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Abstract: This study aims to explore the targets and mechanism of Guanxinning (GXN) injection in the improvement of cardiac hy-
pertrophy (CH) based on network pharmacology, and validate at the cellular level. Firstly, chemical constituents of GXN injection

were collected through traditional chinese medicine systems pharmacology database and analysis platform (TCMSP) database. BAT-
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MAN-TCM. Swiss Target Prediction, OMIM, GeneCards and DisGeNet database were used to analyze the targets of GXN injec-
tion for improvement of CH. The protein interaction network was obtained by the String database, and Cytoscape 3.9.1 was used to
screen core targets. Gene ontology (GO) analysis and (Kyoto encyclopedia of genes and genomes, KEGG) pathway enrichment anal-
ysis of core target genes were performed using Metascape database to explore the potential mechanism of GXN in improving CH.
Secondly, molecular docking study was performed to predict the binding affinity of the main active ingredients to the core targets. Fi-
nally, the mechanism of GXN injection-induced improvement in CH was verified at the cellular level. The network pharmacologic
analysis showed that there was a total of 68 active ingredients and 100 core anti-CH targets in GXN injection. These core targets
were mainly enriched in MAPK signaling pathway, JAK-STAT signaling pathway, calcium signaling pathway and so on. The molec-
ular docking results indicated that neocryptotanshinone II , miltionone I and deoxyneocryptotanshinone showed the highest affinity
with MAPK1, SRC and MAPK3, respectively. Experimental results showed that GXN inhibited cardiomyocyte hypertrophy through

the MAPK signaling pathway. Therefore, GXN injection could protect against CH via a multi-component and multi-target way.

Key words: network pharmacology; molecular docking; Guanxinning injection; cardiac hypertrophy; MAPK signaling pathway
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Fig. 1 Venn diagram of the intersection of GXN injection tar-

gets with cardiac hypertrophy-related genes



H AR AT < ST 4 2 R AR SN SIS R Te O T TE SR G O WURE SR A A 1255

I OOTHEAUR GXNTEGHRA PR 2254 . i S AER GXNTERRE P g 68 A PRy 2T (Mol fC2e 382 1 2c 4k
LR O TTHEARR I -

Note: Blue box represents drugs. Light blue rhombus represents 68 active components in GXN injection. Red oval represents 382

common targets and pink box represents diseases.
B2 50RO R K

Fig. 2 Network diagram of "drug-component-target-disease"
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1 Network Analysis 4654 547 PPL A 444 36 11 &
Table 1 Topological properties of the PPI network analyzed
by Network Analysis plug-in

Argument PPI network
Clustering coefficient 0.396
Connected components 1
Network diameter 9
Network radius 5
Network centralization 0.195
Characteristic path length 3.237
Average number of neighbors 11.219
Number of nodes 310
Number of edges 3478
Network density 0.036
Network heterogeneity 1.161
Isolated nodes 0
Number of self-loops 0
Multi-edge node pairs 0

XF % 8 o 25 A fe PE AL T PR AL SR A
AR A A AR AR, 0B TR M S S R
HZ B G lRE. — BNk, 445880
F —7 keal/mol B 15 BH 3 14 A% 43 5 40 A5 B 1 =2 [
HARBMWE AR, WS SEAEAZ
6] (R 3 F X e aE LR 20 RHELSS R BOR Bk
FFZ 5 MAPKI (454 fig A —7.37 keal/mol ) , 2K
IR 5 SRC (45 4 68 R —7.62 keal/mol ) , it 5

SRC 142

STAT3
MAPK1
MAPK3
PIK3R1
PIK3CA

HRAS
CTNNB1
JUN
AKT1

Targets

0 50
Degree

B4 PPT 4t bt BEARHEA 1l 10 67 A HE AR
Fig. 4 Ranking of top 10 targets based on topology analysis
of the PPI network
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GO:0001934: positive regulation of protein phosphorylation
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: : MAPK cascade
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GO:0071396: cellular response to lipid
q : response to wounding
G0O:0048534: hematopoietic or lymphoid organ development
GO:0007507: heart development
G0O:0018108: peptidyl-tyrosine phosphorylation
GO:0030155: regulation of cell adhesion
G0O:0010942: positive regulation of cell death
o : regulation of cellular localization
GO:0051345: positive regulation of hydrolase activity
G0O:0045834: positive regulation of lipid metabolic process
G0O:0009612: response to mechanical stimulus
GO:0050730: regulation of peptidyl-tyrosine phosphorylation

G0O:0004672: protein kinase activity

G0O:0019900: kinase binding

G0O:0004713: protein tyrosine kinase activity

G0O:0001221: transcription coregulator binding
G0O:0005126: cytokine receptor binding

G0O:0019902: phosphatase binding

G0O:0004708: MAP kinase kinase activity

GO:0019904: protein domain specific binding

G0O:0043560: insulin receptor substrate binding
G0O:0008047: enzyme activator activity

G0O:0004879: nuclear receptor activity

G0:0042826: histone deacetylase binding

G0O:0097110: scaffold protein binding

G0O:0005178: integrin binding

G0O:0030235: nitric-oxide synthase regulator activity
G0O:0001046: core promoter sequence-specific DNA binding
G0O:0005158: insulin receptor binding

G0O:0051219: phosphoprotein binding

GO:0005161: platelet-derived growth factor receptor binding
G0O:0008022: protein C-terminus binding

membrane raft

perinuclear region of cytoplasm
cell-cell junction

GO:0005769: early endosome

G0O:0031143: pseudopodium

G0:0098552: side of membrane

G0O:0030139: endocytic vesicle

G0:0031264: death-inducing signaling complex

G0O:0005943: phosphatidylinositol 3-kinase complex, class IA

G0O:0061695: transferase complex, transferring phosphorus-containing groups
G0:0005788: endoplasmic reticulum lumen

G0:0019898: extrinsic component of membrane

G0:0098978: glutamatergic synapse

GO:0000791:
G0O:0005938: cell cortex
G0:0044297: cell body
G0O:0000323: lytic vacuole

euchromatin
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Fig. 5 GO functional enrichment analysis of the key targets of GXN in the improvement of CH
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Table 2 Results of molecular docking binding energy

between active components and target proteins
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Fig. 8 Effect of GXN Injection on cardiomyocytes viability.
** P<0.01 vs. Control group
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Fig. 9 Effect of GXN Injection on the area of cardiomyocytes

(a) Control group; (b) model group (Ang II group); (c) low dose group (Ang II+5 pL/mL GXN group); (d) medium dose group (Ang
II+10 pL/mL GXN group); (e) high dose group (Ang I1+20 pL/mL GXN group)
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Fig. 10 Effect of GXN Injection on the levels of ANP (a) and BNP mRNA (b) in H9C2 cardiomyocytes
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Fig. 11 Effect of GXN Injection on MAPK signaling pathway in cardiomyocytes
(a) The phosphorylation and expression levels of certain representative proteins involved in the MAPK signaling pathway;
(b) Quantification of p-JNK1/2/t-JNK1/2; (c) p-p38/p38; (d) p-ERK1/2/t-ERK1/2 in cardiomyocytes.

g BUR AR, 8515 53 5 09 S ml AR E 0 JLAE S5 3HL:

ErkE., IEONEERIREST, DL AN (1] CPHELC AR S EHE) i . ELC A
Cat' ¥ BE T &5 . 0 JILAN I % A 4 4R 2% L W0 L SPA 2022) F S FEET]. T ELG AR, 2023, 28
40 H@ ':F' %@ﬂaﬁzﬂtﬁﬂ‘é% g %:-{]jjﬂ(qz T ‘l‘ % (4): 297-312. DOI: 10.3969/j.issn.1007-5410.2023.04.001.

. The Writing Committee of the Report on Cardiovascular
S N AN B
i W3 — 2 o e JUAE J5E B Health and Diseases in China. Interpretation of Report on

AT B UE GXN 99 ek 35 0 BILAE JE B A Cardiovascular Health and Diseases in China 2022[J].
FAMLE], A0 58 A8 (R 4 F1) Ang 1 #4 a0 L4 Chin J Cardiovasc Med, 2023, 28(4): 297-312. DOL:
JHf0 S DR TR e B Ay SO JUL 40 L T R RO JUL 4 10.3969/j.issn.1007-5410.2023.04.001.

MARTIN T G, JUARROS M A, LEINWAND L A.
Regression of Cardiac Hypertrophy in Health and Disease:

kA FhEmE sy L. om
GXN 7 51 10 40 B8 5, .0 J0L 240 M 16 B0 /s 0 L

Mechanisms and Therapeutic Potential[J]. Nat Rev Cardiol,

0 T R AH 5G4 F AR AR 0 3R 38 B 3 T R, 1 2023, 20(5): 347-363. DOI: 10.1038/541569-022-00806-6.
B GXN A] #1 41 Ang 1147 S f49.0 JUL 40 i B K . [3] DENG Y, LIU W, YANG X C, ef al. Intensive Blood
WB 52 8 % KEGG 3@ 1% 4 ¥ 19 4 % AT T W Pressure Lowering Improves Left Ventricular Hypertro-

. hy in Older Patients with Hypertension: The STEP Trial
iE, WF 5% % B, GXN TE 5 7 7T 3 5 MAPK {3 % P P
[J]. Hypertension, 2023, 80(9): 1834-1842. DOI:

& E%:Jﬂ] ﬂél“ L HJ-LHE E ° 10.1161/HYPERTENSIONAHA.122.20732.
f LPTIE  ACHESE AL YA 29 B IR TX ) e, 2, G, S SRR Lk

$ UL S AR A S 06 50 0E 55 07 v R T GXN 7 4 FHVE TR K BRI 3h 77 28 A R i A A 2 e (7).
W ke 30 JUUAE JEE A 1 FE % ML) L 3 B GXN 1 oRY 2, 2022, 44(7): 2119-2125. DOI: 10.3969/.
SR NIRRT 2 1) 2 L5 R 2 i tson-1001-1528.2022.07.009

HUM Z, L1 X L, JIN Y, et al. Effects of Danshen De-

coction Pretreatment on Cardiac Hemodynamics and Mi-

4 4 a5, I 8 A A 0 JLIE JEE AR Y o ik 52
GXN ¥ 4 7T 58 it MAPK {5 5 38 8% 2 3% .0 )L tochondrial Energy Metabolism in Rats with Myocardial
REJE, oA GXN 73 51 IR AT & 3R 43 T4 . Ischemia Reperfusion Injury[J]. Chin Tradit Pat Med,



1262

PR AE2A4R (FARBEARR)

48(6) 2025

[6]

(7]

(]

(10]

(1]

[13]

2022, 44(7): 2119-2125. DOIL: 10.3969/j. issn. 1001-
1528.2022.07.009.
HO T J, WU H C, BHARATH KUMAR YV, ef al. Dan-
shen (Salvia miltiorhiza) Inhibits Leu27 IGF-II-induced
Hypertrophy in H9c2 Cells[J]. Environ Toxicol, 2020, 35
(10): 1043-1049. DOI: 10.1002/t0x.22940.
LI D, LONG Y, YU S, et al. Research Advances in
Cardio-cerebrovascular Diseases of Ligusticum chuanx-
iong Hort[J]. Front Pharmacol, 2022, 12: 832673. DOI:
10.3389/fphar.2021.832673.
POV, WREHT, wli, 5 I EIRY 70 ) s i 252
B2 F 5% (7). {1 B P S 24, 2020, 15(8): 1093-1097.
DOI: 10.3969/j.issn.1673-7202.2020.08.001.
JIA C X, CHEN J X, GAO K, et al. Network Pharmacol-
ogy Study of Sichuan Lovage Rhizome on Heart Failure
[J]. World Chin Med, 2020, 15(8): 1093-1097. DOI:
10.3969/j.issn.1673-7202.2020.08.001.
BT, ARSCAE, BARH, 45 SR T 28 25 BE o0 1 550G
I 56k 05 B AR FHBLIRN [J]. 7P 24, 2019, 41(9): 2096-
2101. DOI: 10.3969/.issn.1001-1528.2019.09.015.
ZHAO X W, XU W H, ZHAO Y, et al. Action Mecha-
nisms of Chuanxiong Rhizoma in Treating Coronary
Heart Disease Based on Network Pharmacology[J]. Chin
Tradit Pat Med, 2019, 41(9): 2096-2101. DOI: 10.3969/j.
issn.1001-1528.2019.09.015.
aminaz, ROk A, DU SO T R ERA D IRE FRAN
TRTT 6 O 18 1 3 e ey Y e ST 24 0], bl AR =
H, 2022, 60(20): 67-69.
YULY, CHIY S, KUANG S. The Clinical Curative Ef-
fect of Guanxinning Tablet Combined Oral Nutritional
Supplements in Treatment of Coronary Heart Disease of
Chronic Heart Failure[J]. China Mod Dr, 2022, 60(20):
67-69.
LEE AR, WU W L, CHANG W L, et al. Isolation and
Bioactivity of New Tanshinones[J]. J Nat Prod, 1987,
50(2): 157-160. DOI: 10.1021/np50050a004.
WU C H, ZHAO W W, ZHANG X N, et al. Neocrypto-
tanshinone Inhibits Lipopolysaccharide-induced Inflam-
mation in RAW,, ; Macrophages by Suppression of NF-KB
and iNOS Signaling Pathways[J]. Acta Pharm Sin B, 2015,
5(4): 323-329. DOI: 10.1016/j.apsb.2015.01.010.
HAO J, QIAN Z M, LIU Z J, et al. The Antidiabetic Ac-
tivities of Neocryptotanshinone: Screened by Molecular
Docking and Related to the Modulation of PTP1B[J].
Nutrients, 2022, 14(15): 3031. DOI: 10.3390/nu14153031.
WANG W J, LI W Q, LIU K, et al. Src Mediates B-ad-
renergic Receptor Induced YAP Tyrosine Phosphoryla-
tion[J]. Sci China Life Sci, 2020, 63(5): 697-705. DOI:

[14]

[15]

[16]

[17]

[20]

[21]

[22]

10.1007/s11427-020-1652-9.

XHEZE, LALE, e, 5. % MR E L Sre/PI3K/
Akt 18 I8 45 N T A K A K2 40 I NO B4 A AL ().
] BE B 2 2 4, 2021, 41(24): 2526-2529. DO
10.13286/j.1001-5213.2021.24.04.

LIUMY, SHI L J, LI1J X, et al. Sulforaphane Regulat-
ed Nitric Oxide Production via Src/PI3K/Akt Pathway
in Human Umbilical Vein Endothelial Cells[J]. Chin J
Hosp Pharm, 2021, 41(24): 2526-2529. DOI: 10.13286/
j-1001-5213.2021.24.04.

CHIEN P T Y, LIN C C, HSIAO L D, et al. C-SRC/
Pyk2/EGFR/PI3K/Akt/CREB-activated Pathway Con-
tributes to Human Cardiomyocyte Hypertrophy: Role
of COX-2 Induction[J]. Mol Cell Endocrinol, 2015,
409: 59-72. DOTI: 10.1016/j.mce.2015.04.005.

ZHONG X, SONG Z G, NING Z P, et al. Inhibition of
Src Improves Cardiac Fibrosis in Angll-induced Hyper-
trophy by Regulating the Expression of Galectin-3[J].
Microvasc Res, 2022, 142: 104347. DOI: 10.1016/j.
mvr.2022.104347.

HEPWORTH E M W, HINTON S D. Pseudophosphatases
as Regulators of MAPK Signaling[J]. Int J Mol Sci, 2021,
22(22): 12595. DOI: 10.3390/ijms222212595.
TAKANO A P C, SENGER N, BARRETO-CHAVES
M L M. The Endocrinological Component and Signal-
ing Pathways Associated to Cardiac Hypertrophy[J].
Mol Cell Endocrinol, 2020, 518: 110972. DOI: 10.1016/
j-mce.2020.110972.

KUMAR S, WANG G, ZHENG N, et al. HIMF
(Hypoxia-induced Mitogenic Factor)-IL (Interleukin)-6
Signaling Mediates Cardiomyocyte-fibroblast Crosstalk
to Promote Cardiac Hypertrophy and Fibrosis[J]. Hy-
pertension, 2019, 73(5): 1058-1070. DOI: 10.1161/
HYPERTENSIONAHA.118.12267.

LIAO H H, ZHANG N, MENG Y'Y, ef al. Myricetin Al-
leviates Pathological Cardiac Hypertrophy via TRAF6/
TAK1/MAPK and Nrf2 Signaling Pathway[J]. Oxid
Med Cell Longev, 2019, 2019: 6304058. DOI: 10.1155/
2019/6304058.

LIY,ZHOU W W, SUN J H, et al. Modified Citrus Pec-
tin Prevents Isoproterenol-induced Cardiac Hypertro-
phy Associated with P38 Signalling and TLR4/JAK/
STAT3 Pathway[J]. Biomed Pharmacother, 2021, 143:
112178. DOI: 10.1016/j.biopha.2021.112178.
HARHOUS Z, BOOZ G W, OVIZE M, et al. An Up-
date on the Multifaceted Roles of STAT3 in the Heart
[J]. Front Cardiovasc Med, 2019, 6: 150. DOI: 10.3389/
fevm.2019.00150.



