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Effect and mechanism of Salviae Miltiorrhizae Radix et Rhizoma and Carthami
Flos on myocardial infarction based on network pharmacology
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Abstract: Objective To study the mechanism of Salviae Miltiorrhizae Radix (SMR) et Rhizoma and Carthamii Flos (CF) in the
treatment of myocardial infarction (MI) by means of network pharmacology and experimental verification. Methods The main
components of SMR-CF were searched by Traditional Chinese Medicine System Pharmacological Analysis Platform (TCMSP), and
the component targets were screened by TCMSP and Swiss Target prediction databases, and the Ml related targets were queried through
OMIM, TTD, Genecards and NCBI (Gene) databases. The common target proteins of disease and drug components were screened by
the intersection of drug targets and disease targets. The network model of protein-protein interaction (PPI) was constructed by using
STRING platform. The functional enrichment analysis of gene ontology (GO) and the KEGG pathway were carried out by using
DAVID. Cytoscape was used to construct medicinal material-target and medicinal material-composition-target-pathway network map
for further experimental verification, in order to reveal the therapeutic effect of SMR-CF on MI in mice. Results A total of 84 active
components were screened from SMR and CF, 485 target proteins were searched, and 28 targets related to MI were found. GO
functional enrichment analysis showed that there were 18 GO entries, including 9 biological process (BP) entries, three molecular

functional (MF) entries and six cell composition (CC) entries. KEGG pathway was enriched and screened to obtain 30 signal pathways,
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such as hypoxia inducible factor signaling pathway, tumor necrosis factor, vascular endothelial growth factor, sheath phospholipid,

small G protein Rapl and so on. The results of HE staining and Masson staining showed that SMR-CF could significantly improve

myocardial injury. Western blotting results showed that SMR-CF could down-regulate the expression of TNF-a and MAPK to improve

myocardial injury. Conclusion The target and pathway of SMR-CF in the treatment of MI are explained by network pharmacology,

which provides a scientific basis for the further clarification of SMR-CF in the treatment of MI.

Key words: Salviae Miltiorrhizae Radix et Rhizoma; Carthamii Flos; myocardial infarction; network pharmacology; HIF signaling

pathway; tumor necrosis factor; vascular endothelial growth factor; sphingophospholipids sphingomyelins; small G protein Rapl;

tumor necrosis factor-o; mitogen activated protein kinase
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x1 PBS-AREERS
Table 1 Main components of SMR and CF

T EY MXTTHE  OB% DL EaHE
MOL001601 1,2,5,6-tetrahydrotanshinone (1,2,5,6-IUS &) 280.34 3875 036 fIZ
MOL001659 poriferasterol (£ L) 412.77 4383 076 FI=
MOL001771  poriferast-5-en-3p-ol 414.79 3691 075 %, 4ie
MOL001942 isoimperatorin ( 5FBKAGHE) 270.30 4546 023 =
MOL002222  sugiol (MIAZEY) 300.48 36.11 028 Ji=
MOL002651  dehydrotanshinone IIa (FE S} S 11a) 292.35 4376 040 JI=
MOL002776 baicalin (#%F) 446.39 40.12 075 J&, aiE
MOL000569 digallate 322.24 61.85 026 Ft&
MOLO000006 luteolin (AERE 2D 286.25 36.16 025 Fi&, 4ik
MOL006824 a-amyrin Co-7HkE ) 426.80 3951 076 1=
MOL007036 5,6-dihydroxy-7-isopropyl-1,1-dimethyl-2,3- 298.41 3377 029 F=
dihydrophenanthren-4-one

MOLO007041 2-isopropyl-8-methylphenanthrene-3,4-dione 264.34 40.86 023 =
(2-F N 2E-8-F 3L 3E-3,4- D

MOL007045 3o-hydroxytanshinonella (30-#23E20) 310.37 4493 044 FI=

MOL007048  (E)-3-[2-(3,4-dihydroxyphenyl)-7-hydroxy-benzofuran-4-yl] 312.29 4824 031 I
acrylic acid

MOL007049  4-methylenemiltirone (4-3F F P27 i) 266.36 3435 023 fI=

MOLO007050 2-(4-hydroxy-3-methoxyphenyl)-5-(3-hydroxypropyl)-7- 356.40 62.78 040 Ft=
methoxy-3-benzofurancarboxaldehyde

MOLO007051  6-O-syringyl-8-O-acetyl shanzhiside methyl ester 628.64 46.69 071 FI=
(6-0-T &HH-8-0-Z. B H L HEH )

MOLO007058 formyltanshinone (EE3ESFSM) 290.28 7344 042 1=

MOL007059  3-beta-hydroxymethyllenetanshiquinone 294.32 32.16 041 P&

MOLO007061 methylenetanshinquinone (V. 28D 278.32 37.07 036 fI&

MOL007063 przewalskina (2155 a) 398.49 3711 065 15

MOL007064 przewalskin b (% F} 58k b) 330.46 11032 044 JI&

MOLO007068 przewaquinone B (3842 2.%) 292.30 6224 041 =

MOL007069 przewaquinone C (/152 C) 296.34 5574 040 JfI=

MOLO007070 (6S,7R)-6,7-dihydroxy-1,6-dimethyl-8,9-dihydro-7H-naphtho 312.34 41.31 045 FIZ
[8,7-g]benzofuran-10,11-dione

MOLO007071 przewaquinone f (/&%) 312.34 4031 046 f13

MOL007077  sclareol (i ) 308.56 43.67 021 &

MOL007079 tanshinaldehyde (/&) 308.35 5247 045 1%

MOLO007081 danshenol B (J}Z% B) 354.48 5795 056 FI=

MOLO007082 danshenol A (F}ZHE A) 336.41 56.97 052 FI=
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5 EY AN 4> F & OB/% DL E4Y VS
MOLO007085 salvilenone (R /ZHHZERI) 292.40 30.38 038 JI&
MOLO007088 cryptotanshinone (&7} Z:) 296.39 5234040 =
MOL007093 dan-shexinkum d (J} Z#ifi) 336.41 38.880.55 JF&
MOL007094 danshenspiroketallactone (JZIZ4 R PG ) 282.36 5043031 JI&
MOL007098 deoxyneocryptotanshinone (483 BT Z ) 298.41 4940029 JfI&
MOL007100 dihydrotanshinlactone ( ~&FZ Ml 266.31 38.68 032 =
MOLO007101 dihydrotanshinone I (Z&ESIZH D 278.32 45.04 036 =
MOL007105 epidanshenspiroketallactone (&2 B245HEA A Jig) 284.38 68.270.31 FI&
MOLO007107 C09092 286.50 36.07 025 =
MOLO007108 isocryptotanshi-none (57 F& S 296.39 5498039 JI&
MOLO007111 isotanshinone II (]2 1D 294.37 4992 040 JI&
MOLO007115 manool C/HFIE) 304.57 45.04 020 fIz
MOLO007118 microstegiol 298.46 39.61 028 JI=
MOLO007119 miltionone I (J+ZBEHrHEH 1D 312.39 49.68 032 fI%
MOLO007120 miltionone I (FJZ B HrHH 11D 312.39 71.03 0.44 F}=
MOL007121 miltipolone (F+ZFF 5% =43 R ) 300.43 36.56 0.37 F&
MOLO007122 miltirone (J}Z3¥Hi) 282.41 38.76 025 &
MOL007123 miltirone 1T (FHZHiH 11D 272.32 4495024 FtZ
MOLO007124 neocryptotanshinone 11 (it & FE351 Fa /T S0 270.35 3946023 Ji=
MOLO007125 neocryptotanshinone &/ +ZH7) 314.41 5249032 =
MOLO007127 1-methyl-8,9-dihydro-7H-naphtho [5,6-g] benzofuran-6,10,11-trione 280.29 3472037 f=
MOL007130 prolithospermic acid (JF 4858 ) 314.31 6437031 JI&
MOLO007132 (2R)-3-(3,4-dihydroxyphenyl)-2-[(Z)-3-(3,4-dihydroxyphenyl) acryloyl]oxy- 36034 10938035 fI%
propionic acid
MOLO007140 (2)-3-[2-[(E)-2-(3,4-dihydroxyphenyl)vinyl]-3,4-dihydroxy-phenyl] acrylic acid 314.31 88.54 026 JI=
MOL007141 salvianolic acid G (J} iz G) 340.30 4556 0.61 JI=
MOLO007142 salvianolic acid J (JJEYEE 1) 538.49 4338 0.72 SfI=
MOLO007143 salvilenone I (§lJBEMZEHRAE D 270.40 3243023 &
MOLO007145 salviolone (/2% E ) 268.38 31.72 024 Fi=
MOLO007149 NSC 122421 300.48 3449028 =
MOLO007150 (65)-6-hydroxy-1-methyl-6-methylol-8,9-dihydro-7H-naphtho [8,7-g] 312.34 7539 046 &
benzofuran-10,11-quinone
MOLO007151 tanshindiol B (£} —fi# B) 312.34 4267045 =
MOLO007152 przewaquinone E 312.34 4285045 Ft=
MOLO007154 tanshinone I1a (J}ZHH 1) 294.37 49.89 0.40 FI=
MOLO007155 (65)-6-(hydroxymethyl)-1,6-dimethyl-8,9-dihydro-7H-naphtho [8,7-g] 310.37 6526 045 f=
benzofuran-10,11-dione
MOLO007156 tanshinone VI (F}Zi VD) 296.34 4564030 fI&
MOL002680 flavoxanthin (R Z) 584.96 60.41 0.56 414%

MOL002694 4-[(E)-4-(3,5-dimethoxy-4-oxo-1-cyclohexa-2,5-dienylidene) but-2-enylidene]- 356.40 4847036 41t
2,6-dimethoxycyclohexa-2,5-dien-1-one

MOL002695 lignan 458.55 43320.65 4t

MOLO002698 lupeol-palmitate (55 s IR HE RS ) 665.26 33.98 032 44%
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P &) X THE  OB% DL EAHE
MOL002706 phytoene (J\HFMAE) 545.04 39.56  0.50 Awig
MOL002707 phytofluene (FNEAFEMLER) 543.02 43.18  0.50 AR
MOL002710 pyrethrin 1T (F&H35&-1D 372.50 4836  0.35 w3
MOL002712 6-hydroxykaempferol (6-#23E 11125/} 302.25 62.13 027 ARia
MOL002714 baicalein (¥ %K) 270.25 3352 021 ARia
MOL002717 carthamone (BRzCLLIEE ) 286.25 51.03  0.20 AR
MOL002719 6-hydroxynaringenin (6-¥%3E M {7 ) 288.27 3323 0.24 ARia
MOL002721 quercetagetin (BRHL =) 318.25 4501 031 ARia
MOL002757 7,8-dimethyl-1H-pyrimido [5,6-g] quinoxaline-2,4-dione 242.26 45.75  0.19 ARia
MOL002773 beta-carotene (B-#35 h2) 536.96 37.18  0.58 a1t
MOL000358 beta-sitosterol (B-73 &5 %) 414.79 36.91  0.75 ARia
MOL000422 kaempferol Cil1Z5/)) 286.25 4188 024 w3
MOL000449 stigmasterol (7 {$§ ) 412.77 43.83  0.76 ARia
MOL000953 CLR 386.73 37.87  0.68 AW
MOL000098 quercetin (it {2 32 302.25 46.43  0.28 ARia

M

e SVAVEURUROR

BT RAORIE YRSy, TS R

The arrow node represents the active ingredient, and the circular node represents the target

E1 A&-AtFERIELWE
Fig.1 Target network of main components of SMR and CF
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Fig. 2 Venn diagram of component target-disease target

2.3 PPI M4

28 ANFEKAE N String R AT 0 HT, 45
DK 3. Mg 28 AN, 135 %k, P
WREN9.64, Hh W mdREH, WHFEREH
H5EAZEMAHBAERKR, ZFMHEKRICEE
K o
24 GO INREEHENNE

W FFZ-2040167 ML PR 28 MEHIHE A
HI DAVID #:47 GO ¥ DR = & br. GO & T
HERDIBe N RE R, F 3 Mo, AfFEEYEE
(biological process)+ 73T Hfit (molecular function)

®2 AS-LiEiaT MILEERS

Table 2 Potential targets of SMR and CF in treatment of myocardial infarction

%5 Uniprot ID %X EH %5 Uniprot ID  FE[H| HH
1 P08709 F7 coagulation factor VII 16 P28482 MAPKI mitogen-activated protein kinase 1
2  P05164 MPO myeloperoxidas 17 P06213 INSR  insulin receptor
3 P10275 AR androgen receptor 18 P09601 HMOXI1 heme oxygenase 1
4 Q16539 MAPKI14 mitogen-activated protein kinase 14 19 P12004 PCNA proliferating cell nuclear antigen
5 P07204 THBD  thrombomodulin 20 014684 PTGES prostaglandin E synthase
6  P29965 CD40LG CD40 ligand 21 P02741 CRP c-reactive protein
7 P15692 VEGFA vascular endothelial growth factor A 22 P37231 PPARG peroxisome proliferator activated
8 PO1375 TNF tumor necrosis factor receptor gamma
9 P09960 LTA4H leukotriene A-4 hydrolase 23 P40763 STAT3 signal transducer and activator
10 P04035 HMGCR 3-hydroxy-3-methylglutaryl-coenzyme of transcription 3
A reductase 24 P09488 GSTMI1 glutathione S-transferase mu 1
11  P08254 MMP3  stromelysin-1 25 P05362 ICAMI intercellular adhesion molecule 1
12 P00749 PLAU  urokinase-type plasminogen activator | 26 ~ P01579 IFNG interferon gamma
13 P25101 EDNRA endothelin-1 receptor 27 P07339 CTSD  cathepsin D
14 P29474 NOS3 nitric-oxide synthase, endothelial 28 Q96PH1 NOX5 NADPH oxidase 5
15 P09917 ALOXS arachidonate 5-lipoxygenase

A4z 5> (cellular component), GO A#)%~ThiE
BN R R T FE2-L000T ML 2R
WA T35 (cytokine activity ) 2% B R i
4k4 (protein phosphatase binding) 254> 1 Ihgg, 4i
M Ceell surface) JFUIRAMUT (external side of
plasma membrane) SE4HAEA 5y, —AMNBEEYE R
SRR IE#E (positive regulation of nitric oxide
biosynthetic process ) 4 I Ig 22 M [ B2 (cellular
response to lipopolysaccharide) Z5/E4it#2, 7] A
FHFEZS-L0609T MI EEARIAERG . 40 Y
MARIEES T . PFS-20067697 ML S GO &4
ZiR LI 4.

2.5 KEGG BERESSER

KEGG % & R 45 R iR, 35 MEg s
&, P<0.01 FIEEA 21 5, BAHGETESHETE
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Fig. 4 GO enrichment of SMR and CF in treatment of myocardial infarction
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Fig. 5 Enrichment of KEGG pathway in SMR and CF therapy for myocardial infarction
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