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Abstract: Objective To explore the dosing pattern, core targets, and potential mechanism of action of traditional Chinese medicine
(TCM) against atherosclerosis (AS) using data mining, network pharmacology, and molecular docking techniques. Methods
Literature from the past 10 years on AS treatment was retrieved from three major databases: China National Knowledge Infrastructure
(CNKI), Wanfang Data, and VIP Chinese Biomedical Database. The Ancient and Modern Medical Case Cloud Platform and Apriori
association rule algorithm were used to identify core herbs for AS treatment. Active components and potential targets of core herbs
were obtained from the TCMSP and Swiss Target Prediction databases. Intersection targets between herb-related targets and AS-related
targets (from the Genecards database) were identified. The core herb-active component-intersection target network and protein-protein
interaction (PPI) network were constructed using Cytoscape 3.10.0. Gene Ontology (GO) functional annotation and Kyoto
Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analysis were performed using the DAVID database. Molecular
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docking was performed to validate the binding affinity between core active components of TCM and core targets of AS. Results A
total of 143 prescriptions involving 201 herbs were screened. The herbs were primarily characterized by sweet, bitter, and pungent
flavors and mainly acted on the liver, spleen, and heart meridians. The Apriori algorithm indicated that the combination of Carthami
Flos-Persicae Semen-Paeoniae Radix Rubra had high support and confidence levels. A total of 332 herb-related targets and 1 663 AS-
related targets were identified, with 228 intersection targets. Core active components included baicalein, B-sitosterol, gallic acid
(GA120), and stigmasterol. Core targets included tumor protein p53 (TP53), proto-oncogene tyrosine-protein kinase Src (SRC), AKT
serine/threonine kinase 1 (AKT1), and signal transducer and activator of transcription 3 (STAT3). GO analysis yielded 1 275 functional
terms, and KEGG pathway enrichment analysis identified 162 pathways, including cancer pathways, AGE-RAGE signaling pathway,
and lipid and atherosclerosis pathways. The core active components exhibited binding affinity with the core targets, with SRC and
AKT1 showing particularly strong interactions. Conclusion The combination of Carthami Flos-Persicae Semen-Paeoniae Radix
Rubra exerts anti-AS effects through multiple components, targets, and pathways, with potential involvement of TP53, SRC, AKT1,
and STAT3. This study provides a scientific basis for the clinical application of TCM in AS treatment.

Key words: atherosclerosis; core Chinese medicine; data mining; network pharmacology; molecular docking; Carthami Flos; Persicae

Semen; Paeoniae Radix Rubra

IR (AS) & K AELE & BE 1M 5
SEPES, DMRBRR R P NI4iMogsE . AT
HIRFE . AFLEA LSRR RARE A EEREN . HAE Dy
BRI COE . COUREZE, 28535 22 Ol I BP0
() BB, M B O NS ME ERAN A A2 P
DRI, - AS BIBTIE A6 242 294 & S0t 70 I B R A0
1M H BT E T2 - T IR RB G AS. B g Bk
(A 22 20 £ 2R MTT R 25, AHAZ 254 3 B0
AS IR BX — &AL, 251 PSR —,
BITRCRA IR, BAE AW 2R 25408 BESUlL
Wi HEIESEAR RN, Fik, FHREZEET
T H 22 N 200 AS PR 2 G EH 2,

AR, HERARHAET . 24, T8l EAR
SNBSS Z T AS BIVRYT , HOBEEHRIE i
B BEUEETT S, R ERARITEIEH T AS
RIS B 7 2 I RBH FCUE S AR #3317 #b
FHIE 1037 VU 55 2 S5 e h 25 77 755 AS AN ]
B B35 B A R 97 380RT 22 A1 AH SR R R 2576
T AS HIIGIREF FEHRIE AR S, W T7 FHE S, i
PSS H90; Biia AS v 2 Sas v sy A AL
BRI PR, AW 9T R AR 288 777
LRI TR Z M A YE BT Bk
WP AS 10 24 SRS 1 o M E FRE £ 48
WEHAE RIS, 9w R R 25T KR 2%
1 #ERSFE
1.1 MEBURIZIREIEIRTT AS %L EA
111 BERIE AR ST I SOl VR T
R T 4 SC s BE (CNKID 75 07 #04 e
(Wanfang Data). 4E5AEPE 2 HIRE (VIP), A

PR ARG R« “ BN AEREAL e 7 “ h 2l 7«
BEzh7, KRind N “OR” %EHE, A “AND”
R, KRN 2013 451 H—2024 4 1 H.
1.1.2 SCHRAWN T HERRbRUE X ks R A5 21 1) SCik
(0l LA B A R AT R S ke, 3% RN S AR vt
TN . INARAE: (1) HR R AEH PR
SE5R9T AS BIRHDCSCHER: (2D J7 7 2 B e
BARIE T 07 LA vl 2 i) AR (3D I
RIT RO . HERRARAE: (1D ARIRRIRIG AT 7T
WBHYISLS . CHkgEid . RAEVENY . BISIRITEE
IR RS (2) AN Bl 45k
ORGSR (3 S HAMEmIRITAE, 5
G IF AS [SCHR; (4) HT7 259 52 B0 STk
1.1.3  FlEbsiefuab s iR ChEZ ) B
HEAREEY OV o 24 4 R K MR A 8 34T IV A Ak
H, W “HS” BTN “MMEY”, “ns” N
“KZ7 H. RPTIRE] LN IR F R RN .
1.1.4 HHEFASSFG T BEHEF A Microsoft
Excel 2021 5, SAESER =T & V237
(https:/www.yiankb.com), SeHATHMENIRIEIS, Fh0
NS, S & Rz, S
2T IR PR S VAL 34T o SR IBM SPSS Modeler
18.0 #F1) Apriori FYESHAT RIPANM 4T, 15 B A AIK
HFEN 10%. S/ NEIEEER 80%- HNHITECH 2.
N FH IBM SPSS Statistics 25 #1724

1.2 WEAEFES

120 A%0 T ATE R R I A U G E
“1.17 AR FZIR 0 E A% D 2 4 RR A R,
R T RA AP IR ES 538 E& (TCMSP,



F48EF4H 2025548

%¥34ak £ Drug Evaluation Research

Vol. 48 No. 4 April 2025 * 877 -

https://old.tcmsp-e.com/tcmsp.php ) (#& FE F1AZ Lo h
ERSr, DARIRAEFAE (OB) =30%-:
KL (DL) =0.18 A ififim v sy, Kt
F AN PubChem #{ & & ( https://pubchem.ncbi.
nlm.nih.gov/) A& K1) 2D &5y, T AN E
Swiss Target Prediction C  http://www.
swisstargetprediction.ch) HR 28 #1514 540 R HE £
L5 F% probability {E >0 FHE RUAZPIHE AL

1.2.2 AS HIRFERIIRIL £ Genecards %4 %
( https://www.genecards.org/ ) fi AN & ## A
“ Atherosclerosis”, X HAHICHIHE SIE, LA Score
B =1 3% H B R R

1.2.3 1% O 235 1 i 73 - A8 SR A R 2% 4 2 R A%
O BT Tk K 25 W BE R R B 3N
Venny2.1.0 “¥-& (Chttps://bioinfogp.cnb.csic.es/tools/
venny/), 3K1F AS HiZOA4WIAT AR RUOT 4
Venn K. ¥RZEW S 54, HHERTFA
Cytoscape 3.10.0 A, A% 0 b 25 -5 1 8o -2
ERBE NS, FFIEAT 28 2 AT IR I A% O LAY o

124 EAR-EABAAHLER (PPD MZHE X
DB TN R A AR A AT 3N F STRING %8
P& (https://cn.string-db.org/cgi/input.pl), EFEY)FH
N “Homo sapiens”, AHE/EH B 1% E A “high
confidence (0.900)”, Faj8liT 580 2L, MRRATHER A
PPI %%, FIH Cytoscape 3.10.0 #K {1 CytoNCA
AT RN AT, DAERS (BB R
O B8 O MRS K T T S5 (B A B AU e i 0 B

W S v S BRI OR RN R (R
1.2.5  FERIAE (GO st #5H: RIFIBE R 4H 15 R4
Hi (KEGG) #EEsE LT HZELERFZA
DAVID ##& /% (https://david.ncifcrf.gov/toolsjsp),
17 GO 5 KEGG {5 5B 1'E H /i, s A
f5F & C(https://www.bioinformatics.com.cn/) % il
GO ThRe IR E R KEGG @ & i El.
1.3 #ZOB S 5% 0B R 2 FRERIE
#“1.2.37 T ZE K456 4 L EEN
FofA, fE TCMSP -G N —4E4ifl. 1 “1.2.4”7
BUh R RIHET 4 MO RE N2, @i PDB
Chttps://www.rcsb.org) HUHf B N8 0 =4E45 14 .
HFIH AutodockTools1.5.7 #HAFBEAT 43 X4, Pl
BOEEREA SEY/ N TR TR, R
SR RO S0 R A R R 5
PE. i H PyMOL Ao Foas kAT rr Ak, JFid
it Origin 2019b MR LR AL A e A E .
2 HFR
2.1 XERBURIZHESS
201 GPINSCHERTEDL ARG 9 087 STk,
TR B 52 SCHR 4 685 J . AR R OCHERN 4 402 5, K
PN HERRBRIE, TR & AT HSCHR, BN
NGB SCHRIE 143 F .
2.1.2  YMERSIR SRS TR TT
B2 201 Bk, BEAIAXCON 1285 K, H
SRR =12 254 30 Bk, ST 6 AL 24 v
Z, W, JIEL 4. M=t BER 1.

&1 SIPARSHE (7130 1)
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Fig.1 Radar map of characteristic of included traditional Chinese medicine
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Table 2 Analysis of high frequency-traditional Chinese medicine association rules for treatment of AS
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Table 3 Active ingredients from “Carthami Flos-Persicae Semen-Paeoniae Radix Rubra”
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HH1 MOL002719  6-#2 KMl &7 2 (6-hydroxynaringenin) 3323 024
B1 MOL002714  #%% (baicalein) 3352 021
HH?2 MOL002698 I & BEARAERZNE Clupeol-palmitate) 3398 032
HH3 MOL000006  AE# % (luteolin) 36.16  0.25
HH4 MOLO001771  y-&¥ &% (poriferast-5-en-3p-0l) 3691 0.75
Al MOL000358  B-%+ %% (pB-sitosterol) 3691  0.75
HH5 MOL002773  B-#]% N#& (B-carotene) 3718 058
HH6 MOL000953  fH{i%ifE (CLR) 3787  0.68
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HH10 MOL002757  7,8- HBE-1H-WxnE J[5,6-g] W2 Mk-2,4- — i (7,8-dimethyl-1H-pyrimido 4575  0.19
[5,6-g]quinoxaline-2,4-dione)
HH11 MOL000098  #fit iz % (quercetin) 46.43  0.28

HH12 MOL002710  FRHZEHE 11 (pyrethrinll) 4836  0.35
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2-enylidene]-2,6-dimethoxycyclohexa-2,5-dien-1-one)

HH14 MOL002717  FExRZ 46T (qgt_carthamone) 51.03  0.20
HH15 MOL002712  6-#245L 1L 45y (6-hydroxykaempferol) 62.13  0.27
TR1 MOL001340  #&TFH 120 (GA120) 8485  0.45
TR2 MOL001349  4a- Bk &E-To- #2551 F FL-8- W F 2 -dao,4bB-7R B bi-1a, 10p- 3R R (4a- 8860  0.46

formyl-7a-hydroxy-1-methyl-8-methylidene-4aa-,4bB-gibbane-1a-,108-
dicarboxylicacid)

TR3 MOL001339 & & T 119 (GA119) 76.36 0.49
TR4 MOL001348  7#&%%& 17 (gibberellin17) 94.64 0.49
TR5 MOL001358  7& % 7 (gibberellin7) 73.80 0.50
TR6 MOL001343  #&FMR 122 (GA122) 64.79 0.50
TRY MOL001328  2,3-Z S & ¥ 70 (2,3-didehydroGA70) 63.29 0.50
TR8 MOL001360 & & T 77 (GATT) 87.89 0.53
TR9 MOL001353 %7k 66 (GAB0) 93.17 053
TR10 MOL001329  2,3- S & 8 TR 77 (2,3-didehydroGA77) 88.08 0.53
TR11 MOL001352 & &-FM 54 (GA54) 64.21 0.53
TR12 MOL001342 & & ¥ 121- R N E: (GAl21-isolactone) 7270 054
TR13 MOL001344 & &1 122-5% Wi (GAl122-isolactone) 88.11  0.54
TR14 MOL001355 % & Tk 63 (GA63) 65.54 0.54
TR15 MOL001350 % & T 30 (GA30) 61.72 0.54
TR16 MOLO001351  75# % Ad44 (gibberellinAd4) 101.61 0.54
TR17 MOL001361 & & T 87 (GA87) 68.85  0.57
TR18 MOL000493 &yl % (campesterol) 3758 071
Al MOL000358  B-#+ &fiE (B-sitosterol) 3691 075
TR19 MOL001323 A Hil# ol (sitosterolalphal) 43.28 0.78
cs1 MOL002883 iR £ g [ethyloleate(NF)] 3240 0.9
B1 MOL002714  #EZZ (baicalein) 33.52 0.21
CS2 MOL007016  AjZ4iFsufil (paeoniflorigenone) 65.33  0.37
CS3 MOL001925  AjZj#H st (paeoniflorin_gt) 68.18  0.40
CS4 MOL001002  #E{tFR Cellagicacid) 4306  0.43
CS5 MOLO005043 &yl i (campest-5-en-3beta-ol) 37.58 0.71
CS6 MOL006999 . {§-7-J%-3-BF (stigmast-7-en-3-ol) 37.42 0.75
CS7 MOL000359 %l Csitosterol) 3691  0.75
Al MOL000358  B-#+ fiE (B-sitosterol) 3691 075
B2 MOL002776  #%# (baicalin) 40.12  0.75
CSss8 MOL004355 324 HF (spinasterol) 4298  0.76
B3 MOL000449 S i (stigmasterol) 4383  0.76
CS9 MOL001924  ~jZ§F (paeoniflorin) 5387  0.79

HH-2046; TR-BHZ: CS-7%747; A-4046. M. 745 B-404E. AT,
HH-Carthami Flos; TR-Persicae Semen; CS-Radix Rubra; A-Carthami Flos, Persicae Semen, Radix Rubra; B-Carthami Flos, Radix Rubra.
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