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Abstract: Possible mechanisms by which Polygonati rhizoma opposes atherosclerosis (AS) were identified by
network pharmacology and molecular docking analyses. The Traditional Chinese Medicine Database (TCMD) and
the Traditional Chinese Medicine Systems Pharmacology Database (TCMSP) were utilized to identify the likely
active components of Polygonati rhizoma. The potential targets set of Polygonati rhizoma were predicted with the
PharmaDB database and the Swiss TargetPrediction database. The targets set for AS was retrieved by OMIM,
DisGeNET and NCBI Gene database. We used the STRING platform to construct a protein-protein interaction
network of the intersectional targets and performed visual analysis in Cytoscape. The key targets of Polygonati
rhizoma in AS were searched by network topology and the resulting GO and KEGG enrichment was analyzed by
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Clue GO. In addition, the key targets were verified by molecular docking in Discovery Studio 4.0. A total of 45
active ingredients and 51 potential targets were obtained in the treatment of AS. The results of the topology analysis
included five key targets: serum albumin, mitogen-activated protein kinase 3, mitogen-activated protein kinase 1,
proto-oncogene tyrosine-protein kinase Src and matrix metalloproteinase-9. The 131 GO items showed that the
biological process mainly involved the steroid receptor, cell response to steroid stimulation, the phosphati-
dylinositol-3 kinase signal pathway, and others. The KEGG pathway analysis included 37 pathways, which were
closely related to peroxisome proliferation activated receptor signaling pathway, platelet activation pathway, vascular
endothelial growth factor pathway, hypoxia inducible factor pathway and adhesion connection pathway. The results
of molecular docking proved that the combined activity of the components with potential key targets is excellent.
This study proposes mechanisms by which Polygonati rhizoma might act to reverse or minimize AS and provides a
scientific basis for clinical research on Polygonati rhizoma.
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Table 1 Part of Polygonati rhizoma chemical constituents A KRIBEDKS TEIA PARR qinc.
FLTI 5 .
Component CAS number Molecular formula P . Rl
Oroxin A 57396-78-8 CyuHy0p VDK < e
Methylprotodioscin 54522-52-0 Cq,Hgs0,, G‘;:f:'_” NRIC2
Apigenin 520-36-5 CsH1,05 IGFIR :_:,'::m
(+)-Syringaresinol 21453-69-0 Cy,H,s04 ‘“:ff*- & T
LCK 3
Baicalein 491-67-8 CsH100s NRSER Xou
Liriodendrin 66791-77-3 CyHu 01 RXRA" (::“'-
Sitogluside 474-58-8 CysHeoOs P : PDEAD
Vitexin xyloside - CysHp0ss KDR S ; L TEARD,
P - k2 -
Liquiritigenin 578-86-9 C;H,,0, SR T
salicylic acid 69-72-7 C.H,0, : @.mfcw‘"‘*
Figure 3  Protein-protein interaction network of Polygonati

2 EBMASHEEERESREMR

IS R AR AT, SRARAT A E KT 0.9 I BRI
FEAF F 48 5 208 4~ . #F OMIM. DisGeNET £l NCBI
R #E EE v, LL“atherosclerosis” Jy S8 7 HEATRE &, 43
RS 202,52 A1 847 /N N IR HE &1, K 34K ¥ 3k 1S
N SO S G L B R AT, A8 5 ASHH G
1918 AN NV HE flo W4 BEORS 43 18 FH 1Y 208 N 7EAF
FH I A B 918 AN AS SR H S AR, I KRS TR
U AS B AR R o8 514, IR 2. #E A PR
B, k2.

Potential targets

208 51 918

Ingredients targets  Disease targets
Figure 2 Venn diagram of targets of Polygonati rhizoma and
atherosclerosis

3 MoEBHEEERAMEEE

3T STRING V- & SR HUBHS T AS W 724 AT HE 5
BB A HAF{E B, 4 Cytoscape 1 #E4T AT 44k, 15
FIEMEPLAS E A EAEMKWE 3FT . ZMSES
AT AT R 1715600, For 1 R AR SRS BT AS IR 7E
1 FHRE R, 719 ROBR R 2 B R BR =1, A T e A R A
MM EAER K R
4 KBS .GOEES5KEGGEBENHT

R FH JEE o0 P 07 32 B LA I 28 ) DR B
B SR BBE O PR RO, U0 BH A RO ) 4 B R
PP P& A AR B2 B K 19 A 23 AN TR R/, e i
K, JEE RO PR i, B R Y 2 P R OC . iT
S, HE 44T 5 AT I 5B B A BN I TE LR 1 (serum
albumin, ALB). £z %4 Jii yi& 14 &5 (1 B 3 (mitogen-acti-
vated protein kinase 3, MAPK3). 22 24 J5 1% 1k 15 1 i i
1 (mitogen-activated protein kinase 1, MAPK1). Jif J& &

rhizoma for the treatment of atherosclerosis. The larger the node,
the higher the centrality of the node degree

fi% & 12 & 11 B4 W Src (proto-oncogene tyrosine-pro-
tein kinase Src, SRC). 2% /i 4 J& & (1 -9 (matrix metal-
loproteinase-9, MMP9). 1R #i& & 3& 1 F2 %, GO Mg &
M 5 KEGG 38 # 73 #7 1 LL P<0.05 %o B A 4t it
FEXM, GOFENMILIRMG 1314 GO % H, 4R
R, TREIR YT B DKok REAE A A 4R R B e a1
5[] 2 U803 52 A 1 9 A 0t R 255 [ e 2 R e
IS B85 T Pk AL -3 A5 5 38 I 55 A ) R R AR
TEAH M4 B T 32 22 5 = GR0RL N s 0% 724y 20
RET T F 2P0 e 1 R IE LSS & IR Wi R 45 & DA R HE ¥
REEEEE A NEY R AR i T
DiRe 342 e B P AE AR 44 5 10 B Zh e (5 B, 45 R
% 3. KEGG il % VE R 70 45 R T, 18 12 8L 1 [
37 S AH A7 B BE, AR A I I b 5 Bl bk ok B A AL
YIRS Sl B 5 4%, 30 A i 1k 5 5
O 52 A5 5 B (peroxisome proliferation activated
receptor signaling pathway, PPAR signaling pathway)-
I Rz A2 K R+ {5 5 @ 2% (vascular endothelial
growth factor signaling pathway, VEGF signaling path-
way) Il /N R 035 {5 5 38 % (platelet activation signal-
ing pathway). &li %& £ 15 5 1l #% (adhesive connection
signaling pathway). ik % 15 5 Kl 7 15 5 8 % (hypoxia
inducible factor signaling pathway, HIF-1 signaling path-
way). PEE/NIIRT 10 Z A KB R E E ILEK 4.
5 FXEEWIE

3 1% 42 B C AR 7 TR S AR 3 VAL R AL
B, 1 IR L A B ANRT e B BN PR 50 R S I P14 I A4
MZAREAHEAEH, FHREEL SN NRIEAT
FU X 25 3 Bt 45 F T AE A 1, T X6 T 285 40 BT 3R A5 B RS VR
JT AS [ 54N S HEEE 5 MAPK3.MAPK1.MMP9.ALB.
SRC 73 il G753 F- R F Y R TR IC A M 1 1 A%
il 29 O HOBN %, F 5002 )5 ) RMSD £ -CDOCKER



2646 - 25244 Acta Pharmaceutica Sinica 2020, 55(11): 2642 —2650

Table 2 Potential targets of Polygonati rhizoma for the treatment of atherosclerosis

Number Uniprot Gene Target name
1 P09874 PARP1 Poly [ADP-ribose] polymerase 1
2 P03372 ESR1 Estrogen receptor
3 P09960 LTA4H Leukotriene A-4 hydrolase
4 P37231 PPARG Peroxisome proliferator-activated receptor gamma
5 P02766 TTR Transthyretin
6 P19793 RXRA Retinoic acid receptor RXR-alpha
7 Q03181 PPARD Peroxisome proliferator-activated receptor delta
8 Q08499 PDE4D cAMP-specific 3',5'-cyclic phosphodiesterase 4D
9 P14780 MMP9 Matrix metalloproteinase-9
10 P00734 F2 Prothrombin
11 P23141 CES1 Liver carboxylesterase 1
12 Q13133 NR1H3 Oxysterols receptor LXR-alpha
13 P11473 VDR Vitamin D3 receptor
14 060674 JAK2 Tyrosine-protein kinase JAK2
15 P28482 MAPK1 Mitogen-activated protein kinase 1
16 P09211 GSTP1 Glutathione S-transferase P
17 P04150 NR3C1 Glucocorticoid receptor
18 Q92731 ESR2 Estrogen receptor beta
19 P08069 IGF1R Insulin-like growth factor 1 receptor
20 P12931 SRC Proto-oncogene tyrosine-protein kinase Src
21 P27361 MAPK3 Mitogen-activated protein kinase 3
22 P35968 KDR Vascular endothelial growth factor receptor 2
23 P02768 ALB Serum albumin
24 P05091 ALDH2 Aldehyde dehydrogenase, mitochondrial
25 P17948 FLT1 Vascular endothelial growth factor receptor 1
26 Q07869 PPARA Peroxisome proliferator-activated receptor alpha
27 P43405 SYK Tyrosine-protein kinase SYK
28 P62937 PPIA Peptidyl-prolyl cis-trans isomerase A
29 P78536 ADAM17 Disintegrin and metalloproteinase domain-containing protein 17
30 P04278 SHBG Sex hormone-binding globulin
31 Q13464 ROCK1 Rho-associated protein kinase 1
32 P16442 ABO Histo-blood group ABO system transferase
33 P50750 CDK9 Cyclin-dependent kinase 9
34 P08235 NR3C2 Mineralocorticoid receptor
35 P00918 CA2 Carbonic anhydrase 2
36 P0O7711 CTSL Cathepsin L1
37 P22894 MMP8 Neutrophil collagenase
38 P15121 AKR1B1 Aldose reductase
39 Q13231 CHIT1 Chitotriosidase-1
40 P35398 RORA Nuclear receptor ROR-alpha
41 P06239 LCK Tyrosine-protein kinase Lck
42 Q13627 DYRK1A Dual specificity tyrosine-phosphorylation-regulated kinase 1A
43 Q8WWL7 CCNB3 Cyclin-dependent kinase 1
44 P47989 XDH Xanthine dehydrogenase
45 P30542 ADORAL Adenosine Al receptor
46 Q00534 CDK6 Cyclin-dependent kinase 6
47 P29274 ADORA2A Adenosine A2a receptor
48 P49841 GSK3B Glycogen synthase kinase-3 beta
49 P33527 ABCC1 Multidrug resistance-associated protein 1
50 Q16678 CYP1B1 Cytochrome P450 1B1
51 Q9UNQO ABCG2 ATP-binding cassette sub-family G member 2
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Table 3  Analysis of GO enrichment Polygonati rhizoma in the treatment of atherosclerosis

Type

Term P value

Biological process

Cellular component
Molecular function

Tertiary granule lumen
Steroid binding

Monocarboxylic acid binding
Transcription coactivator binding
Phosphotyrosine residue binding

Phosphoprotein binding
Fatty acid binding

SH2 domain binding
Estrogen receptor binding

Transcription cofactor binding
Protein phosphorylated amino acid binding

Steroid hormone receptor activity

Steroid hormone mediated signaling pathway

Nuclear receptor activity ligand-activated transcription factor activity
Ligand-activated transcription factor activity

Cellular response to steroid hormone stimulus

Hormone-mediated signaling pathway

Transcription initiation from RNA polymerase Il promoter
Regulation of phosphatidylinositol 3-kinase signaling
Phosphatidylinositol 3-kinase signaling

Maternal process involved in female pregnancy

1.18x10%
1.37x10%
1.28x101°
1.28x10%°
1.28x101°
9.20x10®
1.00x107
3.70x107
6.41x107
7.99x107
2.01x10°
3.64x10%
7.27x10®
6.02x107
3.75x10°
3.81x10°
4.40x10°
4.75%10°
6.82x10°
6.82x10°
8.36x10°

Table 4 Analysis on the KEGG pathway of Polygonati rhizoma in the treatment of atherosclerosis

Number GO term P value Associated genes found
1 Thyroid cancer 8.30x10° MAPK1, MAPK3, PPARG, RXRA
2 Hormone signaling pathway 8.61x10° GSK3B, MAPK1, MAPK3, RXRA, SRC
3 PPAR signaling pathway 3.72x10° NR1H3, PPARA, PPARD, PPARG, RXRA
4 Platelet activation 1.25x10* F2, MAPK1, MAPK3, ROCK1, SRC, SYK
5 VEGF signaling pathway 5.16x10* KDR, MAPK1, MAPK3, SRC
6 Parathyroid hormone synthesis, secretion and action 5.38x10* MAPK1, MAPK3, PDE4D, RXRA, VDR
7 Shigellosis 7.47x10% MAPK1, MAPK3, ROCK1, SRC
8 Adherens junction 1.10x10° IGF1R, MAPK1, MAPK3, SRC
9 Aldosterone-regulated sodium reabsorption 1.63x10° MAPK1, MAPK3, NR3C2

10 HIF-1 signaling pathway 3.67x10°% FLT1, IGF1IR, MAPK1, MAPK3

Figure 4 Molecular docking models of MAPK3 (A), MAPK1
(B), MMP9 (C), ALB (D) and SRC (E). MAPK3: Mitogen-activated
protein kinase 3; MAPKZ1: Mitogen-activated protein kinase 1;
MMP9: Matrix metalloproteinase-9; ALB: Serum albumin; SRC:
Proto-oncogene tyrosine-protein kinase Src
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Figure 5 Molecular docking results of MAPK3 (A), MAPK1
(B), MMP9 (C), ALB (D) and SRC (E) with original ligands
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Table 5 The related information of molecular docking models. PDB: Protein data bank; RMSD: Root-mean-square deviation

Target PDB Resolution/A Active pocket radius/A Active pocket coordinates RMSD/A
MAPK3 4QTB 1.40 12.987 36.971, 54.765, 50.206 0.7813
MAPK1 1TVO 2.50 7.450 6.697, -4.223, 16.561 0.5639
MMP9 AWZV 1.65 11.516 3.243, 7.905, 22.173 0.3432
ALB 5UJB 2.70 9.892 23.636, 10.575, 13.152 1.1139
SRC 2H8H 2.20 9.938 21.035, 20.199, 58.549 1.3018

Table 6 Molecular docking results of MAPK3, MAPK1, MMP9, ALB and SRC with active components of Polygonati rhizoma

The number of

The number of The number of The number of

Total The number -CDOCKER
Target number of of successful ENERGY of the “CDOCKER “CDOCKER “CDOCKER "CDOCKER
. . ENERGY higher ~ ENERGY higher ~ ENERGY higher =~ ENERGY higher

components components primary ligand . ~ . . . .

than primary ligand  than captopril than simvastatin than warfarin
MAPK1 45 33 (73%) -28.395 27 (60%) 13 (29%) 19 (42%) 14 (31%)
MAPK3 45 33 (73%) 27.019 11 (24%) 12 (27%) 26 (58%) 13 (29%)
MMP9 45 31 (69%) 63.650 0 12 (27%) 27 (60%) 9 (20%)
ALB 45 34 (76%) 2.482 22 (49%) 15 (33%) 21 (47%) 13 (29%)
SRC 45 43 (96%) -1.103 19 (42%) 14 (31%) 21 (47%) 15 (33%)

96% [1] Bk 73 5 # £ SRC X #2 B 2y, e Hp 42% (1) 5% 4y
-CDOCKER ENERGY ffi 5 15 it 4, BB =4 &
TETE. RS BH 2 Ay R RS R BN, SRS
I3 VB FE 3 T B 4y 5 #E 15 -CDOCKER ENERGY fH & T
PHMEZ . 256 FRSE IR, SRS L ST AR QB 4 S A
AT S5 G iR I, SR EORS T Re i A B T E R
B AU AEBTAS R

it

CEAT AT A A 5 LKEGG GO & 845 B, ks 7l
figi@ i /E T MAPK1.MAPK3.ALB.SRC.MMP9 LA
2 PPARy 5 4 1 p, R 5 VEGF 38 1% « I /N B 380 3
%\ ERK1/2-NF-«B i % | Fli 45 1% #28 #% LL & PPAR il
B, 7 AR YR ST L U T R I ORI % R i
BB B AS BEHUY B 25 BRAE TN R #E IR T
ASER o« TEOREIRYT AS 178 7EAE FSE A5 Ll % e K&
FEZG AR F an &1 6 From

ALB#E R AR MR RS EEART 7, 35
I /NR OIS S 5 38 6, £ 447 MR A5 38 #0011

Key targets The main pathways
MAPK]1 MAPK3 VEGF pathway
ALB Platelet activation pathway
SRC Erk1/2-NF-kB pathway
MMP9 Adhesion connection pathway
PPARy PPAR pathway

Figure 6

=

/AR T B AL FE 10 LA 2 5 e B ik I A 149538 45 5 T
RAEH (A I AE0S, TN RS I M 4 i i i
5 ALB A i /NSO A5 R HE R AR L, AT
422 5 AS VAT IEFE . o5 {8 45 el it ) #r 98 49l i3k
A7 ML % AT AS F8 38 I IR 46 A, R B IV ALB 7K
P15 AS TE UK JE A DG o B0 S 5T R I I VR
5 28 45 B 11 S100AL12 55 1M i3 T 58 35 1 Bl ik ot A 1 1
HEYIBER, 1 ML ALB 2 A& 521 S100A12 3K
FEMEERNKRZ . XN ALBZHTAS i #E 5 11 7
45 S BEAEIE o

AR SRCTELTHE B 5 35 T 1S 58 Hh ke B
A — R E AR R E e T J 451 E, A
M2 5 R EEHAG 5@ R0, MR & EEE T mikE
AS BEHUIE i e F e ik AR Pt B DGR A FHRSY, thAb, %
BERE S MMPO 2 — RO B 11 N ik, 2 5 ERK1/2-
NF-xB {5 5 10 i, 754k J5 G805 0% g B 2 B LL AW BT
S 6 A1 T, A5 AS BRI AR T M AR 2 5 3 U
24, A I MMPO f 5 38 K I 85 Py 42 P i T AR DA K% 41
J k% % B BRI AR SR A A )20, AL, BEORE TR

Pharmacological action

Protect vascular endothelium :
Anticoagulation
AS

Stable plaques

Regulate lipid metabolism

Schematic diagram of target-pathway-pharmacological effects of Polygonati rhizoma for the treatment of atherosclerosis



e RS i T [0 2% 24 B2 5 001 0 B R T8 SEORS S0 0 Ik B A T8 A B £ P AL ) © 2649 -

AR T DA b S AR B, 7R A AR B KB R 2
HAEH, IR IEDTAS 97 3. FhvBh SR CIE 5L 3K 1,
76 AS i K BB o) BEHed MMPO ) 25 & il B B
[ I R I T 3G 0 o AR S 5 SRR T 360 1] AS FR A
(3B kR €8 22 2 B 75 25 1, WL 5% AS BB A e Ttk
L, R BF SR FH I K S 9% V5 R ) A6 2 1LY MIMPO 7K P
52 R I MMPO 75 AS T i e BiE e 1 Fa e 1 2028 ok
HEEERH. A BEERP LI H E RS E T
MMP9 [ R IE K H 2 FE RN R R, MHERF &
4100 pmol-L 1A, 55t & 21 AH EL, MMPO & H ik 13
B A4 32 50% (P<0.01); 177 H ¥ 3 o2 B0 32 23 11
g3, XN MMPO 2 B RS 1 AS JC B B A 1) F00 00 45
RILHEIE

2 2 JF % AL R A O MAPKL Al MAPK3 1 K
VEGF 15 5 18 I o (1 B 3L 4, iZ BB 2 5 I W %
I F 11 43 24 IR, 6 i A ARl B A B B AR AR,
B4k, PPAR {5 5 18 %t 2 5 (R4 Bl ik 1L P Rz 1250,
B, FERE PR 2 T AR LR R P A A S,
A LR 3P B ik L P R A T ot A A 1 2 B AE BT
RIFIEIT AS I ZG 3. ARAG P IR 5T 38 R 3 R XF
FEF 99 /05 BB BR P ATL 1) ok 2 rp R B, ORGSR B B R
Z Wi RE R E E I/ BUHIE 5 MAPKL.MAPKS #E £
EEMRIE, DR RAE—ERE L, Mok s
M T MAPK1.MAPK3 & £ $71 AS 1 I 1) 7l 45 5 42
PEAEAIE

PPARy 2 HE 7 41 B 43 A4 3k 5 AT 7 28 pl ot 74 G 4
W R, 25 B Wi T8 R, G038 1A A 7 40 A i 5
8O3 A0 B H T = IR 0 A R S e FE RN, DT B
HEFA

AHEFL KEGG 7 # 45 R R, WA s 1 e 5
PPAR {5 51 % 25 U FH 9, B AR 385 v] e JE i o =75
PPARE 5@ 2 5 s AR F2 R #i077 ASTEH .
FLIR LA o i K RO, R0 T 3k 2 Bl d i i
9 PPAR {5 Sl B I B I AE Y, S5 R BoR, milla ok 1 T
PPARy {15214 i, 11 3 K 2 BEAE H J5 H Rk & B 3%
TN, U B R 22 R E T I Y PPAR % S B [ IR 1F
H, 25 ASIHTT . DL G55 AT 58 T 3 R d it 1
7 PPAR {5 ‘51l 18 2 5 lg BUAC U B2 R ¥R 97 AS 1
IR —5

AS % EE S N I By A R AR VR i B, AR
TTRZGWC 32 N, L0 06 L 0% 1) % 2B R AT A
Frok BTt DRk, A5 0 B T T BB BT AS 2541

AR, B Z WA E R T mE B A
ASYT R, B 3 B R AR I 2H 2 ) I /N
T B SR AR AR R AR AT 2 AR — o)

o BB AEAT TS, TP R 2, EH T2
B AR, TR 2 2K I A HE 2 RN s, B — 5 T R
FOME LA BT BORE T AS AR 5 R GevE, I Hod LA
FESORE T AS [0 25 R0 TRl S AR B BRIk, At
TS FH W 2% 24 B2 50R, A8 B8 AR = T ) R SEORS 3 12
T U T B e AS IR ] SR R, R I TR T A i
TR AR R TR I L DR I S ] AS BEER
RAEIRIT ASHE, H AT A W 7Tt ENIE 1 ASHIE 78 1 7
MR AWTARTR T R TUAS BIETE R & AR
P, (535 1 e AT 7 1A A I8 31— 58 IR A BE A
NG, DA 5 1k — 25 BT 70 LA 75 L 25 3 o
Sk, 9 PLAS R IR R =

1B STk = R DT 5 S0, il 1 SR 38 A
[ENVE AN e N S i T
F RS AL EATFAER G R

References

[1] Mao JM, Wang G. Atherosclerosis and inflammation [J]. Chin
Circ J (' EJEH A4 &), 2006, 21: 405-406.

[2] Wei AZ, Yang JF. Discussion on the research progress of athero-
sclerosis [J]. J Clin Med (IIfi P& = 24 SCHik 4% &), 2014, 14: 1866-
1867.

[3] Li P, Wang CY. Analysis of the interaction between statins and
common cardiovascular drugs [J]. Chin Pharm ( H [# 24 \b),
2019, 28: 82-84.

[4] Zhao WL, Zhao Y, Teng Y. Progress in pharmacological studies
of huangjing [J]. Chin Tradit Herb Drugs (* % 24), 2018, 49:
240-246.

[5] Fukuba N, Ishihara S, Sonoyama H, et al. Antiatherosclerotic
potential of Rhizoma Polygonati polysaccharide in hyperlipid-
emia-induced atherosclerotic hamsters [J]. Drug Res (Stuttg),
2015, 65: 479-483.

[6] LiYY, Deng HB, Xiang DX, et al. The antiatherogenic and anti-
lipidemic effects of xanthomonas polysaccharide [J]. Chin J Arte-
rioscler (1 [E ) ik i fk 44 ), 2005, 4: 429-431.

[7] ShiY, Yao YJ. An analysis of the mechanism of kaixin powder in
the treatment of alzheimer's disease based on network pharma-
cology [J]. Acta Pharm Sin (2% %41t), 2018, 53: 76-84.

[8] RenJZ, Zhang Z, Li B. To explore the antitumor mechanism of
paitouweng decoction based on network pharmacology [J].
World Clin Drugs (tH 7¢Il R 254), 2019, 40: 27-34.

[91 Shi S, Hu YH, Wu HQ, et al. Discussion on network pharma-
cology of action mechanism of salvia miltiorrhiza panax notogin-
seng [J]. Chin J Exp Tradit Med Formulae (H [E 51256 J7 571 5 24
&), 2018, 24: 192-197.

[10] Gabriela B, Bernhard M, Hubert H, et al. ClueGO: a Cytoscape

plug-in to decipher functionally grouped gene ontology and path-



2650

25244 Acta Pharmaceutica Sinica 2020, 55(11): 2642 —2650

[11]

[12]

[13]

[14]

[15]

(16]

[17]

[18]

[19]

[20]

way annotation networks [J]. Bioinformatics, 2009, 25: 1091-
1093.

Zhao S, Wu DX, Chen X, et al. Mechanism of action of herba
siegesbeckiae in treating ischemic stroke based on network phar-
macology [J]. Chin J Chin Mater Med (1 [# 1 24 44 &%), 2019,
44:2727-2735.

Huang XF, Gao YJ, Liao G, et al. To explore the mechanism of
treating asthma with shenma antiasthmatic fluid based on net-
work pharmacology [J]. Chin J Chin Mater Med (' [# 1 24 2%
%), 2019, 25: 187-195.

Zheng YF, Jia H, Zhang BY, et al. Pharmacology of antiapoplexy
prescription based on compound - target interaction prediction
model [J]. Acta Pharm Sin (2 2%244}), 2020, 55: 256-264.
Ouyang XQ, Rao L, Lei M, et al. To explore the mechanism of
Jiawei Erzhi wan in the treatment of atherosclerosis based on
network pharmacology [J]. Chin J Exp Tradit Med Formulae (*
[ 526 5 )4 44 78), 2020, 26: 175-182.

Zhang Y X, Zhang Y. Function and application of serum albumin
[9]. Nat Sci J Hainan Univ (¥ i K % 5#3k), 2007, 23: 833.

Dong PT. The relationship between malnutrition and atheroscle-
rosis in hemodialysis patients [J]. Int J Urol (IE Fx il R & 45 24
&), 2017, 37: 28-31.

Guo H, Lu B. Study on the influencing factors of blood calcium
binding protein S100A12 in hemodialysis patients and its rela-
tionship with arteriosclerosis [J]. Lab Med (& & I %), 2014,
29: 930-934.

Qiu Y, Rui YC. Research progress of Src family kinases [J].
Drug Appl Monit China (# [E 2545 F 5 15 1), 2004, 2: 37-40.
Wang XK, Sun F, Ma SJ, et al. Atherosclerosis and inflammation
[9]. Gansu Sci Technol (H 7R #t$£), 2019, 35: 129-131, 100.
Wagsater D, Zhu C, Bjorkegren J, et al. MMP-2 and MMP-9

are prominent matrix metalloproteinases during atherosclerosis

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

development in the LdIr”Apob'®*® mouse [J]. Int J Mol Med,
2011, 28: 247-253.

Sun J, Dong JT, Deng ZH, et al. Effects of amlodipine on the
stability of atherosclerotic plaque and the expression of MMP-9
and its inhibitor in rats [J]. Hainan Med J (i} i [%% %), 2016, 27:
867-869.

He HT, Yang XP, Zhang ZM. Study on the relationship between
MMP-9, TIMP-1 and VEGF and the stability of carotid athero-
sclerotic plaque [J]. Hebei Pharm (7L % 24), 2016, 38: 555-557.
Shi H, Wu YC, Cai YQ. Effect of glycyrrhizin on invasion and
metastasis of B16F10 melanoma cells and its mechanism [J].
Chin J Nutr (‘& 77 %1R), 2014, 36: 486-490.

Wang YD, Hu Y, Sun CY. The role of Akt and erk1/2 activation
in promoting angiogenesis of BDNF [J]. Chin J Pathophysiol ('
[l 3 4= 7 4+ 7)), 2007, 23: 833.

Hu ZP. Effects of Telmisartan on Vascular Endothelial Function
in Hypertension and Atherosclerosis and Its Mechanism (& K
TH S vy AL R Sl K 5 R B A I A P B Tl e R 52 0 B L AL 1)
[D]. Anhui: Anhui Medical University, 2011.

Fu YW. Nrf 2/ARE Pathway to Explore the Protective Effect of
Huangjing Instant Powder on Mice with Alcoholic Liver Disease
and Its Possible Mechanism (3 - Nrf2/ ARE 38 i 44 7T 5 4% T 7%
H93 KT K A S /N BB B 4 F R T g ML) [D]. Anhui:
Anhui Medical University, 2019.

Eurlings PM, Vanderkallen CJ, Veemeulen VM, et al. Variants in
the PPARgama gene affect fatty acid and glycerol metabolism in
familial combined hyperlipidemia [J]. Mol Genet Metab, 2003,
80: 296.

Kong X, Liu JJ, Li H, et al. Effect of xanthan polysaccharide on
mRNA and protein expression of lipid metabolism-related genes
in hyperlipidemia mice [J]. Chin J Chin Mater Med (H [l /b 24 44
i), 2018, 43: 3740-3747.



