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Effects and mechanism of low-intensity pulsed ultrasound on extracellular matrix in rabbit knee osteoarthritis XU
Shou-yu™ ,ZHANG Li-mei,YA O Xin-miao,ZHOU Guo-qing,LI Xia,HE Bang-jian ,and CHEN Xiao-gang. * Department of Re-
habilitation ,the 3rd Affiliated Hospital of Zhejiang University of Traditional Chinese Medicine ,Hangzhou 310005, Zhejiang,
China
ABSTRACT Objective: To observe the effects of low-intensity pulsed ultrasound (LIPUS) on repairing extracellular matrix
in rabbit knee osteoarthritis and analyze its mechanism. Methods : Sixty adult female rabbits with an average weight of (2.0+
0.2) kg, were divided randomly into two groups (experimental group and control group,30 rabbits in each group). All rabbits
were replicated in right knees by Hulth method for knee osteoarthritis model. Two weeks after operation, the rabbits in experi-
mental group were treated with LIPUS, and the ultrasonic frequency was (800+5% )KHz and the maximum intensities of spa-
tially averaged and time averaged (SATA) was (50+£10%) mw/cm?, for 1 time a day and every time 20 min, while the rabbits in
control group were treated with sham LIPUS,the same operation with experimental group but without energy output. At the
2,4,8 weeks after treatment, 10 rabbits in each group were randomly killed for each time. The general changes of cartilage and
its histopathological changes by HE staining were observed ;the expression of collagen type Il , proteoglycan, MMP-3,7,13 in
cartilage were analyzed by immunohistochemical and RT-PCR technique;and the expression of NO in cartilage was analyzed
by nitrate reduction method. Results:On the same observed time point,the damage degree of cartilage in experimental group
was slighter than that of control group(P<0.01) ,the expression of MMP-3,7,13 and NO in cartilage in experimental group was
lower than that of control group (P<0.01) while collagen type Il and proteoglycan was higher than that of control group (P<
0.01). Conclusion: Low-intensity pulsed ultrasound can repair the damaged cartilage by reducing the expression of MMP -
3,7,13,inhibiting the secretion of NO and promoting the synthesis of collagen type Il and proteoglycan in cartilage.
KEYWORDS Low-intensity pulsed ultrasound;  Osteoarthritis, knee;  Chondrocytes; Extracellular matrix

Zhongguo Gu Shang/China J Orthop Trauma,2014,27(9) . 766-771 www.zggszz.com

SEGTUE WLAR B2 TR E (45 :2012KYA137) 5 [ 5 BR 25 BUR T A A ALt e 2 2 BT B 0T H [ 5« [ v R 24 A0 (2012)
32%5]

Fund program : The Medical Health Science and Technology Projects in Zhejiang Province (No. 2012KYA137)

WIRVEE ARSFTF E-mail ; overnightjo@msn.com

Corresponding author; XU Shou-yu  E-mail ; overnightjo@msn.com



A 2014 4E 9 AE527 &4 9 #H China J Orthop Trauma,Sep.2014, Vol.27,No.9 + 767 -

WERATEHPERTT R (knee osteoarthritis, KOA) ,
ST AR AR TN G FE B BRI ) %
9, e AR AN R UL L 2 A0 . 7E KOA 11115
W B, B S0B FVA YT AT E IR BE K o
#8 7 (low-intensity pulsed ultrasound , LIPUS) [A H: %
TR B MER BB REAE h TR AR FRALTT B )
PR iz H T B IR AR Mok B R
W FE R W] LIPUS 7EAE #8045 565 o6 52 7 T
KA AR, RS FEURAISE LIPUS X
e KOA R e v IR A . 25 1 28 (pro-
teoglycan, PG)  #t Jit 4> J& £ H [ (matrix matallopro-
teinase, MMP) Fil— 4 {b & (NO) B2 1, P HE X 4K
B AP BT B S 00, I T 1 B LA AL
#2520 KOA BPRSFIRST SR BEAHSC YR AR
1 MR5FE
1.1 FE22hG R A 3% 2 AT
HaE 2 (80 J1 U/3L) @ o r s A (LA .
71931073553 [ pr % H 73285 : AGIN5/00) ,NO I
A (A012, 1 5t A W) T AR WT ST A ) , S ie 4 Ak
— LR ), A ( H A AR i BXS1T-
PHD-J11) ,RT-PCR i 7| & (DRR047A) , £ HI it &
ORISR S PR S (2 E Media Cybernetics
N Image—Pro Plus),,

1.2 SEEsh¥y Kool BRI B ARG T R K R
60 H (WrLH B 245 K2 SLga sh At o vho 42 41t ) |
PE AR BTHEL (2.020.2) kg SRIBEHLINZ D F 145
NSRRI HRLL, R4 30 K, SR T2
KA BT 5T b ARAETRDRLE N R SR 1
A EROK , Zil (2322) C, [B]F% 12 h B30 5 00 25
S R,

1.3 ZhYEAHIAE R Hulth 55 ©0 52 ] 4
KOA BBl e Z R ETE T ARG L & %
KSR 3% LE Z AN 1 ml/ kg BRI, FHBY )
BN T4 G2 A DR TR Xl B L S il e
BRI B , AR T | 7EREE ST N T DI T fe
JR AT IS i e o) i 1) S, 000 JR OG5 4
FRfE iR iy MRS . B IR HTIRALSY 7] 43
BN H A, IR T AR DIER | [R5 T 28
S o /NG ERAE LB H 300 o A BRER /K rh sk 5y
J5 BEG AT B R . e Jm IR AR BRIEE VR 1
FEIG b5 O . RIS R EhLTEE &R 40 71
U, iEZE 3 d, Bk &gy, A B iR R R H A
H s 3l , B VTSR 1405 1 I S HAB I A o
1.4 THHEE ShYEe 2 S, Segm g A g e
TR A BT RS T LA LIPUS JRYF, MR L
YERA N (800+5% ) KHz | fie KM i 45 [B]F- X5 75 T 42

A (50+10%) mw/cm?, & H 1 K, K 20 min; X} iR
ZHAT MRS T LUK LIPUS 36Y7  (RI3RAE 5525
AR, Sk TeRe s ) . BIASRTIRIT RS
2.4 8 JEAIBENLALSE , BRLH 45 10 H AbBE Ty R 2
SR ZETE (1 RIS 4R 30 ml) , AFE S5 iR
FYITF R IR, FTIF 40 1, BRI ST A To 5T BRI
AR R Ak B o Bl AR e, AFARIPER et
I SRR (A W Y 5 S v v = a1 s 2
AR 2, BT ok R AT

1.5 WEmHSE R R AR ek
AR SRR L HE Yeft, FF4T 0 YLt re a5 (x400)
B R AL UL A2 . R Mankin 2R )¢
I AR E TR R AT L 4, SR
il B 18 Jir e (0 2 JR B NO 2 W, (U BORD | i
A KA SR EL , AEPREL SR I 28 2 — g
AL A B G Y ) i AT R0 R
oONO B9 E . SR FH e 2 AL B AR i T 454
B i) BRSSP 22 0 25 BB, R RT-PCR £
A DU Bl A5 FR bR AR KA

1.6 Siit#ubs R SPSS 17.0 Geitak i #f T4k
AT, SR Fx+s F7n . RT-PCR %4 2% H
AR i 2-AACT 53 A8l , FEEA T4 T22 00 #r
ZH[B) LR ST REAS ¢ K558, DL P<0.05 WZERH
GRS,

2 #R

2.1 BXRTRKESE  SCIRAE 2 JFnT ey
WM SV T R R AL, BB B OC TR
J AR BB B s 5 4 FA AT DG e R
T HELRE A8, B NN U] (/N BB 5 2R 8 R B
O ] IR, ST WD 8 R A BHE T
XL SRS 2 FARRAS ST T 2 L A 6, (H v ot
17 805 4 FARAR ] IS I IR T i A i
NBRECE TR A WD g 8 50 8 FAFRA S iy
AR, B THRRENABTOVMR, X0RE
L

2.2 HIUEEFAL

2.2.1 JGEMERESIR  SCHRAHA 2 JR A R R
A BCE RITEE T2 SR (1] 1a,2a) 355 4 JH4H
Mo By A ISR AL, OB TG ANT3E, A /MR
(F 1c,2¢) ;28 8 AN HEFN Z= AL A R B 40
T, B TR AT SR TP IR 2 | 12k 22 W 2 b 00 i 2
(K 1e,2e), XHRZHES 2 FANMEHED i RLAE , (84 7
EANFREEIG (F 1b,2b) ;56 4 FE#CE PR,
WIS ILE 2B, 20 B A B R ABRI n, ER
PR ANV sl ke (1 1d,2d) ;565 8 JRI AR An
SABRUGEHCE T IR R (] 1f,2f)



768 - PR 2014 42 9 A4S 27 55 9 ] China J Orthop Trauma, Sep.2014, Vol.27,No.9

2.2.2 Mankin 5 R HCEREIIE S AT AT HER, S5 Won 2l M RITA YT I 1] () 52 56 21
(1RSI 5 X B AR AR A TSR, #42 BE Mankin BRI BUGRREE RO IRAL 4%, 22 A i X (P<0.01),
KT R B bR E T TR BOEME, i k1,

NFSZEG A RN HRAH S 2 4 8 ST R Mankin PF 2.3 BEE 40 M 0 52 S 240 5695 5 (8 (AOD ) F S0 038 41

Sz ;,')
Ve, W -
1w

' 1;,) A”: 2 ‘-v
Lo iy 8N i |
Lo s € D

Wihe A7 "ol e 4 0
B 1 wAHABIEESA A HE Je J, SEIR HACE ER 26N (1a) s X IR AN HES AR B (1h)  1e,1d. 3R
SPIREE 4 JH, SEOR AL A E AR E AN IEM (Lo ) s X IRAL i AU BEB S (1d) e, 18 JRYTJE 56 8 JAl, SE A ANAEHES 2L (Le ) s X FRALAKCHE

AR AR (10)

Fig.1 Changes of histomorphology by HE staining between two groups (x400) 1a,1b. At the 2nd week after treatment, surface of cartilage cells was
smooth in experimental group(la) and arrange of cells was regular in control group(1b) 1c,1d. At the 4th week after treatment , surface of cartilage cells
was unsmooth slightly in experimental group (1¢) and cartilage cells with moderate damage in control group(1d) 1e,1f. At the 8th week after treatment,

arrange of cells was abnormality in experimental group (1e) and cells with serious damage in control group (1f)

*1 WARERAA Mankin X TR BRIETS FFAMMAMIARE FXBTE/ILE (125)
Tab.1 Comparison of Mankin scores of cartilage cells in knee osteoarthritis and average optical density of positive cytoplasm

between two groups in different times (x+s)

13 GHC Mankin D) FH: 2 B M 3% - 44 2 A
MMP-3 MMP-7 MMP-13 LSEZ 1 2 i
SR 2 JH 10 2.90+0.99"" 0.150.02" 0.17+0.01°" 0.14+0.02" 0.31+0.01°" 0.30+0.02"
K RRZHEE 2 JA 10 6.60+1.35 0.22+0.02 0.2320.01 0.1920.01 0.2620.01 0.24+0.02
SRR 4 JH 10 5.60+1.172 0.21+0.02" 0.23+0.02 0.19+0.02 0.25+0.01° 0.24+0.027
Xof RS 4 ) 10 8.90%1.20 0.29+0.02 0.28+0.01 0.2740.01 0.18+0.01 0.17+0.01
SR 8 A 10 8.00+1.25% 0.28+0.01" 0.30+0.02 0.26+0.01" 0.18+0.01° 0.1620.01°
Xof PR 8 Ji] 10 12.10£1.66 0.37+0.02 0.36+0.01 0.33+0.02 0.14+0.02 0.12+0.01
W SRR 2 B A, 1=6.979, P=0.000<0.01;":=8.631,P=0.000<0.01; “:1=12.279,P=0.000<0.01;":=6.840, P=0.000<0.01 ;"' =8.932, P=

0.000<0.01;"=6.511,P=0.000<0.01, 5XFMRLZH 4 & HEE,%=6.224, P=0.000<0.01 ;'%=10.909 , P=0.000<0.01 ; %=7.505 , P=0.000<0.01 ; 4=11.463
P=0.000<0.01;%=13.287,P=0.000<0.01;%=10.298 , P=0.000<0.01, 5 XJ FZH % 8 Jil L% ,4=6.236,P=0.000<0.01;"4=12.671,P=0.000<0.01 ;=
8.980, P=0.000<0.01;%=9.755, P=0.000<0.01 ;“4=5.842, P=0.000<0.01 ;%=6.393, P=0.000<0.01

Note : Compared with control group at the 2nd week after treatment,*t=6.979, P=0.000<0.01;"¢=8.631,P=0.000<0.01; “#=12.279,P=0.000<0.01 ;"=
6.840, P=0.000<0.01;"'t =8.932, P=0.000<0.01;"¢=6.511, P=0.000<0.01. Compared with control group at the 4th week after treatment,*t=6.224, P=
0.000<0.01;"=10.909, P=0.000<0.01 ; %¢=7.505, P=0.000<0.01 ; %=11.463 , P=0.000<0.01 ;*¢=13.287, P=0.000<0.01;%=10.298 , P=0.000<0.01. Com-
pared with control group at the 8th week after treatment,=6.236,P=0.000<0.01;"=12.671,P=0.000<0.01;"%=8.980,P=0.000<0.01;%=9.755,P=
0.000<0.01;=5.842, P=0.000<0.01 ;*%=6.393 , P=0.000<0.01
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Fig.2 Changes of histomorphology by Safranin O staining between two groups(x400) 2a,2b. At the 2nd week after treatment , arrange of cells was uni-
form and dense with normal number in experimental group (2a);arrange of cells was disordered and sparse , and cells number slightly reduced in control
group (2b)

(2¢); structure of some cell tissue was decomposed, integrity disappeared,and some cell necrosis and number moderately reduced in control group (2d)

2¢,2d. At the 4th week after treatment , arrange of cells was disordered and sparse, and cells number slightly reduced in experimental group

2e, 2f. At the 8th week after treatment, structure of some cell tissue was decomposed, integrity disappeared, and some cell necrosis and number moderately

reduced in experimental group (2e); arrange of cells was disordered, large necrosis cells were found and cell number severely reduced in control group
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%2 WMATENEANERIEZE (2AACT) (RT-PCR)FIX TR E 1 NO R E L (v4s)
Tab.2 Comparison of the relative expression amount(2AACT ) (RT-PCR)and the concentration of NO in articular cartilage

between two groups(xs)

" AHXT R KT (2AACT) o )

25 HEL P P MMP-13 ELE e KATECE T NO HRBE (%)
SIS 2 A 10 0.90£0.07*" 0.85£0.11" 0.90£0.09°" 1.2420.20" 1.2120.21° 23.270+3.647"

Xif HRZH 5 2 J 10 1.00=0.00 1.00+0.00 1.0020.00 1.0020.00 1.0020.00 29.470+3.512
SIS 4 A 10 0.58+0.06 0.60£0.15" 0.62+0.10° 1.69+0.38 1.7020.49° 18.9703.066"

XiF HRA5 4 J 10 1.00=0.00 1.00=0.00 1.0020.00 1.0020.00 1.00+0.00 34.130£3.132
SIS 8 JA 10 0.40£0.11° 0.31£0.05" 0.37£0.12° 2.58+0.97° 2.60£0.46° 15.350£2.708"
XiFHRA5 8 JA 10 1.00=0.00 1.00+0.00 1.0020.00 1.0020.00 1.0020.00 32.93043.570

W SR 2 R, =4.667, P=0.000<0.01;"+=4.251, P=0.000<0.01 ;“'t=3.493 , P=0.003<0.01 ; "+=3.887, P=0.001<0.01 ;*t=3.259 , P=0.004<
0.01;"%=3.872,P=0.001<0.01, S5XFMBLI%E 4 J] FL 4 ,4=22.429,P=0.000<0.01;'%=8.404 , P=0.000<0.01;%=12.352, P=0.000<0.01 ; %=5.766 , P=
0.000<0.01 ;%4=4.537,P=0.000<0.01;%=10.939, P=0.000<0.01, 5 X} FE41% 8 J& Fb#% ,“1=18.119,P=0.000<0.01;"t=42.495, P=0.000<0.01 ; *t=
16.220, P=0.000<0.01;%+=5.136, P=0.000<0.01;*%=11.007 , P=0.000<0.01 ; #=12.406 , P=0.000<0.01

Note ; Compared with control group at the 2nd week after treatment,*t=4.667,P=0.000<0.01;"t=4.251,P=0.000<0.01;t=3.493, P=0.003<0.01 ; "t =
3.887,P=0.001<0.01;¢=3.259, P=0.004<0.01;":=3.872,P=0.001<0.01. Compared with control group at the 4th week after treatment,*t=22.429 , P=
0.000<0.01 ;*%#=8.404, P=0.000<0.01;%=12.352, P=0.000<0.01;%=5.766 , P=0.000<0.01 ; %t=4.537 , P=0.000<0.01;*%=10.939, P=0.000<0.01. Com-
pared with control group at the 8th week after treatment ,“t=18.119, P=0.000<0.01 ;*4=42.495 , P=0.000<0.01 ;*%=16.220, P=0.000<0.01 ;*=5.136 , P=

0.000<0.01;%=11.007, P=0.000<0.01 ; *1=12.406 , P=0.000<0.01
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