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[Abstract] As a threat to human health, steroid-induced osteonecrosis of femur head is a common
refractory orthopedic disease mainly caused by glucocorticoids, with poor prognosis and unclear pathogenesis.
Osteogenesis-associated signaling pathways play an important role in bone formation. Glucocorticoid-induced

abnormal activation and transport of these signaling pathways lead to abnormal differentiation of bone marrow
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mesenchymal stem cells, dysfunction of bone metabolism, and osteogenesis disorders, which may be the main
reasons for the occurrence and development of steroid-induced osteonecrosis of femur head. Bone formation and
remodeling need the participation of bone marrow mesenchymal stem cells, which are stem cells characterized
by continuous self-renewal and differentiation. The key to strengthening bone remodeling is to improve the
osteogenic differentiation capacity, which is the key point to inhibit bone resorption and prevent bone marrow
mesenchymal stem cells from differentiating into osteoclasts. Traditional Chinese medicine (TCM) has been
used in the treatment of osteonecrosis in ancient times. It is recorded in the Treasury of Words on Materia Medica
({A B %)) that "The deficiency in the lower energizer cannot be tonified without Eucommiae Cortexz.The
soreness in lower legs cannot be alleviated without Eucommiae Cortex...The pain in the waist and knee cannot be
relieved without Eucommiae Cortex...Tonifying liver and invigorating kidney, Eucommiae Cortex is an essential
medicine. " This indicates that ancient physicians have already begun to use the liver-tonifying, kidney-
invigorating, and sinew-bone-strengthening effects of Eucommiae Cortex for the treatment of osteonecrosis. As
the national support for the development of TCM strengthens, increasing studies have been conducted on the
TCM prevention and treatment of steroid-induced osteonecrosis of femur head. Studies have suggested that
Chinese medicinal herbs can exert a positive effect on the differentiation of bone marrow mesenchymal stem cells
by affecting targeted signaling molecules, and promote osteogenesis and bone defect repair, thus combating the
occurrence and development of steroid-induced osteonecrosis of femur head. The regulation of osteogenic
signaling pathway by Chinese medicines to prevent steroid-induced osteonecrosis of femoral head has become a
hot research topic. This article reviews the studies about the prevention and treatment of steroid-induced
osteonecrosis of femur head with the active components in Chinese medicinal herbs by regulating osteogenic
signaling pathways. We then explore the mechanism of the active components in promoting the differentiation of
bone marrow mesenchymal stem cells into osteoblasts and inhibiting their differentiation into osteoclasts to
facilitate bone formation, aiming to provide a reference for the further study of treating steroid-induced
osteonecrosis of femoral head with Chinese medicinal herbs.
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5, B-catenin 2 43 LA 7E T A, %) OB & & K&
A B ik B R AE T L (H 2 GSK-38E &
Sl HLBR R Ak , 40 i 40 B 5 P 1Y) B-catenin,, i /D HAL
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3 758K TGF-B/Smad 15 S & B4 fF
SANFH

3.1 TGF-B/Smad {55 ¥ 7FAUE AH A XKAE 5
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BMP DT S 5 A2 Ak 0 O 0 e Ak, Bl S B
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B G sz m F Tkt 54 ,BMP {5 5 Al L i 14
7 B-catenin & F+ H A% ) v & , IF 15 5 OB 41 ik
FE J 3T B S T E S5 . BMP s B iE AR
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3.2 WK TGF-B/Smad (S EKA L
B SR #8E W] T NOFH 5 TGF-B/Smad {5 5 i %
Z ] BT A7 AR () B 8% 1 6 &, F L TGF-B/Smad i %
A5 5 6 T, 6 38 T 14 195 e I 199 0 1 BELAS OB U]
T[] B 2 T BB A A 0% il % NOFH /Y Fi- A=
FAFBE FmmSSE®E. ALHSER DR,
NOFH . % 4 5 TGF-B/Smad {5 5 i 1 1) 55 %
WA BATSE 1 SL B B 58 & B, /N RNA
(miRNA) -27a % SANFH () 5 Wi 5§ 0] il o ¥ 1%
TGF-B/Smad7 {7 5 i #% i Jr XL L 8 . Wk,
TGF-B/Smad {5 5 i #% 75 4 5 & A S 3 4k ik
ke B F AR L 3X AT BB XT SANFH 9 & A= & i
BB . TAO 5 I SL 5 i 58 £ W, 7 61
15 P P B0 NOFH i A B 3 1 B Sk An AR Iy
BT TGF-B, 223K 1 3 0 /> W B, 3% 58 v] LR
S, fENOFH M B4 K kA Bd S HN
TGF-B/Smads {5 53 }% 1Y) 2 55 , H I Dt o 4R 45 42
YT A B 9E Q45 M NOFH 78 — S8 5 5 By BE N {2
A A RAB S RS w0 0 H Y, 50RT S R e
of FARAME T 2R BN S TGF-8, 1 F
Bk SiB . YANG %571 8l 1 55 50 iF 9% E 52 T A%
e 25 4 0T F KPR AR NS A Y 3R T P A AR
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Y, X BEWE W 2 i 05 TGF-B,/Smad {5 53 1% , I 42 T+
B 5 2 B Y R 2 0 P TR T A 03 AKCF L i
FLWA T B Wb 75 BT A TR TR P W TR I Y M
THFIE . XSG LRI ) R T B A5 G
TR AR, R R TR R G T B R A
LM% T T GC S B0) OB #I il K Wi, 7 HL
NPT BCE Ak . BRI Z A — T OC TR AT
S 5 A HUAS 1A ) A 45 3L 7E X SANFH K B2 7Y
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Runx2 {5 5 3 #% 1 09 B0E 7K F  JF B DLk 3 5
&2 I RE , X M 3 T SANFH () & A= fl & Ji it
2o BULTET UL, SR AT X B IR SANFH & 2] 7
W VRN S IS8 8T 1Y) 28 296 PR B 4 S A3 B D,
FE 5K AR R ST BE T b, R B GC Ml T/ B
BMSCs [1] OB 43 fb , fH 2 FE A T A8 217 D 1 T
Tz J5 X F SR A TR A s, X T AR
K 3H 2 D JE ¥ TGF-B/Smad 5 53l % A7 %, B Ak
B B H0 1] 94 45 1 85 25 AT Runx2 B 3R 3A6 , 3X
e WK GE e Dl g fe gF R g A Y I A T s F
M3 SANFH (1) B (1% . A WF 58 A& BUA B 1+ A8 i 48 14
2 Runx2 5 5 @ % % $2 5 fe BMSCs 19 il & 0tk 5
WA RE 1, A AU B L T ONFH 4 & JE k72, 45 2
BRI RIG T B IR 0 BRAR 25417 . &5 b ik 7E
AT 336 B 58 T UE ST TS 1k — B 2 Y
PE B 43 fE X TGF-B/Smad {7 5 18 ik 2 )8 = /6 H
B PR A /R R PLED i R BB o AN, Al 28
F 5% 0 % I IL 15 TGF-B/Smad {5 53 1% 5% ] 1 M By
1A SANFH &4 A 8s 1% .

4 BRI MAPK {5 518 B34 ff SANFH
41 MAPK 5l 1Eh—dH 22/ 2R E
H G, MAPK 732 A7 A5 T 2 Foi 3L 30 9 1% 240 i
H, MAPK B8 % 27 31| 2 5 /M 3R 5% 19 5% ) I 8 B0
Jf H 2 B = G 2 g0k 2 g 1 77 3K 58 LA 5 10 B
FTAE, LR S 5 204 M e JH 1T A K
G P AR AR o R 3 R AR KOS S
MAPK {5 538 % W15 5 7 3 A RE 92 8L, B 22 24 5t i
1k P I8 B84 T 3 (MAAPKIKK ) 28 3 8 iR Ak 1)
28 WU 22 4 D3 AL 2R 1 BORE TRE (MAPKK) |, Fifi
J5 MAPK 1 5] itk i A 86 8 16 1) B Bt , e Ji5 7 LG i
15 16 1 MAPK B2 6 4 58 e 20 W05 T i 22 Fb 2
PR i L 3R . e-Jun &0 3 A U K (INK) 3
B4 B A5 5 08 T B [ %R (ERK) i %R p38
MAPK 38 fi% 4t [7] # i, T MAPK {5 5 1@ %', ERK
1E S MAPK {5 %5 3 i v gl & B0 f W 09 {7 5 3 i,
Il ERK 1 ERK2 7 F 7 21 A%, 3% 2 Ff S AU 7E OB
thoES fE K ik, JF H oAb ] AR & B8 B MEK!I
(MAP2K1) #l MEK2 (MAP2K2) fif # %5 7™,
Brewster 75 1993 4F 5 K & M T p38, H 1 p38ar,
p38B.p38y.p385 4 Fl W 7 41 AL , fb AT A S B R
SE LU Y 22 24 R0 A B O S 3 (MKK3) |
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MKK6 F MAPK ¥ i 5¢ B , {H )& MKK3 HAgH
p38a.p38y . p385ixX 3 Fi iV H W 2 Ak , 1 5 IL A 7] 1Y
J& A W R ] g MKK6 fr i iR 167 . 5 p38 A
[/, INK {5 5 i B 2 A 3 Fp &, 43 %) & INK1,
JNK2 . JNK3,INK3 &5 T AR, E2AE 70 T
2ot H 59 AP AR R RE M Kk . AT
AN B OIR 2SR B, MAPK 23 8 30T IF & 2E 90 Bk o
AR Ak, B 5 A0 A%, ol 35 DR ) 2 3K s R g, Sk
20 i 45 A B B R B R P AR

4.2 hi ki MAPK (S 5@ i 1E N 4EHr &
VAN ) O T (T e o -l = 7 N I 7 S
ERK {5 5 3 [ ANEAE S 0E R A3 ik R v 493 v
TEZAAMO M EX OB W4k T K G A T
BRI AE — TN OB (1 R A B 3% 52 56 b IE
S5, B AR FE B A B BT i PR A A 85 5% 1) OB
(4 43 LR B 00 o R B R R ) 3R ORI AL
FICHE ERK1/2 15 5 38 % LA fil 3 OB i 41 it J& 491 9%
TS R AY 3, LA S OB A 2o Ak O 48 0 1 B
R R BARM LS. AT LA NOFH A& —
55 2 VAT S o BB, ELAE LR AR R TR W i Y Bt
A CE T B R IR B A 0 LA AE Y
FE— 35\ NOFH i 3 1 i B 3k v oy 5 s AR |
21 14 1K Ah S 36 F6 BT ERK 1 T ERK 2 RE % 76 ks &
F A AR T R s A T IR e R A T &
RAEE A B A R B0 S E T OF S &R
NOFH X 38R Ak 3 1 AC 3 5 A ik 20 ks 7B H
X R W] ERK {5 5 38 #% 76 T NOFH i & ¥ 7 Uk
Y A — 55 SANFH B f (14 2k 36 A 9% %
B, 76 SANFH & 4= )5 , & 4 it (%) p38 Bz INK ik
WY AR e, H P A ERK L ERK2 (9 ik H1 0]
%, H p38 ML INK I RIBTEL i R AL AR A
MIAE R G 7E — & B B L F i, ERK1.ERK2 [ 7K F
IR RS e S A RN I 42
R A BEH SR OB 119 4316 F1 3 5 5 $2 T 3K 48 IX i
&5 W, X SANFH /3697 & B B /E /. 4R
I S 4 S R 38 ok PR 41 4K B {0 K A X MAPK A
AT 5 38 [ 11 I 1 B8 TS B0 S M p38 L INK \ERK
14 B R Ak 7K - SEBLAY 7 DRI AT i1 7E SANFH (1 %
Ak AR A MAPK {5 5l ik & 5 Hoh ., i fE
T3 — T TR B BMSCs 1AM 55 37 1) 52 56 22 B, 3 5
Jei B 40 AR A R A ik B B B RE ) 7E T B ik T
VA J2% 1) 4l K 4 TR AR\ ) 3% T & B, e 9 R
R N R TS =B N R BN E (s TS A R A
FRT. LI TER LI UE S, ik 23 5
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L 43 A \BMSCs 1 %6 B B 184 58 1 FH 2 58 3 B i)
MO 4 17 2% 1533 TLK 4 26 38 HL I B 32 7 p38 W iR
ey RSB . R ad, A p38 il 5 , BMSCs
E 2k 4 TR A A W) 2% T A Ak /R B B
%, 3 9 0 i 26 WA BMSCs 78 % 4l 6k 42 J& A A W) 2% 1
B SR TR R ILK/p38 5 S 6 S K T W
FHLI T STRGIE S, 7F MAPK Gl # 9% miR-122-5p
WS e BN AR B RO B N R AR B Sk 9 R
H oA T B L R RE AR BB B 0 R AR R B 8K
HEHT SANFH M 7E ™" . 5K W42 %/ iF 52 vh & 31
FAR M i 0% ERK1/2 F1p38 MAPK 15 5l % , il
PR T VE , 1 M Bl R T M O DA ok A i
JE . miRNA 5 T BMSCs 4 Rk fbB & F
AIF ¢ AT LAIE 52, AH H: 53 55 A0 ey 38 2o 98 45 15 53 [ ok
S R B BARAL S A R i — DY

5 HZH BRI Notch {5 S8 &4 7 SANFH
5.1 Notch {5 Sl 1917 4F Morgan Il H [7] g5 4t
) 7E 28 745 1 S MR R P9 & B T Noteh 2 4, H1 F Notch
FE IR B i 2, 4 S SO MG B B 0 % s R AR RIR
FIF LA A J R 4% iy 4 M Notch, AR Z ARG
BT DL & 3 Noteh & A 1) 3R 38R %8 , JF H Notch {5
A0 M RGP R4 RGN R G AR
FAAE B E R FERZAE 58 b, Noteh 5
53 R T AT R ST I — 2538 [, JE AT 4 F Noteh %2
AETE T FL 304 b, Bl Notch1 . Notch2  Notch3 Fll
Notch4. Hesl, Hes5 & Hey %5 T Ui i 0 3 [H 7
Notch 52 14 55 it (4 25 45 I 22 13 K fige g 1) 50 2 fie 2 1k
E A6 e A TR Y . T RE 22 B R [R] 4 1k B B
F 52, Notch {5 5 3 i AT LX) 8 45 OB #4943 fkid
T, 3 J2 5 i AR 1) — SR o R AR . B 4
1L 1Y BE 11 7E Notch1 8% 3#3% , OC #ii & 4 k4 OC 1
i v 32 B R R Y A X — RS o R Y
RGBS [ A9 S, Noteh2 5 Hifig
W g A H SRk oC A ™ . Bl SANFH %
AR J 1) B B R R 22— & Notch {5 5 38 % T
o E E@EKM . AR ERY, Notch {7 53 7]
fiE 3 3 3 1% BMP/Smad {55 38 [ , P38 BMP 1fii it
BMSCs [i] i 15 436 .

5.2 P2y ki EE Noteh (558 % A9 A L4
1T PR A1 S R B 2 A T Noteh {5 53 T
Jin# BMSCs [n] OB 43 fk i 7E H , /& i & 19 i3
Jagged-1. CBF1. Nothl & 11 3K ik fig /1 Jf 4& Jt
Runx2mRNA Fl Hesl 1Y) 32 15 3k SC B9 180 59 A A 52
55 UE 5%, Notch {7 % i B 5 vl 38 o ¥ 0% 4 4y

BMP/Smad {5 5 i [ 14 5 BMSCs Y AL 431k fig
B IE A KA & 11 51 9 BMSCs [ OB 43k i
i vkt B B R A R s A S
B 2B, b B2 FF AR S BMSCs [i) B 34k 3 7 b i
BT A R AE R A B O AR G 2 R b
F) —F 3 P A A W, EL A 3 5 B VR 9T B AR TR
W PR . YU S8V 58 26 B, Al R fE i Ot
o B B R Ak R M 4R TH IR BE T (BRI PPARY2
I P St K7 B Tt i i 3 P mRNA RIS Noteh
155 38 1 1 5 T KB BMSCs 19 il 43 fh BB
ELJ2 250 A oy 43 W5 it 410 1) 590 (DAPT) J 3k A A i s
BT AR DAPT flf lL i Al B H B RIS R LA T
SIS A, AN AN RS B 35 DR A 3 e e 0 R T 5 1 S
ORI K S R [, 8 45 PPARy2 JiE PR 4 T 9 s B T
Wi, 7 H Notchl (9 iAW B T F IR MM &L . £E 1L
Z 4, Notch {5 5 il 4% 7] G 1 T OB 19 2 b B Bt AN [F]
1M X OB [ 43 Ak A7 76 2 Xl W 1 /E . 4 92 3 iE
5%, Noteh {5 5 38 F& 78 BCH 4 b 19 i 191 25 BH 1 OB 1Y
AR HE — 20 oy Ak 8 7 LR B B AD 23 R Bl
. AT AE IE J2 38 o A J7 X Noteh {5 530 B A4 45 &
PE AR TH BMSCs 38 51 RE 1, 30% i o fe i fiE
I 4E R BMSCs (19 3& PE A /B 2 o LRTA BIF9E A B
FEXT SANFH R St BUBHE 5% i) & B, 7% Notch {55 538
P& 1Y 2H B KL P Notch1~Noteh4 (9 2 [@] 5 F S 80 T
SANFH ) & £, {HFE X # 3 [ 1, Notch1 Fil Notch3
5 SANFH 19 % 24 i 67 A 56 5C &, R BLAE Notchl Fl
Notch3 (14 3% 14 5 0 il (1) [ BF BMSCs 19 B 731k &
BB S B L Rk R AT AT
SANFH. % I fiTid, 76 SANFH I A& LRtz
W, Noteh {55 5 3 [ & ¥ T 48 +5 & 115 F 7 52
OB /- AL 45 SCBEME L o 7T DL Ui i A5 5 3 % 2 52
SANFH (1) 2 ¢ #2015 5l i, ORI i E A4S
ZA0 AR H T TC e E M 2 N L 5 ER A A
FEE R RIS B, LY Noteh {5 5 38 i 19 1 K 1
Oy AR 3 AN K TN HA 5 G e S T AT 6 AR
B 5% W 0 2R AR FE AL i R A B e i W —
TR . T2y R BT SANFH AL L2 1.
6 INESEE

B b 3R 33 S i B AH DG 3E B DLAN iR AT — S
i % %5 B i SANFH i 21 B 7 HT, 4 Kelch A
ECH # X & M1 1 (Keapl)/#% Bl F E, #1 X A + 2
(Nrf2) A S8 A 2 G (ARE) A5 53 6 , 3 1 8 45
2 T DL SR BT S A N SOV R 8 TR AR A
Bt gl R B AR RS b & R h 2
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Table 1 Anti-SANFH mechanism of traditional Chinese medicine monomers
2k EE S & FIBL EE BN
A AT G WnuB-catenin 7 538 % , 2 3 BMSCs [f] OB 431k [16-20]
% TGF-B,/Smad {5 538 # , # 7+ BMP-2/Runx2 {7 538 # 11 14 il 7K 1 [66-67]
I#I% Noteh {5 538 J# , I3 BMSCs [f] OB 431k [87]
B AR B RS BT 0% Wnt/B-catenin {5 5 #% , I 4 LRP5 B-catenin .Runx2 ik , [l GSK-38 % ik [23-24]
Al P15 Runx2 fi5 558 1, #1455 BMSCs HUH 431k 15 3 5t i 77 [69]
P Noteh {5 510 1 , 3% 55 B8P B IR AL 1 R 4R 7107 P RE 7 (AR PPARy2 JE R % Sk - [89-90]
a0 ZEWr AT VI TG Wnt/B-catenin {5 538 %, I Runx2 \BMP-2 ,‘#4%5 % B-catenin /K - [32]
I S Al 1 D 15 TGF-B/Smad {5538 % , [ 645 2K 11 \Runx2 £ ik [68]
AR FRE WG WntB-catenin 5 538 # , 10 il BMSCs i fi 431k [33]
WO PI3K/Akt 5 53 §% , &2 95 L4 9 A= K K 7 (VEGF) [53]
W ERK1/2 il p38 MAPK {55 5l #% , 2 i/t OB 43 fL #1344 5 [76,81]
=t “LEEH WG Wnt/B-catenin {5 53 % , A 1L A8 48 b A58 AE S 7 [21-22]
SR FIZE B RIBE Y 0% BMP-2-Wnt/B-catenin {5 538 # , {2 i BMSCs [i1] OB 43k [25-27]
L LIRSS WG Wnt/B-catenin {5 53 % , 2 ¥t BMSCs [7] OB 43 fb [28]
I R F IR T &R PG Wnt/B-catenin {55 51 [ , [ 4 Runx2 ,Wntl ,B-catenin 3 it [29]
AL A FEATRE R ) Wi WntB-catenin {5 5 B, 14 Fzd2 \Fzd3 B-catenin % ik [30]
FiNEgiE FINEREES G Wnt/B-catenin {75 518 4% , -7 LRP5 , Wnt3a B-catenin ¢ i5 [31]
R L5 R A WO PISK/AK 5 53 % , F I OB 1 Caspase-3 & ik [51]
Kk Kin & WO PISK/AKt 5 538 % , F 74 c-Caspase-9 , c-Caspase-3, Bel-2 | Bax ik [52]

NS WY N 2 21 38 o #00% Keapl/Nrf2/ARE
15538 % 14 J5 =X BB R I K B SANFH 119 48 1k 1 84 43t
5, 3T X SANFH 2 2] 2l 5 /F FH . Nrf2/1fl £ % A
A W -1(HO-1) {5 538 i 4T SANFH Ay 5 i b 5 2 28
o1, Byt AR e B ¥ B P IV 3l 4 X SANFH A
T A 1 T 0, 26 BTG Akt 38 B A9 R B, XF Nrf2/HO-1
LR B TR VR O H b ke BEL A AR A 0 R
B, 3k F] ROk B SANFH B9 B 19 . B = 4h
Nrf2/ARE {5 5 38 % A {5 A] LUJE 55 40 i 0 48 Ak by 3
IR, K 4 M 4 0 TR B A Ak SR B T 5
FAEHYT L A N AE LS5 P oUE SRR AL R TR
{5 JF I 94 Nrf2/ARE {5 5 38 % J5 /€ i T BMSCs 4¢
b, 3% 5 7] XF 4T SANFH 1 & A= Fi & J& 5= A= B 5%
Wl . SANFH A& LI A ik 52 2 H o R W1, 2 5 3
R T B R L 22 T 1 A B G IR FH AL
SRR 2 X 2 AR R AR — R E 2 K
S IR ANE P ot s i < AR I R =R SR 0T
o R B 4y T AR W )2 T AR AP 24 76 B iR SANFH
77 18 T & HE W BILEL , A i R 2 1 2 2 R AR

4T SANFH I PR IA I 3 28 UM O 7 4 55
FARI AN F L XARG B E R T E R A
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C[U

T, R T A K 0 HRE f R T A L R
AH A5 5 18 3 1 {2 F BMSCs 987 (OB 1451 i 5
OB JE Wt 4 il OB ¥4 1 % & 12 g % X} SANFH ;4=
TN B R o AR BB B %) 1 PR S FH AN )3z L
B 5 X6 43 TR B AR AR SE I R TR, R AH 56 38
%% SANFH 1) Bii 16 1 23 48 19 B KA 5% i e |, v B2
FE A Sk 1) 52 56 F 90 v BB R B B 2 A A0 A 48 X I
IRIA T SANFH #2 {1t 23697 F B .
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