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Abstract

Objective: To investigate the active components of Paeoniae Radix Rubra (Paeonia) and their mech-
anisms of action in treating congenital heart disease (CHD) based on network pharmacology. Meth-
ods: Active components of Paeonia and their targets were screened by integrating the TCMSP data-
base and literature mining. CHD-related targets were retrieved from GeneCards, OMIM, and Dis-
GeNET databases. A “drug-component-disease target” network was constructed using Venny 2.1 and
Cytoscape 3.7.2. Protein-protein interaction (PPI) networks were established via the STRING data-
base. Gene Ontology (GO) functional annotation and Kyoto Encyclopedia of Genes and Genomes
(KEGG) pathway enrichment analyses were performed using the DAVID database. Results: Fourteen
active components of Paeonia targeting 87 CHD-related genes were identified. Core components,
including S-sitosterol and ellagic acid, exhibited significant binding activity with key targets such as
AKT1 and TNF. Pathway enrichment analysis revealed that Paeonia primarily modulates the PI3K-
AKkt, TNF, and MAPK signaling pathways to mediate inhibition of inflammatory responses, regula-
tion of apoptosis, and improvement of vascular endothelial function. Conclusion: This study system-
atically elucidates, for the first time, the molecular mechanism by which Paeonia treats CHD through
a multi-component, multi-target, and multi-pathway synergistic network, providing a theoretical
foundation for the clinical application of core components and the development of innovative ther-
apeutics.
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1. 5|8

S R A0 IEH (congenital heart disease, CHD) & WG BACo IR ML/ & & 70 AT EC I e R VR, 428K
RIFFELIN 9.4% [1]. WGIRFEBNMIRE . W B OEALDEE . i BREER, HRFELAHIM K&
DR S TR R RIERN . AR AMBRET- S HNELEEH. B, RERREFCHRE
WIS E g Prll/MREY) I B 32 R IT JTE[2], AIE— 2R 2 CHD RIIGIRAEIR, {2
o BE T ROAME HRIER 2, 152455 20 52 KA 72 A e fift e i H

77~j(Paeoniae Radix Rubra){f: 4 &4 JE ALKy, CHGESEEAPIR . PUMIE . W7 s k55
EAER3], (HIAB 2 RET B — s B SRS, HAE CHD 697 B ARE LS = R
GUPEIERE. DA, AHEFUEE T M I ik, I TR AR AT SR R, R ) - L) -
B MHRAE R ES, FHIRAN T Z LR S 515 Sk, 7R /8~] 8 2 80 S R 4% CHD B4R AL
il WFTEEE RAMONARAT BIIEIR S $E Rk s, oA TR 2 A W R - 250 K 2558 1 8
e
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2.
2.1. MBHIBFEHR

2.1.1 FRAFFEMERR 5 FIE R R IZ 4R

15 FH H 24 R G0 25 B 25008 122 0 A £ (https://temsp-e.com/) LA “7RAT 7 SR BR TR 2, DATIRAEY)
FIHEE(OB) = 30%. FKZj1H(DL) > 0.18 AT HAT LR AL, 45 SCIRAN R IRAF AR AT ROy, Fe %
A B 5522 Uniprot (https:/www.uniprot.org/ VEHERME S, HIBRIE NI A TC R E S A, 5305
AL R B3 5 R4 o

2.1.2. SRR B

jB1t GeneCards (https://www.genecards.org/)» OMIM (https://omim.org/) 54 22 , % A\ <4 17 “ congenital
heart disease” HATIE R, Kiw R A BT A LSS 1E Excle F1, HIBREGILE, FH4 Uniprot Hdf A it
ATRZIE[S], 1955 CHD AH2 B0 #E S 2.

2.1.3. FRATFEMER S SR B R EE o T

P SRAGI Z5 W R0 B8 A 5 5 B8 A LS, AR5 Venny2.1.0
(https://bioinfogp.cnb.csic.es/tools/venny/index.html) B/ F Venn K], AT 5K 1S 32 B2 3 K o ff ] Cytoscape3.7.2
BAE, X WEE T R 2 - PR SE RFE R HEAT R AT, KA 258 - By - PEHTRE R
W25 6]

2.14. R EHEEMEPPDAE R D R iFE

WAL EERL R 3 N String (https://string-db.org/ )& i, BB LA 25 ¥F0 N “Homosapiens (NK)”,
BACHBEAEHBERT 0.4, HRSHRFFRINRE, WEESEAMEIERMZ[7], S Cytoscape3.7.2
WA, FIH Networkanalyzer J#EAT #2404, IfiE H PPT W28 1% o8 A

2.1.5. GO ThEES KEGG BREE S
15 B )22 240 A _EAE 2 DAVID $4 FE (https://david .nciferf.gov/summary.jsp), F& KR IRFFIEEE
“OFFICIAL GENE SYMBOL” , #)fi% & }y: HomoSapiens (\28), #ATINEEE &0 (GO)AE Sl
B NT(KEGG), [F5ESHras RImE4&1E N P < 0.01, 53] GO IhigH AW f2(BP). 41 RS (CO)-
- DIRE(MF) = D) Be B UV A1 KEGG 8% & M 45 . 71k P-value {H <0.01 & R, ik
BAEE RN GO FIHT 10 A24% HATHT 20 4 KEGG 1, ENARATIE T S6 RO F7 i 32 B0 B o
RE B B FEAVE SIEE, KM A RR . B R P LRI RS AN LB LA B AT B 2 B
N

3. 58
3.1. FRATLEETR S TR AR 45 TR A2 S5 R 14 1L BRESR B S FE AL

3.1.1 FRATFRMERL S B 80 2 T
JBIT TCMSP ‘&M%, FRWERIFRAT 14 Ny, PIRMTE 1.

3.1.2. SERMOIERIEXES

JEIT GeneCards. OMIM £0#E FERG 2R, 43 3RA8 7557 559 MRS, 28 f5H3kA 8001 N 5%
TN O IS AH D (R 55, K43 B FE 122 Uniprot 2088 PEAS IE o K 24590 (0 1 FH R 505 20 R o JEE 975 1) 38 255
RRBAENE, THAEGTFaehFRE, K15 87 ek, WE L.
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Table 1. Active ingredients of Radix paeoniae rubra

F 1. FOBYRAERE

MOL ID B OB (%) DL
MOLO000358 beta-sitosterol 3691 0.75
MOLO000359 sitosterol 3691 0.75
MOL000449 Stigmasterol 43.83 0.76
MOL000492 (+)-catechin 54.83 0.24
MOL001002 ellagic acid 43.06 0.43
MOL001918 paeoniflorgenone 87.59 0.37
MOL001924 paconiflorin 53.87 0.79
MOL002714 baicalein 33.52 0.21
MOL002776 Baicalin 40.12 0.75
MOL002883 Ethyl oleate (NF) 324 0.19
MOLO004355 Spinasterol 42.98 0.76
MOL005043 campest-5-en-3beta-ol 37.58 0.71
MOL006992 (2R,3R)-4-methoxyl-distylin 59.98 0.3
MOL006999 stigmast-7-en-3-ol 37.42 0.73

SE]

Figure 1. VENN map of drug-disease common targets
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3.1.3. B R RMEREER

iZJi] Cytoscape3.7.2 BAFHIE “ 251 - Wlisy - ZZERHEA 7 MZ% I, LI 2, B FAS 4 102 A5 5 40 143
2510 o RZ IR 28 188N T s T AN 04T, degree [EHEA BT TLHIML B9 73 7l /2 beta-sitosterol (B-7F £ ) «
Stigmasterol (7 i) catechin (JLA ). ellagic acid (AEIR). baicalein GE 1), XA MUAYIREWAEH
T CHD H [ RE /8 AL, ATRESE ARATIR YT CHD [ E BB, AR R A AL O 8

3.1.4. PPI MR B S 534

VAR 87 N AR IR 5N String HHE FE 0 AT, MR ER AH ELAE I N2, Tl 2 1 2 [a) (4 A
HAERHKRR, HAaFE 87 N7 aifl 1504 551k, WIK 3. de B HR A A+ 10 O B Rk AT 2020 AT
%l4&: AKTI. TNF. IL6. ESRI. PTGS2. FOS. TP53. BCL2. MMP9. TGFB1, iX 10 /M#{ 57“'@%7’?
A4 CHD B ZA A, R HAR AL DR .
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Figure 2. Network diagram of “drug-constituent-common target” interactions
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Figure 3. Protein-protein interaction network

E 3. EEEEERAML

3.1.5. EMThEeEE S

1) GO E& 4

FIFH DAVID $ds 2 6 42 br¥® Sk 472007, BLP<0.05 AbrdEdL ik GO Thie s 4 H 439 %, £
317 NMEYIEFE(BP). 44 DNMNPLLEL(CC) 78 AN T IIRE(MF), Hodr = B A 43 F2(BP) AR 41K )
PR (55T AN RN TR BTSRRI, MAPK B IR . 4
MR . SER R IE . AUMGER W IE F ST RIE RN QAR (CO) Rk . 4
Fi. B B REEE IR B, dHAMX SR, AARAh s IE]. dEMIA A Yt T I RE(MEF)
WREARSS. HREA%SE. LSS EAMES RANENE. DNA 573 HFiEE. S84
A ZEREAEERS S HRNREEX S EARR S RAEE. EAEES S . oI E PP
AT 10 F I FEBEAT RIRRAL, LIS 4.
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Biological process Cellular component Molecular function

Figure 4. Visualization of GO enrichment analysis
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2) KEGG H# EE0H

FIFH DAVID $idfs i HE47 38 #5420 M7, A P < 0.05 ik 7R AT 5 ¥R 97 S RO IR AH 5% 1) KEGG
W 131 %%, TEEWLER SHMKERERE L. IL-17 15 5088 ME T, AR ) SR RERELL |
Toll P32 R[5 SIS . T p (K, HUAT 20 KB EHAT EEM T, St EERETER, HES.
Rl DUs SE R B R H R, IR E M RLEE I IE R E 2, B R
AR EEN, PN, RS RS ERE.
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Figure 5. Visualization of KEGG pathway enrichment analysis
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NEAE, BT, L. SRS 10]. BACHE 7t 2 BT 7R 8 — i P MR ek d et
YER[11], HAE CHD a7 E FHARBLE M ATE 2

AREFET “HA) - o - R SRR TN A, 493 BT B BRIEIR . LR RS 14 M
CVEVERCSY, TRiEH AKT1. IL6+ TNF 55 87 MXALEE &, RGHn T /2790 CHD [ “Z s - 250
- ZEk” WEEHENE . KEGG &40 &0, JRAjarmid s PI3K-Akt. TNF &2 MAPK %5 518
5, AT SERE KPR X 40 M8 T IR 3k 55 N R DB R, RAE “Z sy - 2L - 2@k
MEEGREER . X—RISPE “BMER7 HgHWIE, $RFATRIT CHD KIS T GEIE T 2 Fil ok
SIRTPRTE . S S A RO B (P[RR, RS — R IR MEVE T IR IR R R, B0E PI3K-Akt
{55 @ T LANE] NF-kB [R5, M O WLAT L 98 RE SN[ 12], 17 75 AT 1% 0o B 43 PT R d it 7] i) 482 g
PI3K-Akt Ml MAPK 5 5, T ROSUE BEHIHIN,  1X — {5l 75 8 A py 5258 13— 2P 38 0E

g bR, AR T MG AT, RGN T ARATIRIT CHD I AE 24 R0 i B il 5 4 A WL
i, WEFesl B R A RHIE IR VR AR S B A, it D ARATHL CHD (AR Y2 ALH S 4t 7 3K
P I B SR I PR 20 A W L5 AR 0 br ) 5 e A RRAE B, R4 B R SR R BOR 30 IE JG B B 4
Mhfess P, RGVPGIRAT T CHD BI-KIIT 8 & 22 4Pk .

HE&mHE

TR R A G0 5 0 I 2 R I H (S202413684031); [ A 44 K AR B Bk I 5t R 35 H
(S202413684028).
SE ik

(1] XUWK, e, sk9, S5 S R0 B B LA S5 O BB 450 JRURS: T A58 2 (Mg g AN BE (D). R RS A 2 A&,
2025, 40(3): 254-260.

2] ARk, X, TR, % ZE O S 5 AR 5 IR IE I 5 K e B e TR 35 K 2 4 B ST AT
(7). o ERRAEY &, 2025, 20(3): 365-369.

[3] BRI, D, fRith—, & FATEMRIEIT RARMIL R GRSk R (D). HHEEZh, 2024, 55(19): 6806-6819.

[4] He,J., Wang, C., Zhu, Y., et al. (2016) Soluble Epoxide Hydrolase: A Potential Target for Metabolic Diseases. Journal
of diabetes, 8, 305-313. https://doi.org/10.1111/1753-0407.12358

(5] BA, Bibib, pREL, S JET 2% 25 T-7p TR FE I B RIR T 5 P 4 W 2 AR FADLARILT]. 255774,
2020, 55(8): 1812-1822.

[6] Shade, A. and Handelsman, J. (2011) Beyond the Venn Diagram: The Hunt for a Core Microbiome. Environmental
Microbiology, 14, 4-12. https://doi.org/10.1111/1.1462-2920.2011.02585 x

[7] W, BREE, BAR, 55 IES AR PHE D R 6 A AR O S S R LRI R ERLRF R,
2025, 45(3): 494-505.

[8] WbEKIE, HE 5, FEVEER, 5. BET W48 2530 5% I 4 R o A Bk AZ LR B YR 97 O UL It P 8 3 45243 AR 4 ML
HI]. WP EMREEZ, 2022, 29(14): 14-17, 31.

[91 2, TkEHE. (SBERS) “FHRBH 5L BAREIT BB R R T[], TR EEZRE, 2019, 46(4): 691-693.
[10] #EE. BERIE SRS 5 253U 78 [D]: [Bl 226018 50]. W RIE: BT 22 K22, 2022,

[11] Huang, X.D., Huang, X.J., Gan, H.N., et al. (2024) Serum Metabolomics Reveals Effects of Standard Decoction and
Formula Granules of Paeoniae Radix Rubra on Rat Model of Heat Toxin and Blood Stasis. China Journal of Chinese

DOI: 10.12677/tcm.2025.146390 2651 HRE 2


https://doi.org/10.12677/tcm.2025.146390
https://doi.org/10.1111/1753-0407.12358
https://doi.org/10.1111/j.1462-2920.2011.02585.x

FREEL, BREHRE 4%

Materia Medica, 49, 5181-5192.
B, BRiSAE, =

[12] kSCHE, s, g2, Dyt Bk, 57 BB PISK/AKE 13 238 B4k 5 FR 9% K B L
AR TR IORE SON[T). a7 EERE K Z 243, 2024, 44(7): 1306-1314.

2652

RS

DOI: 10.12677/tcm.2025.146390


https://doi.org/10.12677/tcm.2025.146390

	赤芍干预先天性心脏病的药效物质筛选及多靶点调控机制研究
	摘  要
	关键词
	Screening of Bioactive Components in Radix Paeoniae Rubra for Intervention in Congenital Heart Disease and Study on Multi-Target Regulatory Mechanisms
	Abstract
	Keywords
	1. 引言
	2. 方法
	2.1. 网络药理学研究
	2.1.1 赤芍活性成分筛选及靶点挖掘
	2.1.2. 先天性心脏病靶点收集
	2.1.3. 赤芍活性成分抗先天性心脏病靶点预测
	2.1.4. 靶点蛋白互作网络(PPI)构建及核心靶点筛选
	2.1.5. GO功能与KEGG通路富集分析


	3. 结果
	3.1. 赤芍网络药理学活性成分预测及先天性心脏病的潜在机制
	3.1.1 赤芍活性成分及靶点预测
	3.1.2. 先天性心脏病相关靶点
	3.1.3. 核心靶点及网络相互作用
	3.1.4. PPI网络图的构建与分析
	3.1.5. 生物功能富集分析


	4. 讨论
	基金项目
	参考文献

