ETMEGEFMTREIERR AR R RAT

BB ERNENE RS FER LS
MR 200, WA, A B

F 12, SH012, x B, L B

DR R 2R — IR R RE, KYD 410007; 2 IR R 2GR, KD 410208; 3 FE AR H R 2 B bt

JREE—BERE R, AR I B e B MR SR — B R RSB E AL, AR 421001
WO ORI 0 % 24 3 R S 0 4 kB BRI BRI T B A e IR PR AR AL . e, 18
M 25 RG24 P25 PEF- & (TCMSP) Fith 257 7 AL A5 B2 TR (BATMAN-TCM) 3KHL
B BRI B A 2 B0 S HE L GeneCards 385 PE AT B e 2 M HO PO AL 5, SR /5383 Venn. Cytoscape.
String &% DAVID HH5 i /3 41k B SR R B 16 71 e R TR OV AE TG P B A« A% 5 B A PR S B 22 T 0%
%, f#H] Auto Dock BEAT 73 ¥ X450, B it G 3L e R e K BT R AT SR I IE . X 4% 24 H A
RSBt E R IR T B R IS TR AT RE M B R . RBEER . RAME IR, KBRS RE
T 405 1 (protein kinase B, AKT1) « IfURI & 9 53 (tumor protein 53, TP53) « % A KK F 3214 (epidermal
growth factor receptor, EGFR)4%, - 22 & 48 T 22 25 7% 4k 85 4 I (mitogen-activated protein kinase, MAPK).
T AR BE LA B4 (phosphatidylinositol 3 kinase, PI3K) -AKT. # [ T-xB {4 (nuclear factor kappa B, NF-«B)
SRR SRR SY FR WL B R R T I P B R R T R R R K BRI PR AT S R TR
FEK PI3K. p-AKT1/AKT1. p-P38/P38. WEMRAL-FSME 5 A5 3H 1/2 (phosphorylation-extracellular signal
regulated kinase, p-ERK1/2) /ERK1/2. p-c-Jun &R 8 (c-Jun N-terminal kinase, JNK) /INK. p-P65/P65
K p- A% T-«kB ] 2 Fa (inhibitor of nuclear factor-«B a, p-IKBa.) /IKBaft) iR F#E%KF (P<0.05) .
BRIE, B I T S HE R R i R 3R . AR R Tl 3 B A ARG B e, R AL AT
E-5# MAPK. PI3K-AKT % NF-xB il i 5%
KRG ILEEURIREE: HERIEN: W T EAIRLSI
HEDHES: R273 XERPRIRES: A

Active ingredient and mechanism of Zhuanggu Zhentong
capsule in the treatment of cancer-induced bone pain based

on network pharmacology and experimental verification

LAI Gui-hua >** CAO Jian-xiong !,



ZHOU Jun#, WANG Fei'2, NIE Duorui'?, WEN Ling', MA Yi'*

'The First Affiliated Hospital of Hunan University of Traditional Chinese Medicine, Changsha 410007, China;
2Hunan University of Traditional Chinese Medicine, Changsha 410208, China, >Rehabilitation Medicine Center,
the First Affiliated Hospital, Hengyang Medical School, University of South China, *Department of Rehabilitation,
the First Affiliated Hospital, Hengyang Medical School, University of South China, Hengyang 421001, China
Abstract: This study aims to reveal the active ingredients and mechanism of action of Zhuanggu Zhentong
capsule in the treatment of cancer-induced bone pain by using network pharmacology and experimental
verification. Firstly, the Traditional Chinese Medicine Systems Pharmacology Platform (TCMSP) and the
bioinformatics analysis tool for molecular mechanics of traditional Chinese medicine (BATMAN-TCM) were used
to obtain the chemical composition and targets of the Zhuanggu Zhentong capsule. The GeneCards database was
used to obtain the disease targets of cancer-induced bone pain. Then, the relationship between the potential active
ingredients, core targets, and action pathways of Zhuanggu Zhentong capsule in treating cancer-induced bone pain
were analyzed using Venn, Cytoscape, String, and DAVID databases. Perform molecular docking analysis using
Auto Dock, and finally validate the experimental results by establishing a rat model of cancer-induced bone pain.
The results of network pharmacology show that the active ingredients of Zhuanggu Zhentong capsule for treating
cancer-induced bone pain may be quercetin, luteolin, and angelicin, and the key targets may be protein kinase 1
(AKT1), tumor protein 53 (TP53), epidermal growth factor receptor (EGFR), which mainly enriched in
mitogen-activated protein kinase (MAPK), Phosphatidylinositol 3 kinase (PI3K)-AKT, nuclear factor kappa B
receptor (NF-xB) and other pathways. The in vivo experimental results showed that Zhuanggu Zhentong capsule
and their active ingredients can effectively improve the pain behavior and bone destruction of rats with
cancer-induced bone pain, reduce the protein expression levels of PI3K, p-AKT1/AKTI, p-P38/P38,
phosphorylation extracellular signal regulated kinase 1/2 (p-ERK1/2)/ERK1/2, p-c-Jun N-terminal kinase
(JNK)/INK, p-P65/P65, and p-inhibitor of nuclear factor kappa B a(p-IKBa)/IKBa (P<0.05). Therefore, Zhuanggu
Zhentong capsule and their active ingredients quercetin, luteolin, and angelicin can effectively improve the pain of
cancer-induced bone pain, and their mechanism of action may be related to the inhibition of MAPK, PI3K-AKT,

and NF-xB pathways.
Key words: Zhuanggu Zhentong capsule; cancer-induced bone pain; network pharmacology; molecular docking;
mechanism of action
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A, R E B R A R DT E YT 80 BUAREE 2697 & R L =R i 1k
WAV, K EARBL=RRh 1R 259 EAR LR RO I, (HR KI5 5 7 AR 24
PR R MR . R, BET . WERE. DRI SRR N, RS BT . U
RGBT T R B BUAS PLAR KT 2%, T5H 20 45% )& He e I A 15 21h
ROV, [RIG, inr o B AR B T A R A SEIRYT, A2 A IR R 7
T R

AITHH E 2004 FRE) T B H R P BRI, e KR RS S
P 1 PR HE A 3BT R IO e s i e F 0 AR T O AR AR 92, AR R A R 2, TR R %
PR IUNLAR, (845 TP, e B Oy NARBI B Z AR A, 5 EE A8, BRAS
RN EBEEACEIR, e H AR SRS, BR TR, WAREREERE, BRI, BT
W G T s [FIN, e A, BRRIE, HRFERIIRE, FHUMIBITAYE, HA
MRBERIR , AR, RIREEE TN, R AWM. B, &R EE T R AN E
B, FFHR DM@ SS | 35 AL . B ER I %€ (Zhuanggu zhentong capsule, ZGZTC)
RARBAATT B ARG T, IR 2N ZERERIERE T —EMEHRTE, |
IRAF T RIS, (B B B I VR 9T e RS TR BRI P 0 S AR AL AR v o 5 4
B o [ 2% 24 B 2 00 4 0 A SRR 128 R R 2 R o B, o b 25 B R R D
FROREIE B, BT FC 250098 97 0 AT BE AR FIALAR, 3X 55 i B Va3 i < BE AU BRAR B P 25 22 1oy
ZAL R 2R SR B0, XIS T 2 K BT TR B I LT TR A B

o PRIE, AT ST IR I ) 2% 2 3 2 ) 0 A et R R BV T B e R TR IOV T R

B RS R AE AR, R 23 R R R RO H: B A B T 1 1o AR O R AN R 5
SR JE L A P S5 Xof (X 2 24 3 2 45 SR EAT WIE BIE, N o B B IR B IR T B A R I
DU A S50 14 -
1 HR55E
11 SRR S5 ER
1.1.1 248 B 5 44

TCMSP %t #% JFE (https:/temspw.com/tcmsp.php) .  PubChem ¥t #& J&
(https:/pubchem.ncbi.nlm.nih.gov/) + Genecards ¥(4i& /% (https://www.genecards.org/) + Venn
TE 28344 (https://bioinfogp.cnb.csic.es/tools/venny/) « Uniprot (4% J% Chttps://www.uniprot.org/)«
String %4 E (https://string-db.org/) . DAVID #(#i /% (https://david.nciferf.Gov)  fE1E

£ 26 °F & Chttp: //www.bioinformatics.com.cn ) . Cytoscape3.7.2+ OpenBabel2.4.2. Auto



Dock4.2.6. PyMOL #fF .
1.1.2 SR 5 H] 5ALE
1.1.2.1 &5

A BRI IR P B 2R A — R EE B i AR CAE= 4t 20181016, Hiks: 0.45
gx24 K/ + MR, FAMIEER. KBRER (RIFETHEMREARAR, 75545708
B20527-1 g.B21515-200 mgB20887-1 g); MR BERR I 5 77 (4TI 25 A ], 4t 5 22071101,
[ 251k 7 H20123153, A% : 532 5 mL: 4 mg); {491 H 5 B R (G Z54E 4], #L'5: H23021439);
ERK1/2. p-ERK1/2. INK. p-JNK. P38. p-P38. P65. p-P65. PI3K. AKTI. p-AKT1. B-actin

(CST A7}, #5554 4695S. 4370S. 92528, 4668S. 8690S. 45118, 8242S. 3033S.
4249S. 44691S. 4060S. 3700S) : WEHifR/HiR =5t (CST An], #5550 7074P2.
7076P2) ; HE #etiki & (Solarbio A7, #t5: G1120) .
1.1.2.2 X%

BA410T %t B8 (fEE Motic A7) ; YLS-3E HLT R YLS-6B £ fig AR AX
(FrE s R R B A TR SR AR 5 ELx800 Bftril (3 BioTek) ; HI650R & Ak
BOAL GHIFERIO 5 GBOX-HI12-E-M 4: H Shkti it 0 24t (Syngene) -

1.13 3 miafas

Af: MRMT-1 KRFLBEAI M EHRECER G RAFD .

9. SD Mtk SPF 40 KR 64 H, 180~200 g, W11 5a {36 7 SIS LI s A PR A H,
FVEFVERNIE S . SYXK2019-0017, BW)EH&IES: 430727221102693387. sh¥) a7 7]
B S 2 K SERG S U SPE EhW s, 3~4 R/, R 23+0.5 °C. 1RSE 50%~60%
Fidi 12 W12 h B PR MESE, S 1 (R) 247 2y B2 SR LUAH SRR AR R, B e gk
BROK o A S 50388 5 T8 e 197 31 o 57008 S0 P B 2 =) S50 S AR FIAG B2 01 Sttt (L5
SJIA2022156-1)

12 XWHE
1.2.1 B 4A R I 6 77 B A5 A5 % TR 09 M 4 P 3 2 5T 1
1.2.1.1 H - B AR Ak 2% 43 RIRH DG BB AT e

AT LN TCMSP o 5 280 e T 0B BRI 3E CRRdesh s #vVE IR VR REF4E.
=t REE. EHAR) MWERS REAHRSH, WiES% i E ADME 251 R4
YIFIHEE Coral bioavailability, OB) >30%, AU (drug likeness, DL) >0.18 t5ifE

R 2 B HEAT R — 2B 0. Dy R AT REM AT SR it . RIS BATMAN-TCM. #(#s



PR At B BB R BE A2 5y, BEHE Score Cut off>20, P<<0.05 A 25HE s Fi N B 13
(X [B] SR EL 2590 Bk 2 B 43 B AR FHBE 25 . 75 TCMSP Fl ETCM 48 e Hh kG 23 40 2 il 43 Xt B )
¥E R, 1E Uniprot H045 2 -P RITGHE s AR, AR B IR B A 2 B Sy B S A
1.2.1.2 HB SO IR VR 7B e R Jie i (T 7E R

7£ GeneCards 5755 £045 /% 1 LL“cancer-induced bone pain” & “bone cancer pain” A 5% § i i3k
TR R, RS E BRI SR PN T, )5 5B BRI RE 25 W L i [
AL 77 a2k G (R0 R, AT R A B R R B 7 e A M i 1 S B A P 0 s, R P 5 18
225 BB A Venn MBS A - 15 o T R LS 5 TR
1.2.1.3 HE M BRI R 2 -1 25 B Sy - R B R TR R 9 445

FOH B BRI BRI 2500 A B SO R e R R A3 Cytoscape #4EH,
AR 2 A B A SR 2 () (06 2, Rt S A T 2 P - - R B 0
I 48 FEEAT AT AR 73 4T
1.2.1.4 Fydedt [ - A AR M 2%

T BRZAL B R R I v R 3 5 B o e R WS R O B - 2 A LA

(protein-protein interaction, PPD) , K £4) 5550 ¥ WS 42 s N STRING s e b, 4

Fh PR % y“Homo sapiens”, LA Interaction Score>0.7 Nk 2, MIEAZ 0EE &S K PPI M4 .
TESL 2% PPT 045 rp A7 1 — S5 5 A 1901 45 10 45 R4 1T 8 1 5 R0 A2 38 LU LA Y9 BB, RN
DT A, P REH B B IR SR T B B R A DB . O T B R DG HETY A
12 Cytoscape ffifFH CytoNCA K I 45 41252 @ Pt PPT W45 rh )40 s b A7 40 A, i
it degree ff. /rEH LM (betweenness centrality, BC) . 'EZHl» (closeness centrality,
CC) “EZHfiik th PP s AT b LI 00, RO A
1.2.1.5 GO KEGG i@ # & /5

AT RFEAZ LI S N R ThRe S AT RE (K1 FL@ RS, EH DAVID A41E B 5 R 4K
30 2 rh R Th BETE R LR LR A R T R B TR A O B AT B R A AR (gene
Ontology, GO) Thfig & &/t At # A 5 2L I H B RH4 45 (kyoto encyclopedia of genesand
genomes, KEGG) ¥ E £ 0. Hi GO Tifg s E 4t BiEAYiEHE (biological process,
BP) . #liffifk4r (cellular component, CC) F14rFIHHE (molecular function, MF) AH3C[H]
2% H, KEGG /2R & 4K 715 7 B i 0 #E s RV FE B, AR S P<<0.05 Al iR KL (false
discovery rate, FDR) <<0.01 fifiik Hi 5 22 () A ) Dh R ANE F i 2%, 485 F Omicshare - & 5%f
25 FHEAT PTG o



1.2.1.6 4> T X4k

T BE— 5 G Wt R O BE TS T VE M B A3 5 A B O R R A SR AN D (KBRS 3
HX Cytoscope Ff: i gk tH SR PEVE AL e 43 A /0N o3 FBC A, KEGG fifide Hh A OGBS 2 v A%
DS RAENE 2K, A\ PubChem #idfs B T #0E ML R (9 2D 4544, FIH] ChemOffice i fF
¥ 2D S5 K 45 0h 3D 544 « A\ Uniprot it PER i€ 1% 088 s 2R 1 527K 1 ID 44 F%, /£ RCSB PDB
BB R HZ OB U = R, IR R R G R R T 52 44, ] PyMOL %k
X R SRS IEAT 2K 2 BRIRAR . BN FREESHRE L, PDB #5 U ORAF, BEJSTE Auto
Dock # H (1 S A4 B B K48 15 o “pdbat”SCAF, 55 Auto Vina #EA4T 45X 4%
1.2.2 BB 4R R 897 B 445 5 R 09 R B I
1.2.2.1 #EAEST 5504

SD KRUERAMERFE 7d 5, ek 64 R KROENL NS 7R AEF AL (Sham) 8
R R 56 K, FL e H A i K R A L 7k KRR (500 mL/min)
REFRSE OREE 2%) WNFREE, KRR S BN, A T SRR R i B kDI 24
Lem MYIE, f5REREE, TS TR 9 SE 2 30~45°4 m I H R 5 H14T L.
AR ZF K R ) B B s P 218N 3 uL MRMIT-1 4R (208 3x104 N , RFR
LR BRE S A AN R 40 ML ) PBS, BT 1 min J5 F G BB DUSEE O, D) O g AR R
KMEME R B RS, DIPESHES (20 A FPEY. SHIE 14 d BTN,
FRBR—ACRAEB L R A % 5 K =R T WU 56 1 R B 3 I B, SR 3 R R
SR RS IR B S2, TUJSR R B  R Je K SRG E Fhy o S A R S AR R ALK BRI 2

AN EZH (solvent control, SC) B R IR & H M7 & 241 (normal dose group of ZGZTC,

Zh

ZGZTC-N) . H-EHEEE 784 (high dose group of of ZGZTC, ZGZTC-H) . FAPEXS
M40 (positive control, PC) . Hit iz &4 (quercetin, Que) « KEEZEI (luteolin, Lut) .
FAME B R4 (angelicin, Ang) , 48 H.

1222 4%

TR T J5 S AR RIT A R4 20, SR 2t N 52 R AR 4 & E AR
A, CHE R B IG PR N BE H AR 77 B 0.45%6%2/60=0.09 g/kg (6 Ki/ik, Bid) , #t
HARBRFAEN 0.09 g/kg=6.3=0.567 g/kg, DRI K CH: R IR 22 3 FIL7T 2= 418 0.567 g/kg
GEBZ 1 mL/100 g) , HE SR IR¥E & 7 B8 I E4L 2 f5=1.134 g/kg GEB %A
1 mL/100g) + PRSRIBERRE S S AR KRR SCBRZS T HURI B, JFG v IR B I K B 1T S
FIEA 0.1 mg/kg (FH 0.9%SF A EATE SR ECHIMERIERR, RE IS o M5 2 K R A



B 75 50 me/kg, AR R KR HIE B A S0 mg/kg, SAME IR EOK B MU B 7
BN 25 mg/kg, RTARAAEF S RARE B S ARTCHAMK, 1 I/H, ES4525 4 .
1.2.2.3 FERAT Nl

TR ANEBE S 3. 7. 140 21, 28, 35, 42 d ffi ] YSL-3E 7RI 5E K R
INUAR /& ) S 18 (paw withdrawal mechanical threshold, PWT) , 453 & /1fE (g) #
A~ 5 PWTWEHIF, THlminr. EHJE58 4d. 8d. 15d. 22d. 29d. 36d % 43 d KM
ZH YLS-6BS R AR A I 72 K BRI 244 /2 ¥ AR (paw withdrawal thermal latency, PWL) ,
R (s Fon.
1.2.2.4 HE %:t8

LI ER R, KRGS R E L 24 50 me/kg BREEE AbAE, B RHHAIOK R
M2, BOM 5 8 2 T 4%% B PR, 24 h J5 FH 10%2, DY 2./8 —4W, PH 7.2 J% 4 °C
A ALEE, 2R KIEN . IR RO AR AR, FIA RS B AR A ) K 4 pm W, d%
A HE G 00 U A 10 B 4L4UD) AT et R PRI A S T RO T SR 4LEU5
B
1.2.2.5 Western Blot filll

BUR BB UM RIPA R0, $RIEH, MM ERE (bicinchoninic acid assay,
BCA) VEMEEAWKEE, HAE &G LA ke, S S% IR Uik 3 AL EE 1 h,
SR RL—Ht, 4 °CIFE IR, HRP LESR IgG =5t (11100000 =EEFHE 1 h,
Yol 5 F Ecl ZOGHGREE 5, 8 Tmaged BUR /M Bt 5 45315 (R K FE A
1.3 HITESH

S FH SPSS 28.0 {0 Fdm #k AT 4t 1t %408, H GraphPad Prism 8 24T #4fs vl #i4k, it
ERRLRHAFEAAAEE ( x+8) FoR, HZHBILERSAIES S, WRABHEZEY
ZEOMT, Ferp PR HECR A LSD i (7 255%) Ml Games Howell i (7 EARF) , #HEAY
ML AT & IR0 A0 WK 2 REAR BRI LG, P<<0.05 A28 B Gt Lo
2 £}
21 HEHEBRENUER S ML S

7E TCMSP #4fi i rhidid ADME 2% 708 J5 3R A5 B I AME 2 1 0) 18 A, FaF A
324, BRSO 240, R BN 8 4, =B 8 4, IR
53491 o tH T TCMSP R AME IRAH OGS B, /£ BATMAN-TCM %4z 2 1 PL“Bu Gu Zhi”

NEGZR A, “Herb” N A3, Score Cut-of 1% &N 20, LA P<0.05 A ACHE & 7 & 45 [X 18],



RS A4 R 4 14 4. 72 TCMSP Al ETCM $Hs ¢ HhoAS: 2 A 37 2k Fl 40 AR S (1
BEAL, HorP R ERh 105 ANFE AL AR 268 ML AT, AR 93 MEE AL VEEAE 133 MR
b 144 MG KEEE 65 M. FEHIR 125 M, A I E S IR BN
RFEALF 157 425 DNEE R
2 HBHEBREATEEBERNEELES

£ GeenCards "R F 8935 A e iR AH SCHUIE R, MB35 % L uniprot 5 AL 21
JEFLAFE] 8795 AN, iIL Venny TELRF AR BT I B T 1043 B A R R Je R 1
HUAZARSLRAT 224 D ILRISE A, PRSI B UM IR IR T B B R i (VB /B 8 (L D

B EIH CIBP HEEERE ZGZTC

B 1R R - B R R R A
Fig. 1 Common target of ZGZTC-CIBP

23IHBHBRE-UFRD- BR-BEBER WEDIN

FE Cytoscape B4y B BRI M 2375 18 J 70 - B - 1 T RS R RO T AL I 2% B (T
2) o MRS 336 N AL 1643 2504, HACUREREERI T A 1A, AR A
SRR FELIPII AT 1 T A, ARERAZE R BT 2104 A, AR BRI B0 TT B H R R T
UL 224 o M PR AN [ B2 e PO I ) — 3 i s ) — B R B AT S5 AN R PR A 2 R 2 A
XL, HARAS S # A 5 2 ANE RO AR A, W] DU SR S VR T R e i A 2
gr. ZHLSIRE AL 1Z M4 Degree HETERT 10 MR Al 2. IR, B-A SRR, AR
R LR RAMEIER . AR RIESIR B LR S NEERL, RN
U Ry T e M B U A IR IR T B AR R B R Ry (AR D
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Fig. 2 The network of "ZGZTC-active ingredients-target-CIBP"
I B ORARIL AR A S ORITBARIEIER > REG=MBARE DAL . Note: In the

figure, the red circle represents the common target, the yellow rectangle represents the active ingredient, and the

sky blue triangle represents traditional Chinese medicine and diseases.
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Table 1 Potential active ingredients of Zhuanggu Zhentong Capsule in the treatment of cancer-induced bone pain

A Compound Mol ID JE{A Degree SKYE Source
Ml Quercetin MOL000098 265 R A
FEHER
KW Stigmasterol MOL000449 203 R AR =4
KREGE. IEHR
B-45 8 p-Sitosterol MOL000358 114 =t. KigR
AREBEZE Luteolin MOL000006 84 BN, R
1L 25 Kaempferol MOLO000422 79 HHEAN REE EEE
#ME FEMy Bakuchiol - 51 FhE R
FAMEHEE Angelicin MOL003590 51 HE e
AR B Isocorypalmine MOL000790 41 FEHER
P& B8 Leonticine MOL004215 38 SERER
S 4k /NEEBR (R)-Canadine MOL002903 38 SEHE

2.4 PP1 M4 43 #7

i 250 S WL HE 45 5N String TE 28 B0 i rh £ 520 HE 5 PPT 2%, 4 PP 45
Hedli 5N F Cytoscape # i, i CytoNCA T EA i+t PPI M%&) Degree. BC 2 CC
B ALESY N 37.510.005.0.611. B SeAR 35 Degree {8 H A7 200 1% H ] 3A, FEARTE Degree
8B 70 ikt & 3B, SRS MRYE BC 1 CC (K LGRS PPL 45 A% L BE 5 15 A4S, L6



AKTI1. TP53. EGFR. JUN %5 (ML 3C) , #27 LA R0 i m] 8t B0 I J nT if T B e
BRI O, R 3T RO R IS HE R

A B C

IRt HET 3 ARy YK AORBL RAPA NFSFILDROSALOHIALS Rt CHBH KCND2
RE! csm%oxo#iminsﬂucss IFG ADHA POR [ LT CONAZ DROI] APP
ESR2 DY NFKBI | SPI1 [TGFINFATCGSKIB ADHIE] NSt WNTEANAPK 4HTR0 ARR
SOXSIPPARDI NCT3 | NOSZ] COK( |RARA|NCOH. CFTR [TRPYI AFGAL2GSTH HORATDIFNB
Nmﬁcrs«ims RYR [AMHRZHNOXT. pilt | RELA| FGFROACVRI L2 [ATP2BAADR

DLGHFKCNI, S TRAFS I 408 e17alhoRa TP 1 iaGiz ot 1o e
OMPZ3FGFZ3. RARS [ B0L2 | RLBP11 R pLAL | OKTR | CNRT (1 | ARAF | P2 [T om—
DAa:lMFla YPOESOCS3, PLAT |PRKCANCAN 1 SNIY1 IDHRSA) SELE IKCNASI LRAT | BAX
Fop RDH.’) BCOOHEK 1 GSTP 1 HMGCRDHRS4!EDN1 {0YGB | ALK NCOAZ CDK4 PRKAA
RES27CSFIRE L KONKA paCe2ADRATGINADARDORA FASN | RIRGBACHATD I |

FADD/GPaARY AREG oA lPo=3A ABL1 COLIAHTRA A2 RASEf oot BLCzswdcaLs >
e
Mmﬁm_iimcs]mm POR | KOR PPPZCA ARY | IL4 PTGSIRARRBICHRNAT CDK2 A

WAPLCRIBRDHZ-CTSD APAFI| SP21 LGATH LA | EDN2| 2Rt NEPAKTGPERI-TaRse =

KCNAK oxr?wg FAS !amxaoamim%mw LEngcugoua CHD NFRSFIA
ABGCB{HWWE ULT{EF—S0CS1-PPPY cm@am KOG oRKAB LGt

A 3 &0 SEE PPI % E

Fig. 3 PPI network of core target protein

2.5 GO IfJgE 1 KEGG 7 #fr
DAVID #t4ii frh GO & AR/l O E SRR IIGTT B Fe A e L s 8 K A2
IFE (BP) 338 2%, 4iffiZH7r (CC) 63 2%, 7r 1 Lhfe (MF) 83 %% (P<<0.01, FDR<C0.01),
53 EL BPy CC I MF HI 10 4% 5 5245 AR P (5 /N B KHE 7 26 2% 2 B AT AT WAL 43 #7
(L4, B BUR AR v OB A EY I 72 . A 0 oy Th R R I IR T i
HRIERMEH KEGG &7 45 R B B UR IR R T B RS mm e T
172 2k38% (P<<0.01, FDR<C0.01) , #R#E P {EM/NBIHEFEUET 10 18 H % B R
(W5 o IRYEFELE R DR, BT Pathways in cancer S REARSGEE, HEZ AT

MAPK 155 @# (MAPK signaling pathway) . PI3K-AKT {5 5 @# (PI3K-AKT signaling

pathway) .NF-«B {5 5 i % (NF-«B signaling pathway )% . \AH 5 SCiik & , MAPK .PI3K-AKT
Ji NF-xB 15 58 % 55 F A 10 R A2 R R BABEVIN G R, Hd SRR feiid BL
BB KAV YT B A R IR .
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Fig. 4 Bubble chart of GO functional enrichment analysis

Pathways in cancer 4 .|
Osteoclast differentiation ()
MAPK signaling pathway
Breast cancer

Non-small cell lung cancer 4

~logjo(pvalue)
PI3K-Akt signaling pathway

NF-kappa B signaling pathway 4 0
25
Endocrine resistance 4 2
Th17 cell differentiation o s
Calcium signaling pathway 4 10
Prostate cancer 4 .
cAMP signaling pathway 4
count

HIF-1 signaling pathway ® 2
c¢GMP-PKG signaling pathway 4 ®
Toll-like receptor signaling pathway . 60
Estrogen signaling pathway 4 . %

AMPK signaling pathway
TNEF signaling pathway o

Rap1 signaling pathway 4

Ras signaling pathway 4
JAK-STAT signaling pathway 4 @

010 015 020 025 030
GeneRatio

B 5 KEGG BESTRIEHE
Fig. 5 Bubble chart of KEGG enrichment analysis
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Fig. 6 Visualization of molecular docking results
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Fig. 7 Changes in pain behavior of rats in each group
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Fig. 8 Pathological changes in tibia tissue of rats in each group
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Fig. 9 Expression of key proteins in the MAPK signaling pathway
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