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Mechanism of Action of Naotaifang in Treatment of Cerebral Infarction:

A Study Based on Network Pharmacology

WANG Guozuo, GONG Shengqiang, LAN Bin, CHENG Shaowu, YI Yaqiao, LIAO Jun, LIU Lin, GE Jinwen*
(Hunan University of Chinese Medicine, Changsha, Hunan 410208, China)

(Abstract] Objective To explore the mechanism of action of Naotaifang in the treatment of cerebral infarction by identifying
the main effective components of Naotaifang, predicting the targets and pathways through which the active components of
Naotaifang act on cerebral infarction, and comparing the predicted targets and pathways with those related to cerebral infarction.
Methods Taking advantage of the Traditional Chinese Medicine Systems Pharmacology (TCMSP) database and analysis platform,
Traditional Chinese Medicine Database @ Taiwan, and literature, the main effective components of Naotaifang were screened out.
Based on the active components, targets of the effective components of Naotaifang were predicted with retrieval results from
Pubchem database and Swiss Target Prediction database. The targets involved in cerebral infarction were retrieved from
TTD database, and the pathways related to the targets were predicated and analyzed using the Database for Annotation,
Visualization and Integrated Discovery (DAVID). Then, the targets and pathways obtained from different sources were compared.
Results There were 254 targets and 46 related pathways predicated from 40 active components of Naotaifang. There were 26

targets and 6 related pathways involved in the disease. Five of the former pathways overlapped with the latter ones. Conclusion Through
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comparison and analysis of the data it can be concluded that Naotaifang may act on cerebral infarction by regulating multiple pathways

including the complement and coagulation cascade pathway, calcium signaling pathway, and actin cytoskeleton pathway, which provides

an important reference for further elucidation of the mechanism of action of Naotaifang in the treatment of cerebral infarction.

(Keywords) Naotaifang; cerebral infarction; network pharmacology; target and pathway
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Mol ID Molecule Name Mol ID Molecule Name
MOLO00211  mairin MOL000392  formononetin
MOL000239  jaranol MOL000398  isoflavanone
MOL000296  hederagenin MOL000409  astragalosidelV
MOLO000033  (3S,88,9S,10R,13R,14S,17R)-10,13—-dimethyl-17-[(2R,5S) || MOL000417  calycosin
—5-propan-2-yloctan-2~y11-234789,11,12,14,15,16,17 ~do-
decahydro—1H-cyclopenta[a]phenanthren—3—ol
MOL000354  isorhamnetin MOLO000422  kaempferol
MOL000371  3,9-di—O-methylnissolin MOL000433  folic acid
MOL000374  5°=hydroxyiso—muronulatol-2",5~di—O—glucoside MOLO000438  (3R)-3-(2-hydroxy—3,4—dimethoxyphenyl)chroman—7-ol
MOLO000378  7-O-methylisomucronulatol MOLO000439  isomucronulatol-7,2"~di-O-glucosiole
MOLO000379  9,10-dimethoxypterocarpan-3—-0—-B-D—-glucoside MOL000442  1,7-Dihydroxy-3,9-dimethoxy pterocarpene
MOLO00380  (6aR,11aR)-9,10—dimethoxy—6a,11a—dihydro-6H—-benzo- || MOL000098  quercetin
furano|3,2-c]chromen—3-ol
MOLO000387  bifendate MOLI astragalus polysacharin
0 B RED NS RAS 2RI swiss target prediction ZHE N (https/www.
Vol 1D Violeoule Name Vol 1D Volecule Name swisstargetprediction.ch/) #F 1746 2 15 21 1% M 5l 73 %)
MOL002202  tetramethylpyrazine | MOL002151 senkyunone 7 PR e I 2 B AR A DA R AR N TR S — R R )
MOL001494 mandenol MOL002157 wallichilide 254 AH W B 5 (E%@ 5.
MOLO002135 myricanone MOL000359 sitosterol T TTD B PE 4790 06 AF 2630 (0 K 22 ’ 5
MOL002140 perlolyrine MOL000433 folic acid
LA B A — LA R 25 A REE S (LK 6)
. R 2.3 IR 7T LA L T XA
Mol ID Molecule Name ‘ Mol ID Molecule Name GO 73 #r Ko it e B
Mi 4—guanidino—1-butanol M4 hyrcanoside 231 BGZEJ7 NN A S GO BT AS B 2
W2 cholesten] femlte | M3 ntinin A ALSY AN R 5 S 09 O AR
= suanonine ARRES . EEREYER  S S
A R R LR L 2R 1K G TR (B
Mol ID Molecule Name Mol ID Molecule Name & E' 1%‘%@%% o EE%:H':& i ﬁj\¥‘ljj fig : % i %% N
e bassianin o colpene ATP S50 WIS A BB T AR O S IRIEIESS,
W beauvericin MO ergotamine 232 Ji 4% 75 % R R o HE Ko A K B B KEGG
M8 cholesteryl ferulate MI1 lupeol acetate

2.2 b A3 A A A TN L R 9 L e )
R 8 18 ML) A RS 53, B e M pubchem (https://

pubchem.nebi.nlm.nib.gov/) I P o B 5 5 26

T3 1 A 2 5 ) R 25 g PRI A5 1 AH IO A8 70

GO LA 5 PR I 2 T R AR
AR EAEH (neuroactive ligand—receptor interaction)
F5 (5 538 #% (calcium signaling pathway) MAPK 155
i % (MAPK signaling pathway) £ 5. 551% (focal ad-
hesion) \ErbB {55 i@ ¢ (ErbB signaling pathway)
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Target Uniprot ID Common name Target Uniprot ID Common name
Tl Q9Y345 SLC6AS T51 P35228 NOS2
T2 Q9Y2T3 GDA T52 P35218 CASA
T3 Q9Y2D0 CASB T53 P34972 CNR2
T4 Q9Y251 HPSE T54 P34931 HSPAIL
T5 Q9UNQO ABCG2 T55 P33527 ABCCI
T6 Q9UN76 SLC6A14 T56 P31939 ATIC
T7 QINYRS RDH8 T57 P31645 SLC6A4
T8 QONY91 SLC5A4 T58 P31639 SLC5A2
T9 QONUWS TDP1 T59 P31213 SRD5A2
T10 Q9NUKO MBNL3 T60 P30542 ADORAL1
T11 QIONRGI PRTFDC1 Tl P30305 CDC25B
T12 QINR56 MBNLI T62 P30304 CDC25A
T13 QONPHS5 NOX4 T63 P29475 NOS1
T14 Q9H306 MMP27 To4 P29474 NOS3
T15 Q9BY]J1 ALOXE3 T65 P29275 ADORA2B
T16 99884 SLC6AT T66 P29274 ADORA2A
T17 99705 MCHR1 T67 P28845 HSD11B1
T18 Q96RI1 NR1H4 T68 P28223 HTR2A
T19 Q96NTS5 SLC46A1 T69 P28222 HTRIB
T20 Q96JD6 AKRIE2 T70 P28221 HTRID
T21 092887 ABCC2 T71 P27815 PDE4A
T22 092731 ESR2 T72 P27338 MAOB
T23 Q8WWX8 SLC5A11 T73 P25105 PTAFR
T24 Q8WWQ2 HPSE2 T74 P25100 ADRA1D
T25 Q8N1Q1 CA13 T75 P24723 PRKCH
T26 Q86XF0 DHFR2 T76 P24666 ACP1
T27 Q775]1 HSD11B1L T77 P24158 PRTN3
T28 Q5VZF2 MBNL2 T78 P23975 SLC6A2
T29 Q5VVH2 FKBP1C T79 P23468 PTPRD
T30 Q2M3M2 SLC5A9 T80 P23219 PTGS1
T31 Q2M3G0 ABCBS T81 P22894 MMPS8
T32 Q16850 CYP51A1 T82 P22607 FGFR3
T33 Q16790 CA9 T83 P22455 FGFR4
T34 Q16678 CYP1BI T84 P22303 ACHE
T35 Q16539 MAPK14 T85 P22102 GART
T36 Q15303 ERBB4 T86 P21918 DRD5
T37 14765 STAT4 T87 P21917 DRD4
T38 Q14240 EIF4A2 T88 P21860 ERBB3
T39 Q14114 LRP8 T89 P21802 FGFR2
T40 013627 DYRKIA T90 P21728 DRD1
T41 Q13451 FKBP5 T91 P21554 CNR1
T42 Q13255 GRM1 T92 P21439 ABCB4
T43 Q13164 MAPK7 T93 P21397 MAOA
T44 Q13133 NR1H3 T94 P20309 CHRM3
T45 Q08499 PDE4D T95 P20160 AZU1
T46 08493 PDE4C T96 P19971 TYMP
T47 Q08257 CRYZ T97 PO8519 LPA
T48 Q07869 PPARA T98 P08254 MMP3
T49 P35354 PTGS2 T99 P08253 MMP2
T50 P35348 ADRATA T100 P08246 ELANE
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Target UniprotID Commonname Target UniprotID Commonname
T101 P08238 HSP90AB1 T151 P51452 DUSP3
T102 P08235 NR3C2 T152 P49841 GSK3B
T103 P08183 ABCB1 T153 P49840 GSK3A
T104 P08173 CHRM4 T154 P49366 DHPS
T105 P08172 CHRM2 T155 P48067 SLC6A9
T106 P07947 YESI T156 P47989 XDH
T107 PO7900 HSP90AAL T157 P45984 MAPK9
T108 P07550 ADRB2 T158 P45983 MAPK8
T109 P07477 PRSS1 T159 P45452 MMP13
T110 P07451 CA3 T160 P43166 CA7
T111 P07339 CTSD T161 P42685 FRK
T112 P06746 POLB T162 P42224 STATI
T113 P06493 CDK1 T163 P41594 GRMS
T114 P06276 BCHE T164 P41440 SLC19A1
T115 P06241 FYN T165 P40763 STAT3
T116 PO5771 PRKCB T166 P40126 DCT
T117 P05412 JUN T167 P39900 MMP12
T118 P05230 FGF1 T168 P38919 EIF4A3
T119 P05177 CYP1A2 T169 P38646 HSPA9
T120 PO5164 MPO T170 P37231 PPARG
T121 P05129 PRKCG T171 P37059 HSD17B2
T122 PO1130 LDLR T172 P35968 KDR
T123 P00918 CA2 T173 P35916 FLT4
T124 P00915 CAl T174 P35869 AHR
T125 P00813 ADA T175 P35368 ADRA1B
T126 P00797 REN T176 P19099 CYP11B2
T127 P00747 PLG T177 P18825 ADRA2C
T128 Q07820 MCL1 T178 P18089 ADRA2B
T129 Q07343 PDE4B T179 P18054 ALOX12
T130 Q06278 AOX1 T180 P18031 PTPN1
T131 Q05932 FPGS T181 P17948 FLT1
T132 Q04759 PRKCQ T182 P17706 PTPN2
T133 Q03181 PPARD T183 P17643 TYRPI
T134 Q02880 TOP2B T184 P17535 JUND
T135 Q02790 FKBP4 T185 P17275 JUNB
T136 Q02156 PRKCE T186 P17252 PRKCA
T137 Q01959 SLC6A3 T187 P17066 HSPA6
T138 P98155 VLDLR T188 P16152 CBR1
T139 P80365 HSD11B2 T189 P16050 ALOXI15
T140 P68106 FKBP1B T190 P15692 VEGFA
T141 P62942 FKBPIA T191 P15559 NQO1
T142 P61073 CXCR4 T192 P15538 CYP11Bl1
T143 P60842 EIF4A1 T193 P15121 AKRIBI1
T144 P55789 GFER T194 P14780 MMP9
T145 P55263 ADK T195 P14679 TYR
T146 P55055 NR1H2 T196 P14625 HSP90B1
T147 P54652 HSPA2 T197 P14550 AKRIAL
T148 P53794 SLC5A3 T198 P14416 DRD2
T149 P53779 MAPK10 T199 P14061 HSD17B1
T150 P52630 STAT2 T200 P13945 ADRB3




557 LA BT I 26 2 B 7 VR R 28 T T UK BE A T BIL AT 5 773

HgRS
Target Uniprot ID Common name Target Uniprot ID Common name
T201 P13866 SLC5A1 T228 075342 ALOX12B
T202 P12931 SRC T229 060882 MMP20
1203 P11802 CDK4 T230 060218 AKRI1B10
T204 P11511 CYP19A1 T231 043570 CAI2
T205 P11388 TOP2A T232 015438 ABCC3
T206 P11362 FGFR1 T233 015296 ALOX15B
T207 P11229 CHRM1 T234 014757 CHEK1
T208 P11142 HSPA8 T235 000519 FAAH
T209 P11021 HSPAS T236 C9JRZ8 AKRI1B15
T210 P10636 MAPT T237 AOPJK1 SLC5A10
T211 P10586 PTPRF T238 P05108 CYP11A1
T212 P10275 AR T239 P05093 CYP17A1
T213 P09917 ALOXS T240 P04818 TYMS
1214 P09769 FGR T241 P04798 CYPIA1
T215 P09238 MMP10 T242 P04626 ERBB2
T216 P09038 FGF2 T243 P04183 TK1
T217 P08913 ADRA2A T244 P04150 NR3C1
T218 P08912 CHRMS T245 P04054 PLA2GI1B
T219 P08908 HTRIA T246 P04035 HMGCR
1220 P08709 F7 1247 P03956 MMP1
T221 P08684 CYP3A4 T248 P03372 ESRI
T222 P08588 ADRBI1 T249 P00742 F10
1223 P08581 MET T250 P00740 F9
T224 P00374 DHFR T251 P00734 F2
1225 096009 NAPSA T252 P00533 EGFR
T226 095342 ABCBI11 T253 P00492 HPRTI
1227 075828 CBR3 1254 P00491 PNP

% 6 MIETLESR TTD HHE BE X 5L A 88 =

Target 1D Gene Name UniProt ID Target ID Gene Name UniProt ID
T31204 HTR2B P41595 T89034 PLG P00747
T87023 PTAFR P25105 T06273 PARP1 P09874
T69494 / / 134867 / /
T29303 SCNIA P35498 T63068 ALB P02768
T04902 CAPN2 P17655 T16156 MPL P40238
T36658 / / T98022 CPB2 Qo6lY4
T65351 / / T54156 MMP9 P14780
176024 CI1S P09871 T95286 MAG P20916
T56367 / / T00864 HCAR2 Q8TDS4
T94033 F2 P00734 T87206 S100B P04271
T14602 F8 P00451 T10513 ITGB2 P05107
128722 GABRG3 99928 T86702 MMP3 P08254
T69494 / /

W7, ik ] I R s A B i S RS N i TR i)

2.33  FNAEAEIAYTHE S A0 GO M EEW KA BT NN T IIRE S A S IRERTE T B
M ZH 3« SRR 40t 4 DX 38, 20 B A1 2 8] 40 i 5 A BFaEA ST EAS A,
SERCI RS W AR AR K 234 FIE A A BT B B KEGG 5 5 1%
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KEGG Pathway Count
Neuroactive ligand-receptor interaction 35
Calcium signaling pathway 28
MAPK signaling pathway 25
Focal adhesion 17
ErbB signaling pathway 13
Gap junction 13
Regulation of actin cytoskeleton 13
GnRH signaling pathway 12
Purine metabolism 12
Arachidonic acid metabolism 10
VEGF signaling pathway 10
Adherens junction 10

Nitrogen metabolism

Bladder cancer

Long—term depression

Pancreatic cancer

Fe epsilon RI signaling pathway
Prostate cancer

Tight junction

Wnt signaling pathway

ABC transporters—General

Epithelial cell signaling in Helicobacter pylori infection
Androgen and estrogen metabolism
Colorectal cancer

Antigen processing and presentation
Melanogenesis

T cell receptor signaling pathway
Leukocyte transendothelial migration
Cytokine—cytokine receptor interaction
C21-Steroid hormone metabolism
Linoleic acid metabolism
Tryptophan metabolism

Tyrosine metabolism

Non—small cell lung cancer
Adipocytokine signaling pathway
Melanoma

Toll-like receptor signaling pathway
Cell cycle

Insulin signaling pathway

Drug metabolism—other enzymes
Glioma

Complement and coagulation cascades
PPAR signaling pathway

Drug metabolism—cytochrome P450
Long—term potentiation

Small cell lung cancer

Alzheimer’s disease
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HrP R OGRS B % < A A B I 9% 05K S
TR
BiR—ZRAHBEAER] (neuroactive ligand-receptor in-
teraction), FZIMEESINZiEFS (leukocyte transendothe-
lial migration) K[43+ (cell adhesion molecules,
CAMs) #5055 il
# 8.

(complement and coagulation cascades) fff

# (calcium signaling pathway), UL

& 8 MW 5Lt R B8 T R S R B 1R S R B

KEGG Pathway Count

Complement and coagulation cascades 5
Neuroactive ligand-receptor interaction
Leukocyte transendothelial migration
Cell adhesion molecules (CAMs)

Calcium signaling pathway

NSRS I S S

Regulation of actin cytoskeleton

# :P<0.01,count=5,

7 :P<0.01, count=2,
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