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A bioinformatics-based study on the mechanism of action of Xitongsan in the treatment of

gouty arthritis

NAN Xiaoqgiang, LEI Peng, LI Juan'e
Department of TCM, Shaanxi Provincial People's Hospital, Xi'an 710068, China

Abstract: Objective To explore the active ingredients and predict the potential functional targets of the traditional Chinese medicine
Xitongsan, and to explore the mechanism of action of Xitongsan in the treatment of gouty arthritis through network pharmacology
and experimental validation. Methods TCMSP and TCMID databases were used for screening the active ingredients and targets
of Xitongsan, while NCBI and GeneCards databases for screening the disease targets of gouty arthritis. Cytoscape software was
utilized to construct protein interaction network maps and perform topological analysis on both targets for screening core targets
out; and then KEGG and GO enrichment analyses were performed by R software. Finally, the results of the network pharmacology
enrichment analysis were validated by molecular docking and Western Blot assay. Results A total of 146 active ingredients and
158 key targets were screened out, involving PI3K-Akt signaling pathway, TNF signaling pathway and MAPK signaling pathway,
etc. The experimental validation showed that the key node proteins of the pathway were differentially expressed. Conclusion This
study systematically reveals the material basis and mechanism of action of Xitongsan in regulating gouty arthritis through
multicomponent-multitarget-multipathway, which provides a theoretical basis and scientific basis for the clinical application of
the traditional Chinese medicine compound Xitongsan.
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DRHH BT AR B (EULAR) HEFE 6 7R KUPE SCT5 2 1Y
AR 250Kk A 5 AABT 2 25 (NSAIDs ) Ml B2 5t
PR VAL-1D) BRI o SR, X I 2 1)
215790 19 JEL R [R) A A 7 2L 12~24 h, 17 HL AT RS 48 0d
JLR N1 B ) 4 e 58 4n ik BNAY 7RO . A
R 90 AU ST R IR 7 bk = BAR I 25 . (6
FHRET AL, IARA , A BRIAR XU ST 98 1 A B Fr)
NSRRI RS PRI S e NP
SR S D A S
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PRI R 73T HLA , O i Sk L A S0 0 (1R G, LA
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1.1 BREEHiEMER S e A K TFiE

DL AT AR R O R A
24 22 50 24 PR 508 5 FN 43 BT F- £ (Traditional Chinese
Medicine Systems Pharmacology Database and Analysis
Platform, TCMSP, http://Isp.nwu. edu.cn/tcmsp.php ) 6 2%
XoF L PR A, AR AR Wi o3 A1 AR HRE (Absorption,
Distribution, Metabolism, Excretion, ADME ) [\ 24 3) 75
PESHEOHETE o o Herp LA IRAE YA I EE (Oral
Bioavailability, OB)>30% . 25 ) # {e{ ¥4 ( Drug Likeness,
DL)>0.18 M 55, LA atly” “ZAHE" “AE”
R O EER] 38 1 7E TCMID s 2 A8 AR oy
A5 (4 433 2o TCMSP A PE A THE R L
1.2 BRBRiE s B E R s E E &
TR

FE T TCMSP EH0 e, 5 20 180 16 PR 14k
BE X ¥ A R A5, R UniProt 244 % 7 UniProtK B
182 15 (http://www.uniprot.org/ ) i 15§ A 25 1144 7k
JEBRAE YRR A “human” , KK R A5 B 1Y BT A 8 H bR 1
AT FLAS I R B 7 A B, B R B IO PR A
PO PR A
1.3 @ RUME S 5 K 3B R UL &R

fifi F§ GeneCards (https://www. genecards. org/) %%

P, LA Gouty arthritis” > JCEH RIS 20 KU G5 &
AH I F K . 7 NCBI (https://www.ncbi.nlm. nih. gov)
gene BUHE I , L “Gouty arthritis” JCHETR , Yo B Fh Ky
“Homo sapiens” , ZR A5/ KUE T R LA . 4504
I 25 3 5 U A i AU G RAH DG LA
1.4 ER-EEHEE1ERA (PPI) MR E

i H Cytoscape 3.7.2 % 4 A9 ¥ 1 Bisogenet
(Martin %, 2010) , M A EAE FHEE B £k % (DIPT™) |
FHEAE PR 82 £ 1) %R (BioGRID) AR T S
% #4042 (HPRD) | 58 % 47 + A0 B /E F 44 P2
(IntAct) \ 73§ AH ELAE FIECHE 28 (MINT) A A= 9 735
AHHAE F P 4% B0 122 (BIND ) 345 PPT&CE ', B4R
A5 IR HOG YT R KU DG S AR DGR AT . ¥ B R
DA S5 R 9 XU DG A8 AH S B 257 PPT I 45 W] AL,
I FH CytoHubba #7fi {4:fi 1% HH A% 0o F IR 2817
1.5 GOFAKEGG E&EE R

RAF A% 0B A JE ] R402 B 1Y
ClusterProfiler £ XJ 4% .00 $ £ #E 47 FE PRI A £ (Gene
Ontology, GO) Fll 3 [ 4 & Bl 4 45 B 4 )& (Kyoto
Encyclopedia of Genes and Genomes, KEGG) & % 43
Bt Horh GO A AT BB D e A AS ], W] X 43k A 9
i # (Biological Process, BP) . 4 ifd i% 43 (Cellular
Component, CC) . 43 T I it (Molecular Function,
MEF) 2
1.6 43 FXf4&

1.4 75 A% O I 25 v ok 456 i o 2 11 B A
HEAT JG B 4y 1 %P4 53 B o {8 FH AutoDockTools-
1.5.6 JRAF ) 2 DG HHEHE 500 20 - X B R | 2 i
5 RIRHOR TR WP G 28 19 = 2o i AT 40 1%
F2 SR 5 43 AT R 12 45 R DL 56 TE I 28 43 A 235 2R 1 ml &g
P B S AR B E (https://www.resb.org/)
T ARSI AT R AU DG AR OGS Y AR B
REEH IR R BN T 3A AR A I E & Y FEC
PR DLARIE X B2 (4 WE A M . AN Pubchem %5 45
(https://www.pubchem.ncbi.nlm.nih.gov//) T %% & I il
TGS VIR 45HE , SR 5 H AutoDock Tools-1.5.6 4K
PR TN A B A A BE S WM R o)

T et T FXHEZ .
1.7 SCIGTEIE
1.7.1 RS E T RER R ST S 08 Coderre 22V

T % il 4 R U XU S R AR . fff 32 Lt SD K
SRBEAL 53 A X B2 AR | B 2 SRR Al 2
R 8 L BN IR, HAY 3 /N 2.5% S e R I
J&i , AP | B Jmy BT BEARFE , FH 1 mL K B TSR
INERATIMBRSCTT TR0, DA 45905 T3¢ A Z= B2 LA A,
W57 0.5 mg FRIREMIAWL 20 pL 13 A B 615 15, iR 5 4%
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2 /)N FRUBRSG 7 1 0 B0 B b b i, B s AR R ) o %o TR
G A K. SIS /N RIRR IR,
FHT AR SRR Fe N B B AR B B ok
Fr, /N H OB A 25770 8 15.3 mL/kg , BOKAl
BlEE HIRYT 2550 0.6 mg/kg, 1FH 2H AIAR AU 21 24 1 45
e AEPEKEE 2/, E S 4 d,
1.7.2 WME23ERR 2RO A5 A B BT 4T, Western
Blot 756 1 555G 15 1 BE 2 2 PI3K . p-Akt 25 1 35 .
1.8 ZitEFH*E

K HISPSS 26.0 B AF AT ST AL B . T A Rz
iR R GORL, DI AR E 22 3R Z AN I
e R FH B IR 2R Ty 2203 B, 2L 18] 6 7 LG 48R JH LSD 46
. P<0.05 NESAESIFENL.

2.1 BREHUERSEELER

TE TCMSP . TCMID {48 & ki 2% 21 8 9/ #0r A
b2 B 43 2 11 936 A4~ (LI B 8] 2k 2021 4 5 7 28
H),LLOB=30% .DL>0.18 WnifE, K2 1464 £ %
TP s Wit R B-7 (S I 5 H L 1L A AT
il 11, S BR 2= 2 55 o B A A E B sy .
AR 26 Fh, AN STl , AR O T, 4B 41 B, ZLACTHE 15
P A 28 F BK 1980, B 32 Rk, JLHUNAAR2 129
A5 7 H A 2R P 10 A F RO AR AR L 1

x1 BEREMUEY-BRRS- R ERER
Tab.1 Basic information on '"compound-active ingredient—

target" for Xitongsan

244k TEPERM B FERIECR T AR
BAR 149 26 319
B 143 8 432
A4 116 9 158
L] 65 41 70
A 33 15 401
Far=3 134 28 226
BEf 280 19 523

2.2 FERMEX TR B ST

i 17 NCBI ., GeneCards %5 5 5 1 43 ) Wi £E 21 9
P T 9 W e H0 0 48 346 4>, BIBR & 46 4, 3L
WA 3] 348 /N AU G 1 9 AH DG HE A5
2.3 BEEUET R XTI KB R R PPN E

Shy 7 5L R ORI KU ST 5 1 VE AL, 8
I B9 29 A A5 Y PP R0 £ R XU 56 6 M o6
FOAS W PP 45 A 00 . A&l 1a T, 2% W 45 i
4 5455 AN 112 787 AN AL . RS LAFE AIBESE
DL A 5 25009 2 4% o A B2 R #% B7 (George 45,
2019) , Fa A 1B X8 B HIOA 7 IR RUPE S& 35 22 1+
P28, AL 115 44 715 JUFT 50 808 4534 (T 1b) 6
FEARE BC.CCEC .LAC FIINC Ay H 57 B H o7 A (L
E— 25 5 158 A0 B (18] 1e) | BB BURYT IR
JRUPE D15 R I A O B LA

T 28 PPI W 4% 5 A Cytoscape #t 17 i — 2 4
Mro i fd ] CytoHubba 15 2] 14~ H 10 4™ 3L K 41
B ST W 2% (1 2) , AU F IR 8200 T X 4
24 BB THAEREX TR GO E &5 HH
KEGG 8 B R

F I R4.0.2 A4 19 ClusterProfiler £ X} 158 4~ B,
o T TR AU ST R I T AR S S T GO T RE
L0 75 GO UihE & f i # vh 345 51 440 Z5 45,
A 45 BP(1813) ,CC(403) FIMF (56 1) . LA P<0.01
R SR, HR A 56 2% H o K HiE count {H /N it
% Je BP . CC Fil MF [T 10 55 5 4245 4L, 4 &l 3 e
JRo FEBP T, 4G RNA B4 8 1S 8h 1% 550 1E
PR A RN RN R T R R R IR 2 b
() 4B 2 R B 107 25 DN B 28 S 1E R 42 L 40 it
BT E AR AE A CC b AL FE ISR A0 AR 20 B I
HLARE B B AN /N S 2ok A AN A, iR
MF i, W R S8 ARG R YRG5
G MR UG PE R P R RIE M R 2
PR /A3 R R AR M L 2R I R

X 158 MY AEIR YT 0 s 21T KEGG 3 #5347 , 45
R 118 25 (P<0.01) & £ M4 B 5 B HUR )T

DC> 196
BC>428.79
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LAC>16.90
NC>18.63
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Fig.1 PPI network for the intersection targets of Xitongsan and gouty arthritis
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ANG T HE AT 32 B R SR AR PISK/AK [ 538 I I A0
B TNF {5 53R 12 55 R ] 90 BN I8 15 S e 1y
EHS
2.5 HFXTHE
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Fig.3 GO enrichment analysis of Xitongsan in the treatment of gouty arthritis
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Fig.4 KEGG enrichment bubble diagram of Xitongsan in the treatment of gouty arthritis

T2 DT AELERAG(keal-mol ™)
Tab.2 Molecular docking results AG(kcal - mol™')

LEA X —
Hipe = B i it ]
NTRK1 -7.19 -7.13 -7.61
APP -8.87 -5.96 -6.13
TP53 -6.95 -7.50 -9.94

@ ®

AW BRI B I 5 R RS R R e
PRI R VE R . Ferh i B R (E RO,
PR 22, W 3R — Bl AT AE TR (SR
HP) B BB SE AL SH, B R AP R A e i
AR B T Sl R TE A 2R A5 LA B ] g
I EF 175 10 I A BKE A RINA & 1 i X6F 1 3 40 A ) 40
EEEPEAE AT Z s AN T2 o SRR A S K

©
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iy
Lot S PmET152
" 1

?a,_ALA—lBQ

L TRP32
o
&F

&5 #EZEMNTRK1(a) APP(b)  TP53(c) 895 F3F1%
Fig.5 Molecular docking of quercetin with NTRK1(a), APP(b) and TP53(c)
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0958 28 26 A ARS8 1o 10 2 R0 7, DA T 400 o 5 1f s 1
WD AE N A R — L RARAEW)
TR S IRE &Y, G E R S 5 4 i

WA R A A3, Hh SRR w0 - H R
HImEaE . Z TR B-4r B BA e iy Pk
RVE ™", Paniaguaperez 55 il 1 Al 5% B-4 £5 I X
/0N BN B A8 | JEE ik e K ek | 2 AR A 4 T M Y
YER, 2 30 B-45 55 BEAE FH S /0N B I 57K e g 411
il 70% LA b, M 5 98 2 /0 46% | R PR 20 it A
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Fig.6 Effects of Xitongsan on PI3K, p—Akt and mTOR proteins in synovial tissue of ankle joint in rats with gouty arthritis
FFIR G5 IR IR HEE, P<0.05 5 #3781 SRR IR 2 L, P<0.05

P-4 55 P52 T 3 Ao 400 1) W 240 e P 8 E /AR NLRP3 (1)
YOI T A ) MAPK A 538 i 1995 1k, S5 30 i b iy
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FIBLRIEA . EAMFEEIE & -4 S B0y P gt 2
LIRS N 700 AT R A ] I A% A A S 3, AR 2R
R 20 RELVECTE | S T R0 BRE R A S
iy R AR R R BR U A U4y, vl
I AR N ARMA R G B0 T R L RAER . B
AT, 2R HECHR O A I PR A S R g
W BLRAEAER, B e o] BEX IR KU ST RIm RS &
(1 ST S AT — 7 T AR

i it Cytoscape3.7.2 #RAAE £ U P07 9 AU
TR PPTI 4%, A B H OCHEHE £ NTRK 1 APP
TP53. CUL3, CDK2, MCM2., XPOI1, ESR1., UBC,
EGFR.TNF.IL6 .TP53 ALB .MAPK3., K& n]43H
32, BIARAE N | 22 245035 Ak 2 F B0 (MAPK) M
Hifl . & 45E N T 3 %A TNF . IL-6.IL-10, CXCLS,
IL1B . #a L [H 7 2(CCL2) % . AF 7% 32 Wi XU 57y
RSB TE) I v 22 B 5 20 i R e AR
IL-1.1L-7 .IL-8 . IL-9 .IL-10 } TNF-a 2524 b 4h, #H
LB AE AR, B AE RO I K b IL-2 L IL-7 . IL-10,
GCSF.IP10 . MCP1,MIP1A I TNF-a % AH 5% 21 jg [5]
FIHE L 2 A B R T R BRI
IR T IL-6 .\ TNF-o, TNF-y 25 40 g A 7 58 35 T+ 5
IL-6 .\ TNF-o 21 i I FH500 0 S A 1R s

BUAR 24 B 57 3R WS B P A A RS B
AT B R DG AR 27 143 1Tl 3 9 TNF-o0 F11
A Z Y77 AR R, T 8 TNF-o/IL S AL (19 48 9 J2
N, RIEXT ALY YEH o caspase-3 7E 41 il 5 1=
W AN AT B B VE F , — G A caspase-3 JE 41 Y
Pt AR T i B AR BT R . AR R
] REAR RAE /) AR T caspase-3 7K -, G% fift 98 9 FIT 3L
i PR 22 IAE . MAPK1 ., MAPKS 1 MAPK 14 J& T

MAPK ZJi% , ¥ e MAPK {55 38 2 45k 42, Yl
I 3 R AL G650, 7 400 i R 7 L 2 o 45 T
Je A R T 20 9 S e e A4 3 5 A Y
TER™,

GO WIRE & 452 GO 45 H 4401~ (P<0.01),
KEGG i % & 4 43 Hr i e 15 21 118 4% (P<0.01) 5 5
W GO & EW R RAE N PN E 2
FR S AR T AR A 2l B . KEGG 3 I & 557
BT 38 7 7 8 0 A P 20 B S R AR G, L dE 2
R A B RS0 R R AR, Bs & B
FBCE VR A GBS BT R, AT IR B3R YT R KU
KRR . GO M KEGG & /0 Hr iy 45 1 3%
b TR I P5 I TNF {5538 % PI3K-Akt {5 il
#% HIF-1 15510 % DL K T 40 i 32 [ 52 i 45 il
Je8 R U R 1~ (TNF ) G765 1) 32 1A R C A4 7 B 928 1o 285 2ok
T e AR B A0 R TS A A PR AR . R
TNF 3Z /& (TNFR) G % B 03 7E Bt 4 F 8 v i 4 B
PR B33 B g 1 B B, I L T RE B 8 i 2 AU T AR A .
SRAE TP FE CD8(+) T 4l fifd - 58 1 38 1 TNFR K
%Y 4 A4S g 51, Bl 4-1BB (CD137) . CD27, 0X40
(CD134) .GITR, 7£ & 4E #) 014 {2 i CD8 (+) T 4 il
BRI AR, BRI P AR R A R BT, AT R B0
PESI 22, Toll BEAZ M T NF-xB 3 i L if , A 5T
F:W] TLR1.TLR2 . TLR4 F1 TLR7 5 48 4 A9 & S WL
AR

PI3K/Akt i [ & 5 5 0 47 LK 95 YR A8 S
ToAF TG 5B . AP S R R B
K BUBR G T H BE 2 21 PI3K  p-Akt .mTOR %% [ 7K F-
b ZE AN, SE AR PR R M AR A, R A
RIEHIR N . 45T BIREORIT G, 7T o 3 PR AR
PI3K .p-Akt . mTOR & [ iy ik , B BJR L a] T
PI3K/AKt {5 538 [ , S 1] T i 4808 R - 1y 2Rk o

oA AU ST R A R AE AR B AF T, (HIR YT Gk
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