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Abstract. Breast cancer is one of the leading causes of mortality among
women worldwide, prompting the exploration of alternative, natural
therapies. This study examines the anti-breast cancer potential of traditional
herbal plants used by the Dayak tribe, particularly Kleinhovia hospita Linn.
Through in silico approaches, the study investigates the cytotoxic effects and
binding affinities of key compounds, such as Scopoletin, Quercetin, and
Eleutherol, with breast cancer-related proteins. Molecular docking analysis
demonstrated that Quercetin and Eleutherol exhibit high binding affinities
(-9 and -8 kcal/mol, respectively) with target proteins, indicating
significant potential for inhibiting cancer cell proliferation by targeting
proteins like EGFR, JNK, and NUDTS. The drug-likeness analysis
confirmed that Quercetin and Eleutherol meet criteria for further therapeutic
exploration. These findings suggest that compounds from Dayak tribal
plants could be viable anti-cancer agents, providing a scientific foundation
for developing culturally relevant and effective treatments for breast cancer.
Further research is recommended to isolate and evaluate the bioactive
compounds in preclinical and clinical settings. This work supports the
potential of traditional Dayak herbal medicine as a natural therapeutic
strategy against breast cancer.

1 Introduction

Breast cancer represents a substantial health concern for women. The World Health
Organization documented 2.3 million cases and 685,000 deaths in 2020. By 2023, it had
become the predominant disease in 173 countries. Breast cancer is the most common cancer
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in Indonesia, in addition to cervical cancer, lung cancer, colorectal cancer, and liver cancer.
In 2020 alone, according to Global Cancer Statistics (Globocan) data released by WHO, in
Indonesia, there were 396,914 new cancer cases with 234,511 deaths caused by cancer[1].
The prevention and treatment of breast cancer are the subject of extensive investigation by
scientists worldwide. The use of medicinal plants was long forgotten as synthetic medications
were developed as a result of the rapid breakthroughs in technology [2], but over the past few
decades, the promise of phytomedicine has drawn more attention due to the serious side
effects that such synthetic medications induce [3].

Breast cancer is a type of cancer that affects many women. In molecular regulation, some
proteins play a role in cancer cell activity [4]. One of the first significant targets for these
new anticancer drugs to be discovered is the epidermal growth factor receptor (EGFR).
According to recent research, EGFR and its downstream pathway control migration, tumor
invasion, and the epithelial-mesenchymal transition. Additionally, high EGFR expression is
a marker of a poor prognosis in Inflammatory breast cancer [5]. The amplification of the
Human Epidermal Growth Factor (EGFR) in breast cancers has been regarded to accelerate
tumor growth [6]. New evidence suggests that JINK promotes tumor development and is
associated with a number of cancers, including breast cancer. The c-Jun N-terminal kinase
(JNK) protein is involved in signaling and affects both the survival of cancer cells and the
apoptotic pathway [7]. Than, NUDTS5 (nucleotide diphosphate hydrolase type 5) is a crucial
biomarker for cancer stratification and a target for drugs, acting as an upstream regulator of
tumor drivers [8]. These proteins play an important role in the regulation and progression of
breast cancer. With the potential of multi-target medications, scientists have moved from
monotherapy to combination therapy and now to multi-targeted agents. Multi-target therapy,
used sequentially or in combination, aims to overcome both inherent and acquired resistance
to anti-cancer drugs [9].

The prevalence of breast cancer in Indonesia is notably high; however, it is comparatively
lower in Kalimantan [10], where the indigenous Dayak tribe has traditionally used Tahongai
(Kleinhovia hospita Linn) as a medicinal herb [11]. Tahongai is known for various
pharmacological properties, with research suggesting its potential as an anticancer,
antidiabetic, antioxidant, and hepatoprotective agent [12]. Despite these promising findings,
the specific potential of compounds within Tahongai as an anti-breast cancer agent remains
largely unexplored, underscoring the need for further research to investigate its efficacy and
mechanisms in breast cancer prevention and treatment.

2 Materials and methods

2.1 Samples Preparation

Targets including C-Jun N-Terminal Kinase (JNK) (PDB ID: 6EMH), Human Epidermal
Growth Factor (EFGR) (PDB ID: 1XKK), NUDT5 (Nucleotide diphosphate hydrolase type
5) (PDB ID: 5QTR) were downloaded via protein data bank (PDB). The proteins were
preprocessed through Biovia Discovery studio 2021, then polar charge and hydrogen were
added through autodocktools, then saved in pdbqt format. Compounds from the Tahongai
(Kleinhovia hospita L.) leaves include scopoletin (CID_5280460), quercetin
(CID _5280343), and Eleutherol (CID 120697) downloaded from PubChem.

2.2 Drug likeness

For each compound, drug-likeness properties were evaluated using the SwissADME online
tool (http://www.swissadme.ch/). SwissADME predicts each compound’s potential for oral
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bioavailability, permeability, and adherence to rules such as Lipinski’s Rule of Five, which
is commonly used to determine drug-likeness [13]. These evaluations are essential to ensure
the compounds possess characteristics suitable for further development as therapeutic agents.

2.3 Anti-breast cancer prediction

Anti-breast cancer potential of each compound was predicted using the Way2Drugs PASS
online tool (https://www.way2drug.com). This tool requires the SMILES (Simplified
Molecular Input Line Entry System) notation for each compound to carry out the predictions.
The SMILES format encodes the molecular structure, allowing PASS online to evaluate the
likelihood of each compound exhibiting anti-breast cancer activity by analyzing its
pharmacological properties and biological activities.

2.4 Molecular docking

Molecular Docking analysis simulation was carried out using PyRx with different coordinate
for each protein, which is customized from each of its native ligands. CJUN Center X:7.1386
Y:3.0296 Z :- 16.3675 Dimensions (Angstrom) X: 14.7041 Y: 12.8263 Z: 19.1591, EGFR
Center X:17.1804 Y:33.9350 Z:38.4155 Dimensions (Angstrom) X: 21.0253 Y: 17.1490
7:23.0959, and NUDTS5 Center X :- 163654 Y :- 14.2164 Z :- 4.8240 Dimensions
(Angstrom) X: 21.1624 Y: 14.0542 Z: 13.5638..

2.5 Interaction and visualization

The molecular docking results of ligands were integrated with protein complexes using
Biovia Discovery Studio 2021 to visualize docking positions within each target protein. This
allowed for detailed analysis of interactions, examining bonds like hydrogen bonding,
hydrophobic contacts, and van der Waals forces between protein residues and ligands at the
binding sites. This method provided insights into binding affinity and the potential efficacy
of the ligands as therapeutic agents.

2 Results and discussion

Table 1. Druglikeness analysis

S Bioavailabilit Drug-like
Compound |Lipinski | Ghose | Veber | Egan Muegge Score y Molgecule
Eleutherol Yes Yes Yes Yes Yes 0.55 Yes
Quercetin Yes Yes Yes Yes Yes 0.55 Yes
No; 1
Scopoletin Yes Yes Yes Yes violation: 0.55 Yes
MW<200

Table 1 presents a drug-likeness analysis of three compounds: Eleutherol, Quercetin, and
Scopoletin. The drug-likeness was evaluated based on five commonly used rules: Lipinski,
Ghose, Veber, Egan, and Muegge. Both Eleutherol and Quercetin satisfy all five rules,
indicating they meet the structural and physicochemical criteria typically associated with
drug-like compounds. Scopoletin, while meeting the Lipinski, Ghose, Veber, and Egan
criteria, shows one violation in the Muegge rule due to a molecular weight (MW) below 200.
Furthermore, the results of compound prediction using Way2Drugs are presented in Figure
1.
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Fig 1. Predicted biological activities of compounds (probability of activity vs probability index) from
Way2Drug.

Way2drug results indicate higher compound activity likelihood, with Pa surpassing P1i,
Figure 1 shows the predicted biological activities of compounds, where Pa (Probability of
Activity, purple) indicates the likelihood of the compound being active against a target, and
Pi (Probability Index, green) represents the probability of inactivity. Higher Pa values
suggest a greater chance of relevant activity [13]. NOXs promote breast cancer progression
and treatment resistance via various pathways, such as Nox4-mediated lymphangiogenesis
and metastasis through ROS/ERK/CCL21[14] and NOXI1/NOX5-induced MMP-9
expression and cell invasion [15]. NOX inhibitors, including GKT831 and HBB, enhance the
inhibition of ROS generation, cell proliferation, and tumor growth [16]. A naphthotriazolyl-
4-oxoquinoline derivative selectively induces apoptosis by increasing ROS production and
inhibiting glycolysis [17]. However, the dual role of ROS in cancer cell survival and death
necessitates careful therapeutic consideration.

Inhibiting RELA expression regulates pathways in breast cancer progression and
treatment resistance by promoting genes related to tumor growth, metastasis, and therapy
resistance. RELA enhances CXCRS5 and CXCLI13 transcription, associated with EMT and
lymph node metastasis [18]. RELA and NFATc2 upregulate Etsl, increasing invasiveness of
breast cancer cells [19]. RELA activation is linked to resistance to ErbB2 tyrosine kinase
inhibitors, and inhibiting RELA can enhance lapatinib-induced apoptosis in ErbB2(+) breast
cancer cells [20]. High RELA levels contribute to cell survival and resistance to radiation
and chemotherapy [21]. RELA inhibition could reduce invasiveness and overcome
resistance, benefiting aggressive and metastatic cases [18-20]. However, careful
consideration is needed due to NF-kappaB signaling's role in various cellular processes.

CYP inhibitors alter chemotherapeutic drug metabolism in breast cancer treatment,
influencing efficacy and toxicity. While CYP2D6 inhibitors increase doxorubicin toxicity,
leading to unplanned medical visits and dose reductions, CYP3A4 inhibitors do not
significantly affect toxicity outcomes [22]. Inhibiting cytochrome P450 enzymes prevents
rapid drug metabolism and improves efficacy [23]. Despite CYP2D6's role in tamoxifen
metabolism, large studies show that CYP2D6 inhibitors do not significantly increase adverse
outcomes [24]. The impact of CYP inhibitors varies by enzyme and drug, highlighting their
importance in personalized therapy.

MAP Kinases, especially the ERK and p38 pathways, are crucial in breast cancer
progression and treatment response by regulating cell proliferation, apoptosis, and invasion,
making them vital therapeutic targets [25], [26] . The Ras/Raf/MEK/ERK pathway
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significantly affects cell survival and tumor development in breast cancer [27].
Polyisoprenylated Cysteinyl Amide Inhibitors (PCAls) target hyperactive RAS proteins in
triple-negative breast cancer (TNBC), promoting apoptosis and reducing invasion [28].
Elevated p38 MAPK in ER+ tumors indicates potential for p38 MAPK inhibitors [26]. In
MCF-7 cells, muscarinic cholinergic receptor activation triggers MAPK/ERK
phosphorylation, enhancing proliferation and protein synthesis, showing pathway complexity
[29]. MAPK pathway roles and therapeutic responses differ across subtypes, with TNBCs
exhibiting lower p38 MAPK than ER+ tumors [26].

JAK?2 inhibitors like pacritinib and ruxolitinib can suppress tumor growth and metastasis
in HER2-positive and triple-negative breast cancers (TNBC) by targeting the JAK2/STAT3
pathway. However, resistance mechanisms and effects on immune cells can limit their
efficacy. Co-targeting JAK2 and TrkA pathways synergistically inhibits growth and
metastasis, reduces cancer stem cell populations, and induces apoptosis [30]. Resistance in
TNBC cells to JAK2 inhibitors may occur via Serine/Threonine Kinase 16 (STK16),
indicating the need for combination therapies [31]. JAK2 expression correlates with tumor-
infiltrating lymphocytes and better breast cancer outcomes.

NOS2 substantially affects breast cancer progression, particularly in aggressive subtypes
like TNBC, by promoting proliferation, metastasis, and immune suppression, frequently in
conjunction with COX-2, and is associated with poor survival, especially in ER- subtypes
[32-33]. NOS2 and COX-2 generate a pro-inflammatory tumor microenvironment that
promotes cancer progression [32-33]. Pharmacological NOS2 inhibition decreases tumor
growth and enhances survival in breast cancer models [34]. Inhibiting NOS2 and COX-2
increases CD8+ T cell tumor infiltration, potentially enhancing immune response and
reducing tumor growth in TNBC models, with their spatial distribution influencing immune
cell localization and activity [35-36].

HIF1A overexpression in breast cancer promotes tumor growth, metastasis, and
chemoresistance by regulating genes involved in glycolysis, angiogenesis, metastasis,
immune evasion, and drug resistance, leading to poor prognosis [37]. Elevated HIF1A
expression reduces sensitivity to taxane-based chemotherapy through the IL-17 signaling
pathway [38], while HNK inhibits HIF1A-mediated glycolysis, promoting apoptosis and
inhibiting tumor growth [39]. Overexpression of p53 isoforms, such as A40p53, is associated
with stemness and reduced chemotherapy sensitivity, suggesting that TP53 expression levels
are more predictive of treatment outcomes than mutations. TP53 mutations, prevalent in
breast cancer, correlate with specific p53 protein expression patterns, often indicating
underlying mutations [40]. Genetic alterations affect TP53 expression and isoforms,
contributing to cancer progression and the complexity of p53 regulation involves interactions
between TP53 variants and other genes [41].

Antineoplastic drugs, including cytotoxic chemotherapies and targeted biological
therapies, are essential in breast cancer treatment but can cause significant side effects,
targeting rapidly dividing cells like hair follicles and hematopoietic cells, leading to alopecia
and bone marrow suppression [42]. Targeted therapies aim to minimize non-cancerous cell
damage but still have specific toxicities [42]. Chemotherapy increases oxidative stress
markers and negatively impacts hematological profiles, causing anemia and leukopenia [43].
Adjuvant treatments are associated with weight gain [44]. In male breast cancer models,
cisplatin reduces tumor volume by inducing apoptosis, while tamoxifen affects hormone
receptor expression [45]. Commonly used drugs like methotrexate, 5-fluorouracil, and
taxanes have unique cancer-inhibiting mechanisms [46]. While crucial for managing breast
cancer, antineoplastic drugs present challenges, requiring personalized treatment strategies.
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Fig 2. Binding site interaction between receptors and ligand; A) JNK and Tahongai compound; B)
EGFR and Tahongai compound; C) NUDTS and Tahongai compound.

Table 2. Binding score and chemical interaction between receptors and ligands

Compound Bml(:ll:;%/igll;lty Chemical interaction
JNK |[EGFR |NUDTS5S JNK EGFR NUDTS5
Hydrogen: Hydrogen: THR854| Hydrogen:
MET149, LEU148, | Hydrophobic: TYR90
SER193 VAL726, ALA743,| Hydrophobic:
Eleutherol | -7.8 -8 -6.3 | Hydrophobic: LYS745, MET766,| PRO8S,
VAL78, ILE70, THR790, LEU858 | PHES83,
ALA91, VAL196, PHE167
LEU206
Hydrogen: GLU147, | Hydrogen: Hydrogen:
LEU148, MET149 | ALA743, MET793,| GLNS2,
Hydrophobic: ILE70,| ASP855 PHES3,
Quercetin | -7.4 -9 -5,8 VAL78, ALA91, Hydrophobic: PHE167
VALI196 LEU718, VAL726,| Hydrophobic:
LYS745, THR790, | PROSS5,
LEU844 PHE167
Hydrogen: GLU147, | Hydrogen: Hydrogen:
MET149 GLN791, MET793,| GLNS82,
) Hydrophobic: GLY796 TYRO0
Scopoletin | -6.8 | -6,5 -5.4 MET149, ILE70, Hydrophobic: Hydrophobic:
ALA91, VALT7S, LEU718, VAL726,| PROSS,
VALI196, LEU206 ALA743,LEU844 | PHE167

Note: The similar color show similarity interaction between receptors and compound with native
ligands

The table highlights the binding interactions of Eleutherol with the JNK, EGFR, and
NUDTS proteins. Eleutherol shows the strongest binding affinity with EGFR (—8 kcal/mol),
suggesting a favorable interaction. Hydrogen bonds are observed with residues such as
MET149 and LEU148 in JNK and THR854 in EGFR. Additionally, Eleutherol forms
hydrophobic interactions with residues like VAL78 and ILE70 in JNK, as well as VAL726
and LEU858 in EGFR, indicating a stable interaction with these target sites.

Quercetin exhibits the highest binding affinity among the compounds, particularly with
EGFR (-9 kcal/mol), indicating a strong interaction with this protein. Key hydrogen bond
interactions include residues GLU147 and LEU148 in JNK, and ALA743 and ASP855 in
EGFR. Hydrophobic contacts with residues such as VAL78 and VAL726 further stabilize its
binding to both JNK and EGFR, suggesting Quercetin as a potent candidate for interactions
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with these proteins. Quercetin enhances the effectiveness of anti-cancer agents, reduces
required dosages, and resensitizes resistant cancer cells. Improved delivery systems can
further boost its potential. More research is needed to assess its pharmaco-toxicological
profile and its use in adjuvant and chemoprevention therapy [47], [48].

Scopoletin shows moderate binding affinities with JNK, EGFR, and NUDTS5, with values
ranging from -6.8, -6.5, and -5.4 kcal/mol. This compound interacts via hydrogen bonds with
residues such as GLU147 and MET149 in JNK, and GLNS82 and TYR90 in NUDTS5, with
additional hydrophobic interactions involving ILE70, VAL78, and LEU844. Despite its
notable antitumor and anticancer activities demonstrated in in vitro studies, Scopoletin has
limited representation in preclinical and clinical research. Previous studies indicate that
Scopoletin exerts anticancer effects across various types of cancer cells, highlighting its
potential as a therapeutic candidate [49]. Although the binding affinities of Scopoletin are
lower than those of Quercetin and Eleutherol, its consistent interaction across the three
proteins indicates its potential for versatile applications.

3 Conclusion

This study demonstrates that Dayak tribal herbal leaves, particularly Kleinhovia hospita Linn,
show promising potential as anti-breast cancer agents based on in silico analysis. Key
compounds, including Quercetin, Eleutherol, and Scopoletin, exhibited interactions with
breast cancer-related proteins such as EGFR, JNK, and NUDTS, displaying significant
binding affinities. Notably, Quercetin and Eleutherol achieved the highest binding affinities
with EGFR at —9 kcal/mol and —8 kcal/mol, respectively, suggesting strong potential to
inhibit cancer cell proliferation through these targets. Drug-likeness analysis also confirmed
that Quercetin and Eleutherol meet essential criteria for further therapeutic development.
These findings support the traditional use of Dayak herbal plants and provide a scientific
foundation for developing culturally relevant natural therapies against breast cancer. Further
research is essential to isolate and evaluate these bioactive compounds in preclinical and
clinical studies to better understand their mechanisms and efficacy in breast cancer treatment.
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