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Network Pharmacology-based Exploration into the Mechanism of Promoting the Healing

of Spinal Compression Fracture by Dabuyuan Decoction
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Abstract Objective: To explore the mechanism of promoting the healing of spinal compression fracture by
Dabuyuan decoction using network pharmacology. Methods: The chemical ingredients of Dabuyuan decoction
were screened in TCMSP database and SwissADME online platform, and transformed into gene proteins through
UniProt database. The relevant targets of "compression fracture spinal of" were screened via GeneCards, TTD and
DisGeNET. Venny 2.1 was applied to obtain the shared genes of medicine and disease, STRING and Cytoscape
3.8.2 were utilized to construct PPI network, and network topology was applied to analyze and obtain key protein
targets; MCC (maximal clique centrality) algorithm in the CytoHubb plug-in of Cytoscape 3.8.2 was used to
screen the core genes and core ingredients. Metascape online platform was utilized to perform functional
enrichment analysis of GO and KEGG pathway; R software was applied to draw bar chart and bubble diagram of

GO and KEGG enrichment results. Cytoscape 3.8.2 was utilized to construct pathway-gene network diagram of
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the decoction in the treatment of spinal compression fracture. Results: There were 124 effective active ingredients
of the herbs contained in the decoction, 271 potential targets of action, 875 targets related to spinal compression
fracture, 77 free nodes removed by intersection genes, ten core genes and seven core active ingredients. GO
analysis results revealed that these factors ranked high, including inflammatory reaction, bacterial reaction,
vascular development, cell capsules, extracellular matrix, membrane raft, receptor regulatory activity, transcription
factor binding and cytokine receptor binding; KEGG analysis results showed that the key genes of fracture healing
were MAPK1, MAPK3, TGF-B, and IL-6; key pathways contained MAPK, PI3K-Akt and HIF-1. Conclusion: The
core active ingredients of the decoction could regulate cell production and apoptosis, and promote the neoan-
giogenesis and osteoblast differentiation, inhibit inflammatory response and the formation of osteoclasts, as well as
adjust the metabolic homeostasis balance between osteoclasts and osteoblasts through regulating cytokines, growth

factors and transcription factors including MAPK1, MAPK3, TGF-B, and IL-6 to activate signaling pathways like
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MAPK, PI3K-AKT and HIF-1, so as to promote fracture healing.

Keywords spinal compression fracture; Dabuyuan decoction; network pharmacology; fracture healing;

mechanism study
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KNG 2, 72 RARA ML/ AHE AR 7 (platelet—
activating factor,PAF) 55, PAF £F IfiL /)
B 5 A H PR 2 AR 5 4 R R 9 S
S E AR YT B AT R B PAF AT B B A B A
B2 M 1R 38 BRI UACTE TES . A I R AT AT R
PR v B L3R PAF 7K1 5 48 28 I 0 LA B 3 X
S 14 0 R R BRI )M (R, i) PAF T
DL B 40 P P AR o A 22 2 MOR T 22 R
WA R SR SRR T . TR
A 22 200 RANKL 75 5 (9 22 % 0 400 B 72 BT
WS WAL A A R 00 ) B A 0 S 4
PR,

BTG, SRR 5 i /N A i 2 R
R ¥ A6 4 K K] F B (macrophage—derived
transforming growth factor B, TGF-B) ¥ %,
B 41 PR 3 5 Ak, AR 3k A B e T P R A
TE R, 8 33k BMMs 19 B 2 (AR S s B/ T2
R VT E ERIE A A I TL—6 25 X6k Bl A 15 47
Frl EEAER , 456 LA 7T 0, s 4E S
Ay S 8 RE 20 P, 184 55 240 i 471 o R WSO I AR R
(] By AR 34T 24 A 1 35 A S B B AN 4, 3O 3
B AR EZERY . HH TGF-B. IL-6" Al
MAPK1 MAPK3 & K| - 3% [ 3] 38 I 7% MAPK 38 25
1M MAPK 5 5388 % 3= 78 T 508 & 48 i 40 44 B 1 15
VB ST 3 0 5 MAPK A5 = 388 i U 75 5 BMMs [7]
BCH A A A . HIF-1 15 530 B B N
b ¥, HIF- Lo AT IE S AR H] - 425 K 40 PTEN i
Z PP gl i R - an i g N R AE KR T (vascular
endothelial growth factor,VEGF).TGF-B A 4f
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e Tk A p i R A R B YIS (cysteinyl
aspartate specific proteinase 3,CASP3)Z%&(f
IR AR B 7 S5 0 L S I TR B, [ B 34 AT A
BHEHEE R SE TR I s,
VEGFA 72 Ifil & N iz A K IK - VEGF S5 A i) — F o
% T 70 2 B PVEGE w] 8 2 P13K/Akt {5 5 i@
P TR0 , FL 3R TR =) mT A 1 i I A T B 3 i
I IFE T I 4 RIS I RS AN 58 B VEGE
AT DA @ o 1Y o Rl R A R R B PR R I S
PRSI R R A M B S k. 7R B
4R, VEGF BE 54% S #1122/ 95 A R
A ¥ B4 (serine/threonine protein kinase,
RAF1) , RAF1 A #% A & JUAN A= K I 7 5 3 L8
RS SR [A] I CASP3 [ 2% ik mf LAY i
Tl P T T O 1 15 3 R A O S TR I R B
TE 20 Mo T2, CASPS 2l i 28 i F AR AR S
W5 W B ETPT3K/AKT A SR A, Rk
s S o R N P 5= 1 Ao B R
% B KA 7 (epidermal growth factor,EGE)
7 EGFR {5 = i 1 1) B LT 4K, EGFR 5 5 3 B A2 AL
PR T AR 5 — R E R A MO JE 1
EGFR 38 % 75 40 A 3% 48 73 1k v k4% 8 A Y
[F) BFAIF 52 35 & B EGFR {5 5 3 % 5 B B P9 1) T 48
lu(stem cells,SCs)FRHEY), FAENES
W 5E R B0, B 3 A 5L, #0H1) EGPR 15 548 2 R
FHE P AR SRR SCs 1 B 5, A2 #F H i < ik
BRI A, 52 DhaEESY R BN ] EGFR (S = 18
S R i = = Th A WA IR == 8Tk 2 = N
A TGRS T B R O S R R o H A B a ] I
I 40 1 EGFR F U % g ERK1/2 A1 AKT 76 #1% 140
il 7 A7 B Y, LA 35 B F i) EGER {5 58 %
AT LR R Al . (55 T 5 STAT3 i&
BZ5 2l o SR T ECE
B 20 B Th B AN B 2H 2R 5 2E ,  mT 2 3R A 493 JR 3
1A AR BN o BF T B RANKL 5 STATS {7 5 3 #%
RFR BT, RIS KA TG HL 7 A% O 3 1 B2y
TR AE & BE % 470 1) RANKL 75 5 160 1% B 400 it 13 4
VAR R 20 M RR R A B v PR R, KRR G
JIBGRVIES a AN 2 LY INE S 1 S e v
mEMEH.

A FCIIAS B Z ALAE T H B A R 1 Bl 7y
T2, 0 T Rk ik AT B R A 388 B 1) 0 DR A7 AE — 8
() s 22 S VR0 5 J B FRAT TR 388 a2 R %) 22 At
FC S K — IR E

SR FTIR , KA T LT R O v 1 R i B
ENNIIE L Iy TP i NN Uy o) 1 R & i = - R S

AR EFEIER B 22 R A Bl i e AR

KB 7 F B s 7, a0 IL-6. TGF- B+ MAPKI .

MAPK3. EGF. VEGFA. CASP3. STAT3 [X T % , i

MAPK. PT3K-AKT HTF-1 2512 558 % , 3 1 % 9 )%

AN R 0 e S AR P i 5 K = e D A& ]

1R B 20 IR PR A ok, AR B SR A BT 23 A 5 T B

AL 5 R E 20 B 2 TR A AR 2 T i R At A

ma.

S &k

[1] BE IERIEG.Z. PEELELZSAMEHER
B JE AR AR A s KA. R+ H
E44247%,2016,11(11):1560-1563.

(21 Se/NE. eV, T, % BT R T BT EAFTIT
HIFE AL AT RO [T]. BB 2 5, 2020,41(3)
383-384.

131 A, 3 &, HRBUR. #ME & F B 6 2 B E DR R
BN EFE R EREEEETITIL PEER,
2017,32(10):1890-1894.

(4] &84, RAN, ZF 8. % . @Y 78 wB-catenin,
Runx2 & 34 T R 2 F JT B M B 9 A 07 O[T ). o
BB R4 &,2017,3(6):719-726.

[5] REN J,WEI J. The application of molecular docking
technology in the study of traditional Chinese
medicine[J]. Chin J InfTradit Chin Med,2014,21(1):
123-125.

[6] DAINA A,MICHIELIN 0,ZOETE V. SwissADME:a free web
tool to evaluate pharmacokinetics, drug—likeness
and medicinal chemistry friendliness of small mole—
cules[J].Sci Rep,2017,7:42717.

171 BM¥AE.GE BE. KHE=ZFHETEREXT KOG
FRMEHELH R WHF EZ,2024,37(9):1-6.

18] #Af5. MK, EFE . 4. ATHEHEF ) THER
R TR IT R BRE ALRAE  [T). R E AR R,
2021,37(3):430-436.

[91 RAUSCH V, SEYBOLD D, KONIGSHAUSEN M, et al. Basic
principles of fracture healing[J]. Orthopade, 2017,
46(8):640-647.

[10] GERIS L,GERISCH A,VANDER SLOTEN J,et al.Angiogen—
esis in bone fracture healing: a bioregulatory
model[J].J Theor Biol,2008,251(1):137-158.

[11] PARFITT A M. Bone remodeling and bone loss:under—
standing the pathophysiology of osteoporosis[J].
Clin Obstet Gynecol,1987,30(4):789-811.

[12] KAA, MR, AE . By Hm it R H &4
Fo/RE R R K A LT]. R E 4R TARAT A, 2014,
18(42):6838-6843.

[13) Bt —u, &, T2, 5. L F I H RANKL 5 S 308
g oAb B SEIRAF R LT . o B 55,2020, 33(1) :64-70.

[14] SANJAY S,GIRISH C,TOI P C,et al.Quercetin modu-
lates NRF2 and NF-xB/TLR-4 pathways to protect
against isoniazid-and rifampicin-induced hepato—
toxicity in vivo[J].Can J Physiol Pharmacol,2021,
99(9):952-963.

[15] ZHANG W, JIA L, ZHAO B, et al. Quercetin reverses



- 82 -

=R # %

Western Journal of Traditional Chinese Medicine,2025 Vol.38 No.3

TNF-a induced osteogenic damage to human perio-—
dontal ligament stem cells by suppressing the NF-
KkB/NLRP3
2021,47(4):39.

SUGAWARA T, SAKAMOTO K. Quercetin enhances motility

inflammasome pathway [J]. Int J Mol Med,

in aged and heat-stressed Caenorhabditis elegans
nematodes by modulating both HSF-1 activity, and
insulin-like and p38-MAPK signalling[J].PLoS One,
2020,15(9):0238528.

FIRGANY A E D L, SARHAN N R. Quercetin mitigates
monosodium glutamate—induced excitotoxicity of
the spinal cord motoneurons in aged rats via p38
MAPK inhibition [J]. Acta Histochem, 2020, 122 (5) :
151554.

ZEINVAND LORESTANI M,KARIMI S,KHORSANDI L. Querce-
tin ameliorates cytotoxic effects of zinc oxide
nanoparticles on Sertoli cells by enhancing au-
tophagy and suppressing oxidative stress [J]. An—
drologia,2021,53(3):e13988.

T E XU F . W E A E AR KR E R
P RE BB KU [T]. F AR E24,2016,36(8):814-817.
LIU H,YI X,TU S,et al. Kaempferol promotes BMSC
osteogenic differentiation and improves osteopo—
rosis by downregulating miR-10a-3p and upregulat—
ing CXCL12 [J]. Mol Cell Endocrinol, 2021, 520:
111074.

SHARMA A R,NAM J S. Kaempferol stimulates WNT/B-
catenin signaling pathway to induce differentia-—
tion of osteoblasts [J]. J Nutr Biochem, 2019, 74:
108228.

TORRES VILLARREAL D,CAMACHO A,CASTRO H,et al.Anti-
obesity effects of kaempferol by inhibiting adi-
pogenesis and 3T3-L1
cells[J].J Physiol Biochem,2019,75(1):83-88.

PARK S E, SAPKOTA K, KIM S, et al. Kaempferol acts

through mitogen—activated protein kinases and pro-—

increasing lipolysis in

tein kinase B/AKT to elicit protection in a model
of neuroinflammation in BV2 microglial cells[J].
Br J Pharmacol,2011,164(3):1008-1025.
B, TR A K, & L\l A B iR 3 mTORCL 42 5 R 3t
B3R J7 /N BB R 18] 7 R AE B B A LR R (). B
JE R G 95 2021,29(4) :234-240.

GAUTAM J, KHEDGIKAR V,KUSHWAHA P,et al. Formonone-
tin, an isoflavone, activates AMP-activated pro-—
tein kinase/B-catenin signalling to inhibit adi-
pogenesis and rescues CS57BL/6 mice from high-fat
diet—-induced obesity and bone loss[J].Br J Nutr,
2017,117(5):645-661.

MANSOORT M N, TYAGI A M, SHUKLA P,et al.Methoxyisofla-—
vones formononetin and isoformononetin inhibit the
differentiation of Th17 cells and B-cell lymphopoe—
sis to promote osteogenesis in estrogen-deficient
bone loss conditions [J]. Menopause, 2016, 23 (5) :
565-576.

ERM BT KRB, % . R THEHE S Fp T 08

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

BOARB I T 77697 FRIR X K RIS (T ].
T E 25,2023,36(10):7-14.

GAUTAM A K, BHARGAVAN B, TYAGI A M,et al.Differen—
tial effects of formononetin and cladrin on osteo—
blast function,peak bone mass achievement and bio—
availability in rats[J]. J Nutr Biochem,2011,22(4) :
318-327.

BWA AR A, % AP R Rk
T 31 3 2 /N B B AE 28 B A MC3T3-E1 38 78 o o L 85 B
w [T]. 254 i 58, 2015, 38(2) 1 165-169.

LI Y, ZHANG Y, ZHANG X, et al. Aucubin exerts anti-
osteoporotic effects by promoting osteoblast dif-
ferentiation[J]. Aging (Albany NY),2020,12(3):2226—
2245.

ZHU Z,XIE Q,HUANG Y,et al. Aucubin suppresses ti-—
of MC3T3-El
and facilitates osteogenesis by affecting
the BMP2/Smads/RunX2
Med Rep,2018,18(3):2561-2570.

SHEN T S,HSU Y K,HUANG Y F,et al.Licochalcone A

suppresses the proliferation of osteosarcoma cells

tanium particles—mediated apoptosis
cells

signaling pathway [J]. Mol

through autophagy and ATM-Chk2 activation[J].Mole—
cules,2019,24(13):2435.

KIM S N,KIM M H,MIN Y K,et al.Licochalcone A in-—
hibits the formation and bone resorptive activity
of osteoclasts[J]. Cell Biol Int,2008,32(9):1064~
1072.

MING L,JIN F,HUANG P,et al.Licochalcone A up-reg—
ulates of fasL in mesenchymal stem cells to streng—
then bone formation and increase bone mass [J].
Sci Rep,2014,4:7209.

ZHANG N,LI R,YU H,et al.Development of an LC-MS/
MS method for quantification of kadsurenone in rat
plasma and
study[J].Biomed Chromatogr,2013,27(12):1754-1758.
PAEGAN K, BARTUZI Z.Platelet activating factor in

its application to a pharmacokinetic

allergies[J]. Int J Immunopathol Pharmacol, 2015,
28(4):584-589.

LIU Y, SHIELDS L B E,GAO Z,et al. Current under—
standing of platelet-activating factor signaling
in central nervous system diseases[J]. Mol Neuro—
biol,2017,54(7):5563-5572.

ZHENG Z G,WO0D D A,SIMS S M,et al.Platelet—activat—
ing factor stimulates resorption by rabbit osteo—
clasts in vitro[J]. Am J Physiol, 1993,264(1 Pt 1):
E74-E81.

WOOD D A,HAPAK L K,SIMS S M,et al.Direct effects
of platelet-activating factor on isolated rat os—
teoclasts. Rapid elevation of intracellular free
calcium and transient retraction of pseudopods[J].
J Biol Chem,1991,266(23):15369-15376.

KIM H,KIM B J,AHN S H,et al.Higher plasma plate-—
let-activating factor levels are associated with
increased risk of vertebral fracture and lower

bone mineral density in postmenopausal women[J].



BT E s mmsei

= 2 % % -83:

[41]

[42]

J Bone Miner Metab,2015,33(6):701-707.
CHEN Y,DOU C,YI J,et al. Inhibitory effect of van-—
illin on RANKL

function through activating mitochondrial-depen—

induced osteoclast formation and

dent apoptosis signaling pathway[J].Life Sci,2018,
208:305-314.

WEN X,LI X, TANG Y,et al. Chondrocyte FGFR3 regu-
lates bone mass by inhibiting osteogenesis[J]. J
Biol Chem,2016,291(48):24912-24921.

GARG P,MAZUR M M,BUCK A C,et al. Prospective re-
view of mesenchymal stem cells differentiation
into osteoblasts[J].Orthop Surg,2017,9(1):13-19.
VLR, AT L . M E TL-6. %k & .25 (0H) D3 AT
TG B RRAA R EEFTEERTETEFIAL
A A RIT]. FERZAE,2024,45(5):825-830.

DAT Y,LI X,WU R,et al.Macrophages of different
phenotypes influence
PLGA scaffolds with different pore size[J]. Bio-
technol J,2018,13(1):167-172.

YUE J,LOPEZ J M. Understanding MAPK signaling path-

in apoptosis [J]. Int J Mol Sci, 2020, 21(7) :

the migration of BMSCs in

ways
2346.
BEH, TR A MG R B AL AT R A R AN E
BHFHRBmEme I, mEd EZ,2024,37(4):
116-119.

ADAM C,GLUCK L,EBERT R,et al. The MEK5/ERKS mito-
gen—activated protein kinase cascade is an effec—
tor pathway of bone-sustaining bisphosphonates that
regulates osteogenic differentiation and mineral-
ization[J]. Bone,2018,111:49-58.

AR, T, RAF L MAPKAE 5 3 e A8 R B 1A 5 T 4 1
R ARG R B AR [T ], e B R B A B R R
Ze7,2021,14(1):75-81.

FEREAE.BHL,F. KABIET-laRIFFTEE
LBl ey R R IT]. LA B2 ,2018,4(2) :141-143.

ZHU G S,TANG L Y,LV D L,et al. Total flavones of
exhibits
tivity by activating the VEGF-A/VEGFR2-PI3K/akt
signaling axis[J].Am J Chin Med,2018,46(3):567-583.
LIU Y,LIU J,XIA T,et al.MiR-21 promotes fracture

Abelmoschus manihot pro—angiogenic ac—

healing by activating the PI3K/Akt signaling path-
way[J]. Bur Rev Med Pharmacol Sci,2019,23(7):2727-
2733.

HANKENSON K D, GAGNE K, SHAUGHNESSY M. Extracellu-
lar signaling molecules to promote fracture healing
and bone regeneration[J]. Adv Drug Deliv Rev,2015,
94:3-12.

WX, FRE.EE,F. e WEEKE T BT R
MR R R LT ]. o B AR B 22755 2019,25(7) :1030-
1033.

HOOD J D, BEDNARSKI M, FRAUSTO R, et al. Tumor re-

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

gression by targeted gene delivery to the neovas—
culature[J].Science,2002,296(5577):2404-2407.

A MiR-378 3 18 4 1 L T Ak B 48 o o 8 TR 42 4R R R
AL D], b b Al K% ,2015.

REDDY D, KUMAVATH R,TAN T Z,et al.Peruvoside tar—
gets apoptosis and autophagy through MAPK Wnt/B-
catenin and PI3K/AKT/mTOR
human cancers[J].Life Sci,2020,241:117147.

VR P HE, 22 B, AR PL3K/AKUAS B 3 7 B i BiAA T 22
AP R T] P EE R RE,2015,21(3):356-
360.

X EE L EH . G Caspase &G fBel-2 EHEL
25 B AN AE ROR AL Bl A [T). A A O AR A
A (BT M) ,2015,9(6):780-783.

SCHNEIDER M R,WOLF E. The epidermal growth factor

signaling pathways in

receptor ligands at a glance[J]. J Cell Physiol
2009,218(3):460-466.

LIMAYE P B,BOWEN W C,ORR A V,et al.Mechanisms of
hepatocyte growth factor-mediated and epidermal
growth factor-mediated signaling in transdiffer—
entiation of rat hepatocytes to biliary epitheli-
um[J]. Hepatology,2008,47(5):1702-1713.

LALKE YL RER, L Cefitinib R EE A KET
ZARAE T B A K B IR SRR T 4 e B RO R
By (1], AR B R 44 %, 2018,20(12):1072-1078.
FAM, ZERE, BFF,F . 4% BCFR1Z 5 @ B X H 3T &
S REME W INERIET AR B B BT
RUI). AW B R AR 5 WG RFF 5 ,2020,17(6) :5-8.
FHR Z AR . MEH R EKETZRE T AR
AR BICE B RANERT] R s 4, 2018,
35(4):731-733.

GAO F,LI M,YU X,et al.Licochalcone A inhibits EGFR
signalling and translationally suppresses sur—
vivin expression in human cancer cells[J]. ] Cell
Mol Med,2021,25(2):813-826.

KAMRAN M Z,PATIL P,GUDE R P.Role of STAT3 in can-—
cer metastasis and translational advances[J]. Biomed
Res Int,2013,2013:421821.

AR #, A, % L s YU T STAT3 {3 5 3 B4 40
HEE LfE e F RS T]. B A, 2019,10(4):284-292.

s HER:2024-09-08
HELWH: B R AARAFAEL(81973676) ; & T 4N E A+

FHARB G KA A (2021yc-jckx20016).

TEEB N AZHZR(1990—), B, ML F4x, B FEIF. #F

R T ) AR S A IR R BAT % 9k BRI PR 44 I RSE

ABRIEE . S AEM970—), § AR A IR, T4

B, ERTFEHFAFHELERAEIMERERN. AR F@:
HAE R R BANG SRR g 6 6 RS04 . Bmail:pzc13883192833@
163. com,



