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Research progress on the mechanism of promoting fracture healing by traditional Chinese medicine
monomer components and compound formulas

ZHANG Zhihong', SUN Yanping', PENG Donghui', CUI Na', ZENG Yuanning”, KUANG Haixue', WANG
Qiuhong'[1. Key Laboratory of Basic and Application Research of Beiyao (Ministry of Education), College of
Pharmacy, Heilongjiang University of Chinese Medicine, Harbin 150040, China; 2. School of TCM,
Guangdong Pharmaceutical University, Guangzhou 510006, China]

ABSTRACT Traditional Chinese medicine has the characteristics of multiple components, pathways, and targets in the treatment
of fracture healing, and has good therapeutic advantages and potential for fractures with complex pathological mechanisms. Based
on this, the author summarized the mechanism of promoting fracture healing by the monomer components and compound formulas
of traditional Chinese medicine and found that visfatin A, puerarin, and others can activate the mitogen-activated protein kinase
(MAPK) signaling pathway; Xugudan, Guben zenggu formula and others can activate bone morphogenetic protein (BMP)
signaling pathway; baicalin, Achyranthes bidentata polysaccharides and others can activate Wnt/3 -catenin signaling pathway;
apigenin, notoginsenoside and others can activate receptor activator of nuclear factor-kB (NF-«B)/receptor activator of NF-«kB
ligand/osteoprotegerin (RANK/RANKL/OPG) signaling pathway; Compound huoxue jiegu capsule, Jiangu granule and others can
inhibit phosphoinositide 3-kinase/protein kinase B (PISK/AKT) signaling pathway; icariin can activate Notch signaling pathway;
Taohong siwu decoction, crocin and others can activate Hippo signaling pathway; jujuboside A and osthole can inhibit NF-«B
signaling pathway, and thus promote fracture healing.

KEYWORDS traditional Chinese medicine; monomer components; compound formulas; fracture healing; signaling pathway;
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% % (mitogen-activated protein kinase, MAPK) 55 5 il
% 5T 25 & HE 45 H (bone morphogenetic protein, BMP)
1% 518 % . Wnt/B-catenin {5 5 i #% . #% A 7 B (nuclear
factor-kB, NF-«kB) 5Z {4 3 1 £ [1/NF-«B A2 {4 541 25 11
e i /478 B F (receptor activator of NF-kB/receptor acti-
vator of NF-«kB ligand/osteoprotegerin, RANK/RANKL/
OPG) {5 51 f#% . W4 5 Tt JJL B 3- 3 i/ 45 11 I3 B (phos-
phoinositide 3-kinase/protein kinase B, PI3K/AKT) 1§ &
iE % Notch {55 1% . Hippo {55 M % . NF-«B {5518 %
U HATE TR E I a G kA= 2 R B
WA PRI ARG K AR R —RIIAR
N, A& B B 52, hATEIRYT B TS R
B2 it 2 E RS X A 2
I BEATL I A B A7 E A U TR T DL SR 0, e D
PGt B BN RSO, o A R AR TR T, SR
Tt , 2 3 2 A5G SCHR , 1T 9l g v 2 R il o B
Jr P SE T A B VEFBLE] I B 3miayT 25 0 JF
RIS
1 HHBREREFRFEITDEHIERE
1.1 #iEMAPK 5 Si#EEE

MAPK J& FLAZ 405 515 i i 2R e 2 — , Hon]
T AT OIS T Ui B I R S T R 0 B A AR
(98 2(B cell lymphoma 2, Bel-2) %54 5% K -9, FE M7
UM BN, Al AT AR AR DL S E 1Y
G CEEY S AHOCHIESE K, IR 2 A AT 38 o T p3s
MAPK/Smad {55 5 i34 58 BMP {14 , M5 5 088 40
Mo F e, il T R BAR R T
1% MAPK {5 538 % 3800 09 1 85 2 i (alkaline phospha-
tase, ALP) {6 P4 , A2 14 1l i 40 M o0 Ak RN s i e AR, SR
TR AR, =B R B e = L EENR S Z
— FEBHTRLA T R T AR S A A PR A e A
PRGN /N BUVR TR BB 48 L i 4 248 i MC3TS-E 1 WF5¢
= SR A R e, 25 R R, L SRR
fe g T %13 Ji (collagen type I , COL- 1 )43ilh , 5%
ALP {1, Th s MAPK {5 518 i AH 5C 2E F 2R A K F, 2
At MC3T3-E1 4650 . L2 B i A £ %
TR Sy 22—, ATl S MAPK B (1 % 55 , AR TS
PR A B, TR BB VR e, AR R
A ERE LR LA A AT E o E0E MAPK (S
SR 1 T AR S AN A A s,
TR, s B TS
12 #iEBMPESEE

BMP 54k K K B (transforming growth factor-
B, TGF-B) G 1 — D, KEAFE T 3, T3 s
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BCE AR TS, HETC &P 20 F BMP SR 51,
X 25 ARG B B AT S R R s IR | 5 i P 1x
BT AVEN, 85 R A, S2 8 PH Al i i 75 BMP
TGF- .. Bl P 1l 21 4 41 i 2= K X 5 (basic fibroblast
growth factor, bFGF) i 3RIA 7KV, e i R A le B B 4
WA REEE R R, BAKS B 7 AT S BMP
T B T B bR A AR RS 28 M (osteocalcin,
BGP) . #F # H (osteopontin, OPN ) , ALP . COL- [
FIRIK-, AR -6 18] 78 5T T 240 M (bone marrow
mesenchymal stem cells, BMSCs) (1458 . 7£ BMP % [
', BMP-2 . BMP-4 . BMP-5 ,BMP-6 £ BMP-14 {2}y & Ui,
HIARRIEE 1, ANRRE 5 R 2 Fh 40 H 3 58 Ak A
T2 TR O A AR B R B AR
TV SE IS R B, T AT TR e i 20 2 b BMP-
2 .BMP-7 . TGF-B: LKV R R R B HI a4
FA AR K B, B 22 BRI T 0 ok BMP-2/
Smad-4 55 1 A2 #E/N L MC3T3-E1 4 i3 5, i fie
HERUE ARG A . RIS SR R B, fu F B ) AT
e BMSCs #4458 , S AJ 58 12 98 15 BMP-4 (1 3234 By (1
iFEERAGE . AT, Sl P AR SO O R
22 R HUY) o T AR EUY) A5 P L S BMP (5508
0 A B bR G 11 BGPLOPN  ALP . COL- | {3k, it
MAEFEEr i .
1.3 & Wnt/B-catenin {5 S8 1§

Wnt/B-catenin {5 7l B EARIG K T A8 B IR T H
HEEAER, TS T 2 et It B R B il 2
T e G il is™ . RRE ST R, S
1 A 38 i ¢ = ALP 36 14 , 7R Wnt-10a ., B-catenin B i
& T 1% 1 3B (glycogen synthase kinase-33, GSK-3B) .
BGP (1) mRNA 3 ik 7K - Fl B-catenin , Runt- A 5 4% 5%
“F 2 (Runt-related transcription factor 2, RUNX-2) [fY) £ [
kIR, FE G Wnt/B-catenin {5 518 1% , £€ 3 BM-
SCs WL HE /Mt M5 5T & B, 4 IR 22 M ml 3E ik
PR E PR RS %, A B-catenin 35, T A B
#i2 Ak B-catenin (p-B-catenin) £ ik , 1 i#F RUNX-2 Fl 1 &
90 04 SR B S IR T Osterix 23K, 170 170 80 K LA
W WK BB SRR . A RSB, KR
AT T R UL 4 A 2R 6 (interleukin-6,
IL-6) . IL-1B . M@ ¥R FE (H F o« (tumor necrosis factor-a,
TNF-o) 7K, A Wnt-3a \B-catenin 25 [ 2638 7K F , B406
Wnt/B-catenin {55 53 i , Hll T8 B -1 2258, D5
RAE RN, AR HE K BB B r @ e, mar %,
AW 420 KR R R R SF ]l BT Wt
B-catenin {55 538 i , IR AAE SO, AR EAT LS
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14 #i& RANK/RANKL/OPG {5 Si# %

RANK/RANKL/OPG {5 53 [ /2 B 15 20 i 5 i 8
Ui M =z (8] EE R W Y. RO SRS e
RANK/RANKL/OPG {55 53l [# , BIF 5% 7738 R 3 11
PrBA R BT GEH . S8R A, e R s
K ERACE L AU B 1 , FLVE FAMLE AT g 28 Bk
U /N2 % B FLIML T h BGP L ALP 7K L) M BB 24 41
OPG mRNA Al &K R BTG . SusF"
SR, =& AT T aE o B I RANKL 2 ik 7K F fil
RANKL/OPG FCAH, 400 il i1 4 M A 5 1 B WO e
e BT @G . S AT B, AN I I v] i A
P RANK/RANKL/OPG {55 53l [ 1% P |, fie o i 1
FHE, 2R AR ST 6B, R R AR AT i SOE RANKY
RANKL/OPG 15 538 4% , 100 5l e 15 &4t 534k, 3 i 7
BB TE . FEHLAECIRE Y 2 R, 5 RN U AT 4 )N
L MC3T3-E1 40 i ¥ 58 . o fb FIE5 4k, 7R o] fig BAy
TS EATEG BVEM . KBRS A B, Al e 3R T 3
1 0% RANK/RANKL/OPG {55538 # , {2 i 25 0 5 K B
H RGO EBIT S . BT, RER LRt b
B I R RET PR AR i R 2245 ]
1% RANK/RANKL/OPG {5553 % , fi i 5l B 4 M 531k,
U/ T A B A B, A W, IR AT A
1.5 #%I PIBK/AKT (5 S &%

PI3K/AKT {5 5 i B & — Fh 40 i A 5 5% i 42
IR e 2 O R e T 1= 4 0 AN o1 e A )
KRB A% 52 5 e e e 3E 1 0 ) PI3K/AK T/ 7.2
Y) & A % 2 # E 1 (mammalian target of rapamycin,
mTOR) {5 53 #% , F+ = 40 A F Wi An 54 LC3- 1 Beclin-
17K, BEAIC PISK  AKT .mTOR ik /K-, st 4 ab 5
VTR, 2 i i B, AR 2Bl o EARAE™
WFSE AR B, A FURE £ TR TR 2 B 57 7T 38 o o AP 1
i o PISK AKT 5 AL T A F 1 Y mRNA K
FEIRAE , T AR A L B I R ST A A
FRIL, AT TR R 48D TGF-B, I
WA K  BMP-7 %35 R F KRBT @G . it
R, I I A AR R R SRR T S Re i
7 PISK/AKT {5538 #% , # il TGF-B, .BMP-7 %1k , i
MAE A G .
1.6 & Notch 5 S 1B #%

Notch {5 5-38 [ 7] 52 1 2 i AH 200 B 19 431k 240 i
T A MGG DA K 20 R ST B 2R B AR Y
FEW] T SE AR T 8 I LS Noteh {5 5 B% , 4 ok B
15 ALP 3% /7, FHiE Noteh-1 ., OPG 25 4 234 /KF- , i
OB WAL, g R B T A R B T A
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Pro MFEIRIM R FE BMSCs, I LA R T
T, AR B, PR AR T i AR o B DG
585 1 . RUNX-2 mRNA 35 LI I Noteh-1 3 F K15, {2
it BMSCs [a] JiltF 40 o3 Ak o Hy gl i SR AR T
i 1 P Noteh {75538 # , 12 1 BMSCs [i] i H 4 /il 73
e, SEmfE AT G .

1.7 & Hippo (S Si@ %

Hippo {5 5 8 F 7EIE & A2 A 2 A DA KT 4
REAE ERAEE HEAE Y, fEE A G,
HAB S SR B A 1 R SR, X ek
FERYSSHLS Hippo {5 5@ BOC R B I™, A SCH" 1T
Hippo {5 518 MR TR LT U417 % BMSCs 3858 il
He i 52 e B, k£ 04037 75 24 107 7T {2 i BMSCs 1
B K A4k, N TEAIL T AT GRS Mk 21 U 7 i 1
Hippo {55 518 % S HE 17 45 Yes A5G 5 11 (Yes-associated
protein, YAP) fil Tafazzin #H %25 H , #E 1M {2 F BMSCs 34
B o AR SRS R B, AL AE 2R W] 5E R 0N Hippo
15 538, B AT R BRIV 4 J5 463 I 2 11 88 3 (matrix
metalloproteinases, MMP-3) \MMP-13 . IL-1B.1L-6 IKE,
i Bel-2 #15& X 85 H (Bcl-2 associated X, Bax) | Jit K2k
i 3(Caspase-3) . YAP £ 1115 , ATl K BRL 4% B 41
FELPET . H Al AL DU RLL AR 3R A AT
1% Hippo {5 51 [ , £ F BMSCs 3458 M i 434k, 7%
{i Bax . Caspase-3 . YAP & [ ZR 187K, $0fil 4115 40 e
oL e AT A S .

1.8 #IHI NF-«B{5 518 &

NF-«kB &5 H 5 5 AT LA #5: Hh 7E B 4 MY -4 38
SR bRV 2 N 1 R TEAN I Y SERE S L S
N AR R R OCHEEVE ] i TR el R rh &k
e — ZR NI SAE RN, P NF-x B {5 5 30 i 7 BT @ &
AR B Y SRIR AR R B IR
A R A TR R B S P A R A
NF-kB 2 FI RS g e B rin g . kT 5
WFFE IR, W PR 2 AT o £ A 1 i 0 A 5359 ALP AN
OPG (143 , M il NF-kB f9 il PR 1, s R S R
T RUNX-2, Osterix f) 57K, T BMSCs R
G3Ae FRFTAD, B A A IR R S T
il NF-«B {5 518 , 75 20U E o1k, dhmfe gk B rin G .
2 EiE

WHIER AL HRE =L 8 B 45 A o BOs
MAPK {553 % , 755 U 40 J0 AL A1k, 2 $54
HITEE E s e8P AR B 7 T B S Lt
PG BMP {5 538 i, 54 i 81 7 38 3 H BGP L OPN,
ALP COL- I Wik, gEmife dE B4 f i s o5 1 AR
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ZHH AR B 2R A5 T T 1 0T Wnt/B-catenin {5 53

AR SN , PEME B @G s R R LR AN

W% M35 R 38 5 00 RANK/RANKL/OPG {5 5 3@ % , fiE

PEE PTG s 16 ML 5 5 e g ORL R AR A

A 38 5 71 1) PIBK/AKT {5 538 [ , # il TGF-B,.BMP-7

FIB, JEMIE I BT A G s PR R AR Y AE AT A Noteh

o B, e 7E BMSCs [n] il i 4 i o34k , k4 kA3

A BELLIUY EAT AL 355 ALl I Hippo {5 538

% , fie 7 BMSCs 14 58 b 8 oAk, 3l B i ga T,

BT S E P A A R B A IR T RS

] NF-kB {5 538 #% , U5 -5 80 o0 4k, 3k 1 42 oF - 4

LR

UEAFR , B 7> T AW AR B A Sha 3 X

Prina MG R il B R BE T U TARRIE L . TR Y

{57 il £ B0 i 2 5 SR A T A S T A JAE RN |

BB A S B R T I A A I A R

SRR B HBAR R VE HIBLR DL S 4515 53 s 2 ) 2

T M [E) VT8 4 00 B AR 48 o oK e A T, R E

— 5

S Sk

[1] FOULKE B A, KENDAL A R, MURRAY D W, et al.
Fracture healing in the elderly: a review[J]. Maturitas,
2016,92:49-55.

[2] GUO T M, XING Y L, CHEN Z N, et al. Core-binding
factor beta is required for osteoblast differentiation during
fibula fracture healing[J]. J Orthop Surg Res, 2021, 16
(1):313.

[3] E/NB AT, KA e b4 A A G T s S b
WS HERE[I]. LB anRlaf,2021,33(1) 1 121-130.

[4] ZHANGH X,LIY,LI Z,et al. Rapid and sensitive deter-
mination of four bisphosphonates in rat plasma after
MTBSTFA derivatization using liquid chromatography-
mass spectrometry[J]. J Pharm Biomed Anal, 2020, 190:
113579.

[5]1 XUAET. BAREIEB s v 2 X AR ALEI[].
HhE2Y,2019,14(10) :2809-2813.

[6] SEXR,Z0. MAPKAE S 55 1 R [J]. fifi el
HER,2017,23(6) :649-652.

[7] XIAOL,ZHONG M D,HUANG Y, et al. Puerarin allevia-
tes osteoporosis in the ovariectomy-induced mice by sup-
pressing osteoclastogenesis via inhibition of TRAF6/ROS-
dependent MAPK/NF-kB signaling pathways[J]. Aging,
2020,12(21):21706-21729.

[81 b ik, S4F, B sk B0 . B4R 38 i ERK1/2 il p38
MAPK {551 % Jll U8 7 AR B T s ALl (0],

TEZED 2023455 34 5 171

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

(22]

Mg R ek, 2019, 29(2) : 78-83.

Wi . = MR TF 4 ERK1/2 . p3SMAPK  INK {5518
SN/ N R TR B 0 4 SR A BIFFE (D], 22 M HA ARl
KA,2022.

ZHANG N D, HAN T, HUANG B K, et al. Traditional
Chinese medicine formulas for the treatment of osteoporo-
sis: implication for antiosteoporotic drug discovery[J]. J
Ethnopharmacol,2016,189:61-80.

)R R 4 T A N Ny SR s BT
iE AR DCA 3 [J/OL]. b [E 22U T RIS, 2023 1-8
[2023-06-30]. https://kns. cnki.net/kcms/detail/21.1581.
R.20230629.1557.005.html.

KIM M G,KIM C L,KIM Y S, et al. Selective endocyto-
sis of recombinant human BMPs through cell surface
heparan sulfate proteoglycans in CHO cells: BMP-2 and
BMP-7[J]. Sci Rep, 2021, 11(1):3378.

XA, BT, EROUR, 55 . 08 FE eid B3 4T bFGF
L% TGF-B/BMPs {5 5t i B M2 MR )], o [ 847272
5,2022,42(19) :4784-4787.

R, PE I, 45 . 3 F BMP-Smad/RUNX2 5 5
T AR [ AS 3G B 5 5 24 1037 X K Bl BMSCs 3858 Fl1 A
LRI [T]. SRR RoR - 2 25 AL , 2020,
22(4):1159-1165.

PULKKINEN H H, KIEMA M, LAPPALAINEN J P, et
al. BMP6/TAZ-Hippo signaling modulates angiogenesis
and endothelial cell response to VEGF[J]. Angiogenesis,
2021,24(1):129-144.

W SRS THE X R E AT E A
TGF-B/BMPs {5 5l i#% 2% 15 (152 W0 [J]. 25 25 3 5 s
JK,2017,33(2):144-148.

FRT WS AELLN AF L S22 1 SRIRY) E  BMP2/
Smad4 {52 % MC3T3-E1 41 i B4 5 (1 5% []. rhag
T 25747,2019,34(6) : 2687-2689.

KIS WRAEE , Rk, 4F . BMP4 i fa B B U 2
W) T T A A S AR ). Hh 24,2015, 38(1)
127-131.

LIU J Q,XIAO Q,XIAO J N, et al. Wnt/B-catenin signal-
ling: function, biological mechanisms, and therapeutic op-
portunities[J]. Signal Transduct Target Ther,2022,7(1):3.
IR, Tk, AR, 5 B o Wnt/B-catenin
{5 2 S Al 1) 7 o 1 200 ol A ) ke AR
FHI]. A 25 2R3 47, 2015, 31(7) :919-924.

5e, L E | R IR L BHETE Wnt/B-catenin i B 00
Fg A AT R BUE ORI ST, TR BE2A4i, 2021, 36
(10):2188-2194.

X, AR, B0, AF R RE R X KRB BT S

=)

China Pharmacy 2023 Vol. 34 No. 17 < 2175 -



(23]

[27]

(28]

[29]

(30]

[31]

[33]

< 2176 -

I Wnt/B-catenin {5 5 il
$%,2023,25(7):21-25.
ZHANG Y, LIANG J Q, LIU P L, et al. The RANK/

FLURI[T]. 3L

RANKL/OPG system and tumor bone metastasis: poten-
tial mechanisms and therapeutic strategies[J]. Front Endo-
crinol, 2022,13:1063815.

MR B fe R, 2280, 4 . P3R5 OPG/RANKL/
RANK {5538 S0 B Ot -4 K BB a i s 7.
I PRAGI0 PR 24435, 2023, 44(12) : 1446-1451.

SUY C,MULLER C A, XIONG X Y, et al. Reshapable
osteogenic biomaterials combining flexible melt electro-
written organic fibers with inorganic bioceramics[J]. Nano
Lett,2022,22(9) : 3583-3590.

BREILSE . MB35 I 37 8 5 OPG/RANKL/RANK {5 5
ST 1 2 R Sk B L SR AR B 5 W B R R D). A

M AR B 2R, 2015,

ZEE . BT IR R A BTk R QST R R
WIECE R B A AL A9 5E [D]. BRI b i 2
K ,2021.

FEHL, BRATI , A B PR A /N B
MC3T3-E1 21 L34 58 | 43 A AES A0 AE T I 53
Hi2h 25k, 2004,29(2) : 164-168.

ke BLHH A Mg 2R B B A M T R VR B T
OPG/RANKL/RANK R4t 1352 MM [D]. f 5<% L R}
K2#,2015.

HE J,ZHANG N H,ZHU Y, et al. MSC spheroids-loaded

4 itk
J. " E

collagen hydrogels simultaneously promote neuronal dif-
ferentiation and suppress inflammatory reaction through
PI3K-Akt signaling pathway[J]. Biomaterials, 2021, 265:
120448.

VERISR, F3, 2=, 45 . 5T PISK/Akt/mTOR {5 518
BRERG 14221 5 0y e SRt P P A - T R A T
TSR], AR 2%k, 2022,42(16) : 4015-4018.
FARHE. BT Sre-PISK-Akt il R B UKL £ 2 £ 1R
AT BB AU D RE R SE MR (D). AN - AR i P R 2
RA,2018.

XUSEAE, 258 20 R, 45 L PR R R i A

China Pharmacy 2023 Vol. 34 No. 17

[34]

[38]

[39]

[40]

[41]

(42]

[43]

WA SR R T B A B AR KRB IR A K
A T RIE B ). E R P R AS S AR A
2021,27(3) : 483-488.

VAZQUEZ-ULLOA E, LIN K L, LIZANO M, et al. Re-
versible and bidirectional signaling of Notch ligands[J].
Crit Rev Biochem Mol Biol, 2022,57(4) :377-398.
oy g 3N I I R ¥ e S DU AT (PN s )
B BTN BT R VE LRI B SE (0], hAerh B2 2 %
#%,2018,33(8):3574-3579.

AR, BRI . 1 A2 1l 0 W0 Noteh {7 53 B Al
H ) 70 A e R AR A B SE BRI R[], R R
24,2017,32(12):2393-2398,2403.

CUNNINGHAM R, HANSEN C G. The Hippo pathway
in cancer: YAP/TAZ and TEAD as therapeutic targets in
cancer[J]. Clin Sci, 2022,136(3):197-222.

WANG L, CHOI K, SU T, et al. Multiphase coalescence
mediates Hippo pathway activation[J]. Cell, 2022, 185
(23):4376-4393.¢18.

sk, Ext, THE , %5 Hippo {5 S B 7E B G Ay
WA RE[T]. EFR R4, 2019, 46(3) : 263-269.
JESCHE . T Hippo {5538 B PR B L U477 %) BMSCs
REFE L R [D]. Kb W Hh BE 2R, 2021,
XSHHE , 2k, AR 2 . LT 46 25 815 Hippo- YAP {5518 %
TR 5T SR BB A A T 0], v B B AL SR
7,2023,29(4) :538-543,598.

BARNABEI L, LAPLANTINE E, MBONGO W, et al.
NF-kB: at the borders of autoimmunity and inflammation
[J]. Front Immunol,2021,12:716469.

sEE RWNE, EFE 55 AR ARETER BUBA

BT RA BAURIITFE[T]. Wit BE24,2021,43(18) : 1953-
1957,2047.
TR, P, gk M, 45 R T R @ a0 NF-«B i

18] 78 5+ 40 MO SR 7 AR [I/OL]. Hh A v R 2 2 1)
2023: 1-13[2023-07-07]. https://kns. cnki. net/kcms/detail/
21.1546.R.20230707.1021.002.html.

Clsch H $99:2023-02-16  f&171 H 9:2023-07-27)

(il « FEEGE32E)

TEZD; 2023455 34 55 171



