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Abstract
Background: Triple-Negative Breast Cancer (TNBC) is an
aggressive and therapeutically challenging subtype with
poor clinical outcomes. Among various oncogenic targets,
p38 MAPK o (MAPK14) regulates key pathways in cell
survival, apoptosis, and inflammatory responses. Despite
MAPK14

underexplored in the context of natural compound-based

its therapeutic relevance, remains
interventions for TNBC. This study aims to fill that gap by
evaluating plant-derived ligands with multi-targeted
potential and better safety profiles as novel MAPK14
inhibitors for targeted cancer therapy. Methods: This
study employed a comprehensive in silico strategy to
evaluate two phytochemicals, Epigallocatechin-3-gallate
(EGCQG) and Flavokawain B (FKB), as potential MAPK14
inhibitors. Molecular docking was performed using
AutoDock Vina against the MAPK14 protein (PDB ID:
1A9U), followed by interaction visualization. ADME-Tox
profiling was conducted using SwissADME and ProTox-Il,
while pathway analysis was performed via Cytoscape to
explore downstream network connectivity. Results: EGCG
demonstrated high binding affinity (-8.0 kcal/mol) and
diverse hydrogen bonding and m-type interactions, but
showed limitations in Gl absorption and bioavailability. In
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contrast, FKB exhibited slightly lower binding energy (-7.7
kcal/mol) but greater structural stability across docking
poses, with superior pharmacokinetic features, including
high Gl absorption, BBB permeability, and low predicted
toxicity. Network analysis indicated both compounds may
influence apoptotic signaling via MAP2K3, TP53, and
STAT1 pathways. Conclusion: The results suggest that
while EGCG shows strong molecular interactions, FKB
presents a more balanced therapeutic profile. These
findings support FKB as a promising natural inhibitor of
MAPK14, warranting further in vitro and in vivo validation
for TNBC therapy.
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1. Introduction
Cancer remains the second leading cause of death globally, with

breast cancer being the most frequently diagnosed malignancy
among women (Arnold et al., 2022). Among its subtypes, Triple-
Negative Breast Cancer (TNBC) is particularly aggressive, complex,
TNBC accounts for

approximately 15-20% of all breast cancer cases and is characterized

and resistant to standard therapies.
by the absence of estrogen receptors (ER), progesterone receptors
(PR), and human epidermal growth factor receptor 2 (HER2),
rendering it unresponsive to hormonal or HER2-targeted therapies
(van Barele et al., 2021). Due to this limitation, patients with TNBC
primarily rely on chemotherapy, which is often associated with
adverse effects, drug resistance, and a high risk of relapse (Magbool
etal., 2022). Even with advances in treatment, the five-year survival
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rate for TNBC patients remains significantly lower compared to
other breast cancer subtypes (Baranova et al., 2022). Recent studies
have identified Mitogen-Activated Protein Kinase 14 (MAPK14),
also known as p38 MAPK q, as a critical oncogenic regulator in
Triple-Negative Breast Cancer (TNBC). This kinase plays a central
role in modulating cellular inflammation, oxidative stress responses,
cell cycle regulation, and apoptosis (Wang et al., 2022). In TNBC
cells, overexpression or hyperactivation of the p38 MAPK a pathway
has been associated with enhanced tumor cell survival and
metastatic potential (H. Chen et al., 2021; Kudaravalli et al., 2022).
Importantly, inhibition of this pathway has been shown to induce
growth arrest and apoptosis in cancer cells, suggesting its
therapeutic relevance (Cetraro et al., 2022). Consequently, MAPK14
is increasingly recognized as a promising molecular target for the
development of targeted therapies in TNBC treatment.

Despite the therapeutic relevance of p38 MAPK a in cancer biology,
most of its known inhibitors have failed to achieve clinical success
due to significant drawbacks such as off-target toxicity, poor
aqueous solubility, metabolic instability, and limited bioavailability
(Garcia-Herndndez et al, 2021; Phan et al, 2023). These
pharmacokinetic and pharmacodynamic limitations have shifted
the research focus towards bioactive natural products, which are
structurally diverse, biologically accessible, and generally well-
tolerated. Natural compounds with anti-inflammatory and
anticancer properties offer unique advantages in targeting
dysregulated pathways like MAPK14, especially in hard-to-treat
cancers such as TNBC (W. Xu et al., 2021). Moreover, several plant-
derived molecules have demonstrated the ability to modulate
multiple signaling pathways simultaneously, making them attractive
candidates for multi-targeted therapy (Ganguly et al., 2023). Hence,
identifying safe and effective natural MAPK14 inhibitors could offer
a promising therapeutic strategy for TNBC management.

In this study, we selected two naturally derived compounds:
Epigallocatechin-3-gallate (EGCG) and Flavokawain B (FKB),
based on their well-documented anticancer properties. EGCG, the
principal polyphenol found in green tea, has been extensively
studied for its anti-proliferative, anti-angiogenic, and pro-apoptotic
effects in various cancer types, including breast cancer (Kciuk et al.,
2023). It is known to modulate key signaling pathways such as
PI3K/Akt, JAK/STAT, and NF-xB, which are often dysregulated in
TNBC (Farghadani & Naidu, 2021; Fultang et al., 2021). EGCG also
exhibits low systemic toxicity, making it an attractive candidate for
therapeutic repurposing.

On the other hand, Flavokawain B (FKB) is a naturally occurring
chalcone compound derived from the kava plant (Piper
methysticum), known for its ability to induce cell cycle arrest at the
G2/M phase and activate caspase-mediated apoptotic pathways
(Zhao et al., 2023). FKB has shown promising activity against drug-

resistant cancer cell lines and is gaining attention as a potent anti-

tumor agent (Szymczyk et al, 2021). However, despite these
encouraging findings, the potential of both EGCG and FKB to
inhibit the MAPKI14 (p38 MAPK a) pathway
underexplored, particularly in the context of TNBC. This presents a

remains

significant literature gap, which this study aims to address through
computational modeling and comparative analysis with known
reference inhibitors.

In this study, two naturally occurring compounds-Epigallocatechin-
3-gallate (EGCG) and Flavokawain B (FKB)-were selected for their
reported anticancer activities and favorable safety profiles. EGCG,
the major polyphenol in green tea, has demonstrated anti-
proliferative and apoptosis-inducing effects through modulation of
signaling pathways like PI3K/Akt and NF-kB (Ferrari et al., 2022).
FKB, a chalcone from Piper methysticum, is known to induce G2/M
cell cycle arrest and caspase-mediated apoptosis in cancer cells
(Michalkova et al., 2023). Despite their promising profiles, their
potential to inhibit MAPK14 (p38 MAPK a), a key target in TNBC
progression, remains poorly studied. This study addresses that gap
by evaluating their binding affinity, interaction stability, and
pharmacokinetic features, using SB203580 as a reference inhibitor.
The present study aimed to identify Epigallocatechin-3-gallate
(EGCG) and Flavokawain B (FKB) as potential natural inhibitors of
p38 MAPK a, a key molecular target implicated in Triple-Negative
Breast Cancer (TNBC) progression. Using a structure-based
molecular docking approach and biological network/pathway
analysis, the interaction profiles and therapeutic relevance of these
compounds were comprehensively evaluated (Marin et al., 2023).
By focusing on compounds that are both biologically active and
naturally sourced, this research fills a critical literature gap in
targeted drug discovery for TNBC. It sets a foundation for future in
vitro and in vivo validation and offers insights that may contribute
to the broader fields of oncology, natural product pharmacology,
and precision therapeutics. If validated further, these compounds
could offer a safer and more effective therapeutic alternative for
TNBC patients.

2. Materials and Methods

2.1 Study Design

This study used a structure-based computational approach to
explore natural compounds as potential inhibitors of p38 MAPK «,
a key protein in TNBC. The 3D structure of MAPK14 was retrieved
from the Protein Data Bank and prepared for docking.
Epigallocatechin-3-gallate (EGCG) and Flavokawain B (FKB) were
selected as test ligands, with SB203580 as a reference inhibitor.
Molecular docking was performed using AutoDock Vina via PyRx
to assess binding affinity. ADME and toxicity profiles were predicted
using SwissADME and ProTox-II. Pathway involvement of
MAPK14 was analyzed using KEGG and visualized with Cytoscape.
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This workflow aimed to identify safe and effective natural inhibitors
for further TNBC therapy development.

2.2 Protein Preparation

The three-dimensional crystal structure of the human p38 MAPK a
protein (MAPK14) was retrieved from the Protein Data Bank (PDB
ID: 1A9U). This structure, resolved at 2.5 A, includes the active form
of the kinase domain bound with a known inhibitor, SB203580. It
was selected based on its completeness and relevance to inhibitor
binding studies. Using Discovery Studio Visualizer, all non-essential
molecules-including water, ions, and the co-crystallized ligand-
were removed. The structure was inspected for missing atoms or
chains and confirmed to be suitable for docking analysis.

Further optimization was carried out using AutoDock Tools
(v1.5.7). Polar hydrogens were added, and Gasteiger charges were
assigned to ensure proper electrostatic calculations. The cleaned
structure was saved in PDBQT format, compatible with AutoDock
Vina. A grid box was generated to cover the active site based on the
coordinates of the native ligand binding region. This preparation
ensured that the receptor structure was properly formatted,
chemically optimized, and ready for accurate molecular docking
simulations with selected ligands.

2.3 Ligand Selection and Preparation

Two bioactive natural compounds-Epigallocatechin-3-gallate
(EGCG) and Flavokawain B (FKB)-were selected for this study
based on previous reports of their anticancer potential. EGCG
(PubChem CID: 65064) is a major polyphenol from green tea,
known for its ability to modulate cell signaling, induce apoptosis,
and inhibit tumor growth. Flavokawain B (PubChem CID:
5318984) is a chalcone derivative reported to induce G2/M cell cycle
arrest and promote caspase mediated cell death. The known p38
MAPK a inhibitor SB203580 (PubChem CID: 5353947) was used as
a reference to benchmark docking results and validate the method.
The 2D structures of all ligands were downloaded from the
PubChem database in SDF format. Using Open Babel and PyRx
(v0.8), the structures were converted to 3D, and energy
minimization was performed using the Universal Force Field (UFF)
to obtain a stable conformation. Hydrogen atoms were added, and
torsions were adjusted as needed. The ligands were then saved in
PDBQT format, suitable for docking in AutoDock Vina. These
prepared ligands were further used to study their molecular
interactions with the active site of p38 MAPK a.

2.4 Molecular Docking Protocol

Molecular docking was performed to evaluate the binding affinity
and interaction patterns of the selected ligands (EGCG and
Flavokawain B) with the p38 MAPK a (MAPK14) protein. Docking
simulations were carried out using AutoDock Vina integrated
within PyRx (v0.8), which applies a Lamarckian Genetic Algorithm
to predict the most stable binding conformations. The protein (PDB
ID: 1A9U) was loaded in PDBQT format, and the docking grid box

was defined around the native ligand-binding site to include key
active residues. The reference inhibitor SB203580 was also docked
under identical conditions to serve as a positive control.

All ligands were docked in their minimized 3D conformations, and
the binding affinity (expressed in kcal/mol) was recorded for each
compound. The top-ranked pose with the lowest binding energy
was selected for further interaction analysis. The resulting ligand-
protein complexes were visualized in both 2D and 3D using
Discovery Studio Visualizer and LigPlot+, allowing identification of
key hydrogen bonds, hydrophobic contacts, and mn-interactions.
These docking results provided critical insights into the binding
strength and mode of each ligand with the MAPK14 protein.

2.5 Drug-Likeness and Toxicity Prediction

The drug-likeness of the selected ligands-Epigallocatechin-3-gallate
(EGCG), Flavokawain B (FKB), and the reference compound
SB203580-was evaluated using the SwissADME web server. Key
physicochemical properties such as molecular weight, number of
hydrogen bond donors and acceptors, rotatable bonds, topological
polar surface area (TPSA), and lipophilicity (LogP) were analyzed.
Each compound was further assessed against Lipinski’s Rule of Five
to determine its potential for oral bioavailability. Additional
parameters such as bioavailability score and gastrointestinal (GI)
absorption were also predicted. These analyses provided insight into
whether the ligands possess desirable features for drug
development.

Toxicity-related properties were predicted using ProTox-II and
pkCSM web tools. Parameters including LDs values (mg/kg),
hepatotoxicity, blood-brain barrier (BBB) permeability, and
potential inhibition of cytochrome P450 (CYP) isoenzymes (e.g.,
CYP1A2, CYP2C9, CYP3A4) were evaluated. These predictions
helped estimate the safety profile of each compound in terms of
systemic toxicity, metabolic interactions, and brain exposure. The
integrated data from both drug-likeness and toxicity predictions
guided the prioritization of EGCG and Flavokawain B as safe and
effective candidates for further development as MAPK14 inhibitors.
2.6 Pathway and Network Analysis

To better understand the role of p38 MAPK a (MAPK14) in cancer-
related signaling, pathway mapping and network analysis were
performed using curated databases and visualization tools. The
MAPK signaling pathway was explored through the KEGG
database, focusing on MAPK14 and its upstream and downstream
interactions relevant to cell proliferation, survival, and
inflammation. The gene-protein interaction data were extracted
from STRING (v11.5) with a high confidence score (> 0.7) to ensure
reliability.

The extracted interaction network was imported into Cytoscape
(v3.9.1) for topological analysis and visualization. Key network
features such as node degree, clustering coefficient, and hub proteins

were analyzed to identify central regulators within the MAPK
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Figure 1. Three-dimensional (left) and two-dimensional (right) interaction diagrams of the complexes formed between the target protein and the
selected ligands (SB203580, Epigallocatechin-3-gallate, and Flavokawain B). (A/a) SB203580, (B/b) Epigallocatechin-3-gallate, and (C/c)
Flavokawain B. The binding energy of each ligand is indicated in red in the corresponding 2D interaction diagram. The interactions include

hydrogen bonding, n-m stacking, -cation, and van der Waals forces.

pathway. MAPK14’s connectivity with other oncogenic nodes (e.g.,
MAPK3, MAP2K6, JUN, TP53) was highlighted to illustrate its
biological importance. This network-based approach supported the
hypothesis that inhibiting MAPK14 could disrupt multiple cancer-
related processes, especially in aggressive cancers like triple-
negative breast cancer (TNBC).

2.7 Statistical Analysis

Docking scores, RMSD values, and toxicity data were analyzed
using one-way ANOVA followed by Tukey’s post hoc test to assess
statistical significance. Results were expressed as mean + standard
deviation (SD), with p < 0.05 considered significant. Significance
levels were denoted as: p < 0.01 (*), < 0.01 (**), and < 0.001 (***);

>

“ns” indicated non-significance. All analyses and plots were

performed using GraphPad Prism (v9.5).

3. Results
3.1 Interaction Analysis through Molecular Docking

Through molecular docking analysis, the binding patterns and
affinities of two potential natural inhibitors-Epigallocatechin-3-
gallate (EGCG) and Flavokawain B-were evaluated with the active
site of the target protein. To facilitate comparative assessment, a
well-established reference inhibitor, SB203580, was included;
however, the primary focus of this study remained on the inhibitory
performance of EGCG and Flavokawain B.

EGCG exhibited a notable binding affinity, with a docking energy of
-8.0 kcal/mol. It showed strong interaction within the active site,
primarily through multiple hydrogen bonds formed with ARG67,
ARGY5, and LYS53. Additionally, nt-rt stacking with TYR35 and a nt-
cation interaction with ASP168 contributed to the overall stability
of the complex. Although an unexpected donor-donor type
interaction was observed, it did not significantly impact the overall
inhibitory profile. Instead, EGCG’s structural features and deep
interactions within the active site support its potential as a

promising natural inhibitor (Figure 1).
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Figure 2. Comparative root-mean-square-deviation (RMSD) values of the docked ligand and reference inhibitor SB203580 for Epigallocatechin-3-
gallate (A) and Flavokawain B (B) across nine docking poses. RMSD values were calculated for each pose based on the deviation from the initial

conformation. Statistically significant differences between the ligand and the inhibitor at each pose are indicated as follows: p <0.01 (*), p <0.01

(**), and p < 0.001 (***); ns denotes non-significant differences.

Flavokawain B, although displaying a slightly lower binding energy
(-7.7 kcal/mol), also established a stable interaction within the active
site. It formed several hydrogen bonds with ALA51, ILE75, ARG67,
and ARG173, alongside van der Waals and n-alkyl interactions with
VAL105, LEU104, and LYS53. Notably, a nt-cation interaction with
GLU171 added to the stability of the complex. Its precise fit within
the active site and diverse interaction profile position Flavokawain
B as another key inhibitor candidate following EGCG. The reference
inhibitor SB203580 showed a binding energy of -8.5 kcal/mol. It
formed conventional hydrogen bonds with ALA51, VAL105, and
LEU104, and was also involved in m-alkyl and n-anion interactions
with TYR35 and ASP168, respectively. Additional van der Waals
contacts with LYS53 and ARG173 were also observed.

3.2 Molecular RMSD Analysis of Ligand-Protein Complexes

Root Mean Square Deviation (RMSD) analysis was used to evaluate
the conformational
(EGCG) and Flavokawain B in their docking poses, with SB203580
serving as the reference inhibitor (Figure 2).

For EGCG, the RMSD values of the ligand were significantly higher
than those of the inhibitor in most docking poses. Specifically, in

variability of Epigallocatechin-3-gallate

poses 3, 4, 5, 6, 7, and 9, the differences were statistically highly
significant (p < 0.01 to p < 0.001). Pose 8 showed a very strong
difference (p < 0.001), while pose 9 showed a notable difference (p
< 0.01). Only pose 2 did not show any statistically significant
variation (ns). These results suggest that EGCG exhibited diverse

binding orientations within the active site during docking, leading

to comparatively higher RMSD values. This elevated RMSD
indicates considerable conformational flexibility, which, while
sometimes advantageous, may negatively influence binding stability
if variability becomes excessive.

In the case of Flavokawain B, most poses did not show significant
differences in RMSD values compared to the inhibitor. Notable
differences were observed only in poses 3, 4, and 9 (p < 0.01 to p <
0.001), while pose 7 showed a moderate difference (p < 0.01). The
remaining poses (2, 5, 6, and 8) did not exhibit any significant
statistical differences (ns). These observations indicate that
Flavokawain B maintained relatively stable conformations across
most docking poses, with RMSD values comparable to those of the
reference inhibitor SB203580. Overall, the findings highlight that
EGCG displayed greater conformational flexibility, potentially
reflecting binding variability, whereas Flavokawain B showed more
structural stability across docking orientations.

3.3 Analysis of the MAPK Signaling Network

In Figure 3, an interaction network was constructed using
Cytoscape to analyze the functional interconnectivity among the
key proteins and genes involved in the Mitogen-Activated Protein
Kinase (MAPK) signaling cascade. The active connections and
signaling flow between associated genes and proteins were clearly
visualized. The network analysis revealed two distinct functional

axes: apoptosis (programmed cell death) and proliferation (cell

division and survival).
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Figure 3. Cytoscape-based network representation of the MAPK signaling pathway. The diagram illustrates core interactions among kinases,
phosphatases, and transcription factors, highlighting two major outcomes: apoptosis (via MAPK14, TP53) and proliferation (via MAPKAPK2,

CREBI). Central nodes such as MAPK14 and STAT1 integrate signals from ROS and DNA damage.

Within the network, MAPK14 (p38 MAPK), MAP2K3, MAP3K?7,
MAPKAPK2, and STAT1 appeared as major hub nodes. MAPK14
functioned as a central component, activated via TRAF6 and TABI,
responding to upstream signals related to reactive oxygen species
(ROS) and DNA damage. It subsequently promoted the apoptosis
pathway by activating downstream regulators such as TP53 and
DDIT3. Upstream kinases like MAP2K3, MAP3K5, and MAP2K6
contributed to this apoptotic signaling cascade.

On the other hand, CREBI activation was observed through
MAPKAPK2 and RPS6KAS5, suggesting involvement in cellular
Notably, STAT1 exhibited a

bifunctional role, participating in both apoptotic and proliferative

proliferation-related activities.

signaling routes.

Several phosphatases present in the network, including DUSPI,
PPM1A, and PPM1D, acted as negative regulators, playing essential
roles in preventing MAPK pathway hyperactivation. Furthermore,
adaptor proteins such as TRAF2, TRAF6, and TABI served as
crucial connectors in signal transduction by linking various MAPK
kinases within the cascade.

3.4 Comparative Analysis of Drug-Likeness and ADME Properties
The physicochemical, lipophilicity, solubility, pharmacokinetic, and
drug-likeness properties of SB203580 (reference inhibitor),
Epigallocatechin-3-gallate (EGCG), and Flavokawain B were
comparatively analyzed. These parameters are crucial indicators for
assessing a compound’s potential as an orally bioavailable and

bioactive drug candidate (Table 1).

In terms of physicochemical characteristics, EGCG exhibited the
highest molecular weight (458.37 g/mol) and the largest Topological
Polar Surface Area (TPSA: 197.37 A2, reflecting its highly
hydrophilic nature. It possesses 8 hydrogen bond donors and 11
acceptors, exceeding the conventional permeability limits, which
may negatively impact gastrointestinal (GI) absorption. In contrast,
Flavokawain B had the lowest TPSA (55.76 A?), which may favor
membrane permeability.

Regarding lipophilicity, both Flavokawain B and SB203580 showed
relatively high XlogP values (3.83 and 3.20, respectively) and
WLogP values (3.20 and 5.97, respectively), suggesting good
potential for membrane permeation. On the other hand, EGCG
displayed lower lipophilicity (XlogP: 1.17; WLogP: 1.91), indicating
better solubility in water but potential limitations in penetrating
lipophilic environments. In water solubility assessment, EGCG was
identified as the most soluble compound (Silicos-IT LogS: -2.50;
Class: Soluble), whereas Flavokawain B and SB203580 exhibited
moderate to low solubility profiles.

In the pharmacokinetic profile, Flavokawain B and SB203580
demonstrated high GI absorption, while EGCG showed low
absorption, likely due to its high polarity and hydrogen bonding
capacity. Notably, Flavokawain B was the only compound predicted
to cross the Blood-Brain Barrier (BBB), suggesting its relevance in
potential neurological applications. For drug-likeness evaluation,
EGCG violated two of Lipinskis rules, which may limit its oral
bioavailability. In contrast, Flavokawain B and SB203580 fully
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Table 1. ADME and drug-likeness profiles of SB203580, Epigallocatechin-3-gallate, and Flavokawain B, including physicochemical properties,

lipophilicity, solubility, GI absorption, BBB permeability, Lipinski’s rule compliance, and bioavailability score.

. Epigallocatechin-3- .
Properties $B203580 Flavokawain B
gallate
Molecular wt. (g/mol) 377.43 458.37 284.31
Rotatable Bond 4 4 5
Physicochemical Properties H-Bond Acceptors 4 11 4
H-Bond Donors 1 8 1
TPSA (A2) 77.85 197.37 55.76
- XlogP3 3.20 1.17 3.83
Lipophilicity
WLogP 5.97 191 3.20
ESOL LogS -4.56 -3.56 -4.11
ESOL Class MS S MS
B Ali LogS -4.51 491 -4.70
Water Solubility -
Ali Class MS MS MS
Silicos-IT LogS -9.04 -2.50 -4.63
Silicos-IT Class PS S MS
L GI Absorption H L H
Pharmacokinetics
Blood Brain Barrier N/A N/A Yes
. Lipinski’s Violation Y, 0 No, 2 Y,0
Druglikeness - —
Bioavailability Score 0.55 0.17 0.55

Table 2. In silico prediction of acute toxicity (LDso), cytochrome P450 enzyme inhibition potential, blood-brain barrier (BBB) permeability, and

hepatotoxicity for SB203580, Epigallocatechin-3-gallate, and Flavokawain B.

) LDso Cytochrom | Cytochrome Cytochrome Cytochrome . Hepatotoxic
Ligand BBB-barrier .
(mg/kg) e CYP1A2 | CYP2C19 CYP2C9 CYP3A4 ity
S$SB203580 2000 0.92 0.93 0.83 0.93 0.90 0.56
Epigallocatechi 1000 i i i i 0,53 i
n-3-gallate
Flavokawain B 3000 0.85 0.80 0.68 0.93 0.79 -

complied with Lipinski’s criteria (no violations), and both showed a
bioavailability score of 0.55, significantly higher than that of EGCG
(0.17).

3.5 In Silico Toxicity and CYP450 Enzyme Interaction Prediction
Toxicological risk and cytochrome P450 enzyme interaction
potential of SB203580, Epigallocatechin-3-gallate (EGCG), and
Flavokawain B were assessed using computational prediction tools.
Key parameters included predicted median lethal dose (LDso),
inhibition potential across major CYP isoenzymes (CYP1A2,
CYP2C19, CYP2C9, CYP3A4), (BBB)
permeability, and hepatotoxicity likelihood (Table 2).

blood-brain barrier

The predicted oral LDs values (in mg/kg, rat) suggest that
Flavokawain B exhibits the highest threshold (3000 mg/kg),
followed by SB203580 (2000 mg/kg) and EGCG (1000 mg/kg),
indicating low to moderate acute toxicity for all compounds.
Notably, EGCG showed the lowest predicted LDso, which may relate
to its higher number of hydrogen bond donors and large polar
surface area, possibly affecting its bioaccumulation.

Regarding Cytochrome P450 enzyme interactions, SB203580
displayed high inhibitory probabilities across CYP1A2 (0.92),

CYP2C19 (0.93), CYP2C9 (0.83), and CYP3A4 (0.93), indicating a
high potential to interfere with hepatic drug metabolism.
Flavokawain B showed moderate inhibition scores ranging from
0.68 to 0.93, suggesting possible CYP-mediated drug interactions.
EGCG did not return predictive scores in this dataset, which may
reflect either low inhibitory likelihood or insufficient data within the
prediction model.

BBB permeability scores were highest for SB203580 (0.90) and
Flavokawain B (0.79), indicating strong likelihood of crossing the
blood-brain barrier. EGCG had a markedly lower score (0.53),
consistent with its hydrophilic nature and high TPSA. Predicted
hepatotoxicity risk was reported only for SB203580 (score: 0.56),
suggesting a moderate probability of liver toxicity, while no
significant hepatotoxic signal was predicted for EGCG or

Flavokawain B.

4. Discussion
This study was conducted with the objective of identifying potential
protein-targeted therapeutic strategies for treating Triple-Negative

Breast Cancer (TNBC), an aggressive subtype of breast cancer that
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lacks hormone receptors and HER2 expression. Due to the
ineffectiveness of conventional targeted therapies in TNBC, the
mitogen-activated protein kinase alpha (p38 MAPK a or MAPK14)
protein has been selected as a promising therapeutic target, given its
crucial role in cell proliferation, apoptosis, and inflammatory
signaling (Zheng et al., 2023). To investigate this, two naturally
(EGCG)
Flavokawain B (FKB)-were evaluated for their inhibitory potential
against MAPK14. Additionally, SB203580, a well-established MAPK
inhibitor, was used as a reference standard to facilitate comparative
The

understanding of the structural binding efficiency, conformational

derived compounds-Epigallocatechin-3-gallate and

analysis. overall findings provide a comprehensive
stability, pharmacokinetic behavior (ADME-Tox), and potential
pathway modulation associated with these natural ligands,
suggesting their relevance in future TNBC therapeutic development
(Liskova et al., 2021).

The molecular docking results for Epigallocatechin-3-gallate
(EGCG) demonstrated a strong binding affinity (-8.0 kcal/mol) and
a series of stabilizing hydrogen bonds and m-m interactions with key
residues in the MAPKI14 active site. Although EGCG has been
previously reported to affect p38 MAPK signaling pathways
(Mhatre et al., 2021; Manica et al., 2022), the present study uniquely
investigates its pose-specific docking behavior and structural
interaction profile with MAPK14 in the context of TNBC.
Furthermore, similar polyphenolic compounds, particularly
catechin derivatives, have been shown to modulate kinase signaling
pathways, including MAPK and ERK cascades (Mokra et al., 2022),
supporting the plausibility of EGCG as a natural MAPK14
modulator.

In the case of Flavokawain B, although its docking energy was
slightly lower (-7.7 kcal/mol), its compact structure and m-cation
interactions contributed to stable docking across multiple poses.
Darwish et al. (2023) have reported that FKB induces caspase-
mediated apoptosis in TNBC cells, possibly through modulation of
upstream MAPK pathways (Darwish et al., 2023). This aligns with
our computational findings, which suggest effective binding of FKB
to MAPKI14. Moreover, previous studies have indicated that
chalcone-derived compounds, structurally similar to FKB, can
activate apoptotic pathways by targeting MAPK kinases (L.-C. Chen
et al, 2023), providing further supportive evidence for the
mechanism proposed in our study.

In the RMSD-based docking analysis, Epigallocatechin-3-gallate
(EGCQG) exhibited considerable conformational flexibility across
multiple poses. This suggests that the ligand is capable of adapting
to the protein's active site through varied orientations, likely due to
its polyphenolic structure and multiple hydrogen bond donors and
acceptors. Similar behavior has been reported in previous studies
where ligands with extended hydrogen bonding networks

demonstrated pose-specific binding flexibility (Lomas & Rosenberg,

2023; Song et al., 2021; Akter et al., 2022). While such adaptability
can be advantageous for dynamic binding, our results indicate that
excessive conformational variability may negatively impact binding
stability, as evidenced by EGCG's relatively higher RMSD values
across several poses.

Conversely, Flavokawain B displayed lower RMSD variance across
docking poses, suggesting greater pose stability. This may be
attributed to its rigid molecular framework and lower topological
polar surface area (TPSA). Prior computational findings have
highlighted that rigid ligands with compact structures tend to show
higher binding predictability and spatial stability (Savaspun et al.,
2023; Islam et al., 2023). These observations align with our current
results, indicating that Flavokawain B could potentially serve as a
structurally stable and consistent MAPK14-binding candidate.
Although Epigallocatechin-3-gallate (EGCG) demonstrated a
notable binding affinity to MAPK14 in molecular docking analysis,
its pharmacokinetic profile reveals potential limitations. Specifically,
poor gastrointestinal (GI) absorption and two violations of
Lipinski’s rule suggest restricted oral bioavailability. This is
supported by in vivo pharmacokinetic studies (Kciuk et al., 2023; Ke
et al,, 2023), which reported EGCG's rapid metabolism and limited
systemic availability-findings that align with our computational
ADME results.

In contrast, Flavokawain B (FKB) was found to comply fully with
Lipinski’s criteria and displayed high predicted GI absorption as well
as Blood-Brain Barrier (BBB) permeability. Manica et al. (2023)
previously reported that ligands with lower topological polar surface
area (TPSA) and moderate lipophilicity tend to exhibit better BBB
penetration a pattern that supports our observation for FKB
(Manica et al., 2023).

A clinically significant aspect is that Triple-Negative Breast Cancer
(TNBC) frequently leads to brain metastasis, where many
conventional chemotherapeutics fail to reach due to limited brain
permeability (Steeg, 2016). Thus, the ability of FKB to potentially
cross the BBB positions it as a promising candidate for addressing
metastatic TNBC, meriting further investigation.

Toxicity predictions revealed a distinct difference in the biosafety
profiles of Epigallocatechin-3-gallate (EGCG) and Flavokawain B
(FKB). EGCG was predicted to have a lower LDs, value and a
potential for hepatotoxicity. This aligns with previous toxicological
reports on catechin-based natural products; for instance, Manica et
al. (2024) observed that repeated exposure to green tea catechins at
high doses could induce hepatic stress, highlighting the risk of
metabolic burden-consistent with our computational findings
(Manica et al., 2024).

In contrast, FKB demonstrated a higher predicted LDso and no signs
of hepatotoxicity, suggesting that it may be a safer and better-
tolerated therapeutic candidate. Flavonoid-based chalcones with

similar structural and physicochemical properties (e.g., TPSA, logP)
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have been reported to exhibit lower predicted toxicity in
computational platforms like ProTox-II (Mvondo et al., 2021; Oner
et al.,, 2023). The toxicological profile of FKB in our study conforms
to these prior modeling validations. Taken together, although both
compounds originate from natural sources, their predicted biosafety
parameters differ substantially, and such distinctions are effectively
captured through in silico toxicity modeling approaches.

The Cytoscape-based pathway network analysis revealed that
MAPK14 (p38 MAPK a) acts as a central regulatory protein,
influencing two key cellular processes - apoptosis and proliferation
- through downstream interactions with MAP2K3, MAP3K7, TP53,
and STATI1. According to the network topology, inhibition of
MAPK14 can activate apoptotic pathways, particularly via
downstream effectors such as TP53 and DDIT3 (Whitaker & Cook,
2021; Amin et al., 2024).

Our molecular findings suggest that both EGCG and Flavokawain
B, through their predicted inhibition of MAPK14, may promote
pro-apoptotic signaling. Prior studies have demonstrated similar
effects: D. Xu et al. (2019) reported that EGCG suppresses p38
MAPK and promotes caspase-mediated apoptosis, while Manica et
al. (2024) observed that Flavokawain B can induce apoptosis in
TNBC cells through MAPK pathway regulation (D. Xu et al., 2021;
Manica et al., 2024).

Notably, STAT1 emerged in our network as a bifunctional node with
potential involvement in both apoptotic and proliferative signaling.
This dual role reflects the complexity of the MAPK signaling cascade
and suggests that inhibition of MAPK14 - via EGCG or FKB - may
yield context-dependent therapeutic outcomes. Such insights are
crucial for understanding the dual-edged nature of targeted
inhibitors within intricate signaling networks (Tolomeo et al., 2022).
This study successfully identified and evaluated the MAPK14 (p38
MAPK «) inhibitory potential of two plant-derived compounds -
Epigallocatechin-3-gallate (EGCG) and Flavokawain B (FKB)-using
a comprehensive computational strategy. While EGCG exhibited
high binding affinity and a diverse range of protein-ligand
interactions at the active site, its overall pharmacokinetic
limitations-including low GI absorption, violations of Lipinski’s
rule, and potential hepatotoxicity may restrict its applicability,
particularly in oral therapeutic contexts. In contrast, Flavokawain B
demonstrated a more balanced and clinically favorable profile. It
showed high predicted GI absorption, the ability to cross the blood-
brain barrier (BBB), structural docking stability, and lower toxicity
risk. These characteristics suggest that FKB may hold greater
promise as a safe and effective MAPK14 inhibitor.

5. Limitation
Although this study offers promising insights through robust
computational analyses, several limitations remain. All results are

based solely on in silico predictions, and thus the actual biological

efficacy of EGCG and Flavokawain B could not be experimentally
validated. The ADME-Tox profiles and molecular docking
outcomes are predictive and may not fully translate to cellular or
physiological environments. Additionally, the MAPK14 signaling
pathway is complex and highly context-dependent, with potential
variations across different cell types and conditions. Therefore,
further experimental validation, including in vitro and in vivo
studies, is essential to confirm the therapeutic relevance of the

findings.

6. Conclusion

This study identified Epigallocatechin-3-gallate (EGCG) and
Flavokawain B (FKB) as potential inhibitors of p38 MAPK «a
(MAPK14), a key target in Triple-Negative Breast Cancer. While
EGCG showed strong binding affinity, its pharmacokinetic
limitations may affect therapeutic application. In contrast, FKB
demonstrated a more favorable profile, with high GI absorption,
BBB permeability, and low predicted toxicity. Overall, the integrated
molecular docking, ADME-Tox evaluation, and pathway analysis
suggest that FKB may serve as a promising natural therapeutic
candidate, meriting further in vitro and in vivo validation for

effective MAPK14-targeted cancer treatment.
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