1588 - 2% %4 Acta Pharmaceutica Sinica 2019, 54(9): 1588 —1596

ETHWRAEZE HF KT HRTRZEPI T TSR

woOELE ALE BT K K, TARY, Z R, EWH
(1. BRVE PR 25 K5 2524 B, BETa JBH 712046; 2. FEALKSA, BEFE 72 710069)

FEEE: 25 P Sy — e DL e, FRIRRINE A 20 . B 7 AR T J5 1697 I 2 b oA 46 R 5ol B i 28, (R
BT WA 4 FHLE M ASBA T . AR T 5 70 38 P 8 20 B 252 7 v, W 98 52 05 e ik O v 9 T 2 H (03 1 A 4
B A0 SR 93 T %, 4878 57 Rk T 77 697 Sl I A Hh i o AL o i3 598 TCMSP #0122 3R B 77 e ik
T3 V6T I AR o B PR E NS M R A3, R R CNKIT 04 2 SR B 4T SCHR I 98 1IF, J8 53 PharmMapper . UniProt 4/ 2 SR 347 40
R TIN5, R WA 4 SR JE o TTD #0408 P Sk 3E A7 88 25 1 BF 1SR, 32 F Cytoscape B 73 i) R4 2 i 43— B
R DR 2 PR R A — I R - I 4 R B LR ELVE L s L. R EAGLE BVEREAT 2R 2850 BT, KEGG #45 g
HEAT I8 8% 73 HT W SYBYL B AT EAT 40 T X 45 o S WA A5 31 5 i 45 o A DR 1 39 /MVB FE 6 1R 2 5 17 AN TS TE A A
R FEARR AR I TR 1 23 20 ) 1 5 R L S e AR S I 2R AR 5 A G IR HE A48 Sl & MMP9.NOS3.NOS2.
KDR.ALB.IL2.TGFB2.CPB %, W7t & BUBRAR T A HIF-1 15 58 B A & 7 ek 7 77 1697 Mo 4 v i 8 22 4 7 Il i
VEE] W 52 77 e Jik 7 7 YR 9 S AL P i A o AT B R T ek SORE SN 1 i AL A S A 0 A 1 — R A B A R
AT, A R 25 3R LB A

SRR W2 252 BT K T U A v I I A v B A

FE 535 R966 XHAFRIRAD: A X EHS: 0513-4870(2019)09-1588-09

The molecular mechanism of stroke treatment by Fufang Longmai
Ningfang based on network pharmacology

SHEN Xia', REN Dan', GAO Jing", ZHANG Gang', WANG Yong-hua*', PENG Liang', PEI Li-shan'

(1. School of Pharmacy, Shaanxi University of Chinese Medicine, Xianyang 712046, China;
2. Northwest University, Xi'an 710069, China)

Abstract: Stroke is a common disease with complex and diverse clinical manifestations. Fufang Longmai
Ningfang has been found to exhibit therapeutic effect on stroke, but its molecular mechanism for treating stroke
remains unclear. The aim of this study was to investigate the molecular mechanism of Fufang Longmai Ningfang
in the treatment of ischemic stroke by using the method of network pharmacology to define the active ingredients,
target and molecular pathway of Fufang Longmai Ningfang. The TCMSP database was used to obtain the potential
active components of Fufang Longmai Ningfang in the treatment of stroke. The CNKI database was used to verify
the literature. The target was predicted and screened by PharmMapper and UniProt database. The target protein
group was collected by TTD database. The Cytoscape software was used to construct a "component-target"
network map, "component-target-disease" network map, and "target protein interaction" network map. The EAGLE
algorithm was used for cluster analysis, the KEGG database was used for pathway analysis, and the SYBYL
software was used for molecular docking for bioactivity verification. We found 39 potential active ingredients and

17 potential effective targets related to stroke. The representative active ingredients were ligustrazine, dioscin, and
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puerarin, and the related targets were MMP9, NOS3, NOS2, KDR, ALB, IL2, TGFB2, and CPB among others. The
study found that carbon metabolism and HIF-1 signaling pathway are the main molecular pathways for treatment

of stroke by Fufang Longmai Ningfang. The treatment of ischemic stroke by Fufang Longmai Ningfang may

involve reduction of inflammatory response, enhancement of vascular permeability and inhibition of cerebral

ischemia-reperfusion injury, providing a theoretical basis for their clinical use.
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Table 1 Major ingredients table of Fufang Longmai Ningfang

No. Ingredient Molecular formula
GGl Formononetin CH,,0,
GG2 Daidzein CsH,,0,
GG3 3'-Methoxydaidzein C¢H,,04
GG4 Beta-sitosterol C,,H;,O
GGS5 Daidzein-4,7-diglucoside C,,H;,0,,
GG6 Soyasapogenol A (P) C,H;,0,
GG7 Soyasapogenol B (P) C,,H;,0,4
GG8 Puerarin C, H,,0,
GG9 Allantoin C,HN,O,
FJ10 Acetylsalicylic acid C C,H,0,
FIl1 Chrysin CH,,0,
FI12 Pinobanksin CsH,,0;4
FJ13 Galangin CsH,,0;4
FJ14 Quercetin dihydrate CH,,0,
FJ15 Acacetin C,¢H,,0;4
Fill6 Caffeic acid C,H,0,
Fi17 Phenethyl caffeate C,,H,0,
FJ18 Apigenin CsH,,054
FI19 Kaempferol CsH,,0q
FJ20 Rhamnetin C,H,,0,
Fi21 Rutin C,,H;,0\¢
FJ22 7,4'-Di-O-methylapigenin C;H,,0;
CSL23 Dioscin C,sH,,0 ¢
CSL24 7-Epitaxol C,,H;NO,,
CSL25 Diosgenin palmitate C,;H,,0,
CSL26 Smitilbin C,,H,,0,,
CX27 Ferulic acid C,H,,0,
CX28 Tetramethylpyrazine CH,)N,
CX29 Rhein C,sHOq¢
CX30 Butylphthalide C,H,0,
CX31 Ligustilide C,H,0,
CX32 Neocinidilide C,H,;0,
CX33 3-Butylideniphthalide C,H,0,
CX34 Perlolyrine CH\,)N,,0,
GX35 Wallichilide C,,H,(0,
CX36 Sitosterol C,,H;,0
CX37 Mandenol C,H,,0,
CX38 Free ammonia C,,H,N,O,
CX39 Myricanone C;H,,04
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Table 2  Analysis of topological properties of stroke targets of
Fufang Longmai Ningfang

Number Gene Degree Betweenness centrality
1 MMP3 36 0.199 3
2 KDR 33 0.179 1
3 ALB 33 0.126 9
4 TGFB2 24 0.065 6
5 MMP9 23 0.106 6
6 NOS3 21 0.0415
7 SOD2 19 0.032 8
8 IL2 18 0.0314
9 PARP1 16 0.022 4

10 NOS2 9 0.005 8
11 CPB 4 0.009 3
12 PLAU 4 0.002 9
13 TEK 3 0.000 0
14 PGF 3 0.000 0
15 PLAT 1 0.000 0
16 ANG 1 0.000 0
17 PLG 1 0.000 0

Table 3 Modular analysis of stroke targets of Fufang Longmai
Ningfang

Module number No.1 No.2 No.3

Network

Rank
Nodes
Edges
Modularity 3.615 0.64 0.222
Indeg 47 16 6
Outdeg 13 25 27

KR AP /N7 5 FL PR R RS R AR R
30 A2 5 R4 B 5 A0 L AR T A 7500 (B X 1)
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Table 4 Docking results of the partial active compound with

inflammation targets

Target Compound Total score| Target Compound Total score
NOS2 CSL26 6.1973 || MMP3 GG4 5.6949
NOS2 CX34 52806 || MMP3 GG5 5.244
NOS2 GX35 6.040 2 MMP3 FI11 54355
NOS2 CX38 54762 || MMP3 FJ13 5.1823
NOS3 FI17 5.3895 MMP3 FJ14 5.523 1
NOS3 Fi21 6.1145 MMP3 FI17 6.085 8
NOS3 CSL23 7.1629 MMP3 FI19 5.8363
NOS3 CSL24 6.9346 || MMP3 FJ20 6.360 2
NOS3 CSL25 7.4233 MMP3 FJ21 6.3154
NOS3 CX33 5.0181 || MMP3 CSL25 64721
NOS3 GX35 5.376 5 MMP3 CX33 5.547 4
NOS3 CX36 6.8283 || MMP3 GX35 7.0555
NOS3 CX37 8.146 5 || MMP3 CX36 6.420 8
NOS3 CX38 6.935 MMP3 CX37 6.9318
NOS3 CX39 5.248 7 MMP3 CX38 7.962 3
MMP9 GG3 6.038 4 PARP1 GG3 5.644 1
MMP9 GG4 7.2155 || PARPI GG4 6.6303
MMP9 GG5 6.2579 || PARPI GG5 6.296 6
MMP9 FJ15 6.384 2 PARP1 F117 8.120 3
MMP9 FJ17 7.113 9 PARP1 CSL25 7.28
MMP9 CSL26 6.372 1 PARP1 CSL26 8.227 1
MMP9 CX33 54692 || PARPI CX30 5.503 6
MMP9 CX34 5.800 8 PARP1 CX31 53374
MMP9 GX35 7.1328 PARP1 CX33 6.871 6
MMP9 CX37 7.836 5 || PARPI CX36 7.6315
MMP9 CX38 7.522 6 PARP1 CX39 5.5559
IL2 FJ21 5.3895 1IL2 CSL26 5.148 1
IL2 CSL25 4.727 1 1L2 GX35 4.300 3
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Figure 4 "Ingredient-target-disease" network diagram of Fufang Longm

Table 5 Target protein docking results with ligands

Target name Ligand Total score
NOS2 SO4 4.288 2
NOS3 ZN 0.689 6
MMP3 ZN 0.459 7
MMP9 ZN 0.516 9
PARP1 SO4 3.6295
IL2 GOL 3.5514
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Potential chemical composition
Stroke and diabetes target
Stroke target

aiZein
Stoke heart and disease common target

Stroke and diabetes and hypertension common target

iglucoside

ai Ningfang
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GGESECA 4N B SCHRICHER, & s bR T 208 IR
(1) 32 EEREAR A1, 38 W] 5 SR A LR 98 RE [ 82T 45 4
M, 128 H i C (PKC) A1 Rho B IS N K R &
Gt K B 4 B AR S (MMPY) b i 25000 T (i 13 fii
FRRRE. Bz Ah, SUH TR I, NOS 75 4 Bl
KT ISP 2 51, i 84 LR 2R Kk R
ALERUNOBY, FEAEFZE T, HHNOS A4 i NO 22
TRV ML R 4 7, A &7 Ik I B0 /AR SRR
S G I XL 9 8 00 ) P 20 8 B T P R T B T 9 R
A BRI T A SR B, AT T R e i 2 R AR
FREITAER . ANG B A 5 58 10 42 3 i o 7 A 10
RE 77, BE8E A0 I R ) P R M R R T, A — el
RE 8% (1 3 00818 B 1K 40 B IR 7, ANG 6 7 i e 1 fii 2%
AR AL A P 5 T, He— T Be R i R L A
B 20 D P 65 R T2 25 SE 8 L R T B o O R M I
T S NI FE SR IR 1 Y

it

SCER A LR B, B S SR R B K I
P AS 0B G T (1 25 34 P20, L rp B AR R0 i i
R IO JUL LB ) AR SRV T LR AL, FEHIL AR W] e
SE WU HIF-VEGF-eNOS {5 5 #% F il % 4 1 A~ 814
731, AT A2 2E NO 73 1 1T B, NO A1 HAth 73 1 — ik
(I 3E P B2 4 ) 3 5 IR A RO M AR B BRI Z A, 1B
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FEREVE IR 19 2% 5 R0l FL ., 0l o sk L — P EE
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T ) 0 BE AR B R (E U O N 10).
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W, RIS, 2B 0] BB Bla g 2 (10 EL R B0 et Jik
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AT T I ROKIRIR A A H B RIEM, £
T I 0k 5- A5 4 A B (S-lipoxygenase, 5-LOX) [)i%
PESR R FETURAE T, 1A RO A 1 1 /)N R 5 5 410 1)
RIS 3 E, (PEG,) & i, H A # & AR F G2 18 345 (1)
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A rh BE AR ER I 6 A 22 D RE I SR TS, 2 7
AR WS, F, T HEARNIEERCEE,
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