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Molecular Mechanism of Ursolic Acid Against Rheumatoid

Arthritis Based on Network Pharmacology and Molecular Docking

YANG Xin, LI Ya-hui, QIAN Hai-bing, YANG Chang-fu”
(Guiyang College of Traditional Chinese Medicine, Guiyang 550025, China)

[ Abstract | Objective; To investigate the molecular mechanism of ursolic acid (UA) against rheumatoid
arthritis based on network pharmacology and molecular docking. Method : Potential therapeutic targets of UA were
searched based on comparative toxicogenomics database (CTD), Drug Bank, traditional Chinese medicine systems
pharmacology ( TCMSP) and other databases. Pathway enrichment analysis of potential targets was conducted by
DAVID (DAVID bioinformatics resources). Protein interaction was conducted by STRING, and energy matching
between UA and 11 rheumatoid targets was done by molecular docking technique (iGEMDOCK, SystemsDock ).
The potential targets against rheumatoid arthritis were screened. Result: 66 corresponding targets were collected

and 27 signal pathways were obtained from the enrichment of DAVID pathway (P <0.01) , including 11 key targets
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proteins in rheumatoid arthritis pathway ( matrix metalloproteinase-1, matrix metalloproteinase-3, interleukin-6,
transcription factor AP-1, tumor necrosis factor, vascular endothelial growth factor A, granulocyte-macrophage
colony-stimulating factor, interleukin-1 beta, transforming growth factor beta-1, and proto-oncogene c-Fos).
Through protein interaction, four target proteins were found to be supported by experimental data. The molecular

docking showed that UA could resist rheumatoid arthritis mainly through matrix metalloproteinase-1, Matrix

metalloproteinase-3, tumor necrosis factor, transcription factor AP-1 and interleukin-1 beta. Conclusion; The

results of this study reveal the molecular mechanism of UA against rtheumatoid arthritis

[ Key words | ursolic acid;

molecular docking

H aif, B 4% 25 B4~ (network pharmacology) , R4
W% (systematic biology ) , T+ 55 #L 4 By 25 ¥ i it
(computer aided drug design) 24 R B L, Ky 2y
(0 % R e A ) T o JELARL T &4 24 B~ i L )
12 MR (R G A TS 25 W /N o R 2
IEEP ST E 7R SO Vs WO E R
MVEFIBLE] 2 — 2 N 7 5 K1 R T S
PRI /NI B Z B R S S T TR HE Y
i 396 7 190 4% 24 B2 ) A B B P & R, M4y
Bz R 2 5 T 24 A BB AR AR 32
%[3] o [RIEE, 43 F X} 4 (molecular docking) 8, 7] # 7~
GYNRIT BRI o T ALE R 25 BAE A BT R
Kbt 2 L BT O B ) T A L g
IR (ursolic acid, UA) /) 25 BLAE &% £, R H 3h )
S AT O 8 S S G A A X R L AR
Ko B, ARBF5E I T W45 25 B4 25 5 4 F X 12 1
Tk TR AN I A RGBS

2 XU 56 7T ¢ (rheumatoid arthritis, RA) 24>
Bk A B e e, T A R A B, W R
WA 22 AT R R MR R R BOR B R R
R R DA o F) AT ik, & R HL R A
B, A RCBTIG RA A BF S8 JA R WF 50 3% 38 2o %k
RIRHLH B AR BTBE ST, JF & 2 Rt RA B 259 .
HoE 2 g 77, P2 IR R LR e
D R Z AR RA E A MRS B ETHT
RA 2l Bk B 7 A4 Rl B @ 4 B gl
TG 7 A B G 56 0 BT RA Y 1 PR 97 &4 5 2 W]
R MR ST RA BETLAE S B T 2K
J5%F RA T HIHLG . H R X F R EIG ST fb
BGr HASBI R . ASBIESE R LR A BT RA HTAR 1Y 843
ey UA AL lisr o UA fEBT R 7l B —
E AR NE, BTS20z . UA S il 25 R 5
B R TC, 7E KRR 25 HIAE W SRR SR AR ) Th T A
15, F2G AR )iz, A0 4% P Hh AR BE & # EE BEAE
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JAM 2R A R R R PR AL PO
PLOAE BRI & B IR PR S A
WF SR AL 27 1 -BE bR FE AR - fi 55 5 T 9E AT OF
G o SR H LS50 I A 25 n o0 135 1 S 9% I 3%
J1o WL 25 PR RS 00 5 AR W) 10 B i
BT AR SE AT B, kT AR S AR I A
¥4 2 ( comparative toxicogenomics database, CTD) ,
Drug Bank 48 J2 | Ff 24 5 4 24 31~ X040 5 70 A -F
& ( traditional
pharmacology , TCMSP) % f6: % A 52 12 ) 18 € 3 s 40
Mo 8 1k DAVID 4 ¥ {5 B % % ¥ ( DAVID
bioinformatics resources ) A & JFE %f ¥ 1 $E o5 3F 47 8
B AR 0 A A STRING #EAT 8 FAH EAE T, R A
I FHORIEE UA FI2E K08 7258 5 10 45 & e, 0
e A ¥ T AR AR AERE . ARBESE S R 4R R
UA HS MR ST R 89 70 7 ML, b of — 2B A
BV HAE HIPL ] $2 5 15 BRI LR .
1
1.1 BIEE S B4 DAVID ( https;//david.
nciferf. gov/) ; DrugBank %{ #% Z (http://www. Drug
bank. ca/) ; Commparative Toxicogenomics Database;
(http://ctdbase. org/) ; STRING ( https://string-db.
org/); TCMSP ( http;//ibts. hkbu. edu. hk/LSP/
temspsearch ) ; UniProt ¢ 3% % ( http ://www. uniprot.
org/uniprot/ ) ; Cytoscape 3.5.1 B {} (http://www.
cytoscape. org) ; ¥ 41Z2 47 F Windows $EE R HKEH
To AbFEZEH Inter(R) Core (TM) i5-7500 CPU@
3.4GHz,64 (i A R G0, Al AR SC B B AL
TFIEERAE
L2 Hipfb G EER  TCMSP & 3 %58 it 5
AT AR 2 207 B AR o AT Iy
Ay AR HEMEFEAT P A2y i $E AR i 8 3
it SysDT A5 R 47 Fi

JEF TCMSP Xt H AR fb & %) UA G £ B kAT
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K3, TCMSP A 6 F ks 2% J5 3K, 2k % v 24 i oy 44
TR, O R A ¥ A F & (oral bioavailability, OB) ,
2525 % (drug likeness, DL ), 43 T & ( molecular
weight, MW ) , ig 7K 43 Bt & %k ( lipid-water partition
coefficient) 55 Z JH T TCMSP 47 #i , 3 T £ o0
S I IS N 15 0 N I i A - o A
OBioavail % %) | i8 i OBioavail % %I Xf OB 47
W A7 B ) DL 3 Tanimoto F AL LA M 254 2
A-B
| A1> 41 BI*-A - B
A5 — MO OB Rk~ L7 H A 4F /Y 1 iRk
AV FIH B, DL > 0. 18 14>+ B A B UF 2K 254k
HTF TCSMP %79 5] UA ) OB % 16.77% ,DL 3%
0.75; MW >4 456.78; fig /K 4> B & %4 ( lipid-water
partition coefficient ) (1) X} $ {6 &y 6.47, UA Rk H
Chem Office,Open Babel 5§ & i = 4 25 ¥4 , I %F H:
IE A PRAF R mol2 A,
2 FHik
2.1 FERMWEAHARE A E UA JET TCMSP
1 CTD fifi e AAK#E AR, TCMSP 7] L) 5 Drug Bank 1y
N SR AT S 4, 2 8O T v B A HE s B R
F DrugBank ¥4 % . | ] SysDT #5584 it 47 25 97 4T
F, A4 UA 59 7% 76 1 JH B8 5. SysDT # U J% 1
Drug Bank i 2 11 25 49 FRE AR FABAT] 22 1T A9 O
Z R F SRR 1) B AL (SVM) AR HL AR AR (RF) 557
WAL, HERH SVM >0.7 5 RF >0. 8 (2 (4L
PR E N 25 Y I TERE bR . UA JE T TCMSP 7E4k
SR 4 FR A RE SRR, AH G A b R B AR
PR, ST E AR . it CTD & 48
BRI AR ., CTD J& — > ¢ AL = W) o 5 2k A
FRRH ELAE A2 W B e A TN 1 8 i A0 AR 3R B B4R
J o AT LA A AR 5C HE D R A6 G WA B P Y 90 £ A5
B, 371 CTD, £E A4k 22 18 5 44 Bk v s A RESR TR, 12
BE v BN I TR AEAREE N A Pk o eI AR R bR R
[ K H o BRI R 1145 BR A A DrugBank ' 0
UniProt 2 3% % & 4% Uniport ID, Uniport 1D i@ f
AR, AT LA SRR RR A A 4R R
SIS R EPS
2.2 BAEREARE BT DAVID J2TEL T RETE
BER G, HET WEB IR 55 4% (Web Server) i3 X T fig
AT . 3 AL A A A TR A AR A R
PEo bR EEEME A AEYE S, TR T
PRYIGE GE B o AT S . BE T DAVID b 5UER
BN KA AR 4B 2 (Kyoto

[&] i) Tanimoto (f(A ,B) =

)5&

Encyclopedia of Genes and Genomes pathway, KEGG)
A LW AG I FE BR 2 5 00 i £ BT ge it o O
R HEAR AT W . T LUARYE P <0.05 5 P <
0.01 il #%rh A8 4R 8 B 80 10 A & 10 AL E
Shy EE S R g, D0 S R R AT R A, BT AR
WFFE e kP #8458 > 10 S H P <0.01 28 B 3%
i
2.3 RABTEHIRAMEAER S STRING 7] L@
i 75 1 44 FK (protein by name) , & [ JF 51| ( protein by
sequence ) , 24~ 4 44 H% ( multiple proteins) , £ 4525
F ¥ 41 ( multiple sequences ) #E 17 A H.AE JH 70 #r .
STRING J2 ] T 45 ef AH G #8410 X8 & J AR 0
I Z )R OC H E EAT T, R TS G B,
PubMed SCAS 4 47 41 19 45 28, HoAb B 7 £l , ok
A Rl G R G g A T A5 AR ) 15 B
AT L AT IO . B e DA SR B 3T o0 Al B 25 2R
X114 RA $B 4R 28 A U847 8 3 B AF W 2% (protein
protein interaction network , PPT network ) 43 #T , ¥ RA
B 1T AR RS AR i A B STRING H, X 35 i
&)\ A RE-1 (MMP-1), MMP-3, 5 40 il 5 %-6
(IL-6) , %% 5 N ¥ AP-1 (JUN), i J& 3K 4E [N ¥
(TNF) , Ifi. & N B A K 7 A (VEGFA) |, 4R 7 3 38
{72 CSF2) L1, 5 f f K 15 F-B, (TGF-B, ) .
A0 BT 2 -1 (ICAM-1) |, J5U S N HE H c-Fos 2
[E) EATAH G AR 0BT o g A VB AE S 24 PR, B R TR
B EAR-AER, A BTN EER AR,
T — ZR A AR RV AE I A 22 () Y ) RE P DGR
2.4 ST
2.4.1 iGEMDOCK 7; ¥ *}{%& iGEMDOCK J&JT I
B 53 5 X S A, AR AR T B0, T DL e AR ) T
HEAT X2, AT DL 2 A BOAK [A) i R A7 %0 2, — MM 796
PETH P AR R . EIEAT I RAE R R b, %
B £ 2R 560 4T 2 eR Bl 2R LARE B 19 & I
RHW S EWEERE, - RIEEGYH T 52K
454 B H R A8 E N RE i LU AR, AR Y 1 JH T BB
Ko WA SCHEE F BT B & (protein data bank,
PDB) ,MOL #1 MOL2 3 F#% =, iz 17 iGEMDOCK 3
LU O T R A R R R SR AR 2 S R P
XFHE, PR ER R A 3 B S L T AR (
Generation ) 70 , f# 191> 4% ( number of solution )2, B {&
K /N (generic evolutionary method ) 200, iGEMDOCK
25 RARAFAE output STAERT , e 4 9 M 5 pdb 1E
output/best_pose |, iz 47 iGEMDOCK #X 1, ¥
A e UA g5 A HER L&Y — 2 % RA
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W 10 S Y AE B S ( MMP-1, MMP-3, 1L-6 ,
JUN, TNF, VEGFA, CSF-2, IL-18, TGF-B, , ICAM-1)
) = 4L 2544 53 5w A B HEXT B — 2

2.4.2 FRGRXHEIIHT (SystemsDock )  F 48 %t 4 M)
¥ ( Systems Dock Web Site) 7] LA Xt /N3 T80 5 B AA
52 RS G EL RIS %% , 5 F DocK-IN 3¥ 43
5/ T % NI a7 N R < A N < DG M 3 VA B
AutoDock Vina X HEZHE4LL, T 2 (1 50 FlAC AR 25 & 19
PERE , 3% X-Y-Z A6 bR A1 A& /N DL A A6 55 2 19 67
o X g R 0y g B S0 R/ R ROE
(PKD/PKI) fy 7 X5 %5, 38 % R 0 %2 10, 3845 2 7]
LA A PDB ID, 48 6 PR, 71 5A% 1, W] LR B X-
Y-Z bR A A AL B, Do R S A HE 2D,
3D,SDF, MOL2 1 SMILES'"”' | % A ¥E 45 & 11 1)
PDBID, ¥E £ & 11 1 /% J5 AL 4K, BRA 4k 45 = 485
MMP-1 . it & ( Ligand ) %7 RS2, & 4% % (X K 10,V
S —=10.3,Z H37.7) ; MMP-3 ; Ligand 3 MBS, 4 47
K(X K 1.3,Y K 49,7 F 54.6) ;1L-6 K Ligand Ny
TLA, R F5 R (X H-7.5,Y R -12.8,Z K 0. 1) ;555
7 AP-1 3 Ligand % QUP, A At45 R (X 2 32.5,
YW 13.3,Z % —3.9); TNF: Ligand 2y 307 (C), 4
bRk (X H —19.4,Y 3 74.7,7Z F 33.8) ; VEGFA ;
Ligand 2 GOL, 45K (X -49.8,Y Ky -55.4,7
4 -0.8) ;CSF-2: Ligand 2 SO, , At b5 K (X Hy 44. 6,
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Fig.1 Potential target pathway analysis

3.3 RAGHERIFAAHEBAERSTT X 11 ARG
KT R PR EREERN (F ) #A7 T AEH 3, 78
STRING ##s & v % 21 K 87 #9211 5 2 6 1, 4%

SR AW % 11 A E 13 ( MMP-1, MMP-3, IL-6,
JUN, TNF, VEGFA, CSF-2, IL-18, TGF-3,, ICAM-1,
FOS) XHR &%, IARBaREAFRIER R,
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YN -56.6,Z K -37.9);IL-18: Ligand &y 4QB, A&
PrA (X Ky 34.3,Y 166.5,Z K 7.7); TGF-B, :
Ligand 5y NAG(D) ,AB#¥5N (X 2 -85.6,Y K 17.6,
Z S} 45.4) ;ICAM-1 : Ligand S5y NAG(C) , B4R M (X
N 3.7,Y K 259, 7Z N - 17), TF £k T HF
SystemsDock Web Site, 7F Proteins and binding sites
i@ A PDB 1D, TEHE& /NGy 7 — b B AR /NG T
mol2 5Ky (5 A~/ ) o — K% 5 N/ 1, KRG
HEAT X3

3 ZH/HER

3.1 WEWREA MM T CTD, DrugBank,
TCMSP , STk 55 A5 $8 A8 2R 1R 1 75 #E br 25 11 66 14>, 2k
T Uniprot %5 4 J& %) $8 b5 25 11 /9 4 H 44 F%, Uniport
ID 5 R iEAr5e% . Wk 1,

3.2 R ERCARE BT SR DAVID 6.8 7R EL
o X RE bR A R AT R S B AR EE R T S
SWA R, M ERrEARES SNER
(P<0.01), Hil % A9 8 F &R > 10,66 ST 7E#E
PRtk 1 27 A% AR R AR . Hoh 11 AN AR
(MMP-1, MMP-3, IL-6, JUN, TNF, VEGFA, CSF-2,
IL-18,TGF-B, ,ICAM-1,F0OS) 7E RA il J§ o &k 1% i &
ER . 22 AR E (RN TR e &2 #1244
FI R 78 & BUIT R Hh & 3546 1 5 PI3K/ Akt {5 558
PRV TEREAR 21 A, i AP <0. 01, WLIE 1

& & & ¢ c P & oS
LSS CE LIS
T LT TS &
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LI AR Rl G W TE 3 s S 2 AU R AT L [A) AH
BB 5 W AR PR B A IR A7 7 s S At
P I A M SR 5 B A AR SCHR A R A9 IE 48 UE
SRIAE 5 TR WK 5 1) 2 3R 7R AN [ B8 28w A AR L B9 A
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Table 1 Potential target protein of UA
EH S L= Uniport ID HEH L B 5 44 FR Uniport ID
Caspase-3 CASP3 P42574 tumor necrosis factor TNF P0O1375
DNA topoisomerase 2-alpha TOP2a P11388 transcription factor AP-1 JUN P0O5412
Caspase-8 CASP8 Q14790 interleukin-6 1L-6 P05231
serine/threonine-protein kinase/ ERNI1 075460 cellular tumor antigen p53 TP53 P04637
endoribonuclease IRE1 . . Lo
mitogen-activated protein kinase 8 MAPKS8 P45983
DNA topoisomerase 1 TOP1 P11387 prostaglandin G/H synthase 2 PTGS2 P35354
Bel-2 homologous antagonist/killer BAK1 AOAOA-OMRGS NF-kappa-B inhibitor alpha NFKBIA P25963
cytochrome P450 2C19 CYP2C19  P33261 fatty acid synthase FASN P49327
nuclear receptor ROR-gamma RORC P51449 matrix metallopeptidase 1 MMP-1 P03956
tyrosine-protein phosphatase PTPN2 P17706 matrix metallopeptidase 3 MMP-3 P08254
non-receptor type 2
stromelysin-2 MMP-10 P09238
G-protein coupled bile acid receptor 1 GPBAR1 Q8TDU6
intercellular adhesion molecule 1 ICAM-1 P05362
aldo-keto reductase family 1member B10 AKRIBIO 060218
interleukin-1 beta IL-18 P01584
corticosteroid 11-beta-dehydrogenase )
isozyme 1 HSD11B, AOAOAOMQVI cyclic AMP-responsive element-binding CREBI1 P16220
’ protein 1
ribosomal protein S6 kinase beta-1 RPS6KB, P23443
E-selectin SELE P16581
DNA damage-inducible transcript 3 protein DDIT3 P35638
prostaglandin E2 receptor EP3 subtype PTGER3 P43115
transforming growth factor beta-1 TGF-B, PO1137
prostaglandin G/H synthase 1 PTGS1 P23219
eukaryotic translation initiation factor EIF4EBP1 Q13541
4F-binding protein 1 induced  myeloid  leukemia  cell MCL-1 Q07820
differentiation protein Mcl-1
cyclin-dependent kinase inhibitor 1 CDKNIA  P38936
cyclic AMP-dependent transcription factor ATF-2 P15336
cyclin-dependent kinase 4 CDK4 P11802 ATF-=2
endoplasmic reticulum chaperone BiP HSPAS P11021 eranulocyte-macrophage colony- CSF-2 PO4141
G, /S-specific cyclin-D3 CCND3 P30281 stimulating factor
cyclin-dependent kinase inhibitor 1B CDKNIB P46527 platelet endothelial cell adhesion molecule ~PECAM1  P16284
G, /S-specific cyclin-E, CCNE1 P24864 C-Jun-amino-terminal ~ kinase-interacting MAPK8IP2 Q13387
. . . protein 2
urokinase-type plasminogen activator PLAU P00749
cathepsin B CTSB PO7858 tyrosine-protein phosphatase non-receptor PTPN6 P29350
type 6
transcription factor p65 RELA Q04206
neuromodulin GAP43 P17677
signal transducer and activator of STAT3 P40763
transcription 3 nitric oxide synthase, endothelial NOS3 P29474
vascular endothelial growth factor A VEGFA P15692 . ly;osme—prolem phosphatase non-receptor PTPN1 P18031
ype
G, /S-specific cyclin-D, CCND1 P24385
phosphatidylinositol-3 ,4 ,5-trisphosphate 5-
apoptosis regulator Bel-2 BCL2 P10415 phosphatase 2 INPPLI 015357
Bel-2-like protein 1 BCIL2L1 Q07817 G, /S-specific cyclin-D, CCND2 P30279
proto-oncogene c-Fos FOS PO1100 tumor necrosis factor ligand superfamily FASLG P48023
apoptosis regulator BAX BAX Q07812 member 6
Caspase-9 CASP9 P55211 Caspase-1 CASP1 P29466
72 kDa type IV collagenase MMP-2 P08253 ectonucleotide pyrophosphatase/ ENPP7 Q6UWV6
matrix metalloproteinase-9 MMP-9 P14780 phosphodiesterase family member 7
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MMB3= T AN
FOS — MMP1

B2 RABELRBEEERST

Fig.2 analysis of interaction of RA potential targets

3.4 Xtk

3.4.1 iGEMDOCK 4rFXf 455 ¥ RA f9 11 4~
WRTERAR S UA gE47 50 F x4, Hop iU R N & A
c-Fos 5 119 PDB S5 49 % A R ECAR B A TEA 4T
DA B e 245 RS 25 TR M 1) 4T 43 R 8301 Sk A
FTHER A BT o 455 Lh/N oy 7 FUR 43 7 DE B BE 2 19 K
ANDESEZE A R R B o 0 SR DG C BB EL AR, BB /N
S F MK FEEEMMETE . RA K10 MG
¢, Hof MMP-1,MMP-3 ,JUN,IL-18 5 UA 454 L I
PEZG Y . Hoh AR SRR A MMP-3, L3 2,

*2 UASBHREESTFIE
Table 2 Docking of UA with target protein molecules kcal-mol ~'

L=y i PDB %i 5 fiE SRR A SR
MMP-1 966C -93.61 -105.88
MMP-3 1HY7 -111.43 -88.72
1L-6 1ALU -75.90 -74.17
JUN SAEP -66.75 -65.61
TNF 2AZ5 -85.20 -88.49
VEGFA 3BDY -72.58 -72.38
CSkF2 5D28 -85.89 -82.57
IL-18 IRWN -93.00 -92.61
TGF-B, 3RJR -64.37 -58.12
ICAM-1 1MQ8 -63.02 -68.25

3.4.2  RGXHE(SystemsDock) AT &R R T R

GEXT AR LR AE XE UA 15 10 A1 7E B9 B8 AR 2E 47 23
TR 30 G LA B D H R L A 5 32 AR 4
FRIRRE o 0 SO — BN 0 B 10 (B 55 2] 58 F
i) HR R > 425 NN — R A AT
KT S ABAFMLE G, >7 HA BRI 4551
#E., UA 55 MMP-1,MMP-3, JUN, TNF A3 5 %1 ) 4%
B 5 VEGFA, CSF-2, IL-18, 1L-6 4 % i i 45
G 5 TCF-B,, ICAM-1 A — & 19 45 & 1 1.
Or XA R R, UA 5 R A 2 I
3§ S
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®3 UA SBHREBSFIXE
Table 3 Docking of UA with target protein molecules 3

pKd-pKi !
AR PDB %i5 REIR R AR
MMP-1 966C 7.58 2.09
MMP-3 1HY7 7.57 2.04
1L-6 1ALU 5.29 1. 66
JUN SAEP 8. 15 2.78
TNF 2A75 7.12 2.83
VEGFA 3BDY 6.84 1. 66
CSF2 5D28 5.30 1.51
IL-18 IRWN 6.55 1. 60
TGF-B, 3RJR 4.88 1.41
ICAM-1 1MQ8 4.92 1.45

3.5 UA FIERAREE OB R BRI 0T ET
Ligplot #2 /37 70 #7453 2] 1) UA 56 & A A B A1EH .
SR T Ao T ) ) M 2 Sk A T 6 A 42 fk 0 T 16
KRR . 456 H i 6E a2 B HE B A B AE FH a9 s
M, UA A] 5 8845 2 111 45 & 8 R £ 19 B 7K A8 B AR
. i@t Ligpiot 3K F48 11 UA Fi1 10 /> & I AH BAE
FIRIE K B MR . M Hral 18 UA 55 10 A E A
254 W T BRI A 5 . AN UA 5 iR SR 38 1
(2AZ5) 45 4 109 ¢ 4w /K & Bk iR 5% 5. TRDS9,
TRC119,GLYCI121, LEUD57, LEUC57, TYRC59, i
Kl 3.
4 itig

IAER  RA YR YT 2 38 o Z A il 550 30 461
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Fig.3 Intermolecular interaction analysis between UA and target protein

DU R A 40 0, f2 1 9% i A I 09 Bl 41
IL-6 (1K B &R IAIT RA B 7 k'™ . IL-18
J& RA Bt B e & N 72—, 8l i (2
BRI R 3 B A B4 A, A A i i MMPs |, 5 i
o0 B A KL B OR O A B RO L B R T AP-L
(transcription factor AP-1) J& 48 14 41 Jitd IR -7 1) % By 1%
TRty o — BRI S T, 78 RA R AL b & 3%
FEAE . TGF-B, g XU #1540 g PR -, 8 4 4 fg
A A3l TGF-B, REAR HE RA I A 2T 4 40 e 14 1
B, HAE RAHMRAEILEZBNEMR, UAATLL
¥ g MMP-1, MMP-3, IL-6, JUN, TNF, VEGFA,

CSF-2,1L-18, TGF-, , ICAM-1 , J§LJi 5 [H 2 11 c-fos
FEHRFEIE, T iGEMDOCK Fi SystemsDock X} 42
2 A% 45 4 1 MMP-1, MMP-3 , TNF , % 5% [l F- AP-1
IL-185 UA 84 &5 &0 UA 78 RAIGYT B9t
{EL 5 ik — 20 SEER I 5T

[5% k)

[1] CHENG B F, HOU Y Y, JIANG M, et al. Anti-
inflammatory mechanism of Qingfei Xiaoyan Wan studied
with network pharmacology [ J]. Acta Pharm Sin,

2013, 48:686-693.
- 213 -



5 24 %55 18 1] FEXEFFFRE Vol. 24, No. 18

2018 49 H Chinese Journal of Experimental Traditional Medical Formulae Sep. ,2018

[ 2] Hopkins A L. Network pharmacology [ J]. Nature herbalmedicines [ J ]. J Cheminform, 2014, 13 (8):
Biotechnology, 2007, 25(10) :1110-1111. 1498-1504.

[3] Z=M, 257,00, % 227 E 5N [14] Wishart D S, Knox C, GUO A C, et al. DrugBank: a
Mg 2o 2o [J]. hE 245 ,2011,36(210) : knowledgebasefor drugs, drug actions and drug targets
2911-2914. [J]. Nucleic Acids Res, 2008,36:901-906.

[ 4] k. B ZEYRITSE[(M]. bt fb2 [15] Hsin K'Y, Matsuoka Y, Asai Y, et al. SystemsDock: A
Tl H A, 2004 :52-56. web server for network pharmacology-based prediction

[5] ®EN. PHRBIGITERB M LI 4 100 @[ ]]. and analysis [ J]. Nucleic Acids Res, 2016, 44.
o o R 24 B AR ,2012,10(5) (21 W507-W513.

[ 6] Aletaha D, Ward M M, Machold K P, et al. Remission [16] REE,EX, RREH, % MEHH LR T TR
and active disease in rheumatoid arthritis[ J]. Arthritis BRNA R IR )], AR 28 R—r E 25 BiAR
Rheum,2005,52(9) :2625-2636. 1k ,2014,16(1) .27-31.

[ 7] BOLE. BB LY G IR IRIT 28 KGR G & [17] o6, BRI5, BB 5%, 46, BEARMRXT CIA KRG RAE
SOOI ] vy B2 ,2010,26(3) :22. Ffr B e ma [T]. Wmg th BB 2 K% 41,2013,

[ 87 4#ka%,WRyiE, BN, 55 2005 75 A4 T B G 369 RRIR T 33(7):3-7.

KR DG S R [T ], op [ 5 3 7 ) 4 e [18] R, BEWEE, DR, 5 WM BIERB LT REH
#,2016,22(7) :173-176. 37 25 J5T 4 Je R 1 -3 R L 20 LA o R -1 K F B R

(9] wUIHE, B, WA, B i3 RUR M £ AN EE SCLT]. o A XU % 44 3K, 2005,9 (5) :
YER R Har 7ML [T ] o [ 5256 07 57 242 2 535, 2011, 291-293.

17(12) ;175-177. [19] Tanaka Y,Martin M E. IL-6 targeting compared to TNF

[10] HEVLAE, 2. v 2542 J7 XF 2 KR 1 5 5 48 + T AL il targeting in rheumatoid arthritis; studies of olokizumab,
IR gE ot R[], ES2 5 5 #2242 i ,2017,23(9) . sarilumab and sirukumab[ J]. Ann Rheum Dis,2014,73
230-234. (9) :1595-1597.

[11]  Ele, RWH. ERRAMIERAMRSRLII]. PR [20]  AelB], X)E48, M A%, 55 BB 80RO X B =
FWFIER A, 2005, 9(5) :1-8. PEIRTT R B IL-18,1L-8, VEGF 33k By 52 Wi ik

[12] &Rk, PR, £, SRR Or R e [T ]. h F 8 Bz mg [J]. B b P BE A5 G 42 7, 2013,33 (1)
22 2007 ,16(1) :25-27. 105-109.

[13] RUJ, PENG L, WANG J, et al. TCMSP: a database of [BERE RBEikik]

systems  pharmacology for drug discovery from

. 214 -



