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RN EE . 53T ARG 3.7.14 21 28 .56 RETFEFHTRIBE N ELM 4T Real-time PCR 5%, ARJ5 2.4 .8 .12 JE BT 55 B
WA AR A IR BEFIAE D) 127t 52k FRAA B§-2 (cyclooxygenase-2, COX-2) mRNA #3835 & BOH il i 3% 1
Fh, HIS A ARG 3 ~4 AR R & FX IR (P <0.05) , A=Y 2= 45 RN R @G 4 JAR 8 Jal i il g 2 (25 il M 3 41 %
I o R A NS B 45 4 25 o T 5 B2 (P < 0. 05) |, i I st S 96 4 ) 3 B 28 B AR 4 5 (P < 0..01) o 8518 RISid4Z
Bl 28 A AR B S RN 152 T COX 2 (7% 5, T COX-2 mRNA [ 785 22 35 AR 5 T 158 240 I 19 454 F -5 40 ot
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Effect of continuous dynamic pressure stress on cyclooxygenase mRNA expression,

bone mass and mechanical properties during fracture healing process in rabbits
REN Ke', ZHANG Chun-cai’, WANG Guang-ye’, ZHANG Jun-jie' , ZHAO Jian-ning', LI Bo® (' Department of Orthopae-
dics, Nanjing General Hospital of Nanjing Command, Nanjing 210002; *Department of Orthopaedics, Changhai Hospital, Second Military
Medical University, Shanghai 200433, China)

Abstract. Objective To explore the effect of continuous dynamic pressure on cyclooxygenase mRNA ex-
pression, bone mass and mechanical properties during experimental fracture healing. Methods Unilateral os-
teotomy of left humeral diaphysis was performed on adult New Zealand rabbits. The humeral fracture was fixed
by shape memory connector (SMC) in Study Group and by 4-hole dynamic compression plate ( DCP) in Control
Group. Samples from the fracture gaps were obtained on day 3, 7, 14, 21, 28 and 56 and the temporal expres-
sion patterns of cyclooxygenase mRNA during the healing process were examined by real-time PCR. The humeri
were harvested and sent for biomechanical tests as well as dual-energy X-ray absorptiometry in 2, 4, 8 and 12
weeks postoperatively. Results The relative levels of COX-2 mRNA were elevated after fracture and were sig-
nificantly higher in Study Group than in Control Group at 3 and 4 weeks postoperatively. The BMD values of the
Study Group were significantly higher than those in the Control Group from 4 to 12 weeks postoperatively. With
regard to bone mechanical parameters, the Study Group showed significantly higher maximum torque, torsional
stiffness, bending strength and bending rigidity than those in the Control Group at 4 and 8 weeks postoperative-
ly. Conclusion The persistent dynamic longitudinal pressure produced by SMC may accelerate bone healing
with increased bone mass and bone strength after fractures in this rabbit model by promoting the proliferation ac-
tivity of the osteoblasts and callus mineralization, which may be closely related with a higher COX-2 mRNA ex-
pression.

Key words: internal fixation; fracture healing; stress; cyclooxygenase; shape memory alloy
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HT ARG AR AR IR B SR A G5 N
PERE , 538 B A= 9 00 2 AR 58 2 B 4 i B i b 75 5%
PR AR R I PR A 9 AR BE B T8 ek A & R
REBIICALHE B A% LU B 4/ NS T S ikd T R e AR
12438 %% ( shape memory connector, SMC ) , % %t 1%
JUfATAE Y R oA ot B AR AL 800 AT A B A i 7 A
SERNASH YN R A1 SRR Sy SR IR 5 H bR W
VA I ) B S AN T e PR T B TR B B 4 200
200 s AT A D, R AT
Z R T BRI AN PR A 1 (cyclooxygenase-1,
COX-1) 4 &R 2 ( cyclooxygenase-2, COX-2) W45
SO & a3 PR 21k, B ER T HREE2 8 348
FERE 1) IR B A 04 s S L

1 #R5FE

1.1 ##
L1.1 SMCEyHIfERAEMEE  BEER S0% ~53% Bk
Bt B 1S mm, A G 5T v B R RAE 6 A
R il e in SRR B B R SMC, AR B O g BE
8 mm, ZL¥iiFE 6 mm , FEEFEL L8N AR 5 mm AT mm,
PR [ 8 2R 30 mim, FAAE B ) BB TR U B (33 =
2)C,
1 SMC T 0 ~4 Cpjok P REIRIBAS , F 5 8 R IT R
T, JREIERE KT AR o 1) T O L R i A, T A T A Y
A, AN B A A A o A o BT AL, L) R A A S T B
SEFALE AL, B SMC, FHR A R 5 1 I £ i 7E B2 5T A Ak
BfLIFRANRSE . H 40 ~50 CHRUKE R, 5E i E .
112 SfkaTad4 fLmENRAHEE  RibaTEr
4 FLin 2 B M2 ( dynamic compression plate, DCP) K fit 12 4T
bV T YT AR W i . HORRL Dy 316L N, K
Vi JE K 38 4. 1.6 mm,
1.1.3 iX#]  DRRO41S Real-time PCR &7 & Al DRROI9A
RT-PCR &5 & B TaKaRa /], LightCycler I 52} %€ # PCR
PIGUE A Roche A, 4 COX-1,COX-2 FI S-i R H 1 it
it ( glyceraldehyde phosphate dehydrogenase, GAPDH) fitj PCR
SIYZFCAL R A A FE R, FFAR
COX-1: |7 5'-GGCTCGCAGGAGTACAGCTAC-3’
T 5'-AGGACGTGGTGGTCAATGTTC-3’
COX-2: [-ii# 5'-TCCCTCATCTGCAACAATGTG-3'
T 5'-GCAGGACTGTGGGATTGATGT-3'
GAPDH : |-J# 5'-CACCCACTCCTCTACCTTCG-3’
T 5'-CGTCCTCCTCTGGTGCTCT-3’
NJ-50B AU e Hl il ¥ E L Scgede bt T HiliE, BZ
2.5/TS1S B RHAIEHL A Zwick GmbH & Co. 7= 5o ‘B %M
E R & E Norland-XR36 EE X LB 2L,

1.2 F%
121 FAREE MR 225 170 J fRB R (2.4
+0.3) kgo 2.5% GiMEZ 40 (25 mg/kg) Bk Ikt =5,
40% AT CANEER/ 458 ,2 ml/kg) I8 PRI . IR EMSL I 75
T, 2 M) 1 2 A A B T R, SRR TR A . Bl L
P70 HAg Ll SMC A [ 5E (5256:41) ,70 H L DCP Py [ 5E (X
W) . RJ4rEmSE, B HiEsh, IFNEF &R 20 77 U/,
L5 d,
1.2.2  Real-time PCR 4+ #7f RIEH 3.7.14.21.28 .56 K
B, A AL AE 5 1 G, TE0E 47 WG s 1] B P4 1) 9 2 2 B8 A
AR AEREBTIE RNA BEG e, 540, AL & LS R, R4y
FARBPALSE , BOLE B T BB 8 VR 2 (6 AR A, RJE 3
~56 d B4 R E 4 E B4 50 mg B s A, WA o
TS 2 AR, T 2 ml Trizol , 005 43 55 , /K AH 2 45 5 7 i
DLTE, RNA P24 fit T DEPC Ab B A WM ZE K b, BUE RNA
1 pg, 3% TaKaRa 22 &) DRRO19A 23] 40 B R B il 52 5 57 S0
10 wl,65 C /K 1 min,30 CHLE 5 min, 65 CHFH 15 min,
98 °C K i it % Sk i, (R R P- /£, WC i PCR W ¥ : SYBR
Premix Ex Taq 10 wl, I FiiE5144% 0.5 pl, RNase Free ddH,0
8wl ZM3HL L pl REGSEF=Hm A& 3 P35 #1Y PCR X
RV % LR 2 R :95 C FAE #: 3 ming 95 °C 2 5,56 °C
8572 °C 11 s P44 JHIF 40 WK 2l AR 4 . AL ACH {HIK
T 40 445 ] 45 COX-1 1 COX-2 ¢DNA 47 %45 GAPDH £
MR A AR F ARG AR R 3
1.2.3  F% e KRIG2.4.8.12 FEF, I 10 2
G, SEREBUE AT A A B BR R SRR , A4 15 Ak i 1 5
OB KS L, -20 CURi. Ff bR AT 5 B
WY E 1 h MR WS, T2 m R T i
MK, PUR € A0, 78 Norland-XR36 XU g X &
29 RS L U 1 B
1.2.4  JpZiial PRBR PR E 00 E % B S P4 45 B ]
RS HUEE A S A, Pisn s ml & AR 4.5 em BIFANEZE
16 mm AHI NS A EBEREN, FFEm o, S ha 55
TR — AR, R R ERL E S IR
S W A T T — B A T i Y 2 0 A3 A
NJ-50BAVHIFE AL A A~ I 3k il 2 $1 54 S50, T3l R
36°/min DS EIs/ME MR 25 . A FABORG 4 ~ 12 JE BT
WEBFRA S A, 78 BZ 2.5/TS1S BURHRHA TG HL 0 5 B2 Wi
F RS, I b B P s ) e S AR 5 e, v g e Sk A4 i
AR 0.3 mm/min, JEE NN BT . 598, P45 B
10 HARZF AR RALFEHAVEZS AR, Horp 5 Bl H 41
BRI, 53 5 4 F A it
1.3 “%itsam

BARLL x x5 Fox, R SPSS 11,5 G 44437 . [Al—18
o (8 £EL ) R e ) 32 3680 1 B A8 LA FH A RLUIRL 6 22 4 i %
F2 AR IR B i) ol B 200100 22 S A T MG 2 Bk EL A 1 R
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®1 AREAFEE COX-1,COX-2 mRNA X RAEEN T ERAASHER(n =5, x =)

205 3d 7d 14 d 21d 28 d 56 d
COX-1

X HRZH 0.68 £0.31 1.10 £0.41 1.15£0.49 0.94 £0.57 1.56 £0.54 0.86 £0.28

SEHZH 0.95 +£0.35 1.39 £0.47 1.04 £0.32 1.31 £0.51 1.02 £0.57 0.83 £0.39
COX-2

X HEZH 7.01 £1.62 4.03 £1.27 8.06 £2.72 8.70 +3.16 8.40 £2.81 2.90 £1.00

SR 7.94 +2.04 5.98 £1.92 11.03 £2.92 19.06 +5.24* 13.86 +4.12* 3.32+0.84

a; P<0.05, 5tk

2.1 Real-time PCR £ %

SR LR s A, 2RSS 2 ~3 d Bl RIE SR
B2 AN EEAWE EH (B 1), @GR d, COX-1
mRNA A% 23Kk B AE I (] 50 P R 6 ) 23000 Y TG it 2%
B, TR (B TE A B, A [ s ) s 7 4 22 ] A D B
55+, COX-2 mRNA ik BB It & 7 25551 )5 Bow ,
20 53] K s G B TA) ) 2N AR TR G i 3 B PIIR R 2 (8]
A A B AR ) S0 ¢ K6 R A 3 R K 4 JRm 52
452 COX-2 mRNA [RAE I s TR (%R 1),

(A)
A3 ;B xR A
1 XEHYAREI12 B XEHFEHR

2.2 FEE

AJG 2 R AR 22 . MR 4 TR
WA AR W i T X AL (P <0.01) , 12 JA i 22 547 BT 4
N B B2 (P <0.05) o HAREE I 2,

x2 AEFARAMEEETRLBENBEZE (g ’,

5 14 d 28 d 56 d 84 d
XTHAZH  0.430 £0.027  0.453 +0.034  0.498 £0.054  0.565 +0. 046
oA 0.425+0.023  0.502 £0.042%  0.562 £0.043% 0.614 +0.052"

n=5,x%s)

a: P<0.01, b: P<0.05, 5afmairbix

2.3 j]% HEAE M

ARG 2 JIE, 70 20 BB W i A TR P 1, S Be i A5
BAE. IARJS 4 JEAL, P94 0% 25 R 5% 16 bn 5008 25 3% i ot
o 4 JEAT8 FAIM, S u 2 i S it b AT A D LA R e KA
VAL R X5 B R X BRZE (P <0.05) . ARG 12 JA I P2 [A)

HHFRRE LR E R (K3 4),

R3 RETEREEERENAZHELE(%, n=5, v =3)

215 28 d 56 d 84 d
ot HE 4 25 il ) 33.22 £11.82 53.34+9.93 79.52 +11.74
AT INIE  55.26+8.432 72.47 £10.46°  85.36 +10. 12
YR KA 32.64£9.79 58.42 £12.39 87.32 +11.46
SEHI KSR 48.26 £7.90° 81.50 £+10.18%  95.04 £12.77

a: P<0.05, Hafpsarbic

R4 RETEREEERAMFTAEERE (%, n=5, v =3)

215 28 d 56 d 84 d
X HEZE 1L A W 39.72 £8.87 60.42 £10.27 81.60 +12.09
SCESAEHAENIEE 6149 £10.99° 82.96 +9.50° 92.32 +10.77
popiEib il 24.28 +5.45 49.52 £9.43 87.42 +10.23
SRR 41.16 £7.15° 77.08 £10. 142 94.34 +11.03
a: P<0.05, 5afm@rbi
3 Tt
BTG I RZL HBTE TR RE YK, 1T i
AEE,H PN 82 12 B LUS 1 Gad R 5 Heae

PN o DAY I 7 i o 6P 3 v o 5 i B LB FE
PRISZAGHELS, P 1] B o) O B8 3o DR st ARG R 249 A8 )
R JEE RPN 8 A, G DR R — A G 1) B 28 )
TR A A R 45 A T BB i,
fITEL SMC 1 DCP FE Sl B 3 dm il i 1T WAL 7
PEE, I MG T @G B COX i s MBLBCIE BE 19 22
5o SMC AR IKEN T ™ A FEARICAZ F1 273800, FAk
PR RIRF A B ) 22 G A [ PR T I B AR, TN
Fe S8 M 7E R B HT T X B i ™ A 352 B G 17 J 1o

3 AN PR3 i g W o > R A
SRR (U 54. 18 Gpa, JCH]IR N Iy ER 0N, , A%
S Yrim R 3 1 s 3 — 230, DR e 3 18] Bt i
LAbAERFEE BN RN 1/ AR, (4 3 A B
HOFR XHRLL DCP (HTBY Kt v AL, th g4
R EPTsm AORRAE , 15 ph T B 3 s 1) I AC R 2L A B
FRPRG B, DCP ARy i A A 23 BE IS T BA e . S
ANEESAA RN EE 5, SN A K43 i DCP R4H, Fir
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LB iRy 35S B, BT AT B PN 2 o 7 AR AR AR
% BT DS e i A AR B, TS AL A R R
W73 5310 5 BT 140 A% EG B A e R 5 ) L P A
PR MU RE B AT SR AR AR . RIT ARG &
B I i B A b Bt st ) S R R A B AT 8 JE
PR R i e s P 348 o = A 5 0, X T g
SR SRS Sh A e, 4Lt BoRE )R 4 ~ 8
JEL S0 10 S 56 2 25 il B L2 %) I 8 e P8 359 B 4 3 %
RRAL, HAARSS 4 J& S 560 418 7 ot 1 %% AR AH Ry 44
o PP ST AR A B A ) | i (el AR B AH G,
25 FEALAE TN EE J1283088, UL 25 R SMC 7=
A A B KO- R SE S A A 1 R g 6 2848 0 T i
ST AE AR, X T B T b T 5 B UL
B s R A A DRI S I A A B PR M R A
Rt — BTG P A SR 22 R L, TR
115287 COX Mkt 784k, COX JE AR N &l — &
F1) i 37 M 25 1) 6 e I A% B sk A B 4 4% COX-1 Al
COX-2 WiFP[E) T, WFsERM, COX-1 JHIEBIr@ &
b 1 COX-2 7 H AR 5 B T L & rhole 4 A ] 5%
BrEOFET T ARSI BB YT RIBEA COX-1 mRNA
) 26 3K A i A R AR RN ) SR R A AR, TR IE S
COX-1 X B &I BAEM. MR, B¥9raa
PIZH COX-2 %G s /K- 5 3 Tt e o] 25 Hr e
B 19 £%, HLYSTE 3 JE Ik 2] i , B AR LA A B, $2 7R
COX-2 MTEIZ BT A AR & ¥ EEAEH . COX-2
XPEPTRCE B RS T A B PGE2 (B AR S
PEN . PGE2 RIE M5 5400 TR 8— R 5 B A G
DL 18 2 S 23k DA AR 308 BB 200 R 386 1 434, 200 9 B 4 Ak
PRV B PN oS TRE A S, DT 2 i Jeg 3 ) AL
R S PRI COX-2 2 i Mk COX-2 JE
PR R B 15 25 5 LR i ™ A 3R A K R A A B A AR 11
W3 5 3 Xt BRI B RO SO E Y R
AR UL 7 AT S A0 K S R COX -2
JE AR PGE2 JLEE A5l cAMP XTE-#r @ &
HEATIE ) 4% . ARSCE v, @A 3 ~ 4 JAR S5 4
COX-2 mRNA & & B g & F X HEAH , UESE T SMC (1§
SERNSIEN F1 3R T COX2 Wy FKF, H%EF
PRI AR AT R A 06 A R B 238 A ) 25 SR 1Y)
225, H COX-2 8t i W L B i M 32 R B 1Y
ETFB B, Sz ae gk AR R SMC [ E T RIS B
I I FREE 2250 1§ COX-2 JE R 3 s ek e 1 T
A8 434 B, SR T SR A B R S, A B

TR R ) S5 AT AR AR 45 A A R e, E T
g T @A AR RERI IR . I3 — T T, DCP i
A FH AR DBl R ey e T 38 O SR o 9 A, A 5
TR R i JEE R
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