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Abstract

Objective: This study explores the mechanism of Li’s Jiegu San in treating fractures using network
pharmacology validated by animal experiments. Methods: The research identified the main active
components and targets of Li’s Jiegu San through the Traditional Chinese Medicine Systems Phar-
macology Database and Analysis Platform (TCMSP), literature reports, and Swiss Target Prediction.
Fracture-related targets were collected from the GeneCards database. Using the String database and
Cytoscape 3.7.2 software, we constructed a protein-protein interaction (PPI) network and identi-
fied core targets. The study then established a “Li’s Jiegu San-Active Components-Fracture-Targets”
network, performing Gene Ontology (GO) functional enrichment analysis and Kyoto Encyclopedia
of Genes and Genomes (KEGG) pathway enrichment analysis on the potential core targets. Animal
experiments further assessed the therapeutic effects of Li’s Jiegu San on fractures with validation of
specific targets. Results: The study identified 20 active components of Li’s Jiegu San and 514 corre-
sponding targets. Additionally, 5264 fracture-related targets were collected, with 306 overlapping
targets. The core targets for Li’s Jiegu San in treating fractures include tumor protein p53 (TP53),
serine/threonine protein kinase AKT (AKT1), activator protein 1 (JUN), interleukin 6 (IL6), epider-
mal growth factor receptor (EGFR), and tumor necrosis factor (TNF). Pathway enrichment analysis
highlighted pathways in cancer, lipid and atherosclerosis, chemical carcinogenesis-receptor activa-
tion, AGE-RAGE signaling pathway in diabetic complications, MAPK signaling pathway, and small cell
lung cancer as closely related to the therapeutic effects of Li’s Jiegu San on fractures. Conclusion: This
study provides a preliminary basis for understanding the mechanism of Li’s Jiegu San in treating
fractures through network pharmacology analysis offering valuable insights for its clinical applica-
tion.

Keywords

Li’s Jiegu San, Fractures, Network Pharmacology

Copyright © 2024 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).

http://creativecommons.org/licenses/by/4.0/

1. 51§

HITRAE T 2 R0 A BUR ) 58 BV SO SR BBR 1 — R, Wi PR BRI R B
L& N1 S8 7N & SR S (TR % 1Yy AN i | A T R S T )7 N e b = e -5 S B N = A=
RS, (AEFINE SR LR, JCHGRRE ALK B Ik & S EUSRE KN ENA, 755 Uk
AR S ARORE 25 B E G ARCE R IR (1] SRR ST Rt (e d i 3 &, i IR ROiE K BUR:
AEER S TEGRITEITAHEEARND L, IFHAEEERNEN . RS EOR SR 4
MR BIAAE I T, B & BRI, SR, EReAh. FEE. A A . i aE
e PRISL S o5 B 47 S A5 0 ST 7 R i), RS2 A F A5 AT, (HIL BB 21 f et B
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2. AMERE
21 FREFHUFRS KBNS

B E AL A B2 ST, BN, R 4008 AR 241 . SR TCMSP (https://tcmsp-
e.com/tcmspsearch.php) B4 2 [ 2186 &K LA b ih 25 R sl gy, TR RE B A SR S sh W ANl 02K b 24 oK
B TCMSP %8s %, 15 38 i BATMAN-TCM (http://bionet.ncpsb.org/batman-tem/) ¥ e [3] AT #6 22
FHdd SCHRAT IR ANER S5, K RE AN B SRR 1) R 25V RO N TCMSP 25088 e v AT TR R &R, e DA
1 AR 4= 90K FH 3 (Oral bioavailability, OB) > 30% LA [ 95247 (Drug-likeness, DL) > 0.18 SR & 25141 X) Fr A i
PR AT TR [4] [5],  FEREIRAS I o #E 5 205l N Uniport $4# (6] (https://www.uniprot.org/), X4
RAATRIEAT FR AL AL PR .

2.2. B AY3REL

PP PTER A S A ISK  GeneCards (https://www.genecards.org/) %45 %E[7]. DisGeNET
(https://www.disgenet.org/) %0 #& FE[8] « OMIM (https://www.omim.org/) #¢ # FE[9] 1 NCBI
(https://www.ncbi.nlm.nih.gov/) ¥4 E[10]%5 . BL “fracture” JNS4ERBHTIN R, MR HEE 2022.12.25.
LA GeneCards 4 FE IR FE RN, HAREUE FE AT AHOCHE RURIAN AR, HF A0 A 45 U & A8 5
T I A B A

23. FREFEFH - BHXEFER

BT 3RS 10 25 B 28 B 25 W B S R0 3T 0 5 B S S N Venny 2.1.0 W 3 (https://bioin-
fogpenb.csic.es/tools/venny/Index.html) 47 ICECIR1F A0 4, L B (Venn) &, LR E R0 N4 IR
BORTT BT HIAR S

24. EEHEEERAMSKPPI)IHE

W25 IR B T B 4 A SE 25 25K 5N String (http://string-db.org/)$# FE[11], 7E String % 1 ¥ B
3 59356 F “Homo sapiens” 1 “high confidence (>0.700)” , FHKeiif 8 4 i Bail J5 15 210728 PPI 4%, 44
B R HAE 25 6 25 B S o8 “TSV” U, #AJ5 T\ Cytoscape 3.9.1 (http://www.cytoscape.org) i1 5
K& 3R S5, HRIE degree. betweenness. closeness V14 dx 46 A2 07 i A% O BB o B RZ O EE SN
Cytoscape 3.9.1 F -, HR4E Degree fEXTH#E s BT K /N CA R B IR R BEAT SR ALY, TR ORI kR
AR TZHE R B RO

25 FRFEFH - BMERSD - B - KFEMERGE

W IR AP BRERAT I b 254 0803 DA S ORHRHE fUB A, “Network” A1 “Type” P4~ EXCEL 3CfF, Jf
Fe 8 3\ Cytoscape 3.9.1, AL “ZF AL H - WHTERST - $EAL - SO0 WAL M2 [12] [13].

2.6. GO THEEE &M KEGG EREENT

B2 I BUR T B 3T A S48 25 % N Metascape (https://metascape.org) 3 4 28 [14] 33k 47 3 K A 44
(Gene Ontology, GO)Z g & & Al nt # £ [K 5 2[R 4H 5 #} 4 15 (Kyoto Encyclopedia of Genes and Genomes,
KEGG)il /M. BN “Homo sapiens” , LA P < 0.05 Nk, 5812 KEmBasT &M
GO ThREFRE UL K KEGG /M 255K, ok F g R T T A Ab 3 .
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3. &R
3.1 FREEHAYEXESNTFE

B A 2. Sl BN, 2046 REE. HARWI5I N TCMSP $ffi =, ik )m AL &3 8 4
TRy, A 45 NIEVERY, SEWTILA 8 MEVERY, B REANMEA 18 MEER Y, A3 22
NEPERY . REE . BAREIZ ] BATMAN-TCM 45 & 3CHREE 2 n, BEEILA 20 NiEtEr, BHREA 1
ANEPERy o G Uniprot 28 AR 4 ml B AU HEAT S RIARHE (AR S, R P B RIS 2 514 D IR H
[LURIE Y

3.2. FREFEFH - B LFNEEMLE ST

M.H GeneCard 54 e, ILIRAFH 50 I AH G HE K B £ 5264 1~ (Score GDA >0.95) . #4248 R4
B FE A5 514 AR 1200 M OGHE /5 5264 S\ Venny 2.1.0 H, BUM & 20 42045 8128 IR BB HUR )T
H T CBERE T 306 4, WL 1,

Figure 1. Diagram of Li’s Jiegu San drug targets and
fracture targets
1. FREEHAYESSEITELS Venny

3.3. PPl M

T String H4E E N 306 N2 IR L - T IR FSRIR DA, M PPI 4%, W E TRk S 1 IF HL
BRINSL TS AUE IR 279 AN A, 28 2173 4%, AU 122 AN R TT 0% HIRE SR 306 N AR A HAE R
F. BE5E S Cytoscape 3.9.1 #FH, FIF Cyto NCA i fF 5053 s B A S b Ar g, D>
(B AR B BB T AT 2 KOt JLIRAS SCERREIL [N 44 AS: PRI R [ p53 (TP53). L2 2R/ 75 & R 2R (1 kil
AKT (AKT1). #iEEE 1 (QUN). FNE 6 (IL6). R AKKE P2 (EGFR). MR IASE R T (TNF)%E.
BZ OB SN Cytoscape 3.9.1 B, HE4E Degree 1B 4 #E £ B K /N AR G IR R BT LA R T, B
TR (R R AR 2 e SRR R, LA 2.

279Nodes 2173edgse 83Nodes 1223edgse 44Nodes 604edgse

Figure 2. Li’s Jiegu San-fracture common targets PPI network diagram
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34. FRFEH - BMURD - B - KHERE I

I Excel %2R KB BUS R 25 10A ROE RSy, RIL “BARE AN ARG 34, “i&
GRaie” THEBS 34, CERAMEBW” WHSRS 1A, CEHBRAMIIL” HEES 44, OB
FGEW” JA R 1A, B BERN, a4E” SRR 2 A, Y. A4, B, B RN A sy
1A, FRCEHEF AT LU IR 9 B2 25 (Quercetin) .« A B %5 2K (Luteolin) . S-4 &5 % (B-sitosterol) . 111 25 )
(Kaempferol). & S (Stigmasterol), W7 1. K4 FrySc8e i 28 IR BORT LR A, 2tk “ 28 IR i -
TETERC - BB - W7 T, AR IX 73 AN [F HR 2] sE YRR Sy, LI 3,

Table 1. Top 5 effective active ingredients in Li’s Jiegu San (Ranked by weight)
F 1 FREFHPALBEYEMRS AT 5 (RINEH)

EERE) ity YL TEPERSY OB (%) DL
c1 WY, a4k MOL000098 quercetin 46.43 0.28
El ERx Wi MOL000006 luteolin 36.16 0.25
D1 g aie. B, E s MOL000358 S-sitosterol 36.91 0.75
E2 HEAN ATE MOL000422 kaempferol 41.88 0.24
B1 Wi, B L1 MOL000449 Stigmasterol 43.83 0.76

ZRT o

YE: BPSETARELT, IENIBARRIEE S, BB R 2 BRSO AZ o A EL
FRRE . AR B BIA R R Z R AR R, [ i, BL ARERIEE R i i, CL ARG ML 3, D1
RETEVERS p-23 KB, EVARIE IR R REER . E2 ARG TR 1L 2319

Figure 3. Li’s Jiegu San-active ingredients-targets-diseases network diagram
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3.5.GO EENT

i F Metascape %4 4 306 A2 AL HSE R #E4T GO ThikE 4, L8 |44t 72 (biological process,
BP) 1126 1~ 4> Djhe(molecular function, MF) 227 /> K 4tiff1 44 43 (cellular component, CC) 134 4>, H:+1 BP
T EP R BEER SV (response to hormone) B 411U ¥ (response to xenobiotic stimulus). 4@ fig)5t
R (cellular response to lipid)5%, ULI%| 4(a); MF =258 [z DNA 454 8 3 [8 745 5 (DNA-binding transcrip-
tion factor binding). 15 #% 3 4% (nuclear receptor activity). 2A{Lid [ 1 (oxidoreductase activity)3,
T 4(b); CC 23 S 4l L 1) I 4% (membrane raft) . £ 3% 1 715 52 &5 44 (transcription regulator complex).
A AW (receptor complex)Z%, WL 4(c).
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G0:0140297: DNA-binding transcription factor binding
GO0O:0004879: nuclearreceptoractivity
GO:0016491: oxidoreductase activity
G0:0019901: protein kinase bindin%v
GO:0019904: protein domain specitic binding
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Figure 4. Enriched pathway diagram
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3.6. KEGG [ESBREES

¥ 306 NI EEHLIL K@ T Metascape %4 FE 1T KEGG & &, L3k 200 415 5@ . wHELR
3 7 HE AL T B30 B LA SR o )3 2% (Pathwayss in cancer).  IfLfIE 5 5h ik s #E A4k (Lipid and atherosclero-
sis) A 2E B0 H - 32 4R35 4k (Chemical carcinogenesis-receptor activation) . § fR 5 - & 0 7 1) AGE-RAGE
=5l B (AGE-RAGE signaling pathway in diabetic complications). MAPK 15 5l #(MAPK signaling path-
way). /N ffaffiigeE (Small cell lung cancer)Z%, LI 4(d).

4. g

25 [CEEE HUR PRIV R T 2 2 PR HI AL 250 77, MALE . W2 EARM. s Bt &
B AP AR, S IR, BT KA R T R Yl IR S B EAE . T
WA A WA BTG ACHES, 17000, dadr RN aE RA MRG0T B, SR, E etk
BEHEEHER, REFHHHEEG: SEHFE T8, ThEERGHNEER, B3R aEeE,
e R. FTHIEL A RILEIE AR Bem e, e/ E 2y, WEdr G i = E L E (2 g
HHrEE[15].

FELIYNE TS T, (R A IR E B b 2, & BACERMTE RS it 3 RBELE
BT EEE W2 O B A IR BO 2 A R84 Hh 4 B AT, AT RE R AR VR IT B TR T
FERSY, BENH G R E A

WEICR B, B 25 e 1A 42 B i B) 78 B T 40 M A4 i e M B, R e SR T R I TRSORE O
IS SIEE, LR ERE SR RSGEE IA[L6]. f- MEER AP DUt VAT HH B A S
B BNEEZ I RL[17] [18], B iR p-catenin {5 S iEEE, HORBCE A, (EHEVLAETER[19]. AR
HRMAEIEHRZ, BRSHIR . PUENAPURSEDI, TEEERYT R, 8IS PISK/AK (5 5@
S8 B A7 T ) IS T AR AR B E T BE[20] [21]. (LY EE R EREDIA . PrE. PiE. PUE.
PRICIE FREORYT . PUNE IR MEBCR PR . PUEEIE . BURMPUT S, Aeiliid Wnt/g-catenin {55
TG NN B SCE IS g A, R BMR S EAI[16]. SEEERARIR. BUEN. PUREZ M
AEE, Rl 2R ZHAERTAK. (HlETHCH IR TR B, HEARVERLH] MR
WIHfi[22]

T I [ 8% 24 B AE RA DN 4R IR B E VLI TP NN, KEGG & 545 B S5 AH 1=
LR EHE T R EHS), AGE-RAGE. MAPK % 2 H(5 T 1Bk 5 RORE IR AR R LR T 3 UIA G, itk
—BIIE TR e N EE SRR, WAZ T ZiEl. TGF-A1/Smad 15 5 IRk B4
JEREAE AR, BRIIEESREEEREATS, E2EhEeTNalE s, Eaihes
R JEE EEAEA . B, FRATEEE A B G AR OSBRI 4 U(E 5 i % TGF-A1/Smads 15 518
¥, HREAT SRR .
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