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Investigation on the mechanism of Salviae Miltiorrhizae-Cortex Moutan against
cerebral ischemic injury based on network pharmacology
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Abstract: This study aims to explore the effective material, potential targets and molecular mechanisms of Salviae Miltiorrhi-
zae-Cortex Moutan (SM-CM) in treatment of stroke by network pharmacology and molecular docking. Firstly, the active com-
ponents and their action targets of SM-CM were screened from Traditional Chinese Medicine Systems Pharmacology Database
(TCMSP) ,and the targets for stroke were searched in the CTD,TTD and GeneCards databases. The common targets between
the drug and disease were taken as the targets of SM-CM in the treatment of stroke. Then, the interaction relationship of com-
mon targets were obtained through the STRING database,and the protein-protein interaction ( PPI) network and the compo-
nent-target network were constructed by Cytoscape. The ClusterProfiler package of R language was used for GO functional and
KEGG pathway enrichment analysis (P < 0.05) ,and then the software of Cytoscape was used to build the network of com-
ponent-target-pathway for visualization. Finally,the key targets and corresponding components in the network were verified by
molecular docking in Autodock vina. A total of 67 potential targets were obtained in the treatment of stroke. GO analysis
showed that it was mainly involved in response to lipopolysaccharide , response to molecule of bacterial origin,response to oxi-
dative stress and others. KEGG pathway enrichment analysis obtained 149 signaling pathways , mainly involving in AGE-RAGE
signaling pathway in diabetic complications,IL-17 signaling pathways , TNF signaling pathways. In addition, the combined ac-
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tivity of the key components with their potential targets were all excellent,and comparing with the results of potential targets

with their original ligands. In conclusion,we have confirmed the pharmacodynamic material basis and possible mechanisms of

SM-CM in the treatment of stroke by network pharmacology,which will provide scientific basis for further screening its phar-

macodynamic components and expanding the scope of clinical use.
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Table 1

Information of databases,analysis platform and softwares

£ B Name P4k Website A Version

TCMSP http : //temspw. com/tcmsp. ph -
ChemBioDraw Ultra - 14.0
UniProt https://www. uniprot. org — -
CTD http ://ctdbase. org/ -
TTD http ://bidd. nus. edu. sg/BIDD-Databases/TTD/TTD. asp -
GeneCards https://www. genecards. org/ -
Venny 2.1 https ://bioinfogp. cnb. csic. es/tools/venny -
STRING https ; //string-db. org/ -
Cytoscape https:// cytoscape. org/ 3.7.2
PDB https : //www. resb. org/ -
Pymol https ://pymol. org/2/ 1.7.2.1
AutoDock Vina http : //vina. scripps. edu/ 1.1.2

MGLTools

http : //mgltools. scripps. edu/ 1.5.6
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Table 2 The information of 66 candidate ingredients in SM-CM through screening

FF5 &) 1D W2 TR AYIFIHEE Ktk w2
No. Mol ID Molecule name OB(% ) DL Herb
1 MOL001601 1,2,5,6-Tetrahydrotanshinone 38.75 0.36 SM
2 MOL001659 Poriferasterol 43.83 0.76 SM
3 MOL001771 Poriferast-5-en-3beta-ol 36.91 0.75 SM
4 MOL001942 Isoimperatorin 45.46 0.23 SM
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2:5% 2 ( Continued Tab. 2)
¥ &% 1D Ev & AEYFAE Kt wY
No. Mol ID Molecule name OB(% ) DL Herb
5 MOL002222 Sugiol 36.11 0.28 SM
6 MOL002651 Dehydrotanshinone 1A 43.76 0.40 SM
7 MOL000569 Digallate 61.85 0.26 SM
8 MOL000006 Luteolin 36.16 0.25 SM
9 MOL007036 5,6-Dihydroxy-7-isopropyl-1, 1 -dimethyl-2 , 3-Dihydrophenanthren-4-one 33.77 0.29 SM
10 MOL007041 2-Isopropyl-8-methylphenanthrene-3 ,4-dione 40.86 0.23 SM
11 MOL007045 3a-Hydroxytanshinone ITA 44.93 0.44 SM
12 MOL007048 (E)-3-[2-(3,4-dihydroxyphenyl ) -7-hydroxy-benzofuran-4-yl ] acrylic acid 48.24 0.31 SM
13 MOL007049 4-Methylenemiltirone 34.35 0.23 SM
oo > i) 55 drepre-
15 MOL007058 Formyltanshinone 73.44 0.42 SM
16 MOL007059 3B-Hydroxymethyllenetanshiquinone 32.16 0.41 SM
17 MOL007061 Methylenetanshinquinone 37.07 0.36 SM
18 MOL007063 Przewalskin A 37.11 0.65 SM
19 MOL007064 Przewalskin B 110.32 0.44 SM
20 MOL007068 Przewaquinone B 62.24 0.41 SM
21 MOL007069 Przewaquinone C 55.74 0.40 SM
5 o
23 MOL007071 Przewaquinone F 40.31 0.46 SM
24 MOL007077 Sclareol 43.67 0.21 SM
25 MOL007079 Tanshinaldehyde 52.47 0.45 SM
26 MOL007081 Danshenol B 57.95 0.56 SM
27 MOL007082 Danshenol A 56.97 0.52 SM
28 MOL007085 Salvilenone 30.38 0.38 SM
29 MOL0O07088 Cryptotanshinone 52.34 0.40 SM
30 MOL007093 Dan-shexinkum D 38.88 0.55 SM
31 MOL007094 Danshenspiroketallactone 50.43 0.31 SM
32 MOLO007098 Deoxyneocryptotanshinone 49.40 0.29 SM
33 MOL007100 Dihydrotanshinlactone 38.68 0.32 SM
34 MOL007101 Dihydrotanshinone 1 45.04 0.36 SM
35 MOL007105 Epidanshenspiroketallactone 68.27 0.31 SM
36 MOL007107 09092 36.07 0.25 SM
37 MOL007108 Isocryptotanshinone 54.98 0.39 SM
38 MOL007111 Isotanshinone 11 49.92 0.40 SM
39 MOL007115 Manool 45.04 0.20 SM
40 MOL007119 Miltionone I 49.68 0.32 SM
41 MOL007120 Miltionone II 71.03 0.44 SM
42 MOL007121 Miltipolone 36.56 0.37 SM
43 MOL007122 Miltirone 38.76 0.25 SM
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2:5% 2 ( Continued Tab. 2)

=2 L& 1D AR A S YRR KM wZ
No. Mol ID Molecule name OB(%) DL Hetb
44 MOL007124 Neocryptotanshinone II 39.46 0.23 SM
45 MOL007125 Neocryptotanshinone 52.49 0.32 SM
46 MOL007127 1-Methyl-8 ,9-dihydro-7H-naphtho[ 5 ,6-g ] benzofuran-6 , 10, 11 -trione 34.72 0.37 SM
47 MOL007130 Prolithospermic acid 64.37 0.31 SM
@ ouos
49 MOL007134 Danshensu 36.91 0.06 SM
50 MOL007141 Salvianolic acid G 45.56 0.61 SM
51 MOL007142 Salvianolic acid J 43.38 0.72 SM
52 MOL007143 Salvilenone 1 32.43 0.23 SM
53 MOL007145 Salviolone 31.72 0.24 SM
5 oo (6 e o 5 0w
55 MOLO007151 Tanshindiol B 42.67 0.45 S
56 MOL007152 Przewaquinone E 42.85 0.45 SM
57 MOL007154 Tanshinone ITA 49.89 0.40 SM
s o A K wu 0w
59 MOL007156 Tanshinone VI 45.64 0.30 SM
60 MOL00021 1 Mairin 55.38 0.78 cM
61 MOLO000359 Sitosterol 36.91 0.75 cM
62 MOL000422 Kaempferol 41.88 0.24 cM
63 MOL000492 ( +)-Catechin 54.83 0.24 cM
64 MOL007374 5-[ [ 5-(4-Methoxyphenyl ) -2-furyl | methylene ] barbituric acid 43.44 0.30 cM
65 MOL000098 Quercetin 46.43 0.28 cM
66 MOL000874 Paeonol 28.79 0.04 cM
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Fig. 1 The component-target network of SM-CM
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R®3 KEGCHEBEENITHERM 15 WERER
Table 3 Basic information of the top 15 pathways based on KEGG pathway enrichment analysis
hd= 38 FEH P1H HREH
No. Pathway Gene P-value Gene count
AGE-RAGE signaling  CASP3 TNF,CCL2 . 1L6 . VEGFA . BAX . ILIB, VCAMI  NOS3  BCL2 .
hsa04933  pathway in disbetic com- JUN,MAPKI  ICAMI . COLIAI , RELA  MMP2 . CXCL8 , AKT1 SER- 6.02E-34 26
plications PINEl ,MAPKS MAPK14 .F3 .COL3A1 .CCNDI .IL1A .THBD
Fluid shear stross and ath.  TNF-CCL2L VEGFA, ILIB. VCAMI, FOS, NOS3 , BCL2, JUN, TPS3
hsa05418 o S SHCET ICAMI (HMOXT, MMP9  RELA, MMP2 , AKT1  MAPKS , IFNG  PLAT,  1.43E-26 24
CroSCIerosts MAPK14 NCFI1 .NFE212 .IL1A . THBD
CASP3 . TNF .CCIL2 .IL6 IL1B FOS .JUN .MAPKI .PTGS2 .MMP9 RE-
hsa04657  IL-17 signaling pathway LA .CXCL8 . GSK3B . MAPKS . NFKBIA . IFNG . MAPK14 . 114 .CASPS . 1.01E-25 21
MMP3 .CXCL10
CASP3 | TNF , CCI2 . IL6 . IL1B, VCAMI . FOS . JUN, MAPKI , ICAMI |
hsa04668 TNF signaling pathway PTGS2 , MMP9 | RELA | AKT1 . MAPKS | NFKBIA | MAPK14 , CASP8 . 2.20E-22 20
MMP3 ,CXCLI10
Chagas disease ( American TN CCI2. 116 TLIB FOS. JUN, MAPKI , NOS2, RELA , CXCLS,
hsa05142 dgas disease LAMENCAN  y\KT1., SERPINEI, MAPKS . NFKBIA | IFNG, 112, IL10, MAPKI4 . 1.22E21 19
trypanosomiasis )
CASPS
Kabosi 1oq CASP3.IL6 \VEGFA,BAX FOS JUN.TPS3 MAPKI ICAMI PTGS2,
hsa05167 ha‘m _Sm."Ta'f,‘“"““ RELA . CXCL8 . AKT1. GSK3B. MAPKS . NFKBIA . CASP9 . MYC. 2.16E-20 2
erpesvirus lechion MAPK14 .CDKNIA .CCNDI ,CASPS
CASP3 TNF 116 . BAX . FOS . BCI2 . JUN . TP53 . MAPKI . MMP9 . RE-
hsa05161  Hepatitis B LA CXCL8 ., AKTI . MAPKS . NFKBIA . CASPY . MYC , MAPK14 , CD- 4. 82E-19 20
KN1A .CASPS
CASP3 116, BAX. ILIB. FOS, BCL2. JUN, TP53 . RELA, AKTI .
hsa05162 - Measles GSK3B MAPKS .NFKBIA .CASP9 112 BCI2LI .CCNDI .CASPS 1A > HE19 19
. . TNF.IL1B .FOS.JUN .MAPKI ,NOS2 .PTGS2 . RELA ,NFKBIA . IFNG .
hsa05140 Leishmaniasis 1L10 MAPK14 NCFI 114 ILIA 1.77E-17 15
Human cvtomesalovirgs in.  CASP3TNF.CCL2 IL6  VEGFA  BAX ILIB.TPS3 . MAPKI ,PTGS2
hsa05163 U OMCETOMEE I RELA CXCL8  AKTL, GSK3B, NFKBIA ,CASP9 . MYC  MAPKI4,CD-  1.95E-17 21
echon KNIA ,CCNDI,CASP8
, CASP3 TNF . IL6 ., ILIB  FOS . JUN . MAPK1 , NOS2 . RELA , CXCLS .
hsa05133  Pertussis MAPKS 1110 MAPKI4 1L1A 5.40E-16 14
EosteinBan vire infec. CASP3VINFLIL6, BAX, BCL2, JUN, TPS3, ICAMI, RELA, AKTI,
hsa05169 ~ PUCMTRAIT VITUS HNECTyApKR NFKBIA ,CASP9 MYC,MAPKI14 CDKNIA CCNDI  CASPS . 6.96E-16 19
tion .
CXCLI0
o TNF,CCL2 ., IL6 ., ILIB, FOS. JUN, MAPKI , RELA . CXCL8 . AKTI ,
hsa05135 Yersinia infection GSK3B MAPKS NFKBIA 112 IL10 MAPK14 7.66E-16 16
. Toll-like receptor signaling  TNF 116, ILIB, FOS, JUN MAPKI , RELA | CXCL8 , AKTI , MAPKS |
hsa04620 | hway NFKBIA MAPK14 SPP1 .CASP8 .CXCLIO 2. 04E-15 15
CASP3 . BAX, FOS, BCI2. JUN, TP53. MAPKI. AKTI. GSK3B,
hsa05210 Colorectal cancer MAPKS .CASP9 MYC .CDKNIA . CCNDI 3.36E-15 14
3.6 AS-AE“MA-Ba- 1B Mg Ff R R R AT PSR A PE R B A

LT KEGG BT AYHT 1S A%l %, 52 1w i 1k
FHE XTIV B 49 AN A R B R R 56 PSP B
TR Ry, AR -0 A -TE B R4 SC R R B L
A Cytoscape 4, My PFZ-PFEORYT KA HH Y
- - (B 5) o b EE AR R A By

FPHS A, (AR 50 PTGS2 \RELA [ TNF
FIAKTL 25, 75 3% 28 18 3 FEE 1 7T RE N P12 B2
TRIT IR B SCHE Lo I EE 1, R F - vl i
1 2y - 22 MR- 2 TR R B R 0 A 43 1 A
H.
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Fig. 5 The ingredient-target-pathway network of SM-CM
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Note : Purple fusiform nodes are the active components of SM; The red fusiform nodes are active components of CM;The orange circular nodes are the

key target proteins;The rose diamond nodes are the key pathways.
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Fig. 6 Molecular docking pattern of main ingredients with key targets of SM-CM
E: 6 A-D 435I 5 PTGS2, FF2:[ TIA 5 RELA, B2 H2 5 TNF, R HIER 5 AKTL #9537 X128 . Node:A-D in Figure 6 are
kaempferol and PTGS2 ,tanshinone ITA and RELA , cryptotanshinone and TNF, luteolin and AKT1 ,respectively.
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Table 4  Docking results of main ingredients with key targets

254 HE Affinity ( keal/mol )

Ly
Target EYEEEN N L7 (PR FH& A Wi e % Pz
Original ligand Luteolin Kaempferol ~ Cryptotanshinone Tanshinone ITA Quercetin Paeonol
PTGS2 (5KIR) -10.2 9.4 9.6 -8.3 -8.7 9.5 6.3
RELA (3QXY) 7.2 8.5 8.2 -10.2 -10.3 8.3 6.1
TNF (2A75) 9.1 7.8 7.1 8.2 - 7.7 5.2
AKTI (30S5) 6.5 8.4 -8.0 - - -8.3 5.8
Sy S — 7~ 11
4 g B A5 105 J 14 2 0 R AR R . TNF

o A v g v B2 e XU G i B A R T K2
UEAT R IR VI 22 531, AL B A 2 2 B 2 v XL
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(HELAG TG AR 38 25 k9 TRk, i 2 R i 2
J5 TR IS0 VR T TR U T R 9T R, B
HLARZG 300 R E FBL AN A . AR RIS 3 1)
LR GPRA NGy 1R 07 X PSP F B IR T G 2
M ZTRC T T AEAE FH R A R 38 B R A T IR AR
o

TES PSP R B -H0 s P 2% v i e 15 31 T
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F(EF4ADETA) 3 A BB 3 A2 vk 77
UERE2A OZRIE 1A, i 2 0 s
KFFS G (FFSE TA BRS04 ) i R 25 %
Gy (MR 28 1L 2l PE R A5 ) | 3X 5 SOk iR GE
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A TT AW R 2 A PUa Al RAE TR IR
SETFFS P T 2 Gy 2 A R D R B R
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PRI -AT | 2 5 bt 40 i 9 9 RE B, I 2 i
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456 B AL % s PR U006 5540 F SO, R T A
$ AGE-RAGE {5538 [ AR 55 Y10 77 5 3l ik ok 4
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