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[BE] BB HESEER A E M/ MR (platelet-rich plasma, PRP) X i 2 M B8 Sk IR FEAR B G iy
TR FL 20 45 T 4 8 B 1 B/ T 4 )8 2R 1 I 4 2100 ) R ( matrix metalloproteinase/ tissue inhibitor of
metalloproteinase, MMP/TIMP) f52MA . ik Ff 42 RIS SbEHL A R S aid 2 06 A 4 A IR = 2145 14 %
PR 2 R BB 2 8 S XU R P 3k (steroid induced femoral head , SANFH ) SRAEAR R I 6} BEA 41 ) 4 PRP,
TR RIS 10 we/kg RIGFFH N EE R (lipopolysaccharide, LPS) 2 U, TESTIAIFE N 24 h 755 2 IKTEST LPS
J& NS BERRTE JEAA B 20 mg/ke, VST 3 WK, BRI S RIBR A 24 b T 6T FR2E D) [ 190 40 A4 A5 760 G B8 LA 8 v A
EESERIE e b e A AR AR /K . SANFH S IG5 51k « 9l e 4 B 4 452 WSORE 0 Dl s, B¢ 5 2 02 AU Bl 1 B 5
PRP #41H, % RN FAN R, WUEA BEHAT ARG 2.6.10 FEFIESUMEE ST X & F, IFE4T Lane-Sandhu X £ 31
Ay SR E A E e, TR 10 AR SERUR Ik = AR S B K 0T, AR TRD A A T = 2E AR S | B XU
FEE Sk, A I e S B LRSI MMP-2 \ MMP-9 | TIMP-1 . TIMP-2 £ mRNA 357K, ZEAM LB 3 55— WL 52 F 2%
Ak, ER ARJEWTELE MMP-2 il MMP-9 34 & 35 %5 T4 40 F0xt BR4H 17 TIMP-1 A1 TIMP-2 UMK T3k 5 20 A X5
TR 5 A BEE(P < 0.05) ;R4 IL-6 FIH e 2 Sded i 25 5 T B 4R X R4, Rl BB A 4 bk
PR FE AR i m T RRAL (P < 0.05) ;3 X ZRIF 5, RJ 6 R 10 J& B A 3w TR, 2546 B E (P <
0.05) s MF A B AT ARG 2 B .6 10 FBRSHSE FHUEH, 258 25 (P < 0.05), WIEHH
KFHLY R HE Yot m] WREA S BT R KE SR, B /NG Wi 408 4 5 W6 A LA i R M4l iRk L (]
L] W EVE NG K B R LY, G BESBUREE S PRP 7EIAYT SANFH BRI G iR fEAS X MMP/TIMP #2 2] FA 4%
FIEHEAER  fe A AU UE & IHLHMES R A MBS .
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[ Abstract)
the steroid-induced avascular necrosis of the femoral head (SANFH) and on MMP/TIM in rabbits. Methods

Objective To observe the effect of platelet rich plasma ( PRP) combined with core decompression on
A total of 42
New Zealand white rabbits were used in this study, and were randomly divided into 3 groups ( decompression, combination
and control groups, each n=14). The rabbit model of SANFH was established by i. m. injecting prednisolone acetate in
the decompression group and combination group. The improved Landesberg method was used to make the platelet rich
plasma. The decompression group received core decompression treatment while the combination group received PRP
combined with core decompression for bone repair. X-ray photography of the hip joint of the two groups were taken at 2, 6
and 10 weeks after the surgery, and the Lane-Sandhu X-ray scores and new bone area ratio were compared. Venous blood
samples of the 3 groups were collected and the bilateral femoral heads were taken for further examination. The left femoral
heads were used for histopathological observation and the right ones were used to determine the expression of the mRNA of
MMP-2 ,MMP-9, TIMP-1, and TIMP-2. Results
higher than that in the combination group and control group after surgery. The levels of TIMP-1 and TIMP-2 in the

The levels of MMP-2 and MMP-9 in the decompression group were

decompression group were significantly lower than the combination group and control group (P < 0.05). The IL-6 level
and the rate of empty bone lacunae in the decompression group were significantly higher than the combination group and
control group (P < 0.05), and that of the combination group was higher than the control group (P < 0.05). The
combination group had a better joint imaging and histopathological evaluation than the decompression group after surgery.
Conclusions Our findings demonstrate that PRP combined with core decompression can exert a positive effect on the
MMP/TIMP and bone tissue repair in the treatment of steroid-induced avascular necrosis of the femoral head in rabbits.

[ Key words] core decompression; platelet-rich plasma; PRP; steroid-induced avascular necrosis of the femoral

head, SANFH ; matrix metaloproteinases/tissue inhibitor of metalloproteinase, MMP/MIMP

2 M B E Sk (steroid-induced necrosis of the
femoral head ,SANFH) SR 7L J&—F i F IR 5 53
it IR B Sk A B B 0 A8 IR AR A A s 1
P OIS AT LAREAR PR B 7 Sk v dH UK b
5 RSB N 3 g, 2367 P ) SANFH Y
AR S, & I/ I 2 ( platelet-rich plasma,
PRP) & A 5 WA KR HBC G 8O 08U R AR BE
PEREARQN G5 BB Sk SR FE AL 8L 1 Al i
A A 5Tt 3 B | 36 5t 4 J& &5 H i ( matrix metal-
loproteinase , MMP ) A LR S 410 il DX 356 it 4 s 2
Tl 2H 20410 i1l 57 (tissue inhibitor of metalloprotein-
ase, TIMP) 5 SANFH (& E W AFTE—E KRR
P I RS2 IR ek B3R I, W B B8R T L
P B AR TN W R G S EUR
e E 4B 3 AL IR 7 (receptor activator of nuclear fac-
tor-kB ligand , RANKL) I8 390 il & PR $7 2 (osteo-
protegerin, OPG) , fi il i 20 i Bij 44 K 2 18 MMP-9
K MMP-2, Jf: 3141 TIMP-1, TIMP-2 mRNA B33k,
H 3 TR P Ah 25 R DL B0 6.8 B & PRP FETR
FPMCR LR Sk IR BE sh X LA MMP/TIMP 5 4t 5
e FR RIS, AR 2 A S SR S DU BK S PRP XS
SRR E B S IR PR AL 7 20 e B Sk B 4
MMP-2 . MMP-9 , TIMP-1 , TIMP-2 mRNA % ik [ %
i) , BORE A SRR IENT

1 #EFAEE

1.1 Wz

5 % SPF 9378 2= K H % 46 H MEMES
KRR 2.5 ~3. 0 kg, 404 T B A4 A B2 B &
P BERFST T SCXK(35) 2014 — 0006 ], RS2 2
Wi U7 2 S AR I ) 5 | 5 0 SO B A i) 4 T A
20°C~25°C,70% . W)L B BRAERE P 2 A B sh )
PR By S B [ SYXK (35)2014 - 0017 ]
1.2 FERFSNHE

BETR TR JE P e K A 3 3R 7K i 9 A ) 254 FR 2
AL R N B R DU AR Y TRA
AL Trizol 17 &t 32 [E Invitrogen 28 7] FE4H;
RT-PCR 5 & i1 57 P 56 Fermentas 28 Al $2 41t ; il 4
S A H1 35 [E Thermo Forma 2% &) 43t ; ABI 7000 %Y
SEINFEf PCR X &% ABI Prism 7000 SDS #% 143
FE ABI & w244 ; Image-Pro Plus 5. 0 THEHLEE
T RGOk A T 32 [E Media Cybernetics 23 7] ; MDGS
KG9 ¥t R Gk 3 THEE Zeiss ] S HAK MK S
AEFRIUE I/ MR MK
1.3 XWHE
1.3.1 By 54502

FRBEALEC R e I 32 R EG o0, s e Sk
WPEIRFE SRR | RIS 10 wg/kg KB HTF 14
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WHEZ (LPS)2 K, {E SR 24 h 725 2 IRGEST
LPS J&5 , 8 WL 53 % R ik JE /5 T8 20 mg/ke, FE 5T 3
W AFIRTE SR BN 24 h, 4T3 IG5 4 8, *t
32 FU 0 et AT A 1 e AR 1l 1 A A TR Sk R BB A
TR | FRAIE T 1 08 R AF 5T 23 i 22 10 [ s 1 IR B
AyHIRRES | BEECH AR AL T T TT TR BB YR BE 14k
Bttt 28 W LA Tk 4 IR 4 A A A
14 5O BUE T By 14 HR T8 58 0 3050 e ik
XHAZH , WPIBCA A FRBKEBUM 5 mL, R K Appel
W PRPOREEY 3% ) 4, il s ik 1) 2
AR AR 10 mL T 525 % B v e 3 ik
KA 5 mL, BAB O, B HES, Bk
2400 r/min fKEEC> 10 min, 7] WWE.OE T8 |
ZHRER LT 2 iE, W FEWR, R ET
IR AN B S — B0, LA 3600 r/min 5 B
L 15 min, B0 JF 7R BB L 3/4, RIGRRBE
SIRIA WA PRP RO 28 58 i, X 98 He 1 FIR 45 21
TR FRE Sk SR BB 0 45 508 U, s R 0 U B 5 I
B3R NS 1 mL3% PRP RIALE , ARJGHMIKE,
SR M EALL IR IE, ARG HLE 3 d B RWBEA
R 2l B AR R NUNIE B RR IR K E 2 2 mL,
DA A S e
1.3.2 AR~k

ARJG 2.6 .10 J& X vk & 20 K B A 2H 52 56 4 LA
3% I3 b 22 B 2 0 KR 4T (30 mg/ke) , RS
AP EMY AR G IE A X 28, WSk BB it e 2%
754k, Lane-Sandhu X £& 3 7 e B 15 00
1.3.3 A fbiEin

5510 JEA0 R S JE G — IO A RS
Xof FRZH e 23 R K I 5 mL, 350040 B9, ELISA ¥4
AR JE I TL-6 ¥ BE | 3 52— U B = 20 S WU I
S, HAPAEE 100 mg A7 00 B Sk B 21 20 (R
JE B 4 20 ) R 4T Bl R G 8 ELISA kI 41 2

MMP-2 MMP-9 . TIMP-1 , TIMP-2 7& [ & &, F-fdi ]
AT AR S B A28 MMP-2 . MMP-9 | TIMP-
1 . TIMP-2 i mRNA Fik/K -, B g 26 B4 40 A4 i i
Bk, MBI HE, S B8 Trizol i 7 & U0 B $2 BUE
RNA, HLUK 48 R $2 BOE RNA 583, BUS RNA
500 ng MIABENLE 4 1 pL, 2 88 RT-PCR RF &4
A% cDNA 5 1 85, SR 5 48 H 19 5L I FE GenBank
B C 1731, K A Primer 5. 0 #0F A 4T85 140 (0L
F1) . BRI, VAR BUAE M 95C |
35 s,1 MEH;Z8PE 95°C 5 s, 3B & 58°C 20 s, FEAi
72°C 35 5,45 M, i ABI Prism 7000 SDS #k
{EXT 440 MMP-2 MMP-9 TIMP-1 i TIMP-2 H At
PRV
1.3.4 LR PIEIR

P =21 N By MR Sk g — e AL )
A S A AR Ak, B Sk IR BB 2 Wi dn 1 S IR
2006 AT E il 1 s SRS I2 W 5897 T A
HEU) BB S A KA IR BE D /N B AT
ZZEE > 50% , H R MBI 2 ki /NG A 5 RE IR
B, 0 B IRAE  []E ) Dy — 20 B B s A ke
1.4 SitFEFE

ZHBHERH SPSS 20. 0 B R G2 Ak
D8 FRifE 2 (v 2 5) R0, LRI PR LAt
HPORERH ¢ A5, —41R) 2 5 LR AR R 7
ZOPRM FAEK PAE, X P < 0.05 AY48FRKH
IR SNK-Q FrgisK i ¢ fH, LA P < 0.05 £IR
RHESAHBEE,

2 R
2.1 =4S HEL MMPs, TIMs ) mRNA £ix B
IL-6 /K FEEE =R ILER

= HMIER RT-PCR 45K WK 1, AR ET
Z5rHT i =41 MMP-2 SRk LA ¢ Ka i o,

&R 1 jEf PCRIFSI
Tab.1 Primers for the RT-PCR assay

H A 519 P38 Bolk B /bp HE R i i
Genes Primers Amplified fragment length GenBank number
Forward5’ -TGGAGGCACGATTGGTCTGG-3’ 111 NM_031054.2

MMP-2 Reverse5’ -GGAACTTGATGATGGGCGATGG-3’

MMP-9 Forward5’ -CCCTACTGCTGGTCCTTCTGAG-3”’ 162 NM_031155. 1
Reverse5’ -AATTGGCTTCCTCCGTGATTCG-3’

TIMP-1 Forward5’ -CGACGCTGTGGGAAATGCC-3’ 181 NM_019133
Reverse5’ -GCTCAGATTATGCCAGGGAACC-3”

TIMP2 Forward5’ -GGAAGGCGGAAGGAGATGGC-3’ 91 NM_021989

Reverse5’ -AGGCTCTTCTTCTGGGTGATGC-3’
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TR ZH T T EEA AN IR ZH (P < 0.05) ; =4
MMP-9 FRIX PR LLEE ¢ R o , R4 0 & = T
A HFIXTIEZH (¢ =4. 05, 5.06; P < 0.05) ; =4
TIMP-1 FRIk W HLEE ¢ A 56 7, ok 2 & 21K T
A HFIXTIELH (¢ =6.67, 8.89; P < 0.05); =4
TIMP-2 &35 9 W Eb 55 s 4 3 3 I T B¢ A5 AL AT Xt
21 (¢=6.70,7.19; P< 0.05) ; =41 IL-6 /K V-7
WA LU e 40 5 2 v TR G L IR B2 (¢ = 8. 99,
13.09; P< 0.05), [F A HCA 2l T XA (g =
4.09; P< 0.05) (W3 2); =4 B M52 HoR
R E TR YL MAT 4 (g =32.60, 39.36; P
< 0.05),[Al IR AW m TRTRAH (g =6.75;P <
0.05) (W52);
2.2 BEABKEARFHE X ZESRFER
ERBES LS

AR, ARG 2 TE T A g X 34 S A
JE ARG 2 %8 = T4l 6 JRBG 415 A
o T EL B DR B/ R B, 10 F s
TR A B T B L R A T K A R

xR2

ER (R 2) . PId X PR, R 6 JEF 10
ALY S TWEL, 2R A REME(P <
0.05) ; MHT A= B AL A 70 e, AR5 2 Ji L6 Jl 10 Jid
BEA A S TR (P < 0.05) (W#E3),

MMP-2

MMP-9

TIMP-1

TIMP-2

—
[ S}
w

i

TE: (1) WURAH ; (2) A (3) XA,
B 1 =21 MMPs 1 TIMPs f#) mRNA ik
Note. (1) Decompression group; (2 ) Combined group; (3 ) Control
group.
Fig.1 mRNA expressions of MMP-2, MMP-9, TIMP-1 and
TIMP-2 in bone tissues of the femoral head

=HBEE Sk MMPs & TIMs A5 mRNA 235 % IL-6 B A S LR L (2 25,0 = 14)

Tab.2 mRNA expressions of MMPs and TIMs, IL-6 and the rate of empty osseous lacunae in the rabbit femoral head of the 3 groups

HRE IR (%)

2H 5 MMP-2 MMP-9 TIMP-1 TIMP-2 IL-6
Rate of empty
Groups (ng/mL) (ng/mL) (ng/mL) (ng/mL) (pg/mL)
osseous lacunae
ol 4 )
}'J‘r,ﬂ 0.15+0.03 0.14+0.03*%  0.09£0.03**  0.41+0.13*%  8.88+1.55"" 20.33+1.41%%
Decompression group
i SEE| # #
o 0.10+0. 04 0.10+0. 04 0.15+0.04 0.68 +0. 15 5.32+1.43 9.27+1.32
Combination group
X HRZH
0.09 +0. 03 0.09 £0. 04 0.17+0.03 0.70+0. 17 3.70£1.46 6.98 1. 05
Control group
¥ 12.76 7.17 21.41 16. 13 44.83 442.90
P 0. 000 0. 002 0. 000 0. 000 0. 000 0. 000

. SBEEUEES, P < 0.05; 5 IR AL, *P < 0.05,

Note. Compared with the combination group, *P < 0. 05 ; Compared with the control group,*P < 0. 05.

x3

I 2H IS AR X 2T o3 R A T AR LA

Tab.3 X-ray scores and new bone area ratio after surgery in the decompression and combination groups

U WEENESE iV NEE S (P €= 32

X-ray scores after the operation of the

WU 3G AR 25 I RSB A AR %

New bone area ratio after the operation of the

Q (=]
(;ﬁﬁ ! decompression and combination groups decompression and combination groups
roups
214 614 10 4 214 61 10 J4
2 weeks 6 weeks 10 weeks 2 weeks 6 weeks 10 weeks
R4 .
BU.H 0.55+0.22 1.63+0.28" 1.99+0.24" 8.1£1.3" 18.2+1.4" 24.8+1.57
Decompressi-on group
T SEEi!
L. 0.60+0.24 2.67+0.29 3.92+0.25 11.5+1.6 31.5+1.8 47.9+1.9
Combination group
t 0.57 9.65 20. 84 6.17 21.82 35.70
P 0.570 0. 000 0. 000 0. 000 0. 000 0. 000
I SERE AR, "P < 0.05,
Note. Compared with the combination group, “P < 0. 05.
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T (A) RSS2 J5 5 (B) G HARSS 2 Ji 5 (C)WEHARST 6 Ji; (D) BREGHARST 6 Jil; (E) WIEHARSE 10 Ji; (F) BRGHARS 10
B2 PR 2.6.10 FRRAKG AR
Note. ( A) Decompression group at 2 weeks. ( B) Combination group at 2 weeks. ( C) Decompression group at 6 weeks. (D) Combination group at 6 weeks.

(E) Decompression group at 10 weeks. () Combination group at 10 weeks.

Fig.2 X-ray films in each group at different time points after operation

T (A) XFRRAL; (B) WUEAL; (C) el
B3 BRGNS 10 A ZM Ak HE B 255 (x200)
Note. (A) Control group. ( B) Decompression group. ( C) Combination group.

Fig.3 Histological observation of the bone tissues of the 3 groups at 10 weeks after operation. HE staining

2.3 ALFERTH FLAEAT VA9 FE B3 5 0 0 VR B, FC A Y
RERRZLIC R S AL BURT UL /NRECE IO 7 st YO R HE R IR ZE L2 I B K A
LBV E AT, R0 B g PO T I A PR g ety (Ll T SANFH BB 3 4R 58 1 S o9
RO /MR G, JHIAT BBV, WO N phogn iasg i e 1, i X B 40 = S 30 4
ARSI, JA AT KR RAE P ZF AL, BRIY gt 1 9 R R 412 THE0 8 [X 65 4 4 g 07
U AR 20, 5 /N T AR 4 B A AL iR LB RS 1 20 20 i TR R i 1 3 R e T
RAEANNLELN, (L E AT WA N RS, oo mae 5 2 i NSk FO G . PRP S
U W55 T LA (L 3) 30 AL 17551 #6140 B /B e 45 0 i
3 it TR R I3 A, BOR AR e bk . e o
, o BT AR (R4 45 80 A K DT S S v TR T

LB RS £ R IRALIR IR S IRy et v i 00 5 A9 A
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SRR AR A5 RN BT R B, PR eSS L 2B
TV G 2 IO 2 i R Y A1 AA RE b g A gy S 2R
) P T L BB AR 2F Jeg 8 S 1 7 IO T 400 o ol 3
b, 0 L i g U 43 A 00 VR T, L T o 4 5 i) A
AR RN, SO 5T 2 PR A 4 TG
FERARF RIS X PP, AR B AR E o b, B
B 63 225 e B 2H 40 JHE 2 G s 389 B S A 1o e 4
OEREE N

MMPs H1 MMP-2 Fl1 MMP-9 7£ 8% & 40 il A K
FIR BN SR MR I R R A R A AL R
S0 FE L B, (R TE AE & AL B, MMPs I8 fig
R B AT Ak 55 R B AT ) B R MDA T AT
Wil TIMP & MMPS e 8 % 09 30 1 B+,
M4 MMPS R B S B ()98 BROCAR & AR B, 1l 7= AR
ZFP AN R, 3k S 4l i R 7 RE A5 5 5 A TIMP
XF MMPS (14 i 3 1 28 47 30 0 DL s 2007 4, [
MMPS/ TIMP 4G A FEE— A B A YLk
KPR Z KA R B Em B M FE bt
ok Az i b Rk - 4B 1k B 7 ( RANKL) 9
I B AR (OPG) , T B0k B 4 M A 4 /) MMP-9
K MMP-2 K f 1 3 ik, IF # #] TIMP-1TI, MP-2
mRNA i &3k, B H B MMP/TIMP 4% 7 48 K, ifif
MMP-9 . 7T L3 i HLAAR B3R 1 B IR B8 7 A 1Y
K IL-6 Uik rY b 3# RANKL, JE B vEAE 2R | 5T
HTL-6 AR B 2 M D, th 2 = B2 A0 1 44 1
K-z — AL F 3 MMP-2 BYZ3K5F150 M5, il K51
HEEE T LG E AR B e A 4 - JE MMP/
TIMP'""' J& ANFH K/ER RN E, ARAMFoe4s R
R RJGECA 4 MMP-2, MMP-9, 1L-6 i 3 & T
JEZH, i TIMP-1, TIMP-2 (1) 2 ik & 25 0% T 0[5 4,
[A] i HoAE MMP-2 , MMP-9 J2 TIMP-1, TIMP-2 2545 b5
Fik b O 5X AU, 3R RS R I PRP 7
Wy B T o A B 1 [) B ] DA 3 T AR |
20 347 45 )5 =6 MMP/TIMP 2 G2 8 3] iE 4 T
FVE T, A5 PURE K B = vy < vk A IR B
FH2EKG AT UL AE TR 2], e 20 e Sk 1 21 23 4 . 4l i
FER A LVE W W b 5% Bt T IEH A LUIE S 2%
FEI, XA MG R IR AR YT HE AR BT I R 1
JBEE SR R SEHR P T S IR AR

AR 5T 245 R WoR BRI A PRP 7
IBIT IR PERCE L IRBE %4141 MMP/TIMP & 4t
PIFAE EAE (A A SE 36 Al A — S5 gk — 20

FURYHLTT, ANJCHEUE S A K T e JE 5 i = 1Y
KF, RN, BARGAE R SANFH BB F 5 8L £
(EHCTE g 7 S B AR L EATEOR 5 NS Bk 22
SN O LR S i PR N EREE AR I A PRI O
AHEIE], e BV REDS 5 AR A A PH PR IR AR T B AY AE K
PRl 4 T T LU 910 LA R B i T 1 R Y S 5
FORMIA 5 Tt — 2ok
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