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Compound Danshen Dripping Pills alleviates sepsis-induced myocardial injury
by regulating MAPK/ERK signaling pathway
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Abstract: Objective Based on the key targets screened through network pharmacology, this study employed molecular docking to
simulate ligand-receptor interactions of potential active ingredients. Animal experiments were further conducted to investigate the
mechanism of Compound Danshen Dripping Pills (CDDP) in treating sepsis-induced myocardial injury (SIMD). Method Septic
myocardial dysfunction models were established by performing cecal ligation and puncture (CLP) on C57BL/6BL/6 mice. The mice
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were divided into control, model, CDDP-low, high dose group, and dexamethasone group. while echocardiography, HE staining, and
Western blot were employed to evaluate the therapeutic effects of CDDP on septic myocardial dysfunction. Active ingredients of CDDP
and their predicted targets were obtained from Traditional Chinese Medicine Systems Pharmacology Platform (TCMSP) online
platform. A compound-target interaction network was then built with Cytoscape 3.9.1. Meanwhile, targets associated with sepsis-
induced myocardial dysfunction (SIMD) were gathered from the OMIM and GeneCards databases. Computational analysis identified
the common targets shared between the compound and the disease. Subsequently, the identified intersecting targets were entered into
the STRING database to establish a comprehensive protein-protein interaction (PPI) network, which was then visualized and subjected
to in-depth analysis. Further in-depth analysis of core targets was conducted through Gene Ontology (GO) and Kyoto Encyclopedia of
Genes and Genomes (KEGG) enrichment analyses. Molecular docking studies were performed to validate the interaction relationships
between key targets and core components. Results /n vivo experiments demonstmiceed that CDDP improved cardiac function,
reduced inflammatory cell infiltmiceion, increased Bcl-2 expression (P < 0.01), and decreased Bax expression (P < 0.05, 0.01).
Network pharmacology results identified 80 active ingredients and 870 corresponding targets from CDDP. After mapping with disease
targets, 100 common targets were identified. Through 6 475 GO and 221 KEGG enrichment analyses, it was found that CDDP primarily
acts on biological processes such as transcriptional regulation and apoptosis inhibition, and cellular response to lipopolysaccharide. It
involves signaling pathways including TNF, IL-17, NOD-like receptor, and Toll-like receptor pathways. Molecular docking validation
indicated stable binding between three active ingredient (quercetin, luteolin, tanshinaldehyde) and five targets (TNF, AKT1, IL-6, IL-
1B, MAPK3). Among these, MAPK3 exhibited the lowest docking scores with the three active ingredients, indicating the most stable
binding. Conclusion CDDP can alleviate myocardial damage caused by sepsis and reduce cell apoptosis. This effect may be achieved
by regulating the MAPK/ERK signaling pathway.
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Fig. 1 Cardiac function parameters of mice in each group ( X s, n=3)
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GO:0010033 response to organic substance
GO:1901700 response to oxygen-containing compound
GO:0032101regulation of response to external stimulus

G0O:0009605 response to external stimulus
(G0:0006950 response to stress

GO:0032879 regulation of localization
GO:0070887cellular response to chemical stimulus
GO:0009611 response to wounding

GO:0042221 response to chemical

GO:0016477 cell migration

GO:0051239 regulation of multicellular organismal process
GO:0080134 regulalion of response o stress,

GO: 0051240 positive regulation of

multicellular organismal process

GO: 0006952 defense response

GO: 0048870 cell motility

GO: 0051674 localization of cell

GO: 0034097 response to cytokine

GO: 0002682 regulation of immune system process
G0:0030334 regulation of cell migration

GO: 0030335 positive regulation of cell migration

Gene number
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G0:0044877 macromolecular complex binding .

B GO:0005102 receptor binding
GO0:0019899 enzyme binding

GO:0005126 cytokine receptor binding
GO:0019900 kinase binding

Gene number

g
(G0:0019901 protein kinase binding : ;8
GO:0004871 signal transducer activity . Y%A

GO:0019902 phosphatase binding .
G0:0042802 identical protein binding . Q1E
GO:0070851 growth factor receptor binding .

GO:0005125 cytokine activity . 3X10°

GO:0005178 integrin binding . 2X10°¢

GO:0005515 protein binding [} 16

GO:0019956 chemokine binding
G0:0019904 protein domain specific binding

(GO:0043 168 anion binding .

GO:0002020 protease binding
GO:0004672 protein kinase activity

GO:0038023 signaling receptor flCIl\"il;' .
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Rich factor Rich factor
¢ GO:0005615 extracellular space ° D AGE-RAGE signaling pathway in diabetic complications °
GO:0071944cell periphery ° Fluid shear stress and atherosclerosis ©
GO:0005886 plasma membrane o Chagas disease (American trypanosomiasis) .
GO:0044459 plasma membrane part ° Gene number Pertussis .
GO:0005576 extracellular region ° - 10 Malaria Gene number
GO:0045121 membrane raft . > 20 Kaposi sarcoma-associated herpesvirus infection . e 16
GO:0098857 membrane microdomain . o j‘O TNF signaling pathway . e 20
GO:0044421 extracellular region part ° e '!g C-type lectin receptor signaling pathway . ® 24
GO:0098552 side of membrane . : 20 Pathways in cancer ® ® 23
GO:0030141 secretory granule d - Toxoplasmosis B (X =4
GO:0031988 membrane-bounded vesicle L4 Of IL-17 signaling pathway B E,
G0:0009986 cell surface s Hepatitis B B Z3x10,
GO:0031982vesicle ® 1.5% 1077 Yersinia infection . T5% 10
GO:0016023 cytoplasmic, membrane-bounded vesicle " - 7 Influenza A 1.0X10°
GO:0009897external side of plasma membrane e LOX10 NOD-like receptor signaling pathway . 50X10 10
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(G0:0044853 plasma membrane raft Sphingolipid signaling pathway .
GO:0099503 secretory vesicle ‘| Human cytomegalovirus infection .
(G0:0044433 cytoplasmic vesicle part : Proteoglycans in cancer .
GO:0031410 cytoplasmic vesicle 5 005 0.0 Toll-like receptor signaling pathway
0 0.1 02 0.3

Rich factor

Rich factor

A~C-GO B4 #1 (BP. CC. MF); D-KEGG &5 #i.
A—C-GO enrichment analysis (BP, CC, and MF); D-KEGG pathway enrichment analysis.

5 GO 71 KEGG g EEN I
Fig.5 GO and KEGG pathway enrichment analysis
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FRAE P 5 25 B 22 25 L e Y degree {ELHT 3 1)
WEY: W= RBRERZMPL S, 35 degree
{47 5 B A TNF (PDBID: 2¢7a). AKT1 (PDB
ID: lung). IL6 (PDBID: 1ALU). IL-1 (PDB ID:
112h) F1 MAPK3 (PDBID: 3FHR) #4740 7 X%,
I RS G RPN SR R SR S R A
M2EERe ), FBUE RGBT R 2R SRk (A
ISEFITbksR . 2 1 B TGS 8 B R iRz
Wy, RFIXEES S S5HS A RIFISA KR,
Bl 6 i nf Ak BTS2 A A 1 A A X P
B WESRSEREN, W 3 MUAYE TNF.
AKTI1. IL6. IL-1B F1 MAPK3 5 M 5 (R 45 & BE
i, FEXTEVEAS IR BU BRI &5 58 71, TTRE
7£ CDDP 50 SIMD H R 4% s T .
3.1 CDDP ¥} SIMD /)R Al2E4R MAPK3 #H%
ERAFRIEWEN

T RHESE L], CDDP ) 3 FEER 5
MAPK3 [45E 561 7 18F , PRI, SRH Western blotting

®1 BUBREEERS 0T IHEER

Table 1 Core targets and core active ingredient molecular

docking results

EH wE)

N

=

& fig/(kJ-mol™)

TNF (2¢7a) Wit Bz 2 -25.99
KRB Z —-26.33
VR -30.30
AKTI1 (lunq) M & -25.45
KRB Z -27.75
VR -29.13
IL6 (IALU) Wit Bz 2 -25.28
REBEZ —-25.85
VR —25.58
IL-1pB (112h) Wit Bz 2 -25.28
RBEER -28.34
P W —28.88
MAPK3 (3FHR) #it & -31.30
RBEER -33.27
P20 -38.95
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TNF AKTI IL6 IL1B

TNF-F &8

S, RIS 4N R BEZH 2R MAPK3 AR A
ERK FI3RIE K. 25 R a7 fios, S5 XA,
TR ) p-ERK RIEKFREH S (P<0.01); %4
T CDDP =il & TG, p-ERK FKik/KF i35 FE1IK
(P<0.01).
4 e

U B 1 A T X I e () RO R T 5 R R A
A2 B ThRERRS, o2 e B FB 3 I 2 IR e 11
WEZ 0, HIGREINAFETE RO R,
O WA 4EHESIH 280 Wi, L4 /K ik B 2
HAEEIRGE, HE PN mT WL EAE H i s K 58 40 iz
TS, AR LR B R ERESE T 3 A 2] 70%~

A

AKTI-f} 2%
A-ZEEREE; B-HR.
A-binding energy heatmap; B-conformation.

6 SIMD %55 CDDP EEFM R DN FrHELER
Fig. 6 Docking results of SIMD targets and CDDP components
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AP RLIIZHZH ERK ] Western blotting 4%747; B-ERK HEFAKIL; SxIRALE. #P<0.0; SHRAALE. “P<0.01.
A-Western blotting band of ERK in mouse myocardial tissue; B-ERK protein expression; #P < 0.01 vs control group; **P < 0.01 vs model group.

E7 KAPBRAVDIEEL ERK EHRIAKE (X £s, n=3)

Fig. 7 Protein expression levels of ERK in cardiac tissue of mice in each group ( X £s, n=3)
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