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[Abstract)] Objective To explore the multi-target and multi-pathway mechanisms
of Codonopsis pilosula (Dangshen) in the treatment of myocardial injury, and to verify the
interactions between its main active components and key target proteins using molecular docking.

Methods Network pharmacology was applied to systematically retrieve and screen the potential
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active compounds of Codonopsis pilosula and the targets related to myocardial injury from public databases. The
intersection targets were identified to construct a protein-protein interaction (PPI) network. Gene Ontology (GO)
and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analyses were then performed to
elucidate the biological processes and signaling pathways involved. The core active compounds and key proteins
were further analyzed by molecular docking to evaluate binding energies, validate potential binding modes, and
predict underlying mechanisms. Results A total of 350 overlapping targets between Codonopsis pilosula and
myocardial injury were identified. PPI network analysis indicated that proteins such as interleukin-6 (IL-6), RAC-
alpha serine/threonine-protein kinase (AKT1), interleukin-1p (IL-1p), insulin (INS), tumor protein p53 (TP53),
tumor necrosis factor-alpha (TNF-a), and albumin (ALB) exhibited high centrality. GO and KEGG enrichment
analyses revealed that these targets were significantly enriched in key biological processes, including inflammation,
apoptosis, metabolic homeostasis, and hypoxia response. Molecular docking further demonstrated that the core
compounds, frutinone A and 7-methoxy-2-methyl isoflavone, could stably bind to these key proteins, suggesting
that Codonopsis pilosula exerts cardioprotective effects through multiple signaling pathways in a synergistic
manner. Conclusion Based on network pharmacology and molecular docking, Codonopsis pilosula may alleviate
myocardial injury by regulating key signaling proteins such as AKT1, TNE, and IL-6, and by participating in
signaling pathways including phosphoinositide 3-kinase (PI3K)-AKT, TNF, and HIF-1. These findings highlight the

multi-target characteristics of Codonopsis pilosula and provide a reference for its cardioprotective mechanisms.

[Keywords ] Codonopsis pilosula; Myocardial injury; Network pharmacology; Molecular docking;
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Figure 1. Venn diagram of Codonopsis pilosula targets
and myocardial injury—related targets
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Table 1. Core proteins

VA degree  betweenness centrality closeness centrality
AKT1 354 0.051224 111 0.664 062 5

ALB 344 0.070 712 309 0.664 062 5

TNF 338 0.036 844 308 0.657 640 232
1L-6 336 0.028 264 681 0.653 846 154
INS 326 0.043 930 672 0.650 095 602
TP53 322 0.037 381 343 0.642722 117
IL-1B 308 0.022 020 906 0.635514 019
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Table 2. Screening of key active compounds of Codonopsis pilosula

FASA- HL

Mol ID TEPER MW  AlogP  Hdon Hace OB (%) Caco-2 BBB DL

MOL003896  7—H 48 3k —2— 1 Sk 55 5 i 26631  3.36 0 3 42.56 1.16 056 020 033  16.89
( 7-methoxy—2-methyl isoflavone )

MOL005321 3HHEA ( frutinone A ) 264.24 270 0 4 65.90 089 046 034 047 19.10

E: MW: 5F & (molecular weight) ; FASA—: 453 KT & & @A (fractional water accessible surface area )
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Table 3. Binding energies of core compound frutinone A with its corresponding key targets

LSS #5451 (keal/mol ) Ingredient_Smiles UniProtID
1L.-6 -5.578 C1=CC=C2C(=C1)C3=C(C(=0)C4=CC=CC=C403)C(=0)02 P05231
AKTI 19.791° C1=CC=C2C(=C1)C3=C(C(=0)C4=CC=CC=C403)C(=0)02 P31749
IL-1B 79.529" C1=CC=C2C(=C1)C3=C(C(=0)C4=CC=CC=C403)C(=0)02 P01584
INS -6.251 C1=CC=C2C(=C1)C3=C(C(=0)C4=CC=CC=C403)C(=0)02 P01308
TP53 16.193 C1=CC=C2C(=C1)C3=C(C(=0)C4=CC=CC=C403)C(=0)02 P04637
TNF-a -8.133 C1=CC=C2C(=C1)C3=C(C(=0)C4=CC=CC=C403)C(=0)02 P01375
ALB -8.143 C1=CC=C2C(=C1)C3=C(C(=0)C4=CC=CC=C403)C(=0)02 P02763

TRESIEEN R B AR, UEAE; SO RBIAMIRE TSN S ¥R O S 5MAE T Ingredient_Smilesk FALA M 89 AR ESMILESSS

7}"]‘\ UniProtlD; $2% & f£ UniProtd 38 & b ¢4 455
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R4 RO 7-REE-2-FERE S E3MAZ OB R EE S
Table 4. Binding energies of core compound 7-methoxy—2-methyl isoflavone with its corresponding key targets

EEAFR 25418 (keal/mol ) Ingredient_Smiles UniProtID
1L.-6 -4.585 CC1=C(C(=0)C2=C(01)C=C(C=C2)0C)C3=CC=C(C=C3)[N+](=0)[0-] P05231
AKT1 -2.541 CC1=C(C(=0)C2=C(01)C=C(C=C2)0C)C3=CC=C(C=C3)[N+](=0)[0-] P31749
IL-1B 55.286" CC1=C(C(=0)C2=C(01)C=C(C=C2)0C)C3=CC=C(C=C3)[N+](=0)[0-] P01584
INS -5.826 CC1=C(C(=0)C2=C(01)C=C(C=C2)0C)C3=CC=C(C=C3)[N+](=0)[0-] P01308
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