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ABE: BH  ET BMP/Smad/UPP i@ B4 LM B FOu 4 B B B B R B R R LA . 773k % SD R4
S A QIR A, B A A, C 4 X FRZ0H 5 261 ALAL D E A B e as R B Al ARR B 4], A 4R AT frf Ak
H,B.C.D.E HIYFEHAEERE EARTE 20 mg/ ke, G I PIR , B HIFEE B R BB L IRES YR AL A B A TR KM E ,
C.D.E #5524 TR H BT . 10 BR 25O BURE VB BEBETT RT-PCR AR T 2347 s K20 BMP/Smad/ UPP 8 B H
BMP4 . Smad4 Smurfl ,Smurf2 f) mRNA 35, &8 &40 K BMP4 Smad4 ., Smurfl Fl Smurf2 ) mRNA ¥J47 335, 5 IF % A 8
H IR R IR AR BE AR (P<0.05) 38708 B O R MR SR A FE 1K R R AL 5 BMP/Smad/UPP 38 B 1Y 57 3 8 DIAH G, 5
T ZH A LY, 52 40 v 0 20 I B Sk A B 2H 2 BMP4 Smad4  Smurf1,Smurf2 ) mRNA 3= ik 5 8] B 30 ( P<0.05) ;i & 5635 Fu i )k
H 3kt BMP4, Smurfl Smurf2 ZIKH BIEM(P<0.05) , £Eit Ao B H0E o 48 = 2 ALK UK -H 35 A1 21 47 BMP4 fil Smad4
mRNA ik, B Smurfl F1 Smurf2 mRNA F3k , BT 35 B B 16 08 B2 B 8 3Pk AL Sk SR8 09 B 1
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Abstract: Objective To investigate the mechanism of Huashan strong bone powder on glucocorticoid-induced femoral head
necrosis ( SANFH) via BMP/Smad/UPP pathway in rats. Methods SD rats were randomly divided into 5 groups: Group A was
the normal group, Group B was the model group, Group C was positive control drug strong bone and joint pill group, and Group D
and E were the high-dose group and the low-dose group of Huashan strong bone powder, Rats in Group B, C, D, and E were
injected with prednisolone acetate 20 mg/kg, twice a week, to create the glucocorticoid-induced femoral head necrosis animal
model. Rats in Group A and B received 0. 9% NaCL. Rats in Group C, D, and E were fed with corresponding drugs. After 10
weeks, the femoral head and kidney of rats were collected for RT-PCR detection and analysis. The mRNA expressions of BMP4,
Smad4, Smurfl, and Smurf2 in the BMP/Smad/UPP pathway were detected. Results The mRNAs of BMP4, Smad4, Smurfl,
and Smurf2 in all groups were expressed. Compared with the normal group, all indicators in the model group were significantly
reduced ( P<0.05), indicating that the pathogenesis of SANFH was closely related to the abnormality of BMP/Smad/UPP pathway.
Compared with the model group, the mRNA expressions of BMP4, Smad4, Smurfl, and Smurf2 in the femoral head and kidney
tissues of the high-dose group increased significantly ( P<0.05). The expressions of BMP4, Smurfl, and Smurf2 in the femoral
head of the strong bone and joint pill group increased significantly ( P<0.05). Conclusion Huashan strong bone powder improves

the mRNA expressions of BMP4 and Smad4 in the femoral head and kidney of model rats, and up-regulates the mRNA expressions
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of Smurfl and Smurf2 to prevent and to treat SANFH.

Key words: Traditional Chinese Medicine; SANFH; Huashan strong bone powder; BMP

Wl e B R PE RCE Sk 36 BB (steroid-induced
avascular necrosis of femoral head , L1 T faj BR#8 & 4E I%
HERIRAE) &t TR B KB A A R UM R
SR JBE B K e I PR VR BE S W R DL o AR A R A
R, BRI S IR0 R RAE B A K, R
RS FEREMR TG 2 Bk RE . ALBRA
A LB O AT IR YT, S LD B R R A AT
T A A T, 0 B B Sk IR FE B 6 9T A B4 1 T
RACHE , 8 12 4 ] BMP4 . Smad4 ., Smurfl #1 Smurf2
19 2 IRF DR AR T AR Ll B BB 16 R I SR IR
FE AV FH AL

1 #BF7FE

1.1 s2iekt gt

L1.1 Se5shyy: Scsegb ] 120 2 SD #ide KR, A
FrEAE(22020) g, 23 i 3L T A AR W) A R 2N 5
AL, PEATBENL 2 41 )5, F K B IR 7E SPF 0 SE 56
510 1,5 T8 mE R R SR, BB Yok EBE .
1.1.2 =256 &3R50 L {L %8 . QUANTITE CTSYBR
green PCR kit ( ¥ FH 2% B} 42 9 1 5% 75 0> ) | TRIzol
( Invitrogen, Cat nol5596 — 026) . & ¥ % ik #f] &
(TaKaRa, KiE S AW~ 76 B AR IR & B E .0 bl
(B Jouan, MR1822) %% 3% PCR { (26 E Agilent
Technologies , Stratagene Mx3000P ) .12 12 #% B8 & H #
4% ( 3£ E Bio Drop E114095)

1.1.3  s2Ee 2y 48 L0 B 8 (B P 5 B B0R 40
) L A AR AL T B 24 K R AR DY R B b 2 R
PR FOH M2 W 4 CORAE & 5 B T L, 1R
SHEAA RN A, A 60 R/OR (iS5 R
16030045 ) 5 Biff B2 1k JE A8 o 10 5, 7 VLA 7 25 R
A R R (L5 2 160806) , KAk 0. 125 g/5SmL,
1.2 L5k

L2.1 R MEBCE S IE S R R S 5 2 -
KRB B PEAR IR 1 RS BERLOR A S 4, 7 3O IE R
HOAH) BARH (B H) A ETALd (C 4 W
PEXS A ) SRE IR A (D H) L w R R (E
H),HFHA 24 A, A HAWAEM AR, B .C.D.E
2R B L 1 5 SRR U JE A B 20 mg/kg, B 2
U R BT S E B R, B 2 W, g
1.2.2 @255 A BAG THEAEBEK,CAH
P T AL FIGYY D A 4 TRk R AR
HOHE B B IR YT E A4 T v B AR 1L
HIRYT o SEEG I R PR B — W, AR A AR A B
2y ELERET 10 J, B 45 S BOR B Bk
A E O A4 o

1.2.3 L3046 AR B0 K BB A Sk A AR
BMP4 . Smad4 . Smurfl I Smurf2 7 mRNA 3 ik
B

1.2.4  BR7Ril45 S il 77 2 - B 4 LR A 1Y 1 45
Bk B PO Sk, WA D3 47 TRIsol (9 Ep B,
WAFARIC, LA =70 C KA PR Ar s . AR SUR AR
A A < O BRUE I, R B A0 2 R, T T R
BE 43 S W BBCH R BT, A 2 36 TRIzol 1y Ep &
WL AR T, A - 70 C UK AR AE 4 . He B
TRIzol 5] 6B 5 2R Bt — 20 5 48 U3k VE IE A
ZUR B RNA HRAE S B RNA R, 52 0 I
3LV BEZH 4 b 5 RNA Y i 455 AR 95 K B BMP4,
Smad4 . Smurfl Fl Smurf2 %1, {fi A Premier 5.0 1%
& T 8 BMP4 . Smad4 . Smurfl Fl Smurf2 F B
MRe 5 919 (UL B-actin FEHAER PCR N £
B AT 51 R 50 R v (ULER 1) s FRAR 8 S #% I
MR FE B S0 LA B PCR AR 3R B 454, #847 RT-
PCR A%, M iR2%E, % 4H BMP4 Smad4  Smurfl
1 Smurf2 135K P LA xR Is B R FRT

£1 5[9F Rt

Table 1 Primer sequence design

fitn = T FHEHERFBRKE
BMP4 57 -TGGGGAGGAGGAGGAAGAAG -3’ 5’ -TCCAGATGTTCTTCGTGATGGA -3° 111 bp
Smad4 5’ -CACTATGAGCGGGTTGT-3’ 5’ -TGTCCTTCCGTGGGTAA-3’ 137 bp
Smurll 57 -AAGGCTTCAAGGCTCTGCAA-3’ 5’ -ATTAAAGCAGGTGTGGGCCT-3" 104 bp
Smurf2 5’ -CGCCTCAAAGACACTGGCTA-3’ 5’ -GCCTTTCTTCCCAACCGTCT -3° 184 bp
B-actin 5’ -ACCAACTGGGACG-3’ 5’ -AGGCATACAGGGAC-3’ 205 bp

L3 itk

JH SPSS 17.0 & i1 2 54 347 808 4307, R
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T 22 W AT B8 1 2 A B, BiE 25 3 LA S 8 A o
2 (xxs ) TR, P<0. 05 K EFA LR L.

2 &R

2.1 RBUBCE K FE 42 BMP4mRNA Kk 4L
SHIEH A b, 58 A Sk R A B
BMP4mRNA Rik 8 1 3% B AK, 2 7 A 5 8 X
(P<0.05), SHEERH AL, & H AL AE A
BMP4mRNA Rk a3 , B IR A BT A TH ,
Hh S i B 2 B Sk A H b BMPAmRNA 35
W, A G X (P<0.05) s SR &
LA KA 4H A BMPAmRNA WS A 84 0m, 22 5%
GBS (P>0.05)  SAba W ALAE M AL, 5
v ) B 4H B Sk A ZH 2L BMP4 mRNA S35 0%
L 2SS TGE R L (P>0.05) o BLEE 2,
®2 REBELMEHLL BMP4 mRNA Rk (5x5,n=6)
Table 2 Expression of BUP4 mRNA in the femoral head and

kidney tissues of rats(#+s,n=6)

2 341 ARk s 2H 4
IEH 1.03+0. 254" 1.12=0. 554~
LT 4] 0.22+0.07%* 0.20+0. 07*
TR XA LR 0.40£0. 07* 0.32=0. 10*
T HART 2 4 0.28x0.11* 0.27+0. 08*
SLREREA 0.51x0. 06" 0.56=0. 19**

WS EREAML,*P<0.05; SHER 4 AL, P<0.05; 5HF
KT AHMLE, * P<0.05,

2.2 REBELAEH LA Smadd mRNA 3R 54
SIEHE A L, 882 A R E Sk R E A A
Smad4 mRNA KX AREK, ZRAGITTFE L (P
<0.05), HEEAH L, KHRELAFHA
Smad4mRNA 23K 24 8 i, 52 %0 & A & 4R Ak
FIE 2021 SmaddmRNA KRB W EH N, X7 A5
TR L (P<0.05) 5 SEERAR 7 2 41 BUR Sk A 41 41
H Smad4d mRNA Rk, 27 L& IH¥E L (P>
0.05) . a4 AL AH AR, 250 ) & 4
LA H LU SmaddmRNA KL, 22 7 A 4
AR (P<0.05), WL 3,
2.3 BARBBELHEHLH Smurfl mRNA ik
5IEH A8 th, B A4 1 B Sk R A A
SmurflmRNA £k B MR, ZREHITFFHE X
(P<0.05), SHAUH HE, 52805 50 & 4 B =k
B 220 SmurflmRNA Rk W E W, 2 7 A 451t
RN (P<OOS); EF X HAKRSE kT
SmurfImRNA £k &N, 2 R A G228 L (P
<0.05) , 5 QAT AL AR R, B2 90 S 7 2 A I

£ 3 ORHUBCE K MEHLUH) Smadd mRNA ik
Table 3 Expression of Smad4 mRNA in the femoral head and

kidney tissues of rats(#£s,n=6)

4 5 BE % B 2 41,
A 1. 040, 284" 1.03£0. 244"
Rk 0. 06x0. 03* 0.03£0. 02*
bunes & STl I 0.24x0. 07* 0.20x0. 08"
SRR Al 0.11+0, 03* 0.13+0. 09*

LRTHEL 0.48+0. 16" 0.63£0.28%*
o HEEAME, P<0.05; ST A L, 4 P<0.05; 548

KT ALAAME, T P<0.05,

B3k A 2H 41 SmurflmRNA 38 30m, {5 78 1 & 3k
RBPERLRITFEL(P>0.05) ;£ FHLFKE
H2ERAE G FR L (P<0.05), B4,

T4 KEBELEHHAR Smurfl mRNA 3k (&+s,n=6)
Table 4 Expression of Smurfl mRNA in the femoral head and

kidney tissues of rats(#+s,n=6)

28 7| e E 3k 5 2 21
iE# 1.01+0. 174" 1.01£0. 154
LAY 20 0.23+0. 08" 0.22+0. 08*
bune= o ST PN 0.38+0. 05" 0.38=0. 18*
SR = 2 0.30+0. 10* 0.33+0. 14*
LREmFIEL 0. 46+0. 09* 0.70+0. 17"

T 5T HAME, P<0.05; SRR A AL, P<0.05; 545
FAILA ML, ¥ P<0.05,

2.4 KRB LAEHAN Smurf2 mRNA F£i5
SIEEHAM W, FERVA R E Sk A H Smurf2
mRNA FIXEHA L ERRAL, BRA LI FE L (P<
0.05), 5HHRIALZ &, & 4 E 3k mE 441
Smurf2 mRNA KA R, oA, S280 & ) & 41 %
R FE AR Smurf2mRNA K3k B E 0, 22 5
AL ERE L (P<0.05) s i W ALH Bd kb
Smurf2 mRNA KB IN, 2 5 H G it % 2 L (P<
0.05), HH:& o0 iLd A 8, e e s ) & 4 ik
Bk ME H AR Smurf2 mRNA KB, 2 7 A 5
HaE L (P<0.05), WS,
RS KA LMEHAN Smurf2mRNA ik (8+s,n=6)
Table 5 Expression of Smurf2 mRNA in the femoral head and

kidney tissues of rats(x+s,n=6)

4 51 Ak B AR
EwdA 1.01+0.15%* 1.03£0.25%*
(eIl 0.04£0. 01%* 0. 01x0. 00*
HE X ALE 0. 15£0. 04* 0.04=0.01*
LRGN &L 0. 07£0. 04* 0. 02+0. 00*
S 4 v ) o 4 0.28+0. 03** 0.26+0. 14**

WS EREAML,*P<0.05; SRR A b, P<0.05; 54
KT MM, T P<0.05,
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B H Sk R BE B & B 1 #2 o, BMP/Smad/UPP
%R E AR . BMP4 & TGF-B A EH N E
TRRA Z— , MM Ee5 BMP2 A, /T LU R
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RH RO AT B B G R T, Smad B
LRI AE =2 ik TCF-p MR IR P (55, Smad &
F1/2 BMP (9 5 55 SR T, H AR 4% Smad
R S5 H A D RE DI H A3 o =26 R e AL AT Y
AR, Hh Smad4 A8 TIA R, HIREK
HEE JRYEE TCF-B # R 9 B A [N 1 76 4 M Iy
H1E B SR 72, 12 BMP2 15 5 BB 40 i % 1 i 2%
EET . 455k 40 N Smads & (/Y22
- A B K 8 % ( ubiquitin-proteasome pathway
UPP) X £ E &4, Smurfl 1 Smurf2 J§ F 12 £ 5 £
Wi E3 B9 AL 5L, AT LA R 3k [ % Smad ORI 4E
BMP ({5 & ¥ S, #F 0 3% el B & 40 B9 09 19 5 A
ket

AT S5 R R W, IEH KRR AR BMP4,
Smad4 . Smurfl Fl Smurf2 A] PLAE R K K IEH 5.

T BE B BRR LG, KRk 2 B ma) , 3 A K B
B CE KN BE IR KT, B W R B R A kIR
FE o W25 T R LCH A BT DA AR A R BRUBCE Sk
AU BE S BMP4 ,Smad4  Smurfl ] Smurf2 @) &P %
ik, HEBMAML, 25 m KRR HIGTE .Y
AT DL B ML T R FR B BMP4 1 Smadd fyRi5, 55
YRR B2 L, i ) B A AR L e B ORT DL A
BERELR K B BMP4 Fl Smad4 (% 335, i b 8 40 Mg 2k
BB B TR R, 16 S a5 A, DA T AE B R
BB TE B .

W T BCE Sk IR FE B AL G HEH 2 2R, HA YT
J7 ik Z AL HXF T R 28Ok 3N T8 8 E Sk
HAR TR HF YL, T HF L) ARSI A K
WA EGE , U BT IRCE R IRFL R 7L
WL, M AL B T I R G (H AR ARG
PRAIL T 30 75 M — 25 TR AR T, A 68 B 47 0 o 1l IR
Bi7 s ek IR T AR AL S AR 4K, T 3R T G T 45 o
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