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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 (PIBK/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.
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% [ (mitogen-activated protein kinase, MAPK) {55 5 il
% 525 & A 4 H (bone morphogenetic protein, BMP)
1% 518 % . Wnt/B-catenin {5 5 1 #% . #% X 7 B (nuclear
factor-k B, NF-«kB) 5Z {4 3 1 £ [1/NF-«B 52 {4 51 25 11
e A /478 Il F (receptor activator of NF-kB/receptor acti-
vator of NF-«kB ligand/osteoprotegerin, RANK/RANKL/
OPG) {5 51t f#% . W4 5 Tt JUL B 3- 9 /25 11 I3 B (phos-
phoinositide 3-kinase/protein kinase B, PI3K/AKT) 1§ &
iE % Notch {55 1% . Hippo {55 M % . NF-«B {5538 %
U HATE TR E I a G ik aE 2 7EAR BE B
WA IR AR S K AR R A —RIIAR
N, HMAg B B 5, HATEIRYT B TS R
B Z W07 2t 2 E RS X A 2
S BEATL I A0 B A 5 B TR T L SR 0, el D
PGt B R RSO, B B B AR TR T, SR
Tt , 2 3 2 A5G SCHR , IF 9l a2 v 2 R oy J R
Ir e SEE T A B VEFBLE] O B 3miaT 25 0T
RIS
1 HABREREFRFETDEHIERS
1.1 #iEMAPK 5 Si@EEE

MAPK J& FLAZ 405 515 i i B R e 2 — , Hon]
T AT OIS T Ui B I A i T R 0 B A AR
(98 2(B cell lymphoma 2, Bel-2) %54 5% K -9, FE M7
UM BN, ol R T AR AR IR T DL S E R 1Y
G A A O SE K, IR 2 A AT 38 o TR p3s
MAPK/Smad {5 5 i34 5% BMP {54 , M5 5 808 4
MR 4e™, il T R BAR R T
1% MAPK {5538 J% U800 09 1 8% 2 i (alkaline phospha-
tase, ALP) TG P4 , A2 14 1l 40 M o0 A AN s A 0B, SR
TR AR, =B R BT ER = EEENR S Z
— FEBYTRA T R T AR A A PR A e A
PRGNS 57N BUVR TR BB 48 L i 4 20 i MC3TS-E 1 W3¢
= SR A R e, 25 R R, L SRR
fe ¢ T 7 J5 Ji (collagen type 1 , COL- 1 )43ilh , $ 5%
ALP {1, Th s MAPK {5 518 I AH 5C 2E F 3R A K F , 2
At MC3T3-E1 44650 . L2 Wi AR £ %
TP Sy 2 — , ATl S MAPK B (1 46 55 , AR TS
PR A B, ST AR S BB AR R, AR R
A ERER LR LA A AT E o 0E MAPK A
SR 1 T AR A4 A s,
TR, MBS
12 #iEBMPIESiEE

BMP 254k K K F B (transforming growth factor-
B, TGF-B) G 1) — D, KEEAFE T 3, T3 s
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BCE AR TS, BETC &S 20 F BMP SR 51
X 25 ARG B B AT R R s IR | 5 88 P 1xt
HITR A AVEN, 85 R A, B2 8 PH Al i o 75 BMP
TGF- .. Bl P 1l 21 4E 41 i 2= K X (basic fibroblast
growth factor, bFGF) i 3RIA 7KV, e i R A8 B B 4T
WA REEE R R, BAK B 7 AT 8 S BMP
T B T B bR A AR RS 28 1 (osteocalcin,
BGP) . #F # H (osteopontin, OPN ) . ALP . COL- [
FIRK -, AR -6 18] 78 5T T 240 M (bone marrow
mesenchymal stem cells, BMSCs) 1448 . 7£ BMP % [
', BMP-2 . BMP-4 . BMP-5 . BMP-6 £ BMP-14 {2y & Ui,
HIARFRIE 1, ANRR S 5 R 2 Fh 40 I 58 Ak AR
T TR O AR AR B R B AR
TV SE OIS R B, T R AT TR e i 20 2L b BMP-
2 .BMP-7 . TGF-B: R AK V- R R R B HIh @& .
FA A K B, B 22 T BRI T 0 ok BMP-2/
Smad-4 55 T AL #E/N FMC3T3-E1 4 i3 5, i fie
HERCE ARG T . RIS SR R B, fu F BRI AT
e BMSCs # 58 , S AJ 58 2 94 15 BMP-4 (1 3235 By (1
iFEEREGE . AT Sl P AR O O R
22 R HY) o P AR Y A5 R 0 BMP {5508
0 A B bR G & 11 BGPLOPN ALP . COL- [ {31k, it
MAEFEEr i .
1.3 & Wnt/B-catenin 15 S1# I§

Wnt/B-catenin {5 7l B EAR G K T A8 B IEH H
HEEAER, AT T r 2 et It HAE kK B il 2
T e G s, R RE ST R, S
1 A 38 i 2 = ALP 3 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-AH & 4% 5%
“F 2 (Runt-related transcription factor 2, RUNX-2) [/ 5 [
kK, FE G Wnt/B-catenin {5 518 1% , £€ 3 BM-
SCs WL HE /b, M5 5T & B, 4 R 22 M ml 3 ik
PR AP A R RS A B-catenin 35, T A B
12 Ak B-catenin (p-B-catenin) £ ik , {2 i#F RUNX-2 F1 1l &
90 04 SR B S IR T Osterix 223K, 70 170 80 K VAR
W WU R BB SRR ) . AP R, KR
AT T R UL 4 A 2R 6 (interleukin-6,
IL-6) . IL-1B . Hi @ ¥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 {55 553 fi , Hll T8 B -1 225k, D52
RAE RN, AR 2E K BB B T @ e, mrr %,
A 420 KR R R R SF ]l BT Wt
B-catenin {55 538 [ , IR AAE SO, AR EAT AL
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14 #i& RANK/RANKL/OPG {5 Si# %

RANK/RANKL/OPG {5 53 {# /2 B 15 20 i 5 i
i M =z (8] EE AR W Y, BROA SRS e
RANK/RANKL/OPG {55 53l [ , BIF 5% 73 R 3 11
PrBAR BT GEH . S8 REM, AR R s
K ERACE L 40 BRA 0 , FLAE FA ML AT g 258 Rk
U /N2 B FLIML T h BGP L ALP 7K L) M JBE B 2 41
OPG mRNA I &K R BTG . SufF
SR, =& AT T aE o B I RANKL 2 3k 7K F fil
RANKL/OPG FCAF, 400 il 15 4 M A 5 1 B WO
e BT @G . Sy A NI LB, AN I 17 v i A
P RANK/RANKL/OPG 55 53l [ 7% P |, fIg o B 1
FHE, 2R EEHRUORE ST 6 B, R R AR AT S0E RANKY
RANKL/OPG 15 538 4% , 190 6l 0 15 &4t a5k, 3 i 1 s
BB TR TE . FEHLAECIRE Y K R, 5 RN U AT 4 )N
L MC3T3-E1 40 i ¥ 58 . o fb FIE5 4k, 7R v g BAy
PEHEEATAG VEM . KBRS A B, Al He 3R T3
4 0% RANK/RANKL/OPG {55538 # , {2 i 25 0 5K B
H RGO ERIT S . BT, RR LRt b
B I R RET PR AN i R 2245 ]
1% RANK/RANKL/OPG {5553t % , fi i 5l B 4 M 531k,
U/ T R B A B, I W, kIR AT A
1.5 %I PIBK/AKT (5 S 1@ %

PI3K/AKT {5 5 i B & — Fh 40 i A5 5 5% i 42
I e O R e T 1= 4 0 AN e o1 e A )
KRB A 52 5 e e e 3E 1 0 ) PIBK/AK T/ 7.2
Y) & A 2 # E 1 (mammalian target of rapamycin,
mTOR) {5 53 F% , F+ = 40 A F Wi AR 54 LC3- 11 Beclin-
17K, BEAIE PISK  AKT .mTOR ik /K-, st 4 ab 5
ERUURR 2 i i B, AR 2B s . EARAE™
WF5E AR B, (i RORE £ TR TR 2 G 57 7T 38 o o AP B 1
i o PISK AKT G AL T A F 1 Y mRNA K H
FEIRAE , T T AR A L R W R ST A S
FRIL, AT TR R 4 8Uh TGF-B, i
WA K  BMP-7 #3552 F KRBT @G . it
R, W I A AR R R SR AR T S Re i
7 PIBK/AKT {5538 #% , # il TGF-B, .BMP-7 %1k , i
M SEE G .
1.6 #iE& Notch 5 S 1B %

Notch {5 5-38 [t 7] 5 1) 2 i AH 20 B 119 431k . 240 if
T A MG 5E DA K 20 R ST B 2 B AR Y
FEW] VR SE AR T 8 5 LS Noteh {5 5 B% , 4 i ok B
15 ALP 3% /7, FHiE5 Noteh-1 ., OPG 25 4 #34 7KF- , i
OB WAL, g R B T A R U T A
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Pro MFEIRIM R FE BMSCs, I LR F T T
T, AR K, PR AR T b AR o B DG
585 1. RUNX-2 mRNA K5 LI I Noteh-1 3 F 315, {2
it BMSCs [a] JiltF M o3 Ak o Hy gl i, i SR A T
i 1 P Noteh {5538 # , 12 3 BMSCs [i] i H 4 /il 73
e, JEmfE AT G .

1.7 & Hippo (S Si@ %

Hippo {5 5 8 F§ 7R IE A A2 A ZUEA: DA KT
REIAE B AR, fEE A G,
BB S 1SR B A 1 R SR, X ik
FERYSEHLS Hippo {5 3@ BOC R B UI™, i SCH" 1T
Hippo {5 518 MR TR LT U477 % BMSCs 3858 i 7
H 52 e e B, k£ 04037 75 24 107 7T {2 i BMSCs 1
B K A4k, N TEAIL I AT GRS Mk 21 U 7 i 1
Hippo {55 518 % S8 7 45 Yes A5G 5 11 (Yes-associated
protein, YAP) fil Tafazzin #H 25 H , #E 1M 42 F BMSCs 14
B o AR AR 9 R B AL AE 2R T SE A 0 Hippo
15 538 s, B AT R BRIV A J5 463 I 2 11 8l 3 (matrix
metalloproteinases, MMP-3) \MMP-13 . IL-1B.1L-6 IKE,
i Bel-2 #5& X 85 H (Bcl-2 associated X, Bax) | Jit K4k
i 3(Caspase-3) . YAP £ 1115 , AT K BRL4%B 41
MOPRT . H Al B LT DU ELL AR 3R S AT
1 Hippo {5 51 [ , £ F BMSCs 3458 i 434k, 1%
{i Bax . Caspase-3 . YAP & [ FR 18 7K1, #0fil 415 40 e
oL e A S .

1.8 #IHI NF-«B{5 518§

NF-«kB &5 H 5 5 AT LA #5: Hh 7E B 41 MY -4 38
SR bRV 2 N 1R TEAN I Y SERE S L S
NS R R OCHEEVE ] i TRl el b &k
e —ZR NI SAE RN, P NF-x B {5 5 38 i e BT @ &
AR B Y SRIR AR R B IR
A AL A TR R B AP A R
NF-«B 2 FI RS AKCE g e B rin g . kT 55
WFFE IR, W PR 2 AT o A1 A 1 i 8 A 5359 ALP AN
OPG (13 , M il NF-kB 19 il PR 1, s i e St R
T RUNX-2, Osterix f) 57K, T 75 BMSCs R
3. FRRTAD, B A A IR R S T
il NF-«B {5 5 id # , 75 20U i o1k, e gk B rin G .
2 5iE

WHIER A ERE =L 8B 45 A o BOs
MAPK {553 #% , 755 U 40 Jr AL A1k, 2 $54e F
HITEE VE s S8 P AR B 7 B S Lt
PG BMP {5 538 i, 54 i 81 7 38 3 H BGPL OPN,
ALP COL- I i3k, gEmife dE B4 f i s o5 1 R I
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ZHH AR B 2K A5 T o 0T Wnt/B-catenin {5 5 3E

AR SN , PE M A B @G s PR R LR AN

% 135 R 38 3 300 RANK/RANKL/OPG {5 53 % , fie

PEB TG s 1 ML 5 5 e g ORL R A A

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

Fb, JEMIE IR BT A G s PR R AR T AE AT A Noteh

5 B, e 7E BMSCs [n] il B 4 i o34k , R 6 kA3

AE  BELLIUY AT AL 355 AL I Hippo {5 538

% , fie 7 BMSCs 14 58 b J8H AL, 3l B i ga T

HEMAR S EPr A A R B A IR T E A

] NF-kB {5 538 B, U5 -5 0 o0 4k, 3k 1 42 9F 1 4

g

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

Prin G MG R i B R BE TS U TARRIEL . TR Y

{57 il s 2 BE i 2 5 SR A T S R A JRE RN

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

SRR B HBARRYVE HIBLR DL S 4515 53 s 2 [

T M [V T8 4 00 R A 48 o oK e A T, R E
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