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Research on promotory effect of traditional Chinese medicine on fracture healing in cell and molecular level ZHANG
Kun ,NIU Liang-chen,YUAN Fu-jie ,and LIU Shen-peng™.” Department of Orthopaedics ,the First Affiliated Hospital of Xinxi-
ang Medical University , Xinxiang 453100, Henan ,China
ABSTRACT Traditional Chinese medicine is widely used in the treatment of fractures, osteoporosis, other bone related dis-
eases for thousands of years. There are many animal experiments and clinical trials demonstrating that the traditional Chinese
medicine such as epimedium, Drynaria and other traditional Chinese medicine can stimulate bone regeneration and inhibit bone
resorption , accelerating the fracture healing. In recent years many cell experiments have shown that these herbal ingredients up-
regulated the expression of intracellular osteogenic transcription factors and osteogenic related genes,and then induced os-
teoblastic differentiation and stimulated the proliferation of osteoblasts, bone nodule formation and matrix mineralization. Mean-
while these herbal ingredients up-regulated the expression of intracellular osteoclastic transcription factors and osteoclast related
genes, inhibited osteoclast differentiation and bone resorption of osteoclasts. In addition, intracellular signaling pathways regu-
lated these herbal ingredients by might be involved in the above effects. We can have a conclusion that the genes expression reg-
ulated by transcription factors in pre-osteoblast and pre-osteoclast and these signaling pathways are the major molecular mecha-
nisms and research hotspots of traditional Chinese medicine in promoting fracture healing. Based on these molecular mechanisms
to review , this review provides not only the foundation for the study of traditional Chinese medicine in promoting fracture healing,
but also the basis for clinical treatment of fracture.
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hatase, TRAP) , f#45 % 57 {& ( calcitonin receptor, CTR)
FILH 21U H I K (cathepsin K, Cts «) AT 73 fff 5 5 o
B B ESESE Y B IUR T B RSO R h A
FEAE] o 2 B iR R A P B R R R R
PRt BB A W N BE i Ak, P A 4 A v
B ARG PR 33k, 0 5 P it 0 A ik sy R e A
(B YR I B G TR T C A ) B SE 27053 i G B |
2 R S TR T runt AHCFE SR F- 2 (runt-
related transcription factor 2, Runx2 ) 1 & 4 fo 4 5+
P& S T (osterix, Osx ) ZF 1Y # ik |, fiE 7 BMSCs 43
AR B AR, el A P PR SR NF-xB
AR SZ ARG ) (receptor activator of nuclear factor-k
B ligand, RANKL) 1 NFATc1 235 , 41 il i 15 40 i
TR, gk serp 2n] fe kB i@ & A i E g
BRI SIS
L1 2o R R R ek P i I
L1 By mem g b B 3R
K7 B R S R T A PR B TRR T (alkaline
phosphatase , ALP) , ‘B4 FH (bone sialoprotein, BSP) ,
I 7 J5 26 1 (collagen 1 ,COLL I ), ‘B %52 (osteo-
calcin ,OCN) , ‘& 2 H (osteopontin, OPN) , il ‘& 4
KW FHIELS &AL ®E A 2 (bone morphogenetic
protein 2, BMP-2) %5, DI K% 5K Runx2 ,Osx Fll
RANKL 5% BMP-2 1] {8 35 39 Ji i s £ AT OCN
R A% U i e e e N T R = o A o 7
SRS R AT B Runx2 T Osx AT i
F B S T K 1 ALP BSP . COLL I |OCN A
OPN 3835 FTHCE 4575 UFAE B 46 . Runx2 &
JVR S BH 9 BSCR 0 3 18 G B4 BT, Runx2 &
A5 B A FE RS B0 DX b B B A R e A
FHITA(OSE)2 456 BB PEFE Sk A F o Runx2 H&[AH
P55 e — -8 DL B PR R Bk I 25 S B iy &
BARBEER/D BUSE A A F 32, Osx A& —Ff
G RN = et T e R = e B DB e =
W KA EEAEH , Osx AT 3 Runx2 1
B % H#45 H (osteonectin, ON) 7F N 1 £ 45 5 PE AL
B PRICYIRIR AP EERIF SR TE L
B AR 30 5, Osx FE 8 Runx2 B9 i 3&
R DL E 6B BB PR SR - Runx2 Fil Osx %
L[]y s A P AR SRR R 3Rk, iRl AT
2 BV L0 A R R ) [T, AR i B s 2
JH 73 WAL o A AR Ak
112 MR sy EFEET RMEFE TR
Wy w2 T, B g LR N BMP-2 L R
PR 5 A 5 Runx2 FHG A B0E P 5% s AL Osx 3R
i5, 755 BMSCs MU 7k, W RESS SR 4 ALP {5 1

J COLL .BSP.OCN OPN (157 , fie it BMSCs B A
OACHIIG IR LA K 257 T 0 iR SRR I DA
AR R BT W e B, 2 B A
R IE N KB ARZE P o B () — PP EBRAL &, 7E
/1N ERUPBUB 1B A0 L P BE S N L B 2 T OCN L ALP Fl
BMP-2 ik DL & Runx2 #65% , 1b4h, T OCN &
Runx2 [FIELR | K8 R ] i 5 1458 HEK293T il
FE ST Runx2 B3 OCN kB0 7, K £ E
a5 VAL A R 5T v 0 e 3 A AR e 4
B, N IE B, MeEE PTG . Bl R R (medi-
carpin,Med) 7 5P SR I BB R B FLA Y rh 4 in
Runx2 FIE5 LA K N F B (TGF-B) %% sk 7KL &
OCN &3k, 080 Ak B 40 M oAb A Az B 1) 7 —
(propanediol , PPD) S8 A i 18—l i35 22 A 30 14
ViR, 7 UMR106 ZHffirf, PPD i 1% Runx2 #71
ALP OCN LI M H R & (osteoprotegerin, OPG) 3
5 BN ARSI UMR106 FIHT 8E 4 i MC3T3-
E1 #4585 , i #F BMSCs A H 434k B B 356 o 45 28 U
FHLDO] A g 4 A fF BMSCs FP 438 ALP 3% M
BMP-2 %354 M Runx2 Fl Osx 55 58K F 755 BM-
SCs B H b B B 4 a3 o 17| B AR E B 251 B
BRIk, s g Pri & . K RETRTE MC3T3-
E1 408 H 4l Runx2 #65% B f5 4858 COLL 1 ,ALP
H1OCN 40 AR VESE Ak, BB 2 5 | /K R
EIEE YRR TR T ALP 1 OCN IM3E 7K, sk
B YTWR AR AR i E Y PR B R
PSRBT LS, AT RE I ALP 1 1
F1 OPN 430 WA LA K2 il 9 Runx2 F1 Osx IOHE %, S
BMSCs A E L MU B AR, fEiEa45 78
FFEFT- A DAL s 2y o8 238 o 3 i
JCES 20 BRI P 2 57 R 1R 2 S /KT a4 i
B, T S 80 R 20 e A S T T
A E SN B> €5 §ITA &~ 9IRS K= RA R e
s,

1.2 2o X i B AR G BE PR R = W i i
1.2.1 WEEMXIEHEFREATY BHEE W4
(bone marrow macrophages, BMMs)H' RANKL F14E 7%
IR 7 (M-CSF-1) 7] 5 S HA Ak A k5 40 i, M-
CSF-1 RIS i 4 M3 8, 76 RANKL 7530 15 41
M B NFATel JE—A> RN T, 2 NF-
kB B — O EE I I NF-xB & R85 98 55
£ B NFATcl J5 o F X 5 H A0 5 7E J IF 3 1
NFATecl ik ,NFATcl F c-Fos 15 518 7E RANKL
W E AT o Z i EE AR, b
RANKL R 3] J50 B8 - 248 B 40 o6 o S Pk 9
TRAP,CTR Fl Cts k ,ATP6VOD2 FlIH} R 41 it 45
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P B AR 117200 S0 g o T R 0 L TR LA
P, o fife e BE AR U R R i, A S 3ea P
AR ELE SR LT . 7F RANKL-RANK-OPG
Z % BMMs [ RANKL 5 RANK 22 {45 & #3540
HE ik, il OPG Al FHix—id 7, MmN
OPG ik I I BMMs B 543 Fk R B 4 B 35
P, UL OPG/RANKL [ FG AR AT iz e 437
BMMs AH oAb A AR B 182020 rp 2l pl 43 ] e T 1
FUAE IS E TR O m B A, PR SRR A
G e~ O = = T e
1.2.2 MEPZES  RANKL A 15 NF-kB .C-
Fos Fll NFATc1 F%% 56K, WA] [-3# TRAP Cts
SR PRICY A B AN AR 32K (osteoclast asso-
ciated receptor, OSCAR) 35 | 1 KB 2 A il 1% i
i, DI BMMs [R5 o3 Ak A B 20 A i i
T, 0N BE R —Fh W5 B, 7F BMMs
RAW 264.7 Zififir, AW 2 % RANKL %5 S 1)
W 40 4 S AR ic 2 40 TRAP .CTR I Cts k . DC-
STAMP Fll ATP6VOD2 FY 3K , 41 il B - 210 A I i
TR, A7 AR M B AR S RANKL S (i 8
AT R ZR TSR 3 PN T e 24 Ul 55 1 B 24
JH i R, PR T R AT, 7 1R A
PERIR, BB EPra G, PPDUS ARAT - ER Y Al
SO R R SR T PR B LR Y OPG
RANKL f3535 , FHiE OPG/RANKL FUAE , 40 i it B
S 0 A RV B 20 PR b T, R SR BB 2
Ay a4 RANKL M-CSF-1 i35 SAE M, /b miak
B 4 H R e e S DR RV B R S 0 W ) 1
I8, DA/ 8 F 440 M %) A SR AT A st - 4 i
B PTG | e 2 s B T W i 322 122 B i,
fRiEFIhas,
2 HHERSENESHEXS FESEENAT

EETAA T HEEE R, 2o rTiE
I T A R P R B A SR IR A S, R A
BN AR S RO, IS AR R
b, L EF IR E R,
2.1 MAPK {5538 %

PIEAFFE 2B, 7 RANK 155 S 0988 B 40 i
A G i v 22 B4R S AR B8 (mitogen activated
protein kinases, MAPKs) % 3 4~V % (P38, ERK1/2
FINK) A&7 8 ZAE 2, g n ek ] 72 BT T
MR C3H10T1/2 F1 BMSCs [1] B 41 434k A
HENR b ERK p38 4 A1 INK, 1 ERK 4101 i 551
(PD98059) .p38 #1111l 1 (SB202190) A1 JNK 411 #h1 71
(SP600125) I i 35 3 55 7% °F 722 7 & o 1k 1E
FHP22] 1] ERK  p38 JNK {5538 B 7E 48 1

S RGE R T R AEEEAER  7F HEK293T 41
mh, KER EEROG BRI p38 1 [ AN o H T Ui
F Runx2 3650, Hamim ol i 4 M oo P R 8 240 it
HOE AR EE R AR R TS BMSCs 3
FE RN B 4 Ak FUBE R {6 ERK, 1 ERK #1151
(PD98059) RJ BH i 1% A, 3% 1 HH 2 g ie 2 8 ok
B0 ERK {5 5 1 % 4] 3% BMSCs B8 43 b il 1
FEUT PEERER B W5 S A8 A BT 40 MY (human
mesenchymal stem cells, hMSCs) W H Ay Ak FEE
ERK1/2 M#ER AL , i U0126(MEK1,/2 #1451 ) AT FH
WHZEON , X 6 B FHE AR B il i i85 ERK 15518 1%
PEHE hMSCs B 7L, 78 RANKL 755 (18 B 40
MIIE it #rh  NF-kB Fl ERK/MAPK #% RANKL 7%
A&, 20032 Y R FE AR ZR 5 37 40 Rl 9855 RANKL
FE AT, PR 2000 3 PN R T 900 o B 2 A 1
A0 M e AT BMSCs 355 Fl A E- 4k [A]
IS ISP ERK 1 p38 {551 %, {H 30 645 1% 1] %
PD98059 1, SB202190 #i] , LAk p38 AT s Mt i 2
XT ERK MR ft, X d WA E: 358 1 0% ERK
p38 15 51l BRI BMSCs $458 FSE /046> LU
XS 2 A3 R TS I Y MAPK 5538 P i3
ity , 5 5 A8 AL IR b, e R 4571
AR AL, s BT
2.2 BMP{E5E

BMPs % % () BMP-2 BMP-4 il BMP-7 7]
I G B S5 sh W E T A BMPs 5
il O A N2 A =i 811 | S . R Vg = 7l L
Smad1 .Smad5 il Smad8 &% B 155 Y, BMPs 5
ZARGE G TG WS A5 S, L COLL 1 #
Runx2 MYFRK, (e A Bl 20 B A 4310 RN A4 i 43
VB LSRR 1, e AR 25T RIS L L
N, BMP-2 RJ 375 S Hi R A | ) 70 o 240 i - i )
T2 e oAk, TR RR A Smad #)1i] capsase-3
TP ORI i R A 222 72 N BM-MSCs , AJUE
FEANMI A hFOB 1.19 4, #EF2E TP B IR
Al L BMP {5 53 i - BMP-2 BMP-4 Chfal/
Runx2 ,Osx ,OPG . RANKL #9235 FIAE #4115l 1543
Ak, i BMP $13] Noggin R BHIFHZ RN |, 13 26 W 1%
AR A EE R 2E Y RS BMP {5 S0 54 R i 2
YR B 2220 R A R I SRR D
I ES MR, 7E/N B BM-MSCs Hi4 1% BMP/Smad i3
BRI S TE MARICY) Smadd 3B ME3E B /LAl
AR, K ET AR/ BB TR TR I
15 ALP OCN 7K it & ¥ @ &, ol 78 4 if
MC3T3-E1 i pl w404k 1 TRl AHiE i BMP-2 iR 1k
Smad1/5/8 F Runx2 %% 5%, i BMP #ll#5] noggin 1)



- 780« A5 2017 4E 8 HEE 30545 8 #] China J Orthop Trauma, Aug.2017,Vol.30,No.8

Tz, UERAZK K] Z 0] i BMP/Smad/Runx2
15 5 38 % 8 8 R RO, e R T A A R R
JEUs3  GBE FiAh Kz 15 AT 515 BM-MSCs 3455 A1l B
s34k, TRIE L9 BMP {5 538 5 th B9 ALP BMP4
OPN .COLI 1 Runx2 %35, i BMP #45] Noggin AJ
iz 22 s 2k AL GBE FlA 7 38 i
WS BMP {5538 AR SE p B S DR, s
4. BMPs A ### 4k R-Smads1/5/8 1% BMP {5538
AEIE BMSCs BiE 534k, {H NF-kB Al H6lZs0
1M TNFo 3833 NF-kB A5 (4400 il 45 400 ) -4 e
A3 VR R A MU BRI A, A RN
FE MC3T3 4fiffd b & 3425401 NF-kB #5500 i91EH , 0
55 TNFo XF BCE AR 4], fE oE MC3T3 4 i i
AR 2, DL b xserh g o FRE A
BMP {5538 [ v AH O J50RN Bt 9 R 1 2 S TR
(2R L S AR A IS R B 1, R oA N 3k
AL, A BEEEITAA
2.3 ERN-HE5EH

W EE I B = 0T 5 R RS AA A T R A
% 2R Z 1K (estrogen receptors, ERs) J& T 1% 32 A Jk
MR, MRS ERs 458 )5 , ERs H %l 54
& v} b R R R Ok e S e R S L PR S SN Dl Y
2 R B PG o 200 B ) R R S TR
FeIk PRSI SRS E RIS, PPD R RE T
PRI M A o IR T B AL, e
TR T 1k, (B ER $5407) AT BH#HZ ROV |, 1%
VLEH =8 R M A E e B R, SR+
THAREY ERaERB 4, HZZRFETELE A
fi G (MEK) 417) U0126 AT 4551 PPD AR 1k
ERa, XEM - FHALE L4 ER KEE(S 518
B BAE A AR E L, el AR PR ERa/
ERK/MAPK 3 % A& 4% M 3% 2 HEAE F A 2F B 3 f@
A0 GEEL Y] B BMSCs(OVX-BMSCs) 4 B 43
AT AL R AL RE ) R, [A) s R 2 K ER1,SP
-2 Al PR B IR0855 , I F ATl s Lo 42 | fi
ER #1451 1C1182780 ] il 22 26 H el BB H
X UL SR FE AT v IS ER G A S OVX-BMSCs
TERB 5, e BT A P, BN S S A
bt Bz R G A T A A, K B TR A o3 R
UMR106 4 fifd 1% ¢ Fl 4% 5 ALP 36 4, 0T 5%
BMMs H1HY OPG/RANKL Ft A 300 Bk -5 40 it A4
{H 53 S /E FH AT 4% 1C1182780 PHAY , 136 BB fkh i 1)
BRI AT ER 155 38 RO 20 e A T AR
TE B, 3000 R A R W, B B E T A
AR X 2 S ML N ER G R MR R
FEAE T, 3858 T B il B S e o B 3T &

2.4 Wnt/B-catenin {5 51 %

Wnt/B-catenin {5 518 %2 5 GBI B R L
BREBMBRNEEE, SRE e E IR ERE
F2B Wit {55 0I5 B-catenin {55431, MM 1Y
3R ALP 1E PSS BM-MSCs BUE 404k DL S 8 20
JHO 35, o r S B B A0 AL 430 OPG 1003k o 5 200 ik
TR, B2 B AR B, TR SEKOR T4 i AT BM-
MSCs H1, AliZE 72 Al 172 GBERVAT HEF™] i
I Wnt/B-catenin {55 % 8 [ [ 8 BB 40 M AR 9
OPN COL I &3k , fEdE 40 it 5434k B 45 19 T A
L, mAMBEEITa S, Y a i
Med 7] #7% Wnt/canonical i1 Notch {5 518 I 112 17F
BT E A A0 A R S A NGB, SR A
e RS ST A KRNI R T2
WU R AT S B5R B-catenin B BMP-2 %
N5 R T ZANBERS BMSCs BUE 701k, H. BMP-
2 f& B-catenin {57 B T IFHE N, X AR IR 73R
i Wnt/B-catenin-BMP {5 53 {175 5 4H M i 53
RN, HE B 25 TR R B B ™, B2, X
1 v 24 143 P TS MO Y Wnt/B-catenin {5 518 %
HIRWE 5 a0 BMP-2 45, 375 5 200 it 184 5 s 4y
A € i e = e iLbTi = =
2.5 NO WS35

—H AR (NO) & LR &R —E L A AT
(NOS) [A] T- AL AE B —Fh {5 50+, NO iE AH
FHARNM . F7RCE A0 N B0E PKG, PKG #4057 21 4 g
2% I R B PR S TR F Runx2 363k, {2 k4 s
FE AR AL 3G 5 DL Sl dn s g, e 2R
PO RS h, EEAE AT 1CT S i-
NOS ik, AR B 4H 200 NO AKCE AR 4 55 A B Fne
AL A A B BT A A B O AR T
AP PI3K-Akt-eNOS 15 538 [ H00 50 P9 B 48 A P
A AR LS PR A GBI, A R TE A A,
TR IR R RS K B BMSCs Wi
A3 AR B 20 L A A [ B, T ) e AR
# K Bl BMSCs H i) AKT #fR 1k INOS .eNOS ik
FGETE, BEEHSMMLAN NO sGC . cGMP & & F1 PKG
Fik, X EERLN T B2 R B R
PEFREPUAIBLNE , H AKT FE 05 eNOS, X ik H
PI3K-AKT-eNOS-NO-cGMP-PKG 15 53 B A % F e
AR HE K B BMSCs JB0H 431k MG 8 v % 44 85 AR
FHR B2 PR ZE RGN NO {5 5 i S
TWHES T, EVRM N R R SRR Rk i
I REFE PR e, s BT A
2.6 AN TAE T

BT AFFE TP RAE, RAEFE 1A P
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FEAE KW PE S (reactive oxygen species, ROS) {1
H,0, FI NO 85, RAE DY B H 200 o R i L o
4 J& & M B (Matrix metalloproteinases, MMP) 4= i ,
ROS REAEHF B FLBUH 6 -7, 00 5 9 0 m e ik
W 24 B ARG N2 SR 2 R, s E T
At E AN K IR E] B0, 26T I8
AD/NERBCE AREAET N, TR LPS S E A Sk
RAET 1B FAETE L WG PIBK/AKEE H NF
-kB FIGLER CD14/TLRA {5 il e R AEHTRAE T, A
I NO A MMP AR O 2R 5, [ AR S 3
FE SRR AR Y 1CT FRAT LA R 40 i v
ROS % %ﬂligﬁﬂﬁlﬂ A ALY BHE P, PRY A
EANE, X UEHNE AT A HATAEY) ICT Al
il E ARSI R A B T A 2, AT R
il MMP 1 ROS A= SURFETTRAEN,  [R] i il R
ﬁ’ﬁﬁiﬂﬁl%%ﬁﬁ:Amo (e S RN B
i M AR Sl R R R AR, e it
HITRE.
3 RE
RSN Bk R 2 T2
WA 255207 BORRIBIFR iy y B s
PR S TR B TR ) . BRI e 2l 5 'J
A BT R ABAEAE th T B2 Rl A SR
TEm IR EAZ) o BRI B, (H I Se4E ] Py 4
EAH BTN 757K UESE *%ﬁﬁﬁﬁ"i’ﬁ@
BRIBLE], X iR A 2557 B e P
Wt , oY AR AL TR, BARH HIJXT'?ﬁJ‘
TedEE I iE T HlHe sk = R RIA, HEE
BIRITEHITHCPAPISETRA, S E bR
e BT A o FALH, XSy L
T REZS R AR YT B B B A S5 B AH DG
AR, T L P 2 U R R E P 2 1 Aoy 2
PGy BT B S
B3 3k
[1] Mukwaya E,Xu F,Wong MS,et al. Chinese herbal medicine for
bone health[J]. Pharm Biol 2014 ,52(9) ; 1223-1228.
(2] FHEE 7R, MBISEY 4 B AR HOK R X BT A A D
TRAAFRIKBEE ()], T EE 5, 2011,24(9) :761-765.
YIN X, LI L,ZHENG LL, et al. Influence of aqueous extract of Ar-
alia echinocaulis Hand-Mazz on the expression of fracture healing-
related factor receptors[J]. Zhongguo Gu Shang/China J Orthop
Trauma,2011,24(9) ; 761=765. Chinese with abstract in English.
[3] HuangZJ,Guan JZ,Xu YJ,et al. Clinical research on Zishengukang
Pill (75 B HEAL) used to treat delayed union of fracture[J]. J Tra-
dit Chi Med,2011,31(3): 189-191.
[4] Wang WL,Sheu SY,Chen YS, et al. Enhanced bone tissue regen-
eration by porous gelatin composites loaded with the Chinese

herbal decoction Danggui Buxue Tang[J]. PLoS One,2015,10(6):
e0131999.

(5]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

Wang WL,Sheu SY,Chen YS, et al. Evaluating the bone tissue
regeneration capability of the Chinese herbal decoction Danggui
Buxue Tang from a molecular biology perspective[J]. Biomed Res
Int,2014,2014.853234.
Siu WS, Ko CH,Lam KW et al. Evaluation of a topical herbal agent
for the promotion of bone healing[J]. Evid Based Complement Al-
ternat Med,2015,2015.905270.
Kim JY,Cheon YH, Kwak SC, et al. Emodin regulates bone remod-
eling by inhibiting osteoclastogenesis and stimulating osteoblast
formation[J ]. J Bone Miner Res,2014,29(7):1541-1553.
An J,Yang H,Zhang Q,et al. Natural products for treatment of os-
teoporosis: The effects and mechanisms on promoting osteoblast -
mediated bone formation[ J]. Life Sci, 2016, 147 :46-58.
Jia CR,Liu HX,Li M, et al. Effects of icariin on cytokine-induced
ankylosing spondylitis with fibroblastic osteogenesis and its molecu-
lar mechanism[ J ]. Int J Clin Exp Pathol ,2014,7(12):9104-9109.
Zhao J,0hba S,Komiyama Y ,et al. Icariin;a potential osteoin-
ductive compound for bone tissue engineering[ J]. Tissue Eng Part
A,2010 ,16(1):233-243.
Ma HP,Ma XN, Ge BF,et al. Icariin attenuates hypoxia-induced
oxidative stress and apoptosis in osteoblasts and preserves their
osteogenic differentiation potential in vitro[J]. Cell Prolif, 2014,
47(6):527-539.
Wu YQ,Xia LG,Zhou YN, et al. Icariin induces osteogenic differ-
entiation of bone mesenchymal stem cells in a MAPK -dependent
manner| ] . Cell Prolif,2015,48(3):375-384.
Ma XN, Zhou J,Ge BF et al. Icariin induces osteoblast differenti-
ation and mineralization without dexamethasone in vitro[ J ]. Planta
Med,2013,79(16) :1501-1508.
/N, B 52T WRse B A58 VR SR U1 B0 A0 M T A
W 20 B W S B BIL AR (0], o B 2R 2 B 2 4k, 2013, 35
(4):432-438.
MA XN, GE BF,CHEN KM, et al. Mechanism of icariin regulating
bone formation of osteoblasts and bone resorption of osteoclasts
[J]. Zhongguo Yi Xue Ke Xue Yuan Xue Bao,2013,35(4) 432~
438. Chinese.
Dixit M,Raghuvanshi A,Gupta CP,et al. Medicarpin,a natural
pterocarpan, heals cortical bone defect by activation of notch and
Wnt canonical signaling pathways[J]. PLoS One,2015,10(12):
e0144541.
Xiao HH,Gao QG,Ho MX, et al. An 8-0-4 norlignan exerts oe-
strogen-like actions in osteoblastic cells via rapid nongenomic ER
signaling pathway|[ J]. J Ethnopharmacol, 2015, 170:39-49.
He G,Guo W,Lou ZY, et al. Achyranthes bidentata saponins pro-
mote osteogenic differentiation of bone marrow stromal cells
through the ERK MAPK signaling pathway[J ]. Cell Biochem Bio-
phys,2014,70(1) :467-473.
Kim JL,Park SH, Jeong D, et al. Osteogenic activity of silymarin
through enhancement of alkaline phosphatase and osteocalcin in
osteoblasts and tibia-fractured mice[J]. Exp Biol Med (May-
wood),2012,237(4) .417-428.
Xu D, Xu L, Zhou C,et al. Salvianolic acid B promotes osteogene-
sis of human mesenchymal stem cells through activating ERK sig-
naling pathway|[J]. Int J Biochem Cell Biol ,2014,51:1-9.
Zhai 7] ,Li HW , Liu GW et al. Andrographolide suppresses RAN-

KL-induced osteoclastogenesis in vitro and prevents inflammatory



<782 -

[21]

[26]

[27]

A5 2017 4E 8 HEE 30545 8 #] China J Orthop Trauma, Aug.2017,Vol.30,No.8

bone loss in vivo[ J]. Br J Pharmacol ,2014,171(3) : 663-675.

Gu Q,Chen C,Zhang Z, et al. Ginkgo biloba extract promotes os-
teogenic differentiation of human bone marrow mesenchymal stem
cells in a pathway involving Wnt/beta-catenin signaling[ J ]. Phar-
macol Res,2015,97.70-78.

Liu M, Li Y, Yang ST. Curculigoside improves osteogenesis of hu-
man amniotic fluid-derived stem cells[J]. Stem Cells Dev,2014,
23(2):146-154.

Xu T,Wang L, Tao Y,et al. The function of naringin in inducing
secretion of osteoprotegerin and inhibiting formation of osteoclasts
[J]. Evid Based Complement Alternat Med,2016,2016:8981650.
Zhang X,Liu T,Huang Y et al. Icariin;does it have an osteoin-
ductive potential for bone tissue engineering[J]. Phytother Res,
2014,28(4):498-509.

BIH, 5 AT AT T MAPK {558 e i o]
FEBT AR C3H10TL/2 JiE 43 L i SN 5E D). v BB
ZEE44R,2012,10(11) :1272-1278.

MAO XY ,BIAN Q,SHEN ZY. Analysis of the osteogenetic effects
exerted on mesenchymal stem strain C3H10T1/2 by icariin via
MAPK signaling pathway in vitro[ J]. Zhong Xi Yi Jie He Xue Bao,
2012,10(11):1272-1278. Chinese.

Zhou Y,Wu Y, Jiang X, et al. The effect of quercetin on the osteo-
genesic differentiation and angiogenic factor expression of bone
marrow-derived mesenchymal stem cells[J]. PLoS One,2015,10
(6):€0129605.

Cai M,Li G,Tao K, et al. Maohuoside A acts in a BMP-depen-
dent manner during osteogenesis| J]. Phytother Res,2013,27(8):
1179-1184.

Liu M, Li Y, Yang ST. Effects of naringin on the proliferation and
osteogenic differentiation of human amniotic fluid - derived stem
cells[J]. J Tissue Eng Regen Med,2017,11(1):276-284.

Liang W,Lin M, Li X, et al. Icariin promotes bone formation via

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

the BMP-2/Smad4 signal transduction pathway in the hFOB 1.19
human osteoblastic cell line[J ]. Int ] Mol Med,2012,30(4) : 889-
895.
Zhang JF',Li G,Chan CY , et al. Flavonoids of Herba Epimedii reg-
ulate osteogenesis of human mesenchymal stem cells through BMP
and Wnt/beta-catenin signaling pathway [ J ]. Mol Cell Endocrinol,
2010,314(1).70-74.
Mohd Fozi NF ,Mazlan M, Shuid AN, et al. Milk thistle ; a future po-
tential anti-osteoporotic and fracture healing agent[J]. Curr Drug
Targets,2013,14(14) : 1659-1666.
Yamaguchi M, Arbiser JL, Weitzmann MN. Honokiol stimulates
osteoblastogenesis by suppressing NF-kappaB activation[]J]. Int J
Mol Med,2011,28(6):1049-1053.
Luo Z,Liu M,Sun L, Rui F. Icariin recovers the osteogenic differ-
entiation and bone formation of bone marrow stromal cells from a rat
model of estrogen deficiency-induced osteoporosis[J]. Mol Med
Rep,2015,12(1):382-388.
Wong KC,Pang WY, Wang XL, et al. Drynaria fortunei - derived
total flavonoid fraction and isolated compounds exert oestrogen -
like protective effects in bone[J]. Br J Nutr,2013,110(3) :475-
485.
Tang DZ,Hou W, Zhou Q,et al. Osthole stimulates osteoblast dif-
ferentiation and bone formation by activation of beta-catenin-BMP
signaling[ J . ] Bone Miner Res,2010,25(6) ;1234-1245.
Zhai YK, Guo XY,Ge BF, et al. Icariin stimulates the osteogenic
differentiation of rat bone marrow stromal cells via activating the
PI3K-AKT-eNOS-NO-cGMP-PKG[ J ]. Bone,2014,66;189-198.
Kanwar JR, Samarasinghe RM, Kumar K, et al. Cissus quadrangu-
laris inhibits IL-1beta induced inflammatory responses on chondro-
cytes and alleviates bone deterioration in osteotomized rats via p38
MAPK signaling[ J]. Drug Des Devel Ther,2015,9.2927-2940.
(SR H91:2016-08-20 K304k . 420)

FHETFSEZTHERNER :

i GB/T 7714201515 8.5 3CHk SCJF 27 SCHk 3 5% HUU) SR FHE 3 2 Aty 25 55, 4R BR LA b B B A S J5 I R BT . 3
v AABCTRR I IERTS BT RS T HES TSR TS SRR S OGE s HIDUE SRS BE A e RS,
0 HAEE U TR TIA IDGE B 9ES . 2% CIPIOVES 1-3 A28 3 &L E RS 3 4 )5 &
mone g ANCHHTIA R4S, UL Index Medicus TP ME, BAAS L SR E T IR T,
w ZAIAA R B IR, @&, P55 ] EE. B4 [MIRK B, B , B 1. @& Z it o
noSCER: RS EE G (M /i 4% W I . R A | R RS i

O [JF5 EH

(EE OB



