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BE BN ZANSHEZTUEIROAEHONARBENERAS . BRRIEXEE  FEIARIIMEE
TWWIEES FIE. 5% BEPEHRFRHEHIEE ( TCMSP ) HIEEJHONABEHES , PubChem #HE
FE. SwissTargetPrediction ¥(#EEFHEBKIER | £ OMIM HUHEEF] GeneCards #(HE EEREN AR IS AR XL |
&) Metascape EBUIREFHTT KEGG 2] GO i, FHTHINEWIIF , UL HL-1 ODABAMRNSR | EH
CCK-8 JEZMREMIBE M RIERBO RN EEIRE | Western blot & HIF-1a 7K ; @S EdU ALK GG TRE /T HL-
LN ERIIEFE K ; Western blot 18 18 B AR EMBIFRIAIKFE ; F AutoDock S OEBFIXE NS FiHITD
FUEMNUD F-HREX. &R AAREBERFBOAFEREGOLS 39 # , Hep 33 #kB)IS | 6 #k
Bikk | BYEBRXERA 2380 GO 2 FINEE 359 M , KEGG DT EEE 212 £ESEHE. CCK-8 LWERE
BREHOAIREA 10 pg/mL FHEEMRRE  REREMBEAN 24 b, SERREAEL |, BRRONEMBFE p-
PI3K. p-AKT. p-GSK3B. B-Catenin fHXIRIAFHE ( P<0.05) ; #718E-MAPK3 B RHRIFNESEYE. Fie &
U FLBIT BE PI3K/AKT/GSK3B/B-Catenin 1B B E 2 ONAE B O IEEEH OB E.
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Network-based pharmacological validation of the mechanism by which Suxiao
Jiuxin pills promote myocardial repair via the PI3K/AKT/GSK3B/B-catenin
signaling pathway

HUANG Chengxin', RUAN Xiaofen'-?, WANG Xiaolong'-?, LI Lin', LIU Jie?, SUN Yuanlong' ™

(1. Institute of Cardiovascular Diseases, Shuguang Hospital, Shanghai University of Traditional Chinese Medicine, Shanghai 20 1203, China. 2.
National Center for Clinical Medical Research on Cardiovascular Diseases, Shuguang Hospital, Shanghai University of Traditional Chinese Medicine,

Shanghai 201203, Shanghai 201203 )

Abstract Objective To predict the active ingredients, molecular targets, and signaling pathways through which Suxiao Jiuxin
pills (SJPs) promote cardiomyocyte proliferation using network pharmacology, and to validate the underlying molecular
mechanisms in vitro. Methods Active compounds were identified using the Traditional Chinese Medicine Systems
Pharmacology Database and Analysis Platform (TCMSP), and their molecular targets were retrieved from the PubChem and
SwissTargetPrediction databases. Cardiomyocyte proliferation-related targets were sourced from OMIM and GeneCards. Gene
Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) enrichment analyses were conducted using Metas cape.
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Experimental validation was conducted in HL-1 cardiomyocytes. Cell viability and the optimal SJP concentration were assessed
using the Cell Counting Kit-8 assay. Cardiomyocyte proliferation after hypoxia was evaluated by 5-ethynyl-2'-deoxyuridine
(EdU) incorporation. Protein expression of hypoxia-inducible factor-1a (HIF-1a) and key signaling molecules was analyzed by
western blotting. Molecular docking between core proteins and key compounds was performed using AutoDock. Results Thirty -
nine bioactive compounds were identified in SJPs (33 from Chuanxiong Rhizoma, 6 from Borneol), along with 238 key drug-
disease targets. GO enrichment identified 359 molecular functions, and KEGG analysis identified 212 signaling pathways. SJPs
at 10 pg/mL produced the strongest proliferative effect, with an optimal hypoxia duration of 24 h. Compared with the control
group, SJP treatment significantly increased the relative expression levels of phosphorylated (p)-phosphatidylinositol 3-kinase
(p-P13K), p-protein kinase B (p-Akt), p-glycogen synthase kinase 3-beta (GSK3p), and B-catenin (P<0.05). Molecular docking
demonstrated strong binding affinity between myricanone and mitogen-activated protein kinase 3. Conclusions SJPs may
promote post-infarction myocardial repair by enhancing cardiomyocyte proliferation through activation of the
PI3K/AKT/GSK3p/B-catenin signaling pathway.

Key words acute myocardial infarction; Suxiao Jiuxin pills; PI3K/AKT/GSK3B/B-Catenin; myocardial repair; Network
Pharmacology

Sk UESE (acute myocardial infarction, AMI) A& — i WL O L8 0%, ™ 8 f5 35 N 2R Ay
. RE AMI FIRBRMIET: F L FEHK ALY, AMI ZWjE, OVAS SR ZH8 . 35
W, KEFHALEK, KAEOLEEM, M5 LBEMERRE . OhEEEEETE. o XkmL+
EH, AMI BE TS FON 2 M F R FEFR MDA 38 TIR KM S, 2 AMI JE KR KB iE R
B AE S O R ZY, KA ™ b AT A A R R R, (ERZBLO L, SGEOThEER AMI
VB T B B . A0 AL (Suxiao Jiuxin pill, SIP) R HIJIES . Pk R o 24 4H 1 v 24
BAATAWEM, R EmER, IR 28 TRIT bR a0 O SR ME . S ik 2x
HAEERRE . BRI S A PUE . PUR . IR WO IRAGIAE R s KA R
NI 2GR BT . BN eE ik e« AR O 4L 81, 4k, BARZE B2 50 R B SIP AT LLRH HL-1
OO LA AR G 52 B AEOA SO 120 10, 3E HL SIP RERS/EANIBA N S R HEO NN i s Y, T
WHTE, AW TR P 2% 245 38 22 55 7 AT e i, 338 SIP (R AMI S OB S RIMLEI, it R Ab
SEE6 N ASRAIE
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HL-1 G AL (BB RS EEMREARD
112 XWHEA

ARG I (SIP) (CREHREAINARAR; EHZ#ET 212020025, #t5 612328) , HfEE
B AR, AR T TE /K £ P I 4948 O 100 mg/mL BEE 4% A2,
1.2 FERAFSNES

DMEM &bt ot CGEE B NAEMRIE (MDD FIRAR, AJ30749594) ; fniisg (BLE
%\ Biological Industries, w0521x4562) ; 0.25%]##: % (3£ [E Thermo Fisher Scientific (Gibco) , 25200-
056) ; CCK-8 iljfl& (L THKEXECEMERAMRAF, MA0218-Sep-0711) ; EdU-488 4 fifu 34 b
K g (ElgE R RAEYRHL AR, 092321220208) ; HIF-1o #ifk (1:1 0000 . PI3K Hifk (1:1
000) . p-PI3K Hifk (1:1000) . AKT #iifA (1:1000) . p-AKT Hifk (1:2000) (ZE[H Cell Signaling
Technology /A%, 36169. 4249s. 17366s. 4691s. 4060s) ; GAPDH #ifk (1:5 000) . B-Actin Fifk
(1:5 000) (3 [E Proteintech & 7, 60004-1-g. 66009-1-g) ; GSK3B (1:500) . p-GSK3B
(1:500) . B-Catenin (1:4 000) (WAt RN ZH R EVRHE AR AR, Al1731. AP0039.
A19657) . W EME (HARBEMKEH RS, IX51) 3 B8 (H A B E B bk A4t
CKX31) ; AMpaats (rhEEWE I REYERT R R ER, HFsafe 1200 A2) ; Bgbai (3&E1A
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AR A IR A F], Synergy H1) ; 2R GHE RS ([ i8R 2 E R A, ChemiScope
6100) .
1.3 ELRAHE

131 MUt
TCMSP % #5 % ( Version: 2.3, https://old.tcmsp-e.com/tcmsp.php ) 3. PubChem %I 4 &

( https://jpubchem.ncbi.nim.nih.gov/ ) a4y SwissTargetPrediction ¥l JE
( http://www.swisstargetprediction.ch/) 151, OMIM %4 E Chttps://omim.org/) ; GeneCards % i J#
( Version: 5.23 https://www.genecards.org/ ) [®1 . Metascape %t #& B ( Version: 3.5

https://metascape.org/ ) 7, fk 4 {5 Chttp://www.bioinformatics.com.cn/) ; STRING ( Version: 11.5,
http://www.string-db.org/) [8; Cytoscape 3.8.0 # ff; Chem Office 2019; AutoDock 1.5.7; PyMol 3.1.
132 REHEBEDH

SIP I UK PR R A 2R, A8 FH TCMSP 308 22 A2 4% SCk SR B 2 M i o315 B, . AR 35 ADME
SR LR FIH E Coral bioavailability, OB) FIZy# il (drug-likeness, DL) AT ik,
¥ OB>20%: DL>0.1 fEAffiiEhriE, SR R

IR A RS sr RN PubChem S04 22 F 80A 2087 i) —4E 45 (SDF #0) , H3REUE
b2 45 Ky AL 3 SwissTargetPrediction HdE 2 Tk 27 /N5 T X6 N I #E R 1 &

7t OMIM % ¥z % il GeneCards $#E FERE R 5 OB E A G ER . HEBEELIER TRESZ
VIEEAR 5 P8 AN B0 B 1) 28 AR B R AT S 40 AT e
1.3.3 PO EER GO Ifgeo#r. KEGG BES O

FH Metascape 4 2 it 1T KEGG B840 1 A1 GO ThEE /3 HT. FEHI A 15 W 48 78 264 I T 2L k4T
YRR
134 BRpDERIEEDHT

il STRING %4 et 5.0 NE R @B & A S T E A RS EAFMEIER (protein-protein
interaction, PP1) W% 7r#r, 1%+ Required Confidence (Combined score) >0.4 24 PPI S¢ A RIME, IF
NEAER TSV . 53] PP RN )G, f#H Cytoscape 3.8.0 B4 H it 47 I 4% I 4 2
135 E#H-po-#Bm-BE N EIEE

FHE T - B - B0 - SR A Cytoscape 3.8.0 #2522 N 2%, g7 24 7 H B B A 0 B AH DG B B
P D 30 4% TR 4 O %
1.36 SIPEARERERE

HL-1 0 UL i & 10% 06 2F 13 () = b DMEM B 92 5285 9%, UE T 37 °C. 5% CO, £ 7% 46 15
I, i 4~8 AN T 96 FLiRH, 437l ¥ 8 0. 10, 50, 100. 200. 500 pg/mL ] SIP 4bE .
4R 24 h J5, BLINA 10 pL CCK-8 ik, 37 °CH¥E 2 h, &% 3 min, {3 FEEFRACR N FL1E
450 nm KAL) OD fH .
137 BREEHRE

HUHL-1 0L AE T 96 FLAk, 40 PG BE 5 B 3 10%/6 4 7% (fetal bovine serum, FBS) ,
PR m il e A R G I E T =2 B B R R G+ KA 7R CAARREANT 0.1%) , F/hBal WA S TR
RFVAR L, TEEFEAETR A 0 hy 6 hy 12 hy 24 h, 48 h, &ERCO LB E SRR, 31 B CCK-8 it
TR WU &4 B vt 2

BEE ST la Chypoxia-inducible factor-l1a, HIF-1a) 25 A J2 40 i 57 % i 48 f) 5% f I 42 A 7
W P SR I 2 i 75 A TR AECIR A, 18 Western-blot ARG HIF-10 B AR ISR, #F—HRFs A 4
P TIEA ). B HL-1 O UL EE T 6 FLiRk, WHBEfS 7 N A MEAH, THHE T 37 °C,
5% CO, ¥ 72 f 5 9% 24 h, BB T % HEE R EAE 24 h, SCRISEEA M IFHE IR H, Western-
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blot {E I HIF-10 85 1 %k & .
1.3.8 EdU HfBsLis

EDU #tafii H} EAU-488 4 g 34 ZE AL MR &5, #iARic i EAU 7E 488 nm BRI K T /R 4Rt 0%
. BUHL-1 O ULANM4E T 24 4L, 403 AR 40% 24, 4r N A, BREd . HRkon L, f#
FHW LR 10 pg/mL SIP 5 i T A 3 T A R0 A AL T 37 °C. 5% CO2 K5 B 7% 2 h, BhA G &
LIS 10 pmol/L W FE EdU M7 1 mL, & 1 h; PBS Bl 3 Ik, 4% 2 EF =R E 15
min; LI 0.3% Triton X-100 1 mL fAEAFE 10 min; oA 10%Z- 15 H & (bovine serum
albumin, BSA) 37 °CH [ 30 min; W3 ARG E, 50 Hoechst 33342 (1:1 000) = if ik ' i
H 10 min; VKA RO BB, AL 3 MLEF, B4 3 A,
1.3.9 BEAEUHNERREKFE

K H Western-blot &l % 41 HL-1 O AL40 R PIBK. p-PIBK. AKT. p-AKT. GSK3B. p-
GSK3B. B-Catenin [ H KA T . M0N0 MR M5 AN B R B0 1) 55 4 i e, &0 B B3, A&
PR TRE BRI, LFEEN 20 g BH, HIKEHRBEEEAKEE PVDF K L, 4350 10%1)
BSA 2 10% MM fiE2F @ 1 h, —¥H0 (PISK. p-PI3K. AKT. p-AKT. p-GSK3B. GSK3B. f-
Catenin) W& 4 °Cid7, ¥Weli)5, —Hi (1:1 000) EEFEA LWE 1 h, Bl 5w sk 2 &
(enhanced chemiluminescence, ECL) K&K, HE TR IEHERAXERE, 72iHillx B &
2k N S8 A % KJEAE, JFUAM#E LE/E N B E MM RIEE, 375547
1.3.10 DFXI#E

B 1L PubChem 4 B SR E R 25 ¢ 88 /N4> 110 2D 4544, i@ i ChemOffice ¥ H 4L 3D 4544, LA
UniProt 245 FE SR 15 % O 88 S E, 58 AutoDock %o B4 oA FLEE 52 AR AT 40 T 04 . B 4
Bofi-H F 2RSS B R 145 & Re<-5.0 kcal/mol, FRELE A E, —HLAMATREMEB K. &/EFH
PYMOL #4347 AT M4k AL 2
1.4 FHirZEHE

%l SPSS 22.0 #pE X AL AT AL B, B AR VIR, RIS BB E (x £S)
Ko, FFEIESSARTT 2B, ZHRERHRRERT Z58, KH Tukey FERK, A&
B A EE A HIESEUG I . L P<0.05 NZE R BB it 22w Lo

2 4R

21 WMEHEZRI SIP BE(ERBIE
211 SIP B

PAoCEER <N E . UK R TCMSP B b (1 h 25 5 4E 5 31 SIP B8 2 (b 2 i B g )1l
=189 AN; VKA 31 . 1% OB>20%; DL>0.1 §fiik, 454 FE A Sk b il i a ooy, 3548 )1
333 A, vk 6 AN, FEALFES WE 1.
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Table 1 Major chemical constituents of SJP

%4> Ingredients ID

VSR

Molecule name

MOL000208
MOL002182
MOL002096
MOL002150
MOLO002161
MOL002153
MOL001390
MOL002204
MOL000937
MOL002186
MOL002114
MOL002120
MOL002190
MOLO000131
MOL002203
MOL000433
MOLO001494
MOLO001641
MOL002135
MOLO000675
MOL002140
MOL002104
MOL002149
MOLO002151
MOL000357
MOL000359
MOL002157
MOL002158
MOL000360
MOL002143
MOLO011782
MOL002208
MOL000263
MOL000474
MOLO006861
MOL006862
MOLO006865
MOL000244

)1l CHUANXIONG

UK
BORNEAL

) Aromadendrene
1% EE (-)-spathulenol
A-FAAKIEWE (+)-alpha-funebrene

1-Z Bt 3:-B-HMk 1-acetyl-beta-carboline

1-B- 2. FE-7-F FE-B- Bk 1-beta-ethylacrylate-7-aldehyde-beta-carboline

F 4R Spathulenol
WEFLEE (-)-globulol

(9Z, 122)-+ )\BE _J%EE (92, 12Z)-octadeca-9, 12-dien-1-ol

(-)-FMIW\JE (-)-isoledene

EEEALY) 2 Aromadendrene oxide 2

AE 2 augustic-acid
EEVE h)A B-cubebene
TFAME Cedrene
EIMER Linoleic acid
VR S Methyl oleate
& Folic acid
W3R Z.B% Mandenol
T ER H I Methyl linolate
#Hgl Myricanone
VR Oleic acid

JIIE W Perlolyrine
NI MBS Q Senkyunolide-Q
VNI MG S Senkyunolide-S
P£)I|Z R Senkyunone
#3 M Sitogluside
B-A H§ i Sitosterol
JIEZER AR Wallichilide
JIIE =% Xiongterpene
FiZEAR Ferulic acid
PN NS T enkyunolide T
HARNEE igustilide
VEN= MBS A Senkyunolide A
FIBRER Oleanolic acid
FYr# (-)-epoxycaryophyllene
R Asiatic acid
LR JEMES Bornyl acetate
Je Rl % 2R Dipterocarpol
A e %M Borneol

2.1.2 SRS RAEYITFEED = T i 5k

ARz R EIE

WA 1.3.2 W55, K SwissTargetPrediction %#is A b 15 2 1) St B B AL AT 2] 529 /> v 24 a7y 48

Koo T14bh,

£ OMIM % ¥5 i Al GeneCards %4 % 22 DL L4 2 (myocardial repair) > UL 5E

(myocardlal proliferation) " LF4E (myocardial regeneration) 3 ANl #2453 5 2 240 O A& & A
DRI RS TR . A 5 B DR 24 By B R S AR FR A SRR 4R, B A4S B 238 ANIL[RIE g, A

1A

SJP

238

1978 LHUEE

myocardial repair
YL 5E

myocardial proliferation
LR

myocardial regeneration

K 1SIP 5.0 UE R s+ B

Figure 1 Venn diagram of SJP and myocardial repair targets
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213 HEESH GO IhEEH . KEGG B DT

BT ARy Bk, X LR R AT GO ThRE AT, N GO HIAEMHERE . WA s T
RE = A IhREAT E 00, 3-19 350 R A%t fE, T EW REARKREER . & O RBER
oo IERETT ARG . B OB H B R ALEAEY F R SRS 125 FAHOCH IR o, FES S5
BEoe. il AHPAN AN IAMARSEAN IR ZE 4 s SRTG 126 PRAHSC /T IhRE, FEW AR AWMEE Y. EA
P R R PRI 1 . A% SRR S . IR B ONTIET 20 T T TR AT (L 2A~2C) o St
[ #0550 i Metascape HHATIE R & &£ 08, LIRS 212 4 P<0.01 ME# E4EE K. 1 15 &5 Sl
i1, PI3K/AKT. Foxo. MAPK. ErbB. cGMP-PKG. PPAR il k34 5.0 UG . BE L. H,
PISK/AKT B & £ S5 B/ £, GSK3B. CTNNB1 &4 7E PIBK/AKT i@k b (& 2D) .

At i MR sy
A I
Biological process Cellular component
Count Count
SEVIRLI SR JIEE -
Response to xenobiotic stimulus b - 20 Plasma memb;ane . n 50
i Tt S BR TR S B AL n 30 GEE ® u 100
Peptidyl-tyrosine phosphorylation Dendrite
) Ephrin (k{3 5 ik | 40 R D 150
R i o0 A @0
I A TR ERAL ¢ Wi
Protein phosphgwlation D 60 Extracellular exosome
YLt J5 A SZIRE ALY A
Chromatin remodeling Receptor comlplle} -Log(®)
" . IE R 440 44 i -Log(p) AT 09(p
Positive regulation of cell population proliferation 30 Cytoplasm 30
H A HBERAL HIARIX
Protein autophos)ﬁhowlation l 2 Extracellular region 20
Pdgfr-p {5 5 il #% - Ja AN IR |
Pdgfr-p sig%ali%g paJthWay Extracellular space
i G IS (5 S il - 10 FRZETTHIAK 10
G protein-coupled receptor signaling pathway Neuronal ceII_ body
RAE N BRI 0
Inflammatory response 0 Cytosol L |
10 15 20 2 3 4 5 6
enrichment enrichment
C D T
¥ IhRE Pathway analysis
Molecular function Pigk-akt 1 B i
LR A HBY AL A A o |Coum PiSicakd signaling patne Count
Histone H3Y41 kinase activity - % Focal gdi]géion 20
S 7 [IH2AX Y1420 15 A i 1 | ® Rapl {55l 0
Histone H2AXY142 kinase activity n 40 Rapl S{Igﬂgtg%fﬁhgg%’ n
FLATE 5 1.
IE R A | Y Prolactin signaling pathway ®| 60
Protein tyrosine kinase activity 60 Foro i Fo>|<_o 5 ﬂiﬁﬁﬁﬁ D
N 0x0 signaling pathwa
Bkt | o @ Wiapk 12 581 %
Nuclear receptor activity MAPK signalin pathwg
Lk A Erbb 15 5 #
AT@Eanuir% | Erbb signaling pathwa -Log(p)
Ras {5 5 il
R -Log(p) Ras signaling pathway I 30
Protein kinase activity 30 f\ﬂa)ﬂ;lftfg;%; 25
PDGFR-03Z 4 14 1 Cgmp-pkg 15 @P@% 20
PDGFR-a. receptor activity Cgmp-pkg signaling fathway
20 Ppar {7 58 #% 5
PLGE PLGT&%@%T&’ PPAR s}i{gna:_ing{ fi.lh%"a%’ 10
receptor activi pelin {5 5@
[ E Apelin signaling pathwa
M-CSFZ it 10 pelin signaling p iiﬁ"y
i Mtor {5 5 il %
M-CSF receptor activity Mtor signalinglaathwa
BDNFZ 1 | Wt fi; 5B
BDNF receptor activity 0 Whnt mgnalmgjgthway
5 10 15 20 Tof-p 5 il

enrichment Tgf-beta signaling pathway

010 0.5 020 025
enrichment

e A I RN EESR: B: AMASMEELSR: C: A TURNEELSR: D: KEGG EB AT EELS L.
Bl 2 SLEFE A s R T
Note. A, enrichment results of biological processes. B, enrichment results of cellular components. C, enrichment results of molecular
functions. D, enrichment results of KEGG pathway analysis.

Figure 2 Results of enrichment analysis for common targets

214 HEBRAY PPI ME ST
¥ KEGG % & & T 20 2518 EE I 141 ME s A\ 2] STRING ¥4 g, #E47 PPI MZ% 401, &
HHEAEMZILE 141 A58, 1998 514, ~F3575 fiBE 28.3, P<0.01. f#iH Cytoscape 3.8.0 #f%} PPI
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gE RHAT O AL M, G5 A N B RO e . BT O PR AT AR A At P AT AZ O B R R kTS
SIP 5E0EEMEE 10 ME O SN IL-6. MAPK3. TNF. SRC. EGFR. MAPK1. STAT3.
CASP3. MAPKS8. HSP90AAl (LK 3) .

PDESA  HDAC4y
ArkarkADORAZB

B 3 Sk e A A AR A
Figure 3 Target protein interaction network diagram of common targets
215 MEBHEEMEIE
BT LG - 1 -HE A BRI A 2 P N 2 R M 453 180 NI, 792 SRR AN, M
RS2 R 2 A, AR T R 20 AN, BE AT R 141 AN, JEER R 16 . AH IR e A B AR AR )
R, 5 RO MR AR (LI 4D .
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Figure 4 Chinese herbal-component-target-pathway network diagram
22 LIS

221 SIP BRRETEE

K CCK-8 A&l %5 kb HELH HL-1 Oy MG Ao s, 53R EoR: 5 0 pg/mL dAHLL, SIP IKE
910, 50, 100 pg/mL M40 IE Jy B S 3 (P<0.01) , 1 SIP ¥ Jy 200, 500 pug/mL 40 IS /1R
e (P<0.01) , B, APRUEAIAE ), ARSLIGEMWKEN 10 pg/mL ) SIP 4T~ —25Li (WLE
5 .

150

=

o

=]
1

2R L3 I AL %
T

Relative cell viability/%

0 10 50 100 200 500

THE ARG AL (ug/mL)
Suxiao Jiuxin Pill/(ug/mL)
7E: 150 ug/mL SIP AL, “P<0.01.

B 5 RFEWKEE SIP 4 HL-1 UL LIS /1 (n=5)
Note. Compared with 0 pg/mL SJP, “"P<0.01.
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Figure 5 Cell viability of HL-1 cells treated with different concentrations of SJP [ln=501

222 HL-LOAABBRIER A &4
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Figure 6 Hypoxic conditions in HL-1 cardiomyocytes
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Figure 7 Effect of SJP on EdU incorporation in HL-1 cells [Jn=911
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Figure 8 Effect of SJP on PI3K/AKT/GSK3B/B-Catenin pathway[1n=3[]
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Figure 9 Molecular docking results of component-target binding energy and docking visualization
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