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HE . B RRTIRAMIT TN R k3R 5 K R R B R L3 K B /B—i£ 2R & & (Wnt/B —
catenin) 1@ HHR, FTiE 30 X SD A ikﬁifﬁﬁ# A IFTRBLL, ALK THARMITLL, 2010 R, AR
28 Ao T AR 7T 4L 5 h) ik F PE IR Sk SR ALAR R S R R R IEH BB R RN (245 mg/kg) i EE5
8Fw), 2R/, HLEAH6R, 18 AXRKBEAL Ry, BRI H R, FIAMAIT AR AR
T1mg/ (kg-d), sRAEBAMLTETHARLR, EEBTRE, %/ﬂ‘lz\éﬂkﬁﬁ%’% (S—Ca). ik
B (S-P) K-F, B mFmEskmiRe (ALP), LA KEF B, (TGF-B,) K-F; XA FHLALP, TGF-B,
mRNAAS £ KT, WEKREAL Wntl, B—cateninZ G o9&k, R Sar@arix, *ﬁi?ﬂku\lﬁl«
S—Ca. S—PATGF-B1K-FHAK (P <0.05), ALPA-FFE (P <0.05), ALP mRNAAAX&iAFHE (P <0.05),
TGF-B, mRNAAB# F X FHAK (P <0.05), Watl K-FFoB-catenin K @ AaxF £ X 2 T M (P <0.05); HaEAM
YA, MK ITA R R F S-Ca. S-P A TGF-B, K-F7%& (P <0.05), ALPK-FEA& (P <0.05), ALP
mRNAARAFZZFH (P <0.05), TGF-B, mRNAM£EFIF (P <0.05), Wntl K-FFvB—catenin & @148
sEKEFZ (P <0.05), it FIAMLITRG R EL TR KR KRR I54F, Ehuh TaE S Wt/
B—cateninfz 5 i I A X .
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Effect of atorvastatin on steroid-induced osteonecrosis of the
femoral head and the Wnt/B-catenin signaling pathway in rats*
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Abstract: Objective To explore the effects of atorvastatin on steroid-induced femoral head necrosis and the
Wnt/B-catenin signaling pathway in rats. Methods Thirty male SD rats were randomly divided into control group,
model group and atorvastatin group, with 10 in each group. The steroid-induced osteonecrosis of the femoral head

models were established with rats in the model and atorvastatin groups via intraperitoneal injection with 24.5 mg/kg
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of prednisolone acetate and 80,000 units of penicillin sodium twice a week for consecutive 6 weeks. The rats in the
control group were given the equal volume of normal saline and penicillin sodium. A total of 18 rats were
successfully modelled. After 6 weeks of continuous treatments, the serum levels of calcium (S-Ca), phosphorus (S-
P), alkaline phosphatase (ALP) and transforming growth factor B1 (TGF-p,) in the rats were detected. The relative
mRNA expressions of ALP and TGF-f, and the relative protein expressions of Wnt and B-catenin in the femoral head
were compared. Results Compared with the control group, the levels of S-Ca, S-P and TGF-f, were decreased, the
level of ALP was increased, the mRNA expression of ALP was up-regulated, and the mRNA expression of TGF-f1
and the protein expressions of Wntl and B-catenin were down-regulated in the model group (P < 0.05). Compared
with the model group, the levels of S-Ca, S-P and TGF-3, were increased, the level of ALP was decreased, the
mRNA expression of ALP was down-regulated, and the mRNA expression of TGF-f, and protein expressions of Wnt
and B-catenin were up-regulated in the atorvastatin group (P < 0.05). Conclusions Atorvastatin can improve bone

metabolism indexes in rats with steroid-induced osteonecrosis of the femoral head, and its mechanism may be related

to the Wnt/B-catenin signaling pathway.
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M. & 5 (serum calcium, S—Ca) | Ifil ¥ #F (serum
phosphorus, S—P) . 58 14 B i fiff (alkaline phosphatase,
ALP) J 5% 46 A K I B, (transforming growth factor

1.1

beta 1, TGF-B ) i 1k 5 5 W Fff 3L 38 (ELISA ) 3L 51
& (b R ERE A BRA L #5535 4 : SEKM-
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125 mg, [ 25 1 7 : H33020824 ) , ¥ 7% 2 4h (#E b
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BT 6 He At 7T ( 56 9 B 1) 25 A BR A |, 20 mg/ B, [
120030048 ), [ L FE 22 B (VB 0 24 0 A7
PR, 50 mg/ i, Bl 25 MES : H31021724 ) , TRIzol i
A (B A RAEY, #5 : R0016) , qRT-PCR it
A& N S, LS RIH19-01) , Wnt 22 1 1
(Wnt proteinl , Wntl ) . B—i% 81 & H (B —catenin ) 2T
R—Pi R Epi e i ( LG AR AR
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il T o Xk R 25 7 AR i Y A BLEL K B R R

« 35 .



FpIE AR ek

4324

BT BRI G AR R 2 UK RBE TS (PR4L455E
1), 18 HR BB HI Yy, BEMBIRIZE9 H,
BTFEARALTTZH9 H
132 #Hhya ZBMAHRKEAAHEHREL
AT BRI A R, BT AR A 7T 4108
JoE v B BT FEAR AT T 1 mg/ (kg-d), XFHEZH SRR ZH
TR AR, ELG 26 A .
133 ARARE  [AGRIE, A K EEREE
529 ICEL LG22 A0, BRI S8 S SR R K BRI 3 B0 ik
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[, FH T B A i, B R BRI i 2k
HoECE T WA TR BRI A, T qRT-PCR Al
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1.3.4  ELISA#M f2 7% S—Ca.S—PKF KRR
A7 F K ML A R JS . IR 250 20 min, 3 000 r/min,
B FEW, $%08 S—Ca. S—P A (1) ELISA i 7 £ 15
WIS HEAT 44, bR dfE R IR B, JF 5 b
HWIRS), WESAXNBELL, BEOShEMA
50 WL, FIREHERE 0.5h, VR, FHailmA L@
FAL BAKBA S0 nL, RAEMA S0 L £k
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ELISA 2057 & U6 W] 45 A7 B AE"Y, BAR#RAE D 3R
[F] 1.3.4, [ FE ] A5 A0 5 450 mm K AL ALP
I TGF- B, By WOt BE {8, Jf iF 5 ALP J2 TGF-B,

K-
1.3.7  gRT—PCR #2842 ALP, TGF-B, mRNA
#y ik AR URIRAF B9 4L, 275 TRIzol IX

et A5, B EBOR BUE A SU RNA, I 4G I H ik
FE, DL RNA AR, 33 7% S 45 2] cRNAM, S 1]
qRT-PCR #4845 , qRT-PCR JZ W AR % : 1E 10 514
1 pL, RM5I%1 pL, cDNA 1 pL,SYBR 2 uL, 4
K15 pL, 220 pL. qRT-PCR 2 Jif 51 : 95°C i 7%

PE 5 min, 95°C 2 £ 30 s, 62°C 1B & 30 s, 72°C %E fifi
30 s, ILFEAT 40 NEIR . B-actin fENINZ, 51
ST,

* 1 PCR5I¥1F7%
GIE7ES
HEIH Bit7)2dl
J/bp
1E1] : 5'-GAAAGGCAACCAGCAATAA-3'
ALP 19
JZ11) : 5'-CGTCAGTAGAAGCACATGG-3'
1ET] : 5'-CCACCTGCCGAATAATCGAC-3"
TGF-, 20
JZ1i) : 5'-TGCTTCCGTCTAGACCGACG-3'
1E: 5'-GAGGCATACGCCTGACTGCAG-3'
B-actin 22
JZ 1) : 5'-CATCTGTACAACACAATGCGG-3"
1.3.8  ELISA #= Western blotting #& M| > 40 22 Wntl |
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i, Z M Wnt ELISA 350 & U W] B A I Wil 55 4
AARRAE IR IE) 1.3.40 53 BORE 20 W A DR A7 19 IR
KRS, BFEE SIS A B, B 2
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i, KR B R LT g R, R R b
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ER, PR AR EEAMXREE (HE
FIAH X 3R 35 = H B K B {A/B —actin JK
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1.4 SitFEHE

AR 23 B R JH SPSS 22.0 G it 8k . iR
DABIEL + bR 22 (x £ ) o, FOBCH I 22400, i
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Xif HEZH AR 2] | BTG AR AT 41 3 21 K R i v
S-Ca.S-P /K- FL 48, G )5 25001, 2 A G it 2
B (P<0.05); 5%F B 41 b g, #5580 41 1l 35 S—Ca
1 S—P K- FEAIK (P<0.05) , 5180 41 Ho s, Bl 46 4%
flb 7T 41 1fil 7% S-Ca #1 S-P /K F 7 & (P<0.05) .
W2,

2.1
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£ 3 3AKRIMEALP K TGF-B, /KT LL i

(mmol/L, x +s) (x+s)
A e sG s AW o APOUD TGRp/Gwl)
poikicl 10 2.11+0.21 291+0.32 X R ZH 10 24.86 +2.81 46.89 + 4.69
HERIZH 9 1.49 £0.157 1.60 +0.187 LRI 9 30.67 +3.20" 37.34 +3.597
BIFEARALTT 4 9 1.76 +0.1872 1.83 +0.2072 BB AT 20 9 28.95 +2.861% 40.13 £ 4272
F{8 27.512 87.993 FAg 9.776 12.937
P8 0.000 0.000 PE 0.001 0.000
F : O5XHIRLL L, P<0.05; @S5I HAL, P<0.05, T O5XHRL AL, P<0.05; Q5HRIL HAL, P<0.05,

22 BAKREERBLALHELBLER

X HRZH « iR 0 45 A8 T AT, B /N RR Ah  SE RE
HEZ %5, SR B w o BRI a4 B/
SRS R AR B L M0 ERCR DD RS, N T 20 4
WL BTFRARTT A i /N R A B R, R A
LRI i A 50 AR R 2 3 22, i R A /0N B I 4
B, WK,
2.3 3ZAKRMiEALP & TGF-B, /K E L
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TGF-B, KV LS, & 05 200, ZR A Gt ¢ 3
X (P<0.05) ; 5% BE2H L0 A, 455 78 4 if ¥ ALP 7K -
THE JTGF-B, 7K - FEAK (P <0.05) , SRR 4] oA, ff
FOAR AT 41 1M 7 ALP K SF-FE AR L TGF-B, /K - Tt
(P<0.05), WL#3,
24 3HARBHLAALP.TGF-B, mRNA IR
KELRE

X B ZH R A 2 5 BT AR VT 2H R B 4 4
ALP \TGF-B, mRNA A X} ik it Hu A, 4 225047,
22 S H Gt L (P<0.05) ;5% B4 &, A
AUZH B 41 21 ALP mRNA %35 F i, TGF-B, mRNA 3
KT (P<0.05) , SEALA] i, BT R 7T 4145
ZHZ1 ALP mRNA K35 F i, TGF-B, mRNA ik Fi#

X R
& 1

FRIZH
SEARBREXARRFEYE (HERE x 100)

(P<0.05). W34,

*4 SHAKRBHELAALP.TGF-B, mRNAEXS
RiEELE (xxs)

of B2 10 0.52 £ 0.06 0.82 +0.08
PRERIZH 9 0.89 = 0.09" 0.44 +0.05"
BTHCHAh T T 20 9 0.73 = 0.08"% 0.69 +0.07"2
FA4 55.243 74.836
PiH 0.000 0.000

0. OS5 XHRA LEL, P<0.05; @SR [ #, P<0.05,

25 3HAKRB AL Wnt1, p-catenin E A K&
L

X REA L A 2 b B T AR A TT 41 KRR AL
21 Wntl | B—catenin % [ LA, & 2041, 25 H
i it 3 L (P<0.05) 5 5 % BT L A, 458 R0 41
2 Wntl 2 H 7K F F1 B —catenin 3 A X 3 X
T (P<0.05), 5HERIA] L4, BT T AR Ath 7T 40
H 2 Wntl 8 H 7K ¥ F1 B —catenin 3 A X 3 X
EF(P<0.05), WFESHE 2,
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x5 SHAARBAHALWnt B-cateninEBEELLE (x£s)

25 51 n Wntl & [1/(ng/ml.)  B—catenin & [
Xif HAZH 10 0.94+0.10 0.79 +0.08
HRIZH 9 0.67 +0.08" 0.43 0.05”
BTFEARALTT 2 9 136 +0.127% 1.16 +0.1272
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Catenin i % T 5% & 40 0 A% B 2000 0 455 2000 i f) 1
B o3 Ak B AR B IR AR AR 2 AR SR SR UE S,
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SRR R, R EER BN, TGE-B, Fil
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15, TGF-B, mRNA A X 3% 1k 5t ks, 3R W B 46 £k
A TT B ML X SR B8R A 20 2L 4B 2, M T fifE ALP
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TR B AR, 2 BT FE R AL TT V697 ), B AR R A 15 L
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SLRFEBAL LB E

B A R T B R R A A, Wny/B -
catenin 18 %2 5 B 20 0 36 7 4310 55 AR B R
V1238 5 A Y il b R SR, T [ AR
5% B/~ , MiR-367 8 i Wnt/B —catenin 38 % fig % 1)
il B 2 L G EE B A0 A A TS S e . A AR
SEPAPR 5Y T R MR b AR IO X R A Y R 4 4R
HI 25 3R B TR e i L 4 B e R Wne/B -
catenin 18 - AH G 1, 390 BRORLE 40 Bt A B4 5 Ly
R A5 R ), AR HEE I . A BIF 5T v A5
ZHBH L Wntl 8 K. B-catenin £ [ AH X ik
RO IR R, BTG v 40 Wl 25 H K
B—cateninEﬁ*ﬁxﬂ‘%ﬁjﬁgﬂﬁﬂzﬂtﬂ, 2 W
R S R FEBEAE M ] Wnt1/B —catenin i i, [&
R B 40 B ) 1 B Ay AR R 1, BB 2 T Rg
17 B G AR Al 7T 0 BE 9% 4TS Wnt1/B —catenin i 5, {2
E Wntl | B-catenin &5 H &1k, I R FE B A7 19 21
U, MRS IR Lk .

Zi LTI, BUFC AR AL TT BB 08 o i K e
KRB K BB AR AR An . HALEI AT BB S W/ -
catenin {5 5 W A OC . NP — L IRFEBTFE AL TT E
o Wnt/ —catenin T %k i 2= I Sk IR A AR
E PO RS o N A S B R0 N L T D)
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