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Graphical abstract Abstract

Breast cancer is the most prevalent cancer among women worldwide and a
leading cause of cancer-related deaths. Piper aduncum is a tropical plant
recognized for various potential medicinal properties, such as anti-breast
cancer. This study aims to investigate the anti-breast cancer potential of
bioactive compounds found in P. aduncum leaf ethanolic extract by
measuring of cytotoxicity and using a computational approach. Analysis of
cytotoxic using MTT assay. Information on active compounds was collected
from the KNApSAcK database. Druglikeness, Pa, and Toxicity class were
analyzed by using ADMET, Way2Drug, and Protox Il. AutoDock vina was used
fo simulate the docking of chemicals with their protein targets. The cyfotoxic
analysis showed that the ethanolic extract of P. aduncum have ICs values
105.75 pg/mL. P. aduncum contains 21 bioactive compounds. Methyl 2,2-
dimethyl-8-(3'-methyl-2'-butenyl)-2H-1-chromene-é-carboxylate, 2,2-Dimethyl-
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1.0 INTRODUCTION

such as colon, lung, and breast cancer [3]. Among
these, breast cancer is the second most common
cancer overall and is prevalent in women [4].
Treatment strategies must require different drugs
depending on the specific characteristics of the cancer
cells. Consequently, natural compounds from plants,
including Piper aduncum, are being investigated for

The case of cancer is increasing rapidly, affecting
millions of people worldwide [1]. As the second-highest
number of deaths globally, many researchers are
focusing on the exploration of effective freatments.
Despite significant advancements in this field, only a

limited number of cancer drugs have successfully
progressed through clinical trials [2]. Cancer cells vary
widely and are classified based on genetic mutations

their potential anticancer properties.
Piper aduncum is an invasive plant from the genus of
Piper. This plant has been used as traditional medicine for
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therapeutic properties such as anfimicrobial and anfi-
inflammatory. Also, the present studies described that
active compounds from this plant have potential in
cancer therapy [5-7]. Extracts from P. aduncum have
been reported in several investigations fo have cytotoxic
effects on a variety of cancer cell lines, including breast,
colon, and lung cancer [8, ?]. These effects include
induction of apoptosis, cell proliferation inhibition, and
metastatic suppression [10].

Nevertheless, the molecular mechanisms that regulate
cancer growth are still unknown. In-siico analysis is a
practical approach for early investigations of anticancer
potential bioactive chemicals in P. aduncum. This strategy
is crifical to identifying new therapeutic molecules by
predicting their cellular and molecular functions [11]. The
current study analyzed the potential of the compound P.
aduncum as an inhibitor of Ras-related C3 botulinum toxin
substrate 1 (RACT1). RACI1 is a key regulator of the actin
cytoskeleton, cell proliferation, migration, and survival [12-
15]. Dysregulation of RAC1 activity has led to cancer
progression, metastasis, and resistance to apoptosis [16—
18]. Consequently, targeting RAC1 provides a potential
approach for cancer treatment. Inhibition of this target
may cause a synergistic effect, increasing therapy
efficacy.

2.0 METHODOLOGY
2.1 Sample Collection and Extraction

Samples of P. aduncum leaf were obtained from Merapi
Farma Yogyokarta, Indonesia. Plant species were
identified by the Laboratory of Plant Systematic Biology,
Gadjah Mada University, Yogyakarta, Indonesia. The raw
materials were dried in the air space with a black net for
around four to five days and blended to become powder.
About 10 g of powder was extracted with 200 ml ethanol
96% using a Soxhlet extractor at 50°C until the filtrate was
clear. Arotary evaporator retrieved the crude extract. The
obtained extract was put in the oven at 50°C and, for
future analysis, was stored at 4°9C.

2.2 Preparation of Cell Culture

T47D and Vero cell line was obtained from Cancer
Chemoprevention Research Center (CCRC) Faculty of
Pharmacy, Gadjah Mada University, Indonesia. Cells were
grown in 25cm? tissue culture flask with complete media
(Roswell Park Memorial Institute 1640 (elabscience) + 10%
Fetal Bovine Serum (Gibco, USA) + 1% Penicilin
streptomycin (elabscience) and incubate at 37°C, 5%
CO2. The cels were observed under the inverted
microscope, and after 80% confluent, harvest cells with
add 300 ul trypsin solution (elabscience) for 5 min to
detach cells, and 2 mL complete media was added to
the flask. Furthermore, the subculture is added to a new
well plate for freatment.

2.3 MIT Assay

The T47D cells were seeded in 96 well plates and
incubated at 24h, 37°C, 5% COa.. The cells were treated
with concentrations 400, 200, 100, 50, and 25 ug/mL. After

24h, the culture medium was discarded and washed by
Phosphate Buffered Saline (Biorad). Replaced with
medium containing MTT (cayman) solufion 100 pl into
each well; incubated for 4h at 37°C, 5% COa2. After
discarding the medium MTT, add 100 ul of DMSO fo each
well to dissolve the formazan crystals. Incubate for ten
minutes at room temperature. The absorbance was
measured using an ELISA reader at a wavelength of 595.
The IC50 values were calculated by linear regression of the
data from cell viability percentage [19].

2.4 Compounds Collection

The compounds of P. aduncum were collected from the
KNApPSAcK database [20]. We also observed the
previous studies; nevertheless, several compounds were
included in the database. The 3D structures of
compounds were refrieved from the PubChem
database (https://pubchem.ncbi.nim.nih.gov/).
Furthermore, this structure was carried out using
Autodock Vina for molecular docking.

2.5 Prediction of Druglikeness

Drug likeness was used to understand the absorption,
distribution, and metabolism of the molecules inside the
body (www.swissadme.ch) [21]. Additionally, The
pharmacokinetic properties of the molecule were
determined based on several rules such as Lipinski [22],
Ghose [23], Veber [24], Egan [25], and Muegge [26]. The
rafionale behind these rules is that compounds suitable
for these criteria are more likely to possess good
pharmacokinetics.

2.6 Structure-Activity Relationship (SAR) and Toxicity
Prediction

The way2drug pass online web server
(https://www.way2drug.com/passonline/) was used to
investigate the associations between the chemical
structure of a molecule and biological properties. SMILES
structure of molecules from the PubChem database
were analyzed for the potential as anticancer activity.
Several parameters related to cancer, such as apoptosis
agonists  [27],  MMP9  expression inhibitors  [28],
antineoplastic  [29], proliferative disease treatment
agents [30], caspase-3 stimulants and caspase-8
stimulants  [31]. Additionally, the prediction of the
potential foxicity of chemical compounds was
performed by ProTox-Il webserver (parameter toxicity
class, mutagenicity, carcinogenicity, cytotoxicity, and
immunotoxicity) [32, 33].

2.7 Molecular Docking

Investigating interactions between a potential drug
molecule and its biological target at the molecular
level uses molecular docking. The 3D structure for RACI
(PDB ID: 5N6O) [34]. Remove water molecules,
cofactors, ions, and contaminants molecules from the
protein structure that are not involved in ligand binding
during the docking process using Biovia Discovery
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Studio [35]. Interaction between ligand and receptor
was performed using AutoDock Vina integrated info the
PyRx [36]. The three-dimensional inhibitor compound
collected from the PubChem database to protein
RACT is NSC23766 (CID: 409805) [37]. Native ligands of
protein were separated using AutodockTools and run
docking in the binding site on the receptor protein to
predict their interaction and affinity. The docking results
were analyzed by Biovia Discovery Studio [35].

3.0 RESULTS AND DISCUSSION

3.1 Cytotoxicity Activity of P. aduncum

The cytotoxic activity demonstrated by the extracts was
dependent on the dosage. Significant variations were

200 pg/mL

400 pg/mL

Untreated

A)

noticed at specific freatment levels. Figure 1A shows
the morphological changes of T47D cells treated with P.
aduncum extracts. The difference in concenfration
shows a different picture when observed with an
inverted microscope compared fo untreated cells. At
concenfrations of 25 and 50 ug/mL, cancer cells
proliferate and attach at the base of the flask. Cells
proliferate, with little space between one cell and
another; consequently, there is almost no difference
from the untreated cells. While at the concentrations of
400 and 200 pyg/mL, cells look less developed, and even
there is no visible cell growth. It is also demonstrated by
the low absorption value. In another case, in a dosage
of 100 pg/mL, the cells look visible in small groups
compared to 25 and 50 ug/mL  The test also evaluates
to non-target cell (Vero cells), as shown in Figure 1B.

400 pg/mL 200 pg/mL

25 pug/mL

(B)

Figure 1 Microscopic image of cells captured at 10x magnification for visualizing morphological cell. (A) The T47D cells after freated
with deferent dose for 24h (B) The Vero cells after treated with deferent dose for 24h. the arrow indicated cell death and black fill

arrow is residue of extract
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Figure 2 Dose response curve of exiract Piper aduncum
against T47D cells

The effective dosage has been determined by the
concentration-response curve. The cells with lower
concentrations described the highest cell viability
(Figure 2). Table 1 shows the percentage of viability for
each plate.
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Table 1 Percentage viability of T47D cells on each plate

Plate 400 ug/ml 200 pg/ml 100 ug/ml 50 pg/ml 25 pug/ml

T47D 6.79% 12.24%  65.75%  92.30% 90.29%
6.93% 12.52% 63.46% 87.13% 91.72%
5.78% 1281%  62.88% 85.41% 93.59%

Vero 36.69% 38.76% 66.34% 73.18% 90.39%
36.90%  31.92%  64.47%  86.86% 76.91%
3400% 37.31% 56.80%  68.62% 93.29%

According to the National Cancer Institute (NCI)
plant screening program, a crude exiract is classified
as high, moderate, weak and no cytotoxic activity
[38]. In this research the ICso value of the P. aduncum
extract is 105.75 ug/mL (Table 2).

Table 2 ICs value

ICso (Mg/mL) £ SD
Extract T47D Vero
Piper aduncum 105.75 £ 2.43 157.87 £ 12.54
Note: £SD; n=3; p < 0.05.

This suggests that the extracts exhibit moderate
cytotoxic activity and may be suitable as potential
anti-cancer agents. Investigating drug interaction in
mulfi-compounds is complicated because some
compounds may show interaction with less specific
activity and may reduce the toxicity of more potential
to medicinal plants [39]. Thus, next investigations will
be conducted to the potential compounds as anfi-
cancer.

3.2 Compounds in P. aduncum

According to the results of the KNApSAcK database,
Piper aduncum has 23 compounds (Table 3).

Table 3. The bioactive compound of P. aduncum

No. Compound CID
1 Asbogomine 442255
2  Piperaduncin Bf 442455

2,2-Dimethyl-8-propylchromene-6-

3 carboxylic acide 441962

4 Dillapiold 10231

5  Myristicine 4276

6 Safrolee 5144

7 Nerolidold 5284507

8 (-)-beta-Sitosterole 222284

9  Piperaduncin C* 10370473

10 2,6-Dihydroxy-4-methoxychalcone* 606469

11 Cardamonin* 154162
2',6'-Dihydroxy-4'-

12 me’rhoxzdihyérocholcone* 129564321

13 Piperaduncin Af 10480725

14 Methyllinderatinh 42607684

15 Adunctin Ac 42607686

No. Compound CID

16 Adunctin Ba 42607687
17 Adunctin Ce 42607688
18 Adunctin De 42607689
19  Adunctin E@ 42607690
20 Anofinic acidP 5319235
o1 Methyl 2,2-dimethyl-2H-1-chromene-6- 40768

carboxylateP

Methyl 2,2-dimethyl-8-(3'-methyl-2'-butenyl)- 440623
2H-1-chromene-6-carboxylate
3.5-Bis(3-methyl-2-butenyl)-4-
methoxybenzoic acide

22

23 53736091

The compounds contfained in P. aduncum are
majority dominated by three groups of compounds
friterpenoids, chormenes, and chalcone. As a majority
of the bioactive compound ftriterpenocids are
Asebogenin, (-)-beta-Sitosterol, Adunctin A, B, C, D, E.
The Chromenes compounds are 2,2-Dimethyl-8-
prenylchromene é-carboxylic acid, Piperaduncin C,
Anofinic acid, Methyl 2,2-dimethyl-2H-1-chromene-6-
carboxylate and Methyl 2,2-dimethyl-8-(3'-methyl-2'-
butenyl)-2H-1-chromene-é-carboxylate. Furthermore,
Chalcone  compounds are  2',6'-Dihydroxy-4'-
methoxychalcone, Cardamomin, 2',6'-Dihydroxy-4'-
methoxydihydrochalcone. Additionally, two alkaloids
(Piperaduncin B, Piperaduncin A), two essential oils
(Dillapiol, Nerolidol), two Phenylpropene (Myristicin,
Safrole), and one Benzoic acids (3,5-Bis(3-methyl-2-
butenyl)-4-methoxybenzoic acid) and Flavonoid
(Methyllinderatin) (Figure 3q).

3.3 Prediction of Druglikeness

Druglikeness refers to the characteristics of a
compound that indicate its potential fo become an
orally active medicinal product in humans [40].
Several key parameters and rules are used for drug-
likeness. Of the 21 compounds, nine compounds have
characteristic of medicinal with violate specific to
these rules (Figure 3b). For instance, piperaduncin B
has a Molecular Weight (MW) >500, leading to a
violation of one of Lipinski's rules. Compounds that
violate two or more of the Lipinski Rule of Five criteria
have been considered low drug ability [41]. Moreover,
(-)-beta-Sitosterol, Piperaduncin C, and Piperaduncin
A violate Ghose criteria for lipophilicity due to their
WIlogP values 5.6. When the WIogP value surpasses 5,
it indicates high lipophilicity or low solubility, potentially
affecting the compounds absorption within the body

[42] Future analysis will focus on evaluating the nine
compounds (asebogenin, 2.2-Dimethyl-8-prenylchro
mene é-carboxylic acid, dillapiole, 2',6'-Dihydroxy-4'-
methoxychalcone, Cardamomin, 2',6'-Dihydroxy-4'-
methoxydihydrochalcone, Anofinic acid, Methyl 2,2-
dimethyl-2H-1-chromene-é-carboxylate, Methyl 2,2-
dimethyl-8-(3'-methyl-2'-butenyl)-2H-1-chromene-é-ca
rboxylate) that have druglike characteristic for
analysis of probable bioactivity and predicting their
activity in inhibiting breast cancer.
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ProTox-3.0 - Prediction of Toxicity of chemicals

Toxicity end points Probability LD50 (mg/Kg) Class

Carcinogenicity

Aschogenin
Immunotoxicity

Mutagenicity

Cytotoxicity

2.2-Dimethyl-8-prenylchromene 6-carboxylic acid Carcinogenicity 1000 v
Immunotoxicity

Mutagenicity 061

Cytotoxicity
Carcinogenicity 1000 v
Immunotoxicity

Mutagenicity 0.64

Cytotoxicity
2'6-Dihyd 4 ¥ Carci 1000 w
Immunotoxicity

Mutagenicity

Cytotoxicit
Carcinogenicity
Immunotoxicity
Mutagenicity 052
Cytotoxicity 050

Dillapiol

Compound

Cardamomin

2.6-Di - - o
Immunotoxicity
Mutagenicity
Cytotoxicity
Carcinogenicity
Immunotoxicity
Mutagenicity 065
Cytotxicity

105 m

Anofinic acid

Methyl 2,2-dimethyl-2H-1-che & C
Immunotoxicity 068

Mutagenicity 0.66

Cytotoxicit;

Immunotoxicity
Mutagenicity
Cytotoxicit
= Inactive (Probability >= 0.7)

= Active (Probability >= 0.7)
Inactive (Probability <0.7)

Active (Probability < 0.7)

(d)

Figure 3: The bioactive compound contains in P. aduncum. (a) Groups of bioactive compounds. (b) Druglikeness rules of violations.
(c) Structure-activity relationship (SAR) using PASS online. (d) The level of toxicity

3.4 Prediction Structure-Activity Relationship (SAR)
and Toxicity Prediction

According to the PASS online results indicate that
compounds Asebogenin, 2',6'-Dihydroxy-4'-
methoxychalcone, and cardamoin were identified as
having high potential as MMP9 expression inhibitors
with Pa > 0.7 values. Furthermore, 2',6'-Dihydroxy-4'-
methoxychalcone and Cardamomin exhibit the

highest apoptosis agonist and also with 2',6'-
Dihydroxy-4'-methoxydihydrochalcone having high
activity as caspase 3 stimulant with Pa value more
than 0.7 (Figure 3c). The probability to be active (Pa)
score, which is higher than 0.7, suggests that the
molecule has a high potential activity depending on
the parameters [43]. Previous studies have shown that
several of these bioactive chemicals have anticancer
properties, while the molecular mechanism is not



934 Jantje Wiliem Souhaly et al. / Jurnal Teknologi (Sciences & Engineering) 88:5 (2026) 929-939

completely clear. Cardomin can induce apopftosis
and suppress proliferation in prostate cancer [44].
Research on the anticancer effect of these
compounds is sfill limited. This study described how
these compounds provide an anti-breast cancer
effect.

The toxicity of nine potential active compounds
was evaluated using the Pro-Tox server. Based on
toxicity class, six compounds have toxicity class IV with
an LD50 of 300-2000 mg/kg. Meanwhile, two
compounds have toxicity class V with an LD50 of 3000
mg/kg. One compound with toxicity class Ill, an LD50
of 105 mg/kg (Figure 3d). According to the Globally
Harmonised System (GHS), the toxicity class ranges
from class | to VI based on the LD50 values in mice,
with the highest class being VI (safety orally). In this
study, most bioactive compounds fall into the toxicity
class IV (harmful if swallowed). Compounds that fall
into the class V represent that compound may be
harmful if swallowed and may be toxic if swallowed on
the class Il [31]. The prediction of oral toxicity could
help future analyses determine the safe dosage. In
comparison to other compounds were relative safe,
2',6'-Dihydroxy-4'-methoxychalcone, cardomin, 2'.6'-
Dihydroxy-4'-methoxychalcone and Methyl 2,2-
dimethyl-8-(3'-methyl-2'-butenyl)-2H-1-chromene-64-
carboxylate have potential immunogenic also
cardomin has potential carcinogenic properties.

3.4 Molecular Docking Analysis

The inhibition activity of nine compounds of P.
aduncum against RAC1 was investigated using in-
silico molecular docking. This study aimed to evaluate
the activity of RAC1 inhibition based on the bonding
form and interaction of the ligands on the receptor's
active site (Figure 4). We also investigated the re-
docking results of the native ligand and RACI1. Re-
docking was conducted based on the lowest energy
intferaction between backbone atoms and the active
region of RAC1, with a binding affinity of -9.4 kcal/mol.
Additionally, NSC-23766, as an inhibitor of RAC1, was
also compared with native ligand (Figure 5).
Compounds in P. aduncum exhibited lower binding
affinity than native ligands. However, six compounds
showed a more potent binding affinity fo RAC1 than
a known inhibitor (NSC-23766; -7 kcal/mol; Figure 4).

Native 9.4
NSC23766 (inhibitor) 7
Methyl 2,2-dimethyl-8-(3'-methyl-2'-butenyl)-2H-1-chromene-6-carboxylate 83
Methyl 2,2-dimethyl-2 y 7.8

Cardamomin 7.1

0 1 2 3 4 5 6 7 8 9 10
Binding Affinity (-kcal/mol)

Figure 4 Binding affinity of receptor (RAC1)-Ligand (confrol
and all compounds) (-kcal/mol)

Further investigation focused on the compounds with
the highest binding affinity to inhibitors and their
interaction with RAC1's active site. This analysis shows
a crucial component of analyzing the ability of a
compound fo inhibit RACI1. Several types of
interaction via amino acid residues between ligand
native and RAC1 are shown in Table 4. There were 15
hydrogen bond and three hydrophobic interactions.
The involvement of amino acid residues in this
interaction was ALA13, VAL14, LYS16, GLY15, THR17,
CYS18, and CYS116. These residues were considered
fo be the key amino acid residues. These residues
were considered to be the key amino acid residues. It
can be suggested that the RACI protein plays a
crucial function in regulating the stability of protein-
ligan interactions because of the total number of
hydrogen bonds. NSC-23766 and RAC1 formed two
hydrogen bonds (conventional hydrogen bond and
carbon hydrogen bond), other (Pi-sulfur), and 13
hydrophobic bonds (seven alkyl and six Pi-alkyl).
Meanwhile, the hydrogen bond was THR17 and
ASP118. The Methyl 2,2-dimethyl-8-(3-methyl-2'-
butenyl)-2H-1-chromene-é-carboxylate against RACI
formed two hydrogen bonds (two conventional
hydrogen bond) and four hydrophobic bonds (three
alkyl and a Pi-alkyl) with hydrogen bond was THR17.
Compound 2,2-Dimethyl-8-prenylchromene 6-
carboxylic acid forms five hydrogen bonds (four
conventional hydrogen bond and a Pi-Donor
hydrogen bond) and five hydrophobic bonds (five
alkyl) ALAT13, LYS16, ASP57, THR58 and GLYé&0.
Meanwhile, Methyl 2,2-dimethyl-2H-1-chromene-é4-
carboxylate forms a hydrogen bond (a conventional
hydrogen bond) and three hydrophobic bonds (an
alkyl and two Pi-alkyl). Beside 2,2-Dimethyl-8-
prenylchromene é-carboxylic acid compound,
anofinic acid and asebogenin have more hydrogen
bonds compared to other with 6, 5 hydrogen bonds,
respectively.

i i iii

(b)

Figure 5. The visualization of molecular docking between
RACT1 with (a) native ligand and (b) NSC-23766. At the left (i)
RACT presented in blue surface with ligands presented. In the
middle (i) Position of ligands bind on the same side (iii) 2D
structure of ligand-protein complex
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To assess the potential of ligands from P. aduncum for
inhibiting RACT1, the analysis of the binding site
between RACI1 and ligands was conducted. The
interaction of ligand docking was compared fo the
binding site of natfive ligands and NSC-23766 as an
inhibitor of RAC1. A native ligandis a molecule that
naturally binds to a specific receptor or protein under
physiological conditions [45]. This binding is often
characterized by high specificity and affinity, playing
a crucial role in the normal biological function of the
protein [46]. The docking results showed that
compound Methyl 2,2-dimethyl-8-(3'-methyl-2'-
butenyl)-2H-1-chromene-é-carboxylate, 2,2-Dimethyl-
8-prenylchromene é-carboxylic acid, Anofinic acid,
and Cardomin demonstrates potential as a

competitive inhibitor because it directly binds to the
protein at the active site (Figure 6).

Previous research has shown that P. aduncum
consists of chemical compounds with anticancer
activity and has been recognized as effective agents
for human health [5]. However, the mechanisms of
action explaining the anticancer characteristics
remain unknown. RAC1 has been used as a target in
cancer treatment [47]. The protein is a receptor that
controls cell growth, migration, proliferation, and
angiogenesis (Figure 7) [47-50]. Compounds from P.
aduncum have a limited mode of action as
anficancer freatments. A docking study was carried
out to investigate the potential of compounds from P.
aduncum as anticancer therapies by inhibiting RACT.

Table 4 Detailed interactions between RAC1 with bioactive compounds

Compound Name Distance Category Types
Native B:LYS16:HZ2 - N:UNK1:0 1.86912 Hydrogen Bond; Salt Bridge; Attractive
Electrostatic Charge
B:LYS16:NZ - N:UNK1:0 4.56218 Electrostatic Attractive Charge
B:ALA13:HN - N:UNK1:0 1.9234 Hydrogen Bond Conventional Hydrogen
Bond
B:VAL14:HN - N:UNK1:0 2.24335 Hydrogen Bond Conventional Hydrogen
Bond
B:GLY15:HN - N:UNK1:0 2.69794 Hydrogen Bond Conventional Hydrogen
Bond
B:GLY15:HN - N:UNK1:0 2.02595 Hydrogen Bond Conventional Hydrogen
Bond
B:LYS16:HN - N:UNK1:0 2.27298 Hydrogen Bond Conventional Hydrogen
Bond
B:LYS16:HZ1 - N:UNK1:0 2.42836 Hydrogen Bond Conventional Hydrogen
Bond
B:THR17:HN - N:UNK1:0 1.75687 Hydrogen Bond Conventional Hydrogen
Bond
B:CYS18:HN - N:UNK1:0 2.11414 Hydrogen Bond Conventional Hydrogen
Bond
B:LYS116:HZ1 - N:UNK1:O0  2.80739 Hydrogen Bond Conventional Hydrogen
Bond
B:LYS116:HZ2 - N:UNK1:0 2.56723 Hydrogen Bond Conventional Hydrogen
Bond
N:UNK1:H - B:GLY15:0 2.68086 Hydrogen Bond Conventional Hydrogen
Bond
B:ALA13:HA - N:UNK1:0 2.7056 Hydrogen Bond Carbon Hydrogen Bond
B:ALA13:HA - N:UNK1:0 2.92148 Hydrogen Bond Carbon Hydrogen Bond
B:LYS16:HE1 - N:UNK1:0 2.76378 Hydrogen Bond Carbon Hydrogen Bond
B:LYS116:NZ - N:UNK1 4.3299 Electrostatic Pi-Cation
B:PHE28 - N:UNK1 5.12637 Hydrophobic Pi-Pi T-shaped
N:UNK1 - B:CYS18 5.02616 Hydrophobic Pi-Alkyl
N:UNK1 - B:LYS116 3.94489 Hydrophobic Pi-Alky!

NSC23766 N:UNK1:HN - B:THR17:0G1 2.06398 Hydrogen Bond Conventional Hydrogen Bond
N:UNK1:C - B:ASP118:0D1 3.72028 Hydrogen Bond Carbon Hydrogen Bond
B:CYS18:SG - N:UNK1 4.2365 Other Pi-Sulfur
B:LYS116 - N:UNK1 4.16101 Hydrophobic Alkyl
B:ALA159 - N:UNK1:C 3.61341 Hydrophobic Alkyl
N:UNK1:C - B:ILE33 4.79191 Hydrophobic Alkyl
N:UNK1:C - B:LEU119 5.07804 Hydrophobic Alkyl
N:UNK1 - B:LEU119 5.03702 Hydrophobic Alkyl
N:UNK1 - B:LEU160 4.82398 Hydrophobic Alkyl
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Compound Name Distance Category Types
N:UNK1:C - B:LYS116 4.06195 Hydrophobic Alkyl
B:PHE28 - N:UNK1:C 5.44259 Hydrophobic Pi-Alkyl
B:PHE28 - N:UNK1 5.33941 Hydrophobic Pi-Alkyl
B:PHE37 - N:UNK1:C 4.44805 Hydrophobic Pi-Alkyl
N:UNK1 - B:ILE33 4.09811 Hydrophobic Pi-Alkyl
N:UNK1 - B:CYS18 5.2957 Hydrophobic Pi-Alkyl
N:UNK1 - B:ILE33 4.13821 Hydrophobic Pi-Alkyl
Methyl 2,2-dimethyl-8-(3'- B:THR17:HN — N:UNK1:0 1.95697 Hydrogen Bond Conventional Hydrogen Bond
methyl-2'-butenyl)-2H-1-
chromene-6-carboxylate
N:UNK1:H - B:THR17:0G1 2.3322 Hydrogen Bond Conventional Hydrogen Bond
B:CYS18 — N:UNK1 5.08832 Hydrophobic Alkyl
B:ILE33 — N:UNK1 4.40981 Hydrophobic Alkyl
B:ILE33 — N:UNK1 3.96567 Hydrophobic Alkyl
N:UNK1 — B:ILE33 4.75684 Hydrophobic Pi-Alkyl
2,2-Dimethyl-8- B:LYS16:HZ1 — N:UNK1:0 2.28115 Hydrogen Bond Conventional Hydrogen Bond
prenylchromene-6-carboxylic
acid
B:GLY60:HN — N:UNK1:0 2.67976 Hydrogen Bond Conventional Hydrogen Bond
N:UNK1:H - B:ASP57:0D1 2.84984 Hydrogen Bond Conventional Hydrogen Bond
N:UNK1:H — B:THR58:0 2.02545 Hydrogen Bond Conventional Hydrogen Bond
B:ALA13:HN — N:UNK1 2.84240 Hydrogen Bond Pi-Donor Hydrogen Bond
B:ALA13 — N:UNK1:C 4.24690 Hydrophobic Alkyl
B:CYS18 — N:UNK1 5.13947 Hydrophobic Alkyl
B:ILE33 — N:UNK1 490514 Hydrophobic Alkyl
N:UNK1:C - B:CYS18 5.02027 Hydrophobic Alkyl
N:UNK1:C—B:ILE33 3.58507 Hydrophobic Alkyl
Methyl 2,2-dimethyl-2H-1- N:UNK1:H - B:PRO34:0 2.58076 Hydrogen Bond Conventional Hydrogen Bond
chromene-6-carboxylate
N:UNK1:C - B:LYS16 4.43712 Hydrophobic Alkyl
B:PHE37 — N:UNK1:C 5.04011 Hydrophobic Pi-Alkyl
N:UNK1 — B:ILE33 4.92732 Hydrophobic Pi-Alkyl
Anofinic acid B:ALA13:HN - N:UNK1:0 2.59279 Hydrogen Bond Conventional Hydrogen Bond
B:VAL14:HN - N:UNK1:0 2.60671 Hydrogen Bond Conventional Hydrogen Bond
B:GLY15:HN - N:UNK1:0 2.00959 Hydrogen Bond Conventional Hydrogen Bond
B:LYS16:HN - N:UNK1:0 2.34198 Hydrogen Bond Conventional Hydrogen Bond
B:LYS16:HZ2 - N:UNK1:0 2.30497 Hydrogen Bond Conventional Hydrogen Bond
N:UNK1:H - B:THR17:0G1 2.03353 Hydrogen Bond Conventional Hydrogen Bond
B:CYS18 - N:UNK1 4.55061 Hydrophobic Alkyl
B:ILE33 - N:UNK1 4.66766 Hydrophobic Alkyl
N:UNK1 - B:CYS18 5.22591 Hydrophobic Pi-Alkyl
N:UNK1 - B:ILE33 4.64398 Hydrophobic Pi-Alkyl
Asebogenin B:LYS116:HZ2 - N:UNK1:0 2.34066 Hydrogen Bond Conventional Hydrogen Bond
B:LYS116:HZ2 - N:UNK1:0 2.98927 Hydrogen Bond Conventional Hydrogen Bond
B:ALA159:HN - N:UNK1:0 2.03567 Hydrogen Bond Conventional Hydrogen Bond
N:UNK1:H - B:ASP118:0D2 2.12360 Hydrogen Bond Conventional Hydrogen Bond
N:UNK1:C - B:GLY15:0 3.53313 Hydrogen Bond Carbon Hydrogen Bond
B:PHE28 - N:UNK1 5.22607 Hydrophobic Pi-Pi T-shaped
N:UNK1 - N:UNK1 5.77089 Hydrophobic Pi-Pi T-shaped
B:ALA159 - N:UNK1:C 3.50620 Hydrophobic Alkyl
N:UNK1:C - B:LEU19 4.89662 Hydrophobic Alkyl
N:UNK1:C - B:LYS116 4.91332 Hydrophobic Alkyl
N:UNK1 - B:CYS18 5.32357 Hydrophobic Pi-Alkyl
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Compound Name Distance Category Types
N:UNK1 - B:LYS116 3.70251 Hydrophobic Pi-Alkyl
N:UNK1 - B:ALA159 4.90968 Hydrophobic Pi-Alkyl
N:UNK1 - B:CYS18 5.26087 Hydrophobic Pi-Alkyl

Cardamomin B:VAL14:HN - N:UNK1:0 2.59538 Hydrogen Bond Conventional Hydrogen Bond
B:LYS16:HZ2 - N:UNK1:0 2.42424 Hydrogen Bond Conventional Hydrogen Bond
N:UNK1:H - B:THR58:0 2.36468 Hydrogen Bond Conventional Hydrogen Bond
N:UNK1 - B:LYS16 5.49260 Hydrophobic Pi-Alkyl
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Figure 6 2D structure protein binding interaction with the phytochemical of P. aduncum. (A) Methyl 2,2-dimethyl-8-(3'-methyl-
2'-butenyl)-2H-1-chromene-é-carboxylate; (B) 2,2-Dimethyl-8-prenylchromene é-carboxylic acid; (C) Methyl 2,2-dimethyl-2H-
1-chromene-6-carboxylate; (D) Anofinic acid; (E) Asebogenin; (F) Cardamomin. The arrow indicated that ligand binding to
a crucial amino acid residue with hydrogen bonds
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Figure 7 Anticancer mechanism of compounds P. aduncum through inhibition of RAC1 (A) RAC1 increases cell growth, cell
migration, cell proliferation and angiogenesis (B) Inhibition of the RAC1 protein may lead to decreased proliferation, migration
of cells, and angiogenesis, which may lead to apoptosis
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In conclusion, this study demonstrates that the extract
of P. aduncum exhibits significant cytotoxicity against
the T47D breast cancer cell line. Through an
infegrated cytotoxicity and in silico approach, we
have identified six potential bioactive compounds
Methyl 2,2-dimethyl-8-(3'-methyl-2'-butenyl)-2H-1-
chromene-é-carboxylate; 2,2-Dimethyl-8-prenyl
chromene é-carboxylic acid; Methyl 2,2-dimethyl-2H-
1-chromene-6-carboxylate; Anofinic acid; Asebo
genin; Cardamomin that likely contribute to activity of
anticancer. The computation-nal analysis predicts
that these compounds have a multi-target
mechanism with several key pathways involved in
breast cancer progression. While these in silico findings
provide a valuable theoretical framework for the
plant's mechanism of action, they remain predictive.
Therefore, further experimental research should be
conducted in-vivo or in-vitro to confiim their
therapeutic potential.
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