.+ 344 - $F44% F2H) 202128 "éﬁ-i‘&'[ﬁti. Drug Evaluation Research  Vol. 44 No.2 February 2021

ET MK AR F M FIHER ARS8 R I X ZE a9 ER AL

FEH T, PR, KFEEE, B AT, EEECY HEMT, BT
LoAbs i BEZ R, Jbst 100029

2. bR RS kb ke, Jbat 100029

AL EA RS KEITER, 4t 100010

4. Jbpth BEZR S RS, dbRT 100029

W OE: Be PRAMSARE, 5RO, RIS R T s AR (CIS) Wi A EREE AL, A
YIS IRE bS5, IR AT REMIE L . 73k A ) TCMSP 30 2R R P2 (0% M & 20 JoAE I #E A4, #E GeneCards.
NCBIH OMIM 4 g 13RI CIS BIFE s, FHRE 2RI 28 B2 5 1 B0 % N STRING #0Hs e, #4885 AH FL A I 28
| FH Cytoscape 3.7.2 S A K G 259 -4 & 40 -1E P 2 -0 I 4% . i3 Bioconductor 24T GO Zhfig & 2 F1 KEGG il 4 73 1. K
Fl AutoDock Tools 1.5.6. AutoDock vina 1.1.2 145 21| [f) JCEE TG 14 1 2 FAZ O 88 S 3E4T 43 F X3 2, 18 F] Pymol #1 Ligplot 44
W RBAT AT . S5 M FF S LR 65 I PE R R 108 X RIEE s, LA CIS A4 Ja FAFHE A5 87 A, b FEfH
KTF50 454 61, B35 AKTI. IL6. FOS. VEGFA. MAPKI. EGFR, EIZAH 7% 045 . GO Thfe & 40 #5332
GO % H 1244 (P<<0.05), KEGG il % & 4/ Hriii th 134 %5 5@ % (P<<0.05), LLPI3K-AKT {5 5 % fT o #0 s 5 H 5
Z . WENGY-EY-ERRESRRMNSER, KBEEE, S0, S5 SN WS R R CRIER: T
WA REIR, KBEZE, FF2WI,5 6 MZ LA A BG R MEM ) (4R T-5kI/moD. it I3 %
WAL EY, SRR R, P20, %, al{EH T AKT1. IL6. FOS. VEGFA. MAPKI1. EGFRZZ DAL S, kRSB Y5
T PIBK-AKT 55 2 25 5, RIEMHBIMBRAT. PR, MERPSEER, REESTSIRYT CIS FITETENLH .

KIRIE: WA, o0 S sl A S PBK/AKTE S5HM; AREER; FFZE,

FESAES: R284.3 XEkFREE: A NEHS: 1674-6376 (2021) 02-0344-12

DOI: 10.7501/j.issn.1674-6376.2021.02.013

Mechanism of Salviae miltiorrhizae in treatment of cerebral ischemic stroke
based on network pharmacology and molecular docking techniques

WANG Zheyi"*’, SUN Yize', LIU Biyuan®, FAN Zhu’, WANG Chunguo®, TIAN Jinzhou®, LU Tao’
1. Beijing University of Chinese Medicine, Beijing 100029, China

2. School of Life Science, Beijing University of Chinese Medicine, Beijing 100029, China

3. Dongzhimen Hospital, Beijing University of Chinese Medicine, Beijing 100010, China

4. Beijing Research Institute of Chinese Medicine, Beijing University of Chinese Medicine, Beijing 100029, China

Abstract: Objective To screen the key compounds, targets, biological functions and signal pathways of Salviae miltiorrhizae in
treatment of cerebral ischemic stroke by using network pharmacology and molecular docking techniques, and to analyze the possible
mechanism of action. Methods TCMSP database was emaployed to search for the active ingredients and targets of Salviae
miltiorrhizae , as well as the targets of CIS were obtained in GeneCards, NCBI and OMIM database. Then drug targets and disease
targets were overlapped, and put into STRING database to establish a protein interaction network. Moreover, drug-compound-target-
disease network was constructed and GO function and KEGG pathway enrichment analysis were carried out in Bioconductor. With

the aid of AutoDock Tools 1.5.6 and AutoDock vina 1.1.2, the key active ingredients and core targets were docked at molecular
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level, and the results were visualized by using Pymol and Ligplot software. Results A total of 65 active ingredients and 108 targets
were selected out from Salviae miltiorrhizae, and 2 558 targets were collected related to CIS. After intersection, 87 targets were
obtained, among which the degree value of 6 targets was greater than 50, including AKT1, IL6, FOS, VEGFA, MAPK1, EGFR, as
the core targets of this study. A total of 124 GO entries and 134 signal pathways were identified, with the PI3K/AKT signal pathway
occupying the largest number of targets. The results showed that luteolin and tanshinone II, played a key role in the drug-compound-
target-disease network and well connected to six core targets (binding energy is much less than -5 kJ/mol). Conclusion The main active
compounds of Salviae miltiorrhizae, such as luteolin, tanshinone II,, could target for AKT1, IL6, FOS, VEGFA, MAPK1, EGFR,
and participated in the regulation of PI3K/AKT signaling pathway and many other pathways, responsible for anti-apoptosis, anti-
inflammatory, neuroprotection and other biological functions, that may be potential mechanisms of Salvia miltiorrhiza in treatment
of CIS.
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Table 1 Basic information of active compounds from Salviae miltiorrhizae

I EY

OB/% DL MW

MOLO007064 przewalskin B

110.32 0.44 330.46

MOL007132  (2R)-3-(3,4-dihydroxyphenyl)-2-[ (2)-3-(3,4-dihydroxyphenyl)acryloyl Joxy-propionic acid 109.38 0.35 360.34

MOL007140 (Z)-3-[2-[ (E)-2-(3,4-dihydroxyphenyl)vinyl]-3,4-dihydroxy-phenyl Jacrylic acid
MOLO007150  (6)-6-hydroxy-1-methyl-6-methylol-8,9-dihydro-7H-naphtho[ 8 , 7-g Ibenzofuran-10,11-quinone

MOLO007058 formyltanshinone
MOLO007120 miltionone II
MOLO007105 epidanshenspiroketallactone

MOLO007155 (68)-6-Chydroxymethyl)-1, 6-dimethyl-8 , 9-dihydro-7H-naphtho[ 8 , 7-g Jbenzofuran-10, 11-dione

MOLO007130 prolithospermic acid

MOLO007050 2-(4-hydroxy-3-methoxyphenyl)-5-(3-hydroxypropyl)-7-methoxy-3-benzofurancarboxaldehyde

MOL007068 przewaquinone B
MOLO000569 digallate

MOLO007081 danshenol B
MOLO007082 danshenol A
MOLO007069 przewaquinone C
MOLO007108 isocryptotanshi-none
MOLO007125 neocryptotanshinone
MOLO007079 tanshinaldehyde
MOLO007088 cryptotanshinone
MOLO007094 danshenspiroketallactone
MOLO007111 isotanshinone II
MOLO007154 tanshinone II,,
MOLO007119 miltionone I
MOLO007098 deoxyneocryptotanshinone

MOL007048 (E)-3-[2-(3,4-dihydroxyphenyl)-7-hydroxy-benzofuran-4-yl Jacrylic acid
MOLO007051 6-O-syringyl-8-O-acetyl shanzhiside methyl ester

MOLO007156 tanshinone VI
MOLO007141 salvianolic acid G
MOLO001942 isoimperatorin
MOLO007101 dihydrotanshinone I
MOLO007115 manool

88.54 0.26 314.31
75.39 0.46 312.34
73.44 0.42 290.28
71.03 0.44 312.39
68.27 0.31 284.38
65.26 0.45 310.37
64.37 0.31 314.31
62.78 0.40 356.40
62.24 0.41 292.30
61.85 0.26 322.24
57.95 0.56 354.48
56.97 0.52 336.41
55.74 0.40 296.34
54.98 0.39 296.39
52.49 0.32 314.41
52.47 0.45 308.35
52.34 0.40 296.39
50.43 0.31 282.36
49.92 0.40 294.37
49.89 0.40 294.37
49.68 0.32 312.39
49.4 0.29 298.41
48.24 0.31 312.29
46.69 0.71 628.64
45.64 0.30 296.34
45.56 0.61 340.30
45.46 0.23 270.30
45.04 0.36 278.32
45.04 0.20 304.57
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MOLO007123 miltirone 1T 44.95 0.24 272.32
MOLO007045 3oa-hydroxytanshinone II,, 44.93 0.44 310.37
MOLO001659 poriferasterol 43.83 0.76 412.77
MOLO002651 dehydrotanshinone II, 43.76 0.40 292.35
MOLO007077 sclareol 43.67 0.21 308.56
MOLO007142 salvianolic acid J 43.38 0.72 538.49
MOLO007152 przewaquinone E 42.85 0.45 312.34
MOLO007151 tanshindiol B 42.67 0.45 312.34
MOL007070 (6S,7R)-6,7-dihydroxy-1 , 6-dimethyl-8 , 9-dihydro-7H-naphtho[ 8 , 7-g ]benzofuran-10, 11-dione 41.31 0.45 312.34
MOLO007041 2-isopropyl-8-methylphenanthrene-3,4-dione 40.86 0.23 264.34
MOLO007071 przewaquinone F 40.31 0.46 312.34
MOLO002776 baicalin 40.12 0.75 446.39
MOLO007118 microstegiol 39.61 0.28 298.46
MOLO006824 o-amyrin 39.51 0.76 426.8
MOLO007124 neocryptotanshinone II 39.46 0.23 270.35
MOLO007093 dan-shexinkum D 38.88 0.55 336.41
MOLO007122 miltirone 38.76 0.25 282.41
MOLO001601 1,2,5,6-tetrahydrotanshinone 38.75 0.36 280.34
MOLO007100 dihydrotanshinlactone 38.68 0.32 266.31
MOLO007063 przewalskin A 37.11 0.65 398.49
MOL007061 methylenetanshinquinone 37.07 0.36 278.32
MOLO001771 poriferast-5-en-3beta-ol 36.91 0.75 414.79
MOLO007121 miltipolone 36.56 0.37 300.43
MOLO000006 luteolin 36.16 0.25 286.25
MOLO002222 sugiol 36.11 0.28 300.48
MOLO007107 C09092 36.07 0.25 286.50
MOLO007127 1-methyl-8,9-dihydro-7H-naphtho[ 5, 6-g |benzofuran-6, 10, 11-trione 34.72 0.37 280.29
MOLO007149 NSC 122421 34.49 0.28 300.48
MOLO007049 4-methylenemiltirone 34.35 0.23 266.36
MOLO007036 5,6-dihydroxy-7-isopropyl-1,1-dimethyl-2,3-dihydrophenanthren-4-one 33.77 0.29 298.41
MOLO007143 salvilenone I 32.43 0.23 270.40
MOLO007059 3-beta-hydroxymethyllenetanshiquinone 32.16 0.41 294.32
MOLO007145 salviolone 31.72 0.24 268.38
MOLO007085 salvilenone 30.38 0.38 292.40
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Fig.1 Compound-target network of Salviae miltiorrhizae
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Fig. 3 PPI network of intersection targets between Salviae miltiorrhizae and CIS
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Fig.7 Molecular docking diagram of Salviae miltiorrhizae core compounds and core targets
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Fig. 8 Two-dimensional diagram of interaction between core compounds of Salviae miltiorrhizae and core targets
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