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Abstract

Objective: To comprehensively utilize multi-omics integration and computer simulation techniques
to elucidate the molecular mechanism of traditional Chinese medicine (TCM) in treating sepsis-in-
duced cardiomyopathy (SICM). Methods: Relevant literature published between 1910 and January
2026 was systematically retrieved from CNKI, Wanfang, and VIP databases. Frequency statistics and
association rule analysis were used to screen core drug pairs. The TCMSP database and SwissTar-
getPrediction platform were employed to predict active ingredients and targets. The GEO database
was integrated to obtain SICM gene expression profile datasets, and differentially expressed genes
(DEGs) were screened. Disease-related modules were constructed through weighted gene co-ex-
pression network analysis (WGCNA) to identify key targets. A drug-ingredient-target network was
constructed based on Cytoscape, and protein-protein interaction analysis was conducted using the
STRING database. GO/KEGG analysis was used to identify key pathways, and molecular docking and
molecular dynamics simulations were employed to verify core interactions. Results: A total of 33
TCM compounds were included, and high-frequency drugs were screened: aconite, salvia miltior-
rhiza, astragalus, licorice, angelica, and ginseng. Among them, angelica-astragalus and aconite-gin-
seng were identified as key compound pairs, and 52 active ingredients and 1262 potential targets
of the pairs were screened. Gene expression analysis yielded 1164 DEGs, and WGCNA indicated that
1495 hub genes were significantly correlated with SICM. Network topology analysis and GO analysis
revealed that the core targets were mainly involved in biological processes such as inflammation,
oxidative stress, and the JAK-STAT signaling pathway. KEGG analysis showed that the AGE-RAGE
signaling pathway was a key regulatory pathway, involving 8 core targets such as IL6 and STAT3.
Molecular docking verified that the active ingredients had stable binding activity with core proteins,
with the STAT3-ginsenoside rh2 complex exhibiting the best binding energy. Molecular dynamics
simulations confirmed the stability of its binding conformation. Conclusion: The angelica-astragalus
and aconite-ginseng pairs synergistically regulate the pathological process of SICM through multi-
component, multi-target, and multi-pathway mechanisms, and their core mechanism is closely re-
lated to STAT3-mediated AGE-RAGE signaling network regulation. This study provides theoretical
and data support for elucidating the biological mechanism of TCM in treating SICM.
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1. 5]

JH B A2 FH T 50 SR R IR % S N 2R T BUK) — B 28 B D REBRAS L5 5 0E, WAL =ik 22.5% [1]. H
W, IRFFEIE S S 00 U (sepsis-induced cardiomyopathy, SICM) 2L il A i B3 E B3 FE T2 1 E 2R K 2 —[2].
SICM JE—Fp b, nlPE ONEDhRERAS, o B AR BRALI WY J SO0 S B S8 AL LSS 2 Bl R R [3]-[6]
WHRRN, o b 25 R 0T SICM HAWEIRIT/ER- - Biltn, A2 32 SRR AT 25 H
AAA I ] NF-«B 38 B IR I BRI /N BRI Co LT RE PR AG(7]: 1 22 7 T D)3 5 30 3 IR BERE A OC 1) PPARy
SEHOE T 1o (PGC-1a)3RIE R EFRFERIATE A, et SICM SR RV EZ (8], JR1, kA AL
FERET R e G R FEIT LS. P ERIEIT B O ALRAAE T 25 B AT I P [R] RRON, - 22w
BTGB YT SICM HIAE LA RHR AW 5T

ZHFEEG 5 ENEMEARE I AR E R EE TR, REBESOIT KMERERRA,
SRR EHEAR9-[12]. EFER, BEE mIEEWFEARM AL ER) 2N, 5N ST R A
NG B 7 AR % SICM AH 2= 1 22 57 3R 1A 3¢ [F (differentially expressed genes, DEGs), MJ#EH - HHH
{E(protein-protein interaction, PPI)N %%, AT E T, LLRAIELER 73 FIhRe. AW ie . gHMaZe k.
BT IEEE A TR 13] [14]0 ARBFFEE T E 2. DEGs. IIBUE R ILRIE M 25 5 HT(WGCNA). £ [H
AAR(GO)VI 1T B R 5 R B B4 F(KEGG)MES 73 M 70T X8 oo T3 oA, #RT T
FHZECAIRTT SICM 4> AL 8BS AT e, #8x SICM KIS EEURNLE], FF AR IR TT
iV R SR BEER R AR A
2. FREEE

AW LLUEYE BN TR, #2486 97 SICM IR S5 24 00 1 1 3 B8 i S A ORI, 8 72 SR T
WGCNA 73t e E&. EABAE. 407X R 50130 /1 B b HAE AL .
2.1. JCHRKIR

PP EAM(CNKD . 577 (WE) 4B (VIP)EE B, BB “BRERE . BREGILAE” A1 “25. 5. ¥,
Al Fu B COUURS O ODIRERERS” JyIRBEE], REER 1910~2025 fEIA] R 2GR T IGEEAE )
FHIR IR o
2.2. MERANERAE

(1) STHREALU NG RO 7T L 256 2K

(2) WFRX G ML SICM B,

(3) STHR A 2T RO SR 53 ) B SCHE

(4) ¥RIT TR F KR 2697 SICM. Horh, &7 a3 BMART . ToHRARTT B0, 5 58 B 1)
A B R A R B SCRFI 2 L 7
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2.3. CHRHERRFRAE

(1) ¥RITTTEON R G s LR Y, SRS P 2GA . BRI S REIRIT T
(2) BFFER G IR A AE AR 5
(3) XA — 5 B R VR R T BT HR,  FE B R SR

24. PEFER AR THIE

SERCCHERIIE o, WA (R 252 ) BUBER T A9 N T7 IR vh 25 44 FR SE i AL dr B IE, HR IR 254
ARAB LR G F BTG« XA 25 0 R BR HEAT Gevt, B AR BUE>10 B 2, g SO 24
I . N QISR (U Apriori SE320) 70T 2590 H AL, B BCAmAuay,  Jfe i S s 24 5%t

2.5. FxEMR S B R AYIREL

N2 58 45 24 PR 2 B 0 PE AN G AT 1 5 (TCMISPY R B8 245568 IS 1P 1 7, K 0 a2k o 4 0 B 9 28 2414 (DL)
>0.18. FRAEYFIF EE(OB) > 30% [15]-[18]. it PubChem (https:/pubchem.ncbi.nlm.nih.gov) % ¥ 2
Tor 2R 20 T 1t 843 1K) SMILES 2544 3K, W R4 5 [ 73 15 2.5 A\ Swiss Target Prediction fEZ 73171 &
T SR AR A TN VAR R . JE T Cytoscape 3.9.1 EW W48 o0 bt T B A g e BE 2506 - 5 8085 - 1EH
BE RN 25

2.6. BIBAbIE

2.6.1. BHRWIERFNEE s B TFiE

JHIT GEO #4048 FE (https://www .ncbi.nlm.nih.gov/geo) ki & “septic Cardiomyopathy” J<E# 17 3REL SICM
FHR R T BE4E GSET9962 (L4 11 FilxHEAZHAN 20 1] SICM ). KA RIBESHE N “limma” £
VMG B TR A RA R R ATV — A 3, i ik 2 AR AR 6} LG 2 A 0 i STCML 4L R gkt BT 261 1) 1)
2RI FH(DEGs). %€ W35 M RE AL IE G P <0.05 HRik &AL 1% 8 Log2(FoldChange)| > 0.5, 4
BbRE L R ECT A

2.6.2. MNALEEHFRIEMLE D

WGCNA R i8I 51 N IR 5¢ 2 50, A4 i 56 PR JL IR R 19] [20] R F R 8 5 M5 F 1“WGCNA”
THE SR N A DA 6 R 8L, M AR R SR RIA 4 o 1 eI I R Th A R (R T b
JESR MDA S @ Y, 4 1R FH Sl A A O) B B R B 1S AT B R 2, IR BRI RFE A
Bro IR R AR S A AT VPG AR SRR DR 5 e R AL A SRR, AR S B
— RTINS A B R (R AR A, O I R R P AR A B

2.6.3. #LEERAYTHIE

V75 e RIB IR L WX A ik [R] B 24 3% 1 2L TR m AT = T BRI s, RS 2 IREIE AL X
B UF A% O SRR o I STRING U4 e 44 s #E AR TLAE M 4%, N\ Cytoscape 3.9.1 “F- 5 )5, i8] CytoNCA
TR SR IS B AL B O PESE), TR B SRR AR TR 1A% OB S N 45

2.6.4. GO 1 KEGG BREE S

W% O A B REAR HEAT GO F KEGG 18 % & H2 50 M 25 T RAE 5 M58 K 1 clusterProfiler ™ org. Hs.eg.db”
T HSLIIRE S H Goil-22 53 MVP A5 (FDR /R IE P 15<0.05), il “enrichplot” Fl “ggplot2” 52k & £
S E S HEORE R RTAGRIE, e S SICM Bk ERHLH 25 V1A 5% 1 < 5 A= 48 7%
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2.6.5. EAREIEM%EEE

B S0of S B B Y A% Lo ER . F A STRING %5044 FE A4 2 PPI W45 . idiid Cytoscape 3.9.1 ) CytoHubba
PE R 2> 1 2 & K (MCODE) 532 5 i R 4B 4y B (MNC) V43, 456 19 U HE BE (Degree) S5 41 $FF
fiE,  GROGE TR ok O BB bR TAE T I 2% .

27. FFRNES S FRHAFEY

Ko TR AR S 5 780 1 2 BB M 5 % D BERR K 45 A ALRE[21]. A PubChem FREU/I
FTHEDIGEHE, M RCSB PDB 4 T 8t 1 Sa R 4544 . {8/ AutoDock Tools #EAT X411
B, fHFH PyMol 2.4.1 SERHEM R i AL AT . LSS S H HAE(AG, Bf7: keal-mol ) AP TEFR, 17
i/, RELABERE[22] [23].

NRFREEME RSB EET N EREN, #1753 7% (Molecular Dynamics, MD)#E45[24]-
[26]. EHUI; RIS E B HARRACH E S RAE NWIM6 458, £ T GROMACS 2022.3 #4T MD #
2711291, KEH - BLAE EWE T LK EFH, BN TIP3P K418, KA CHARMM36 7]
Y. B RGE T L TREE R /ME, 7 NVT 1 NPT R4 R0 5 HET 100 ps (F°F47, 615N
310 K (Berendsen j5.#%) 1% /1 1 bar (Parrinello-Rahman JE#%). i£47 100 ns {15180 J1 24440, B[R] 20
KR 2 fs, LRAFENIENRG N 10 pso KA LINCS HiEL WS SE, #rH I /EH @ PME Akt 5. st
T8 77 MR 22 (RMSD) « 3577 i 8 (RMSF) 2 [ - Fo R I S84 H S50, W &M ditae
He A

3. &R
3.1. RS

AN 33 NS, K 79 WRARZ, Rl RN 260 Y0, SR > 10 I 6 Bl RIKCN: BEF(S IR
5.7692%)~ FFZ(14 1K, 5.3846%) B EE(14 1K, 5.3846%) HE(13 X, 5.0000%) V(12 K, 4.6154%)-
AZ(11 1K, 4.2308%).

3.2. KEXFLM 534 5 M E

1z H} SPSS Modeler 18.0 H1f#) Apriori HiE 7 2 ECARLOCERRUIN, 5 B ombk 2k 35, §5%F 2k 15.
ZRER, YASHE, MTF5AS. HESHTFZRMMNSIELRNTE, KX =4 2B
R e K SCRF T B

3.3. LA MBERFE S

B2 R E R, HH - 31K, T - AZ, MRS ORISR . 18 ] R 25 B2 70 24
-3, T - ASRIT SICM AL .

3.3.1. 253 i AR 4 T A 3 L T

7E TCMSP #d e vbid i 8 2 00k “ 24097 o “BR” . “WT7 B “AZ”, BEMA 125 4
Oy FHES 87 My, BEF 65 ARGy, NS 190 ANEAr, 4% OB > 30%, DL > 0.18 FIZ/FIfiiE[30]-
[35], EHEFMHEIHHE-®E, T - ASWEESIL 52 4> N TCMSP 45 PR R 821 H 24375 14 1
SHE R, IR 1874 MEMERL & & L ENE NG, I - WIS, T - AS PSR AL LT 1262
Ao W IRBEZN HTEVE RS 5 TS AESE SRR L, A2 - g - HE R R (LI 1),
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Figure 1. Herb-component-target network of key herb pairs in the treatment of SICM
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Figure 3. Heatmap of differential gene expression
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Figure 4. (a) Scale-free topology model fit and mean connectivity analysis, (b) Hierarchical clustering dendrogram, (c) Mod-
ule-trait relationship heatmap: correlation network of genes within identified modules
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Figure 7. GO and KEGG analysis of key herb pairs in sepsis-induced cardiomyopathy pathogenesis
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Figure 8. PPI network of the AGE-RAGE signaling pathway: mechanistic insights into herbal
medicine intervention for SICM
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3.4. BLEMEEEE ST

Table 1. Molecular docking of active ingredients with core protein targets

F 1. BRSSO ERERS TIHERR

b E FHE PDB %4l e 4 5 ALY 254 43 $/keal -mol ™!
STAT3 6INJS ANZ BT rh2 -7.8
IL6 1ALU Hit 2 -6.9
IL6 1ALU NS B Rg5_qt -7.2
CCL2 1DOL Hit 2 -5.7
VCAMI 1179 thZ -7.2
VCAMI 1119 Lib &N -7.3
MMP2 1CXW L 5 -5.8
MMP2 1CXW i 2 -6.0
CXCLS8 1IKL Hit 2 -5.9
ICAMI1 1IAM Hik e -6.8
ICAMI 11AM Ll 5 -6.0
SERPINEI] 9PAI iRz -5.1
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Figure 9. Molecular docking of bioactive compounds with core target proteins in cardiomyopathy intervention
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Figure 10. Molecular dynamics simulation analysis of the core protein target STAT3 and the active ingredient Ginsenoside
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