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ABSTRACT

Introduction: p38 mitogen-activated protein kinase (MAPK) is a pivotal regulator of inflammatory and cancer
pathways. This study investigates phytochemicals from Bajakah (Uncaria gambir Roxb.) bark as potential
p38 MAPK inhibitors, integrating LC-MS profiling with computational drug discovery. Methods: Bajakah
bark extract was profiled by liquid chromatography-high-resolution mass spectrometry (LC-HRMS)
to identify major phytochemicals. Promising non-toxic candidates were selected via in silico toxicity
prediction (ProTox-Il) and ADME assessment (pkCSM). Molecular docking against p38 MAPK (PDB ID:
3QUE) was performed using AutoDock Vina, followed by 50 ns molecular dynamics simulations with
GROMACS and MM/PBSA binding free energy calculations using gmx_MMPBSA. Results: LC-HRMS
identified ten major phytochemicals; 8-methylnaphthalene-1,2-diol (Diol) and methyl cinnamate exhibited
non-toxic profiles (LDso > 2,600 mg/kg; no CYP450 liabilities) with favorable ADME properties. Molecular
docking revealed binding energies of —8.04 kcal/mol (Diol), —11.4 kcal/mol (Skepinone-L reference), and
—6.4 kcal/mol (methyl cinnamate). Both Diol and Skepinone-L engaged conserved hydrophobic residues
(VAL38 and LYS53), with Diol showing additional engagement at LEU104, and docking RMSD validation
within 2.5 A. Molecular dynamics confirmed stable Diol-p38 complex binding (RMSD ~0.30 nm), with
balanced solvent accessibility, stable dynamic binding dominated by electrostatic interactions, and
adaptive conformational sampling. MM/PBSA analysis revealed binding free energies of —21.9 kcal/mol
(Diol) and —32.9 kcal/mol (Skepinone-L), with Diol's affinity driven by electrostatic interactions (-29.62
kcal/mol). Conclusions: 8-Methylnaphthalene-1,2-diol emerges as a promising natural p38 MAPK inhibitor
candidate with favorable safety profiles and dynamic binding properties, warranting biochemical validation

and structure-activity relationship optimization.

Keywords: 8-methylnaphthalene-1,2-diol, bajakah, computational modeling, drug discovery, molecular

docking, phytochemical profiling

INTRODUCTION

Indonesia is a country with the largest biodiversity
of animals and plants in the world. These animals
and plants have been utilized for various purposes
including for medicine, such as kweni mango fruit
(Mangifera odorata), kelakai leaves (Stenochlaena
palustris), black cumin (Nigella sativa), pikajar
(Schizaea digitata), dayak onion (Eleutherine
palmifolia), and longjack (Eurycoma longifolia
Jack), ramania (Bouea macrophylla Griff), and
bajakah kalalawit (Uncaria gambir Roxb)'~".

Bajakah Kalalawit is a plant known since ancient
times by the people of Kalimantan as a medicinal
plant that has many properties®. Bajakah wood
extract contains catechins, phenolics, flavonoids,
tannins, and saponins believed to prevent heart
disease, obesity, diabetes, and proven to increase
collagen formation®. Bajakah can also help the
wound healing process and treat several other
diseases'®!". Various studies have been conducted
to evaluate the use of anti-proliferative and pro-
apoptotic substances in treating cancer. Secondary
metabolites in some bajakah kalalawit have
certain biological properties such as catechins
and proanthocyandidin that have the potential to
be developed into cancer treatment modalities,
especially prostate cancer'?.

The mechanism of prostate cancer cell
development, the p38 MAPK pathway plays an

important role in regulating prostate cell growth.
Previous research has revealed that protaapigenone,
a flavonoid-derived compound, can suppress the
development of cancer cells through the activation
of the p38 MAPK pathway'’. Research by Erdogan
et al also states that flavonoid-derived compounds,
namely flavone apigenin, can inhibit the p38 MAPK
pathway so that the development of prostate cancer
cells can be suppressed™. In this regard, many studies
explore natural resources to find new compounds as
anticancer with the target of inhibiting p38 MAPK.

Edyson et al research has identified chatecin found in
bajakah leaves and twigs. However, the identification
of phytochemical compound on bajakah bark has
never been done. Therefore, this study will identify
the phytochemical profile of bajakah bark extract with
LC- MS and the interaction between phytochemical
compounds with p38 MAPK in silico®.

MATERIALS AND METHODS
Phytochemical Profile

Uncaria gambir Roxb samples were collected
in Seruyan Village, Seruyan Raya Sub-district,
Seruyan Regency, Central Kalimantan (2°26'30.674"
N, 112°25'14.394" E) and authenticated at the
Integrated Laboratory of Lambung Mangkurat
University, South Kalimantan, on March 27, 2024.
The hanging roots were cut into small pieces to
separate the plant material into cambium and stem
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bark. The stem bark was macerated with ethanol, and the filtrate was
concentrated and freeze-dried at -50 °C to yield 175 g of dry powder.
This powder was dissolved in methanol, filtered, and analyzed by liquid
chromatography-high-resolution mass spectrometry (LC-HRMS)
using a C18 column with 0.1% formic acid mobile phase at 0.2 mL/min
over 25 minutes®.

Identified phytochemical components underwent in silico toxicity
and pharmacokinetic predictions. Target-organ toxicity (hepatic,
neurological, cardiac, and respiratory) was assessed via the ProTox-II
web server, while absorption, distribution, metabolism, and excretion
(ADME) parameters were predicted using the pkCSM platform.

LD50 and Toxicity prediction

Toxicity prediction is very important to determine the toxic
properties of compounds to target organs, such as hepatic, neuro,
cardiac and respiratory. Prediction of toxicity to target organs uses a
web-based application https://tox-new.charite.de/protox_II/index.
php?site=home which can be accessed online’®.

Pharmacokinetics Prediction

Pharmacokinetic predictions include absorption, distribution,
metabolism and excretion (ADME). These predictions are very
important in drug discovery and development. ADME prediction
utilizes a web-based application, https://biosig.lab.uq.edu.au/pkesm/,
which can be accessed online'®".

Ligand and Protein preparation

For this study, the crystal structure of Mitogen-Activated Protein
Kinase 3 (MAPK3) (PDB ID: 3QUE) was obtained from https://
www.rcsb.org/. Structure preparation in PyMOL and AutoDockTools
involved removing bound ligand and crystallographic water, adding
polar hydrogens, and repairing incomplete residues. The processed
structure was saved in PDB format and converted to PDBQT for
docking analysis'®".

Ligands selected included Skepinone-L as the positive control (CID:
45279963), 8-Methylnaphthalene-1,2-diol (CID: 656869), and methyl
cinnamate (CID: 637520). Their 3D structures were downloaded
from https://pubchem.ncbi.nlm.nih.gov/ in SDF format, geometry-
optimized using Open Babel with the --gen3d option, then converted
to PDB and subsequently to PDBQT using AutoDockTools".

Molecular Docking

Molecular docking was performed using AutoDock Vina version
23d1252-mod, with the grid box centered on the native ligand site at
coordinates X = 3.153, Y = 1.476, Z = 22.961 and dimensions of 20
x 20 x 20 A3 The exhaustiveness was set to 16, selected to balance
computational efficiency and docking accuracy for rigid receptor
protocols. Binding poses were evaluated based on predicted binding
affinity™.

Post-docking analysis identified optimal poses based on lowest binding
energy and RMSD relative to the native ligand. Interaction analysis
was carried out in PyMOL and BIOVIA Discovery Studio Visualizer,
highlighting hydrogen bonding, hydrophobic interactions, n-m
stacking, and positional overlap with the native ligand binding site'**.

Molecular Dynamics Simulation

The p38 MAPK structure (PDB: 3QUE) was processed using
GROMACS 2023.3 with AMBER99SB-ILDN force field and TIP3P
water model**. Ligands (Skepinone-L and 8-Methylnaphthalene-
1,2-diol) were parameterized using GAFF with AM1-BCC charges via
ACPYPE*. Systems were solvated in a dodecahedral water box (1.0 nm
buffer) and neutralized with 0.15 M NaCl. Energy minimization was
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performed using the steepest descent algorithm. NVT equilibration
was conducted at 300 K using the V-rescale thermostat (t = 0.1 ps),
followed by NPT equilibration at 1 bar using the Parrinello-Rahman
barostat (t = 2.0 ps, compressibility 4.5 x 10~° bar™"). Short-range van
der Waals and Coulomb interactions were treated with a 1.0 nm cutoff,
while long-range electrostatics were handled using the Particle Mesh
Ewald (PME) method. Production MD simulations were run for 50
ns with a 2 fs timestep using LINCS constraints®*-¥. Coordinates were
saved every 10 ps for subsequent analysis.

Structural Analysis

Trajectory analyses used standard GROMACS utilities including RMSD/
RMSEF for stability assessment, radius of gyration for protein compactness,
SASA for solvent exposure, and hydrogen bond analysis for intra-
protein and protein-ligand interactions. Principal component analysis
was conducted on Ca atoms using covariance matrix diagonalization to
characterize conformational sampling patterns. Visual inspection was
performed using PyMOL and Discovery Studio Visualizer'**.

Binding Free Energy Analysis

MM/PBSA calculations were performed using gmx_MMPBSA with
200 snapshots extracted every 250 ps from the final 20 ns of each 50
ns trajectory®. Binding free energy components included molecular
mechanics energy (van der Waals + electrostatic), polar solvation
(Poisson-Boltzmann), and non-polar solvation (SASA-based). Per-
residue decomposition identified key binding hotspots.

RESULTS AND DISCUSSION
Phytochemical Profile

The collection of bajakah kalalawit in Seruyan Village, Seruyan Raya
District, Seruyan Regency, Central Kalimantan (2026'30.674 NL-
112025'14.394 EL) as shown in the Figure 1.

The phytochemical profile of the separation results by LCHR-MS has
been obtained according to Table 1. In the table 1, 10 compounds with
the highest area (%) were selected.

Based on Table I, it appears that bajakah bark extract contains tetralin
compounds with the largest area. This area is proportional to the
concentration of the compound. Research by Shafee et al mentioned
that tetralin has the potential as an anticancer by inhibiting Hela cells
and inhibiting MCF7 breast cancer cells *. Besides tetralin, bajakah
bark extract also contains 4- Phenylbutyric acid. This compound can
protect nerve cells and endoplasmic reticulum stress *.

LD50 and Toxicity prediction

Toxicity prediction includes predicting the toxicity of a substance to
target organs, such as the liver, nerves, kidneys, heart, and respiratory
system. In addition, toxicity is determined by the LD50, which is the
minimum dose that causes 50% mortality. LD50 and toxicity prediction
are presented in Table 2.

Based on Table 2, there are two compounds that have the potential
to be developed as drugs because they are not toxic to organs. The
compounds are Methyl cinnamate and 8- Methylnaphthalene-1,2-diol
(Figure 2).

The results of the study are in accordance with previous research which
states that oral administration of tablets containing a-mangosteen,
piperine, curcumin, methyl cinnamate and vitamins in rats
acutely did not cause toxicity in various organs *'. Meanwhile, 8-
Methylnaphthalene-1,2-diol until now no one has mentioned the toxic
properties of the compound. Thus, for ADME analysis and molecular
docking, only those two compounds that have been proven safe and
non-toxic are used.
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Table 1. Ten phytochemical compounds of bajakah bark extracts
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Table 2. LD50 and prediction toxicity

O NN U A W N =
(o]

—
(=}

Name

Tetralin

4-Phenylbutyric acid
(+/-)-Camphoric acid
Cuminaldehyde
(2E)-decenoic acid
hymecromone

Methyl cinnamate
(E)-Ferulic acid
N-Glycosyl-L- asparagine
8- Methylnaphthalene- 1,2-diol

Compound

Tetralin

4-Phenylbutyric acid
(E)-Ferulic acid
Cuminaldehyde
(2E)-decenoic acid
Hymecromone

Methyl cinnamate
(+/-)-Camphoric acid
N-Glycosyl-L- asparagine
8- Methylnaphthale ne-1,2-diol

RT

(@]>) MW (min) Area (%)
8404 132.0937 6.179 24.513
4775 164.0837 19.332 21.429
21491 200.1046 1.837 15.397
326 148.0886 4.527 13.216
5282724 170.1299 9.238 10.345
5280567 176.0471 6.89 4.330
637520 162.0679 5.792 4.072
445858 194.0578 4.216 3.933
440002 294.1059 0.789 2.114
656869 174.068 174.068 2.114
Oral Rat Acute Organ Toxic

Toxicity LD50 . X
(mg/kg) Hepato toxic Neuro toxic
6700 No Yes

1000 No No

1772 No No

1320 No Yes

1925 Yes No

2850 No No

2610 No No

3250 No No

1190 No Yes

400 No No

Table 3. Summary of binding energy values (in kcal/mol)

Ligand

Skepinone (control)

8-Methylnaphthalene-1,2-diol

Methyl cinnamate

el iy Favourable Bond

(kcal/mol)

-11.4

-8.035

—6,4

Isomeric SMILES

C1CCC2=CC=CC=C2C1
C1=CC=C(C=C1)CCCC(=0)O
CC1(C(CCC1(C)C(=0)0)C(=0)0)C
CC(C)C1=CC=C(C=C1) C=0
CCCCCCC/C=C/C(=0)0
CC1=CC(=0)0C2=C1C= CC(=C2)O
COC(=0)/C=C/C1=CC=CC=C1
COC1=C(C=CC(=C1)/C= C/C(=0)0)O
C([Ce@H]1[CeH]([Ce@H]([C@H]([Ce@H]
CC1=C2C(=CC=C1)C=C C(=C20)0

VAL30, VAL38, ALA51, LYS53, ILE84, LEU108, LEU167,
LEU171, LEU104, VAL105, ASP168, ASN115, HIS174,

THR175

VAL38, LYS53, LEU 75, ILE 84,
LEU 104,

LYS 53, ILE 84, LEU 104

Table 4. ADME Methyl cinnamate dan 8-Methylnaphthalene-1,2-diol

No

Parameter

Absorpsion
Caco2 permeability

Human Intestinal Absorpsition

Distribution
VDss (human)
BBB permeability
Metabolism
CYP2D6 substrate
CYP3A4 substrate
Excretion

Total Clearance
Renal OCT?2 substrate

Unit

Numeric (log Papp in 10 cm/s
Numeric (% Absorbed)

Numeric (log L/kg)
Numeric (log BB)

Categorical (Yes/No)
Categorical (Yes/No)

Numeric (log ml/min/kg)
Categorical (Yes/No)

Table 5. MM/PBSA energy component breakdown

Component Diol (kcal/mol)
VDWAALS -22.28

EEL -29.62

EPB 32.03
ENPOLAR -2.04

TOTAL -21.90

Skepinone (kcal/mol)
—48.15

-18.14

37.15

-3.81

-32.95

)

Methyl cinnamate

1.442
97.453

-0.001
0.238

No
No

0.814

Interpretation

Nephrot oxic Cardio toxic Respiratory toxic

No No No

Yes Yes No

Yes No No

No No No

No No No

No No Yes

No No No

No No Yes

No No Yes

No No No
Unfavourable Bond Note
ASP176 Very strong
- Strong
- Weak

8-Methylnaphthalene- 1,2-diol

1.653
91.598

0.294
0.529

No
No

0.16

Skepinone shows stronger van der Waals interactions

Diol exhibits stronger electrostatic contributions

Both show similar polar solvation penalties

Comparable non-polar solvation contributions

Skepinone demonstrates superior overall binding

MM/PBSA energy component breakdown, (VDWAALS: van der Waals; EEL: Electrostatic; EPB: Polar solvation; ENPOLAR: Non-polar solvation)
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Figure 1. Kalalawit bajakah sampling area

O OH

N ocH; (D

OoH
(a) (b)

Figure 2. Molecular structures of (a) Methyl cinnamate and (b) 8-Methylnaphthalene-1,2-diol

B-Methyinaphthalene-1,2-diol (Yellow), Crystal Mative Ligand (Grey)

Figure 3. Stacking visualization to determine the binding pocket position on the three ligands
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Molecular Docking
Binding Energy Affinity

The binding energy between the ligand and p38 MAPK is expressed in
Vina scores as presented in Table 3.

The binding energy for 8-Methylnaphthalene-1,2-diol against p38
MAPK (-8.035 kcal/mol) is close but slightly weaker than that of
the native inhibitor Skepinone-L (-11.4 kcal/mol), reflecting strong
affinity despite the absence of hydrogen bonds. Both ligands interact
primarily via favourable hydrophobic contacts in the same binding
pocket, particularly involving VAL38, LYS53, ILE84, and LEU104,
consistent with effective kinase inhibition. These polyphenolic scaffolds
are recognized modulators of MAPKs and p38, influencing cellular
proliferation and apoptosis through signal transduction pathways *2.

RMSD Validation/Docking Re-evaluation

The RMSD value obtained for the redocked Skepinone pose was 2.376
A, which is slightly above the commonly accepted accuracy threshold
of 2 A for docking validation. However, literature indicates that
RMSD values up to 2.5 A are still considered acceptable and reliable
for reproducing experimental ligand poses in protein-ligand docking
studies. Therefore, the docking process for Skepinone is judged to be
successful and appropriate for further analysis **.

Pose Validation and Binding Pocket

Allligands show binding to the same active site as skepinone. As shown
in the following figure 3.

The ligand orientations demonstrated excellent convergent stacking,
particularly during initial docking runs with exhaustiveness set to
16. Re-docking validation procedures provided comprehensive 3D
structural alignment and detailed 2D. The interactions between the p38
MAPK protein and the native ligands Skepinone-L (CID: 45279963),
Methyl cinnamate (CID: 637520), and 8-Methylnaphthalene-1,2-diol
(CID:656869) are shown in Figure 4.

The docking results revealed that 8-Methylnaphthalene-1,2-diol
engages in robust Pi interactions with Lys-53—one of the key residues
involved in native ligand binding—and additionally forms a hydrogen
bond with Leu-104, consistent with its strong binding energy. In
contrast, methyl cinnamate exhibited predominantly weaker Pi
contacts, reflecting its lower docking score.

In summary, 8-Methylnaphthalene-1,2-diol demonstrates promising
potential as a MAPK3 inhibitor based on its favorable docking score
and pose validation, whereas methyl cinnamate, despite showing
weaker binding affinity, maintains a valid orientation that supports
its inclusion in docking analyses. These docking outcomes provide a
solid foundation for subsequent molecular dynamics simulations to
assess the dynamic stability of the ligand-protein complexes under
physiological conditions.

ADME Analysis

ADME analysis includes absorption, distribution, metabolism
and excretion. The ADME results for Methyl cinnamate and
8-Methylnaphthalene-1,2-diol are presented in Table 4.

Absorption of both compounds is very good. This is seen from the
Caco2 permeability value which has a prediction above 0.9. Caco-
2 is an in vitro model of the human intestinal mucosa to predict the
absorption of orally administered drugs. Although both compounds
have good absorption ability, 8-Methylnaphthalene-1,2-diol is still
better than Methyl cinnamate. In addition to Caco2 permeability,
absorption is also assessed from human intestinal absorption, which
predicts the proportion of compounds absorbed (>30%) through the
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human small intestine. The human intestinal absorption of Methyl
cinnamate and 8-Methylnaphthalene-1,2- diol was very good, but
Methyl cinnamate was better.

The steady state volume of distribution (VDss) value of
8-Methylnaphthalene-1,2-diol compound is better than Methyl
cinnamate. VDss is the theoretical volume required to distribute
the drug to give the same concentration as in blood plasma. VDss is
considered low if below 0.71 L/kg (log VDss < 0.15) and high if above
2.81 L/kg (log VDss > 0.45). Meanwhile, the blood-brain barrier (BBB)
permeability value of 8-Methylnaphthalene-1,2-diol compound is
better than Methyl cinnamate. BBB permeability is the ability of a drug
to penetrate the brain to help reduce side effects and toxicity, or to
increase the pharmacological activity of the compound in the brain.

Both compounds Methyl cinnamate and 8-Methylnaphthalene-1,2-
diol are not substrates of cytochrome P450 enzymes. Cytochrome
P450 is a large family of hemeprotein- type enzymes that function as
oxidizing catalysts in the metabolic pathways of steroids, fatty acids,
xenobiotics, including drugs, toxins and carcinogens. Various organic
chemical reactions are accelerated by CYPs, such as monooxygenation,
peroxidation, reduction, dealkylation, epoxidation and dehalogenation
reactions. These reactions are specifically aimed at converting substrate
compounds into polar metabolites for excretion or processed by other
enzymes in phase II metabolism into conjugate compounds *.

Total Clearance is a pharmacokinetic parameter that describes the
length of time a drug remains in the blood. It is related to the systemically
available dose, and it is important to determine the dose level to achieve
a stable concentration. Meanwhile, Renal OCT?2 substrate indicates a
major transporter located in the basolateral membrane of the renal
proximal tubule. This transporter plays an important role in the active
secretion of cationic drugs into the urine.

Molecular Dynamic

Structural Stability and Conformational Dynamics

RMSD analysis (Figure 5a) showed system equilibration within 10 ns.
Apo p38 MAPK fluctuated around 0.20 nm, while Diol-bound (~0.30
nm) and Skepinone-bound (~0.22 nm) systems demonstrated stable
binding. The RMSD profile of Diol reflects moderate but controlled
flexibility, consistent with reports that adaptive dynamics in kinase
inhibitors can confer selectivity advantages and reduce resistance
development®. Radius of gyration remained consistent (2.24-2.28 nm)
across systems (Figure 5b), indicating preserved protein compactness®.

SASA measurements revealed balanced solvent accessibility for Diol-
bound complexes (170-185 nm?), while Skepinone-bound systems
showed greater compaction (160-175 nm?) and apo systems highest
exposure (175-185 nm?®) (Figure 6a). Internal hydrogen bonding
remained stable (Diol: 240-280 bonds; Skepinone: 235-275 bonds)
(Figure 6b), confirming secondary structure preservation throughout
simulations. This stability profile aligns with studies showing that
natural product inhibitors often maintain favorable dynamic properties
while providing therapeutic effects®*.

Principal Component Analysis and Adaptive Binding

PCA revealed significant conformational sampling differences. Diol-
bound complexes demonstrated broader sampling along PC1 (+7 nm)
compared to Skepinone (+4 nm) and apo systems (+5 nm) (Figure
7a-b). This enhanced conformational exploration suggests adaptive
binding capability that may accommodate different p38 MAPK
activation states. Recent investigations emphasize that inhibitors
with moderate flexibility can exhibit improved selectivity profiles by
accommodating conformational changes in kinase domains *. The
intermediate flexibility observed with Diol may provide advantages

Pharmacognosy Journal, Vol 18, Issue 1, Jan-Feb, 2026
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Figure 4. p38 MAPK interaction with (a) Skepinone-L (CID: 45279963); (b)
Methylcinnamate (CID: 637520)
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hydrogen bonds

for targeting both active and inactive conformations while reducing
resistance potential®.

Binding Energetics and Mechanistic Insights

MM/PBSA calculations yielded binding free energies of -21.90 kcal/
mol (Diol) and -32.95 kcal/mol (Skepinone-L). Per-residue MM/
PBSA decomposition values represent averaged total binding energy
contributions calculated over the selected trajectory frames and
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include combined van der Waals and electrostatic components. Energy
decomposition revealed distinct mechanisms: Diol achieved binding
through stronger electrostatic interactions (-29.62 vs -18.14 kcal/mol for
Skepinone), while Skepinonerelied on superior van der Waals interactions
(-48.15 vs -22.28 kcal/mol for Diol) (Table 5; Figure 8). This electrostatic-
dominated binding pattern is notable, as studies demonstrate that direct
electrostatic interactions often play a dominant role over hydrophobic
interactions in selective protein-ligand recognition*.

Pharmacognosy Journal, Vol 18, Issue 1, Jan-Feb, 2026



Ambeng Y, et al. LC-MS Profiling, In Silico Docking-MD and ADMET of Uncaria gambir Roxb. for p38 MAPK Inhibition

PCA Projection PC1

PCA Projection Along PC1

64 — Apo

Dol
—— Skepinone
| ; A4 F - o
Y A RN
£ -24 | !
g : ; I
-4 i
—54
_ 1] 10 20 £ 40 50
Time {ns}
PCA Projection PC2
PCA Projection Along PC2
— Apo
61 Dicl
— Skepinone
§ ol LT | . I ” |H[ |
£ 01 I klf# 8 B ' _ ﬂ« It
¥ . 1 .JI " 11 n [ | Il | A |
24 ; *’ I e e

Time {ns)

Figure 7. Principal component projections. (a) PC1 and (b) PC2 projections of Apo, Diol and Skepinone-bound trajectories over 50 ns. Diol covers a broader
conformational space than Skepinone.
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Figure 8. Total binding free energy and energy component breakdown. (a) Delta total binding free energy between Diol and Skepinone; (b) Energy
Component Breakdown between Diol and Skepinone
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The predominance of electrostatic interactions for Diol suggests
enhanced selectivity potential, as hydrogen bonding patterns are more
specific than hydrophobic interactions due to directional constraints
424 Per-residue decomposition identified VAL38 as a critical shared
hotspot (Diol: -1.05 kcal/mol; Skepinone: -1.12 kcal/mol), confirming
ATP-competitive inhibition mechanism. This conserved interaction
validates the binding site while the distinct energetic profiles suggest
orthogonal selectivity patterns that may reduce off-target effects.

Despite moderate binding affinity compared to synthetic inhibitors,
Diol's distinct electrostatic ~mechanism, favorable dynamic
properties, and predicted safety profile distinguish it from current
therapeutic options**. The traditional use validation from Bajakah
provides additional confidence for clinical advancement®*’. Priority
experimental studies should include enzymatic activity assays, cell-
based efficacy testing, kinome selectivity profiling, and pharmacokinetic
validation to confirm computational predictions**.

The integration of computational drug discovery with traditional
medicinal knowledge represents an optimal approach for natural
product development. The comprehensive analysis provides clear
hypotheses for experimental testing and structure-based optimization
strategies that could significantly enhance binding affinity while
preserving favorable characteristics™.

CONCLUSION

The integrated LC-MS phytochemical profiling and in silico
assessments identified 8-methylnaphthalene-1,2-diol as a promising
p38 MAPK inhibitor, combining non-toxic ADMET properties with
strong docking affinity (-8.04 kcal/mol) and stable binding dynamics.
Molecular dynamics and MM/PBSA analyses highlighted its favorable
electrostatic-driven binding and dynamic adaptability within the
kinase active site. Methyl cinnamate, despite lower affinity, displayed
acceptable ADME and valid binding orientation. These findings
provide a robust computational foundation for further experimental
validation, including enzyme inhibition assays, cell-based studies,
and medicinal chemistry optimization to develop novel, selective p38
MAPK inhibitors from natural polyphenolic scaffolds.
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