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Mechanism of Salviae Miltiorrhizae Radix et Rhizoma — Angelicae Sinensis Radix in the

Treatment of Cerebral Ischemic Stroke Based on Network Pharmacology
WANG Hong"?,JIANG Zheng’ ,LIU Ling"?,FU Yuanyuan'?,CUI Yongwei'?,QU Cheng’

(1. Department of Pharmacy,The South Part of Jiangsu Province Hospital of Integrated Traditional Chinese and Western Medicine - Lishui District

Hospital of Traditional Chinese Medicine,Nanjing,Jiangsu,China 211200; 2. Department of Pharmacy,The Affiliated Hospital of Yangzhouw University
Medical College,Nanjing , Jiangsu,China  211200; 3. College of Pharmacy,Nanjing University of Chinese Medicine ,Nanjing ,Jiangsu,China 210046 )
Abstract: Objective To investigate the potential mechanism of Salviae Miltiorrhizae Radix et Rhizoma - Angelicae Sinensis Radix
in the treatment of cerebral ischemic stroke (CIS). Methods The active ingredients and targets of Salviae Miltiorrhizae Radix et
Rhizoma and Angelicae Sinensis Radix were obtained by the Traditional Chinese Medicine Systems Pharmacology Database and
Analysis Platform (TCMSP) and Swiss TargetPrediction database, and relevant literature in the PubMed and CNKI were searched
for supplementary analysis. The potential targets of CIS were obtained by the GeneCards, Online Mendelian Inheritance in Man
(OMIM) and DisGeNET databases. The common targets of active ingredients in Salviae Miltiorrhizae Radix et Rhizoma — Angelicae
Sinensis Radix and CIS were imported into the String 11.0 platform to construct a protein — protein interaction (PPI) network,and
a disease — drug — active ingredient — target visualization network was constructed by the Cytoscape 3. 8.2 software. The common
targets were imported into the DAVID database for Gene Ontology (GO) functional enrichment and Kyoto Encyclopedia of Genes
and Genomes (KEGG) pathway enrichment analysis,and an active ingredient — core target — pathway network was constructed by
the Cytoscape 3.8.2 software. The top six core targets and active ingredients with high degree in the disease — drug - active
ingredient — target network were selected for molecular docking verification by the AutoDock software. Results A total of 82 active
ingredients (65 from Salviae Miltiorrhizae Radix et Rhizoma, 17 from Angelicae Sinensis Radix),787 potential targets, 671 disease
targets and 76 common targets were obtained. The top six active ingredients with high degree were tanshinol B, danshenxinkun D,
luteolin, ferulic acid, ligustilide and tanshinone I ,,the top six core targets were MAPK14,MAPKI1,AKT1,PTGS2,EGFR and JAK2.
A total of 2 545 GO functional entries were obtained, including 2 244 biological processes, 128 cellular compositions and 173

molecular functions, involving response to lipopolysaccharide , membrane raft, endopeptidase activity and so on respectively. A total of
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152 KEGG signaling pathways were obtained, mainly involving PI3K - Akt signaling pathway, lipid and atherosclerosis, calcium

signaling pathway and so on. The molecular docking showed that six active ingredients had good binding energies with their

corresponding core targets. Conclusion Salviae Miltiorrhizae Radix et Rhizoma - Angelicae Sinensis Radix in the treatment of CIS

has the characteristics of multiple - ingredients, multiple - targets and multiple — pathways regulation. Its mechanism may be

related to the anti — inflammatory,antioxidant stress,anti — neuronal apoptosis and autophagy function regulation.

Key words:Salviae Miltiorrhizae Radix et Rhizoma; Angelicae Sinensis Radix;drug pair;cerebral ischemic stroke; mechanism;network

pharmacology ; molecular docking technology
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Tab.1 Active ingredients of Salviae Miltiorrhizae Radix et Rhizoma — Angelicae Sinensis Radix

F5 kiR MOLID FERS OB(%) DL | #% #&  MOLID HERY 0B(%) DL
I & MOLO0I601  1,2,5,6 - tetrahydrotanshinone 38.75 0.36 | 32 4 MOLOOT088  cryptotanshinone 52,34 0.40
2 & MOL00169  poriferasterol 4383 0.76| 33 A& MOL007093  dan - shexinkum d 38.88 0.5
3 & MOL00ITTI poriferast = 5 - en = 38 - ol 36,91 0.75 | 34 & MOLO0T094 danshenspiroketallactone 50.430.31
4 % MOLO01942  isoimperatorin 4546 0.23| 35 FA&  MOLO07098  deoxyneocryplotanshinone 49.4 029
5 fF& MOL002222  sugiol 36,11 0.28 | 36 f&  MOL00TI00  dibydrotanshinlactone 38.68 0.32
6 FF&  MOL00265I  dehydrotanshinone II , 4376 0.40 | 37 F& MOLO07101  dihydrotanshinone | 45,04 0.36
7 A% MOLO02776  baicalin 40.12 075 38 A& MOLO0T105  epidanshenspiroketallactone 68.27 0.3l
§ & MOLO005G9  digallate 6185 0.26 39 A& MOLO0TIO7  €09092 36.07 0.25
9 JF&  MOL000006  luteolin 36,16 0.25 | 40 4 MOLOOTI08 isocryptotanshi - none 5498 0.39

10 4 MOLO06S24  « - amyrin 39.51 0.76 | 41 % MOLOOTIII  Isotanshinone I 4992 0.40

1 fA NOLOOTO36 5,6 - dibydroxy - 7 - isopropyl - 1,1 = dimeth-~ 33.77 0.29| 42 & MOLOOTIIS  mancol 5.040.20
yl - 2,3 - dihydrophenanthren - 4 - one 43 & MOLO0TIIS  microstegiol 39.61 0.28

12 ft%& MOLOOT041 2 - isopropyl - 8 - methylphenanthrene - 3,4 - 40.86  0.23 | 44 4 MOLO07119  miltionone | 49.68 0.32
dione 45 JH& MOL007I20  miltionone II 7103 0.4

13 A5 MOLOOT045  3a - hydroxytanshinone [ a 4.9 044 46 FA MOLOOTI2L  miltipolone 36.56 0.37

14 f& MOLO0T048  (E)-3-[2-(3,4-dihydroxyphenyl) - 7-hy-  48.24  0.31 | 47 % MOLOOTIZ2  miltirone 38.76  0.25
drosy = benzofuran - 4 - y Jacrylic acid 48 A& MOL00TI23  miltirone T 44,95 0.4

15 %4 MOLO0T049 4 - methylenemiltirone M35 0.3 ) 49 AR MOLOOTI24  neocryptotanshinone [ 39.46 0.23

16 f+%  MOLO0T030 2 - (4 - hydroxy - 3 - methoxyphenyl) -5-(3- 6278 0.40 | 59 A% MOLOOTI2S  neocryplotanshinone .49 0.32
hydroxypropyl) -7~ methoy - 3 ~ benzofuran- SU f& MOLOOTI2T 1 - methyl-8,9 - dihydro - 7H - naphtho[5,6 - 3472 0.37
carboxaldehyde g]benzofuran - 6,10, 11 - trione

17 % MOLO0T0ST 6 -0 - syringyl - 8 - 0 - acetyl shanhiside meth- ~ 46.69  0.71 | 57 A5 MOLOOTI30  prolithospermic acid 64.37 0.31
vl ester 53t MOLO0TI32  (28)-3- (3,4 - dibydroxyphenyl) - 2-[(Z) - 109.38 (.35

18 #%& MOLOOTOSS  formyhanshinone 4 04 3= (3,4 - dibydroxyphenylacrlopt o - pro-

19 4 MOLO0T0S9  3- 8 - Hydroxymethyllenetanshiquinone 3216 0.41 pionic acid

20 & MOLO0T061  methylenetanshinquinone 3.070.36 | 54 A& MOLO0TI40  (Z)-3-[2-[(£)-2-(3,4 - dihydroxyphe-  88.54  0.26

2 fH& MOLO0T063  przewalskin a 311 0.65 nyD)vinyl] = 3,4 = dihydroxy - phenyl] - 3,4 -

22 A% MOLO0T064  przewalskin b 110.32 0.44 acrylic acid

23 fH& MOLO0T068  przewaquinone B 62.24 0.41) 55 & MOLO0TI4L  salvianolic acid g 45.56 0.6l

24 FH& MOL00T069  przewaquinone ¢ 5.74 040 56 & MOLOOTI42  salvianolic acid 43.38 0.72

3 fh NOLOVIOI0  (65,7R)- 6,7 dihydroxy - 1,6 - dimethyl -8, 4131 0.45| 57 F4& MOLOOTI43  salvilenone | L 0.2
9 - dihydro - TH - naphtho[8, 7 - ¢ benzofu- 58 & MOLOOTI4S  salviolone 3L 0.4
tan = 10, 11 - dione 9 A& MOLOOTI49  NSC 122421 3449 028

26 & MOLOOTOTL  przewaquinone f 40.31 046 60 A& MOLOOTISO  (65) - 6~ hydroxy = 1 - methyl - 6 - methylol -~ 75.39  0.46

27 & MOL007077  sclareol 43,67 0.21 8,9 - dihydro - 7H - naphtho[8,7 - g]benzo-

28 & MOL007079 tanshinaldehyde 52,47 0.45 furan - 10,11 - quinone

29 4+ MOLO07081  danshenol B 5795 0.56| 61 JH4&  MOLO0TISI  tanshindiol B 42,67 0.45

30 fF& MOL007082  danshenol A 5697 0.52] 62 & MOLOOTIS2  praewaquinone F 42.85 0.45

31 & MOL007085  salvilenone 3038 0.38 | 63 JH&  MOLO0TIS4  tanshinone I, 49.89  0.40
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Continued Tab.1 Active ingredients of Salviae Miltiorrhizae Radix et Rhizoma - Angelicae Sinensis Radix

F5 kR MOLID BIAS OB(%) DL | A% k& MOLID BRASY 0B(%) DL
64 A% MOLOOTISS  (6) - 6 - (hydroxymethyl) - 1,6 - dimethyl - 65.26  0.45 | 73 %J2 MOL000433  folic acid 68.96 0.7
8,9 - dihydro - 7H - naphtho!8,7 - gbenzo- %R MOLOO2OL cis - ligusilide 5130 0.07
furan - 10, 11 - dione 75 %3 MOL002098 3 - hutylidene - 7 - hydroxyphthalide 62.68 0.08
65 & MOLOO7IS6 tanshinone V] 45.64 030 | 76 %) MOL002208  senkyunolide A 26.56 0.07
66 %2 MOLO003S8 B~ sitosterol 36,91 0.75| 77 %7 MOL002143  senkyunolide C 46.80  0.08
67 %7 MOL000449  stigmasterol 43.83 0.76 | 78 %8 MOL002145  senkyunolide B 34,40 0.08
68 HJ2 MOLOOO414  caffeic acid 5497 005 79 %)2 MOL002099  senkyunolide K 6175 0.08
69 %2 MOL000360  ferulic acid 3956 0.06 | 80 %Ja MOLO02143  senkyunolide I 46.80  0.08
70 %02 MOLO01955  chlorogenic acid 1.93 033 | 81 %2 MOL00828T  (3£) -3 - butylidene - 7 - hydroxy - 2 - benzo- ~ 42.17 .08
70 %J2 MOLO08288  coniferyl ferulate 454 0.39 furan - 1 - one
72 %)2 MOL004792  nodakenin 512 0.69 | 82 %2 MOLOIT82  riligustilide 23.50  0.07
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Fig.1 Venn diagram of targets of active ingredients in Salviae &‘L\E'ﬁﬁﬁ?ﬁtg ’Wﬂ}ﬁ%iﬂi} - %/lu H Yéﬁ CIS HFZ%
Miltiorrhizae Radix et Rhizoma - Angelicae Sinensis Radix and ﬁﬁ%{’ﬁﬁﬁ B/‘Jﬁﬁ 10 /l\ﬁlj—]“'ﬁﬂ‘j MAPK14,MAPKI, AKT1,

potential targets of CIS PTGS2,EGFR,JAK2,VEGFA ,ITGB3,MAPK3,ESR1.
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Fig. 3 PPI network of common targets of Salviae Miltiorrhizae Radix et Rhizoma — Angelicae Sinensis Radix in the treatment of CIS

B =] #E
35+ == BP 38 = CC 35+ - MF
304 304 30~
254 25 254
20+ 20+ 20-
15+ 15+ 154
10+ 10+ 10+
54 5 5=
L = -
R I O N DS ESE S RN B
SRR A S
> S S 8 S @ S ¢ & S & S AT A T
S e & ST &L RN S ¥ Sy B Y N
\@{b & S SO & © Q‘e.sbv @&0 ST T ST S AT AL F & & E
NS '\D‘Z’o N \eo {,\‘*\ Q'TfQ & D & ‘&x & S qﬂv § & & N &QQ S e &é& & z,o‘\@“
N S
W @ N8 S & TS S K A T N
F &Sy GFE S S T S ST ¢S
& AE LD NN & RS & & FSE e &
Qoo NPT ‘&e é\\‘ K @'o -v\‘o & e\\w@ dQ &9
S R & & &
e [N 3 S L@ S
SN S S & F s &
N & s & & N
ol & & & “ &
< S N
Y < &
O <
&

B4 35 - HAET CISKH GO Bt EE N AR E
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treatment of CIS
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Salviae Miltiorrhizae Radix et Rhizoma — Angelicae Sinensis Radix

in the treatment of CIS
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Tab.2 Molecular docking between active ingredients and core

targets of Salviae Miltiorrhizae Radix et Rhizoma — Angelicae

Sinensis Radix

BALHE PDBID  AMRY  AA#(kal) | ALK PDBID  EEAS  HA%(kel)

VAPKI4  Sei  AHARED -6.9 | MAPKI 654 AHAEB -6.7
FAHED  -13 e L -5.4
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Fig. 6 Network of active ingredient — core target — pathway of Salviae Miltiorrhizae Radix et Rhizoma — Angelicae Sinensis Radix in
the treatment of CIS
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Fig.7 Molecular docking between active ingredients and core targets of Salviae Miltiorrhizae Radix et Rhizoma — Angelicae Sinensis Ra-
dix in the treatment of CIS
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