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Abstract: Objective To study the mechanism of arecoline effect on myocardial hypertrophy based on bioinformatics, machine
learning, and molecular simulation. Methods To conduct differential expression analysis based on the transcriptome dataset
GSE249925 related to myocardial hypertrophy in the GEO database. Three machine learning algorithms (LASSO, RF, SVM-RFE)
were used to screen key candidate genes. GO and KEGG enrichment analysis, their potential biological functions and signaling
pathways were explored. Molecular docking and molecular dynamics simulations were employed to evaluate the binding characteristics
and structural stability of arecoline with the target protein. Results A total of 28 candidate genes that might be involved in the
induction of cardiac hypertrophy by palmatine were identified. After being jointly screened by three machine learning algorithms, four

core targets (STAT3, SFRP4, S100412, and MT1A) were finally determined. These genes showed significant abnormal expression in
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the cardiac hypertrophy tissues and had good diagnostic efficacy. Enrichment analysis revealed that they were involved in multiple key
pathways, including JAK/STAT pathway, HIF-1 pathway, AGE-RAGE pathway, and PI3K/Akt pathway. Molecular docking and kinetic
simulation results indicated that arecoline could stably bind to STAT3 and S100A12. Conclusion This study systematically elucidates

the potential molecular mechanisms by which arecoline induces cardiac hypertrophy. Several key regulatory targets and signaling

pathways were identified, providing novel insights into the toxicological impact of arecoline and its possible biomarker roles. These

findings offer a theoretical and computational basis for future mechanistic research and targeted intervention strategies.
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F1 =HES S100A12 & STAT3 E4 B REES

Table 1 Free energy analysis of the complex formed by

arecoline, S100A12 and STAT3

op =L

Ae &/ (kcal mol ™)

A A
S100A12 STAT3
JufEte 7 —-20.08+0.56  —19.09+0.01
B faf AH ELAF FH 2.84+011  -9.86+0.33
PR R 6.3540.08  15.65+0.31
K fHe -2.58+0.00 —2.74+0.02
SAHE R —-17.24+058 —28.95+0.33
FHAWE R E HRe 3.77+0.08  12.90+0.31
MG HHAE -13.46+058 —16.05+0.45

3 Wie

AW TRGERD TS 50 UUEE K&
AR RSBV AE S AL ol S A SR S
HZ P S ATINEE R, 8o 7 BRSO
PSR oy F Al 822 R RIA T 5 AR AR TR Y
Beaih b, 45E 3 MmN S EE, ARORMH
KBy FHE. mAILIEE 4 MO EER
(STAT3. SFRP4. MTIA S100412). iXEEFERLE L
WUAEJEAH 2R R0k B35 S s, HLARIN R 1 4 )
PERE. DIREE B rieR, BN K2 A ke,
AHEJRE N . I T RHRE S5E S S,
2 BH A B CE AR TS T 00 I B 2 O R k4R
HEEEN .

STAT3 & JAK/STAT 15 518 % H 1 B % ¢ [H]
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NRERYER, e BEEEE I 2 5 R B O
WU E EFEN . AT FCREH, STAT3 w4 IL-
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IR REIEE R STAT3 SR RS SIEEEIE
FHONAEFET, TER 181 2ORE - QKA
(P58 L IF S 13RI #% o 3X — LA T g 2 A AR AR 75 3

O EBEPE LRI OB ER T, M — DAL T STAT3
1ERIFRZ O F A5 H F RIS EHAT .
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