and the
receptor to produce better therapeutic effects [78].
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With optimization, it is expected that the molecular
structure is in an ideal condition and almost
resembles its 3D form when in the body. This
method is part of a semi-empirical approach
involving computational assistance. The compound
resulting from energy optimization is then docked
to the STAT3 protein as the main target protein.
The STAT3 protein was downloaded from the PDB
database to analyze the binding of the STAT3
phosphotyrosine peptide [79]. The results of the
molecular docking of various bioactive compounds
are shown in Table 5. The STAT3 protein
expressed in cancer by pro-inflammatory cytokines
gpl30 and interleukin 6 and 11 [80], in excess
greatly cell including
proliferation, cell cycle development, migration,
anti-apoptosis, angiogenesis,
chemotherapy drug resistance, immunosuppression,
and stem cell differentiation, by regulating the
expression of its downstream target genes. Thus,
targeted therapy by suppressing STAT3 expression
is considered very effective in the treatment and
therapy of breast cancer [81][82]. Targeted therapy
of STAT3 protein is considered effective because

encourages survival,

invasion,

drug compounds act as inhibitors by blocking the
phosphorylation and dimerization of its active site.
STAT3 protein (PDB ID: 6NUQ) studies and
reports phosphorylation peptide binding activity.
Native ligand forms six hydrogen bonds with
Ser509, Trp510, Gly253, Ser513, Thr526, and
Trp501. Bioactive compounds of the EtOAc extract
of C. amboinicus leaves provide no hydrogen bond

interactions that are the same as native. The

bioactive compound arctiopicrin does not show any
hydrogen bond Other bioactive
compounds provide sixteen hydrogen bonds,
including GIn247, Ala241 (resolvin D1), Pro333
(gibberellin A24), GIn232, Thr236 (hexyl 2-
furoate), Cys251, GIn326, Glu324 (13(S)-HOTrE),
Asp334, Cys251 (arachidonic acid), GIn232,
Asn315 (4-indole-carbaldehyde), Cys251 (asiatic
acid), Ser540, Tyr539, Asp502 (9(S)-HpOTrE), and
Asp334, GIn326 (caffeic acid). Therefore, the
molecular docking of bioactive compounds in the

interactions.

EtOAc extract of C. amboinicus leaves does not
provide inhibitors by blocking phosphorylation
optimally.

4. CONCLUSIONS

The EtOAc extract of C. amboinicus leaves has
various bioactive compounds that have the potential
to be breast cancer anticancers. The results of in
vitro activity testing showed that the ICs, given was
included in the weak category (102.30 ug/mmlL)
against MCF-7 cancer cells and against normal cells
(CV-1) (457.09 pg/mL). The selectivity value of the
cytotoxic test index is 4.23, indicating the presence
of potential bioactive compounds in C. amboinicus
leaves EtOAc extract against breast cancer cells and
that it is relatively safe for normal cells. The results
of the study with a
pharmacological network approach on the cancer

molecular  docking
pathway provide information on the content of
bioactive compounds targeting the STAT3 protein,
where this protein is an important protein in

Table 4. Energy optimization of bioactive compounds.

No. Compounds Optimization
Energy (kJ/mol) Dipole moment (Debye)
1 Resolvin D1 -1,226.865 3.111
2 Gibberellin A24 -1,147.590 4.247
3 Hexyl 2-furoate -650.886 1.457
4 13(S)-HOTrE -918.527 2.308
5. Arachidonic acid -926.707 1.281
6  4-Indolecarbaldehyde -474.511 5.707
7  Asiatic acid -1,539.783 2.463
8  9(S)-HpOTrE -999.268 1.467
9  Caffeic acid -645.079 2.120
10 Arctiopicrin -1,184.421 4.842
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Table 5. Molecular docking of bioactive compounds of the EtOAc extract of C. amboinicus leaves to

STATS3 protein.
STAT3 protein
Compound H-Bond Other Bond 2D interaction
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Table 5. Cont.

Compound

Arachidonic acid

4-Indole-
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H-Bond

Asp334,
Cys251

GIn232,
Asn315

Cys251

Asp334,
GIn326

STATS3 protein
Other Bond 2D interaction
PRO
SER A:256
A514
w frvi= R _
Ala250, I1e258, AZ53 I S
CY5251, ILE. gdgpe- :
Arg325, = e, W8
Pro336, 5 a1 A3S ARG
Cys328 22 e Gy
y B A e
B o et
LEU ARG
A:312 gLy A:308
A:311
GLY
Leu312,
Arg308, ¢ h—
Glu229 P oo BSN
A:315
Lys
A7233
—
m
560
& P
"‘H 2 H-D' """ @
o= \ [ 5%
s259 LN
D) b ‘\‘
116258, . aa NS
Arg350, 5% ade KD
Gln326 PRO
A:256
I Urevorabic Banar oo
-F
£53%
eSF
L P
e S
Asp334, L
GIn326, N g &35
Pro336 R = I
2 &5 i, gL
Ala250 v &
L riener e
=

279 5D paNDAwA



J. Multidiscip. Appl. Nat. Sci.

Table 5. Cont.

STATS3 protein
Compound H-Bond Other Bond 2D interaction
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initiating and controlling various basic biological
process conditions, including proliferation, survival,
and cell development in normal conditions.
Abnormal conditions will encourage the initiation
and development of cancer cells by inhibiting
apoptosis or inducing cell proliferation, invasion,
angiogenesis, and metastasis, so that the application
of the content of bioactive compounds in C.
amboinicus leaves EtOAc extract in the treatment
of breast cancer targets the suppression of STAT3

protein activity. Further testing is needed to validate
the activity of the bioactive compound content of
the EtOAc extract of C. amboinicus leaves against
breast cancer in vivo or pre-clinically, so that in the
future it can be developed as a potential alternative
breast cancer drug.
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