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3 ST R 7 R R R AR MR A R 5

RE, B, KRFEF, TER, KRR, FAE, R, TYF, BR¥E, KT

(AR —BER K2 FB S B2 SR 2B, INARAE4E 271000)

HE. [BH] HITESREERA (continuous low intensity ultrasound, cLIUS) & HCHARSMEAERI M, [F%] 6 A
W e B B BB AR AR 60 A4S, BEHLA WWZH, T DMEM R FRMRTE 4ACHRAFE . ARSI, WA HERAT 20
min R, MAE 42 kHz, HLIIFE S0 W, T45 14, 28 d M4 M AATG 3 . BRI 2 HEERIA . HBUBS: . AW 2= kg,
cLIUS H# 2 h AL ERK R FHFRBEM . (SR 4 14d, BAHANMAET R D E = RS [(75.5£1.8)% vs (65.6£1.5)% , P<
0.05]; BARTIRIHERS, PILHAHMIAETE R WE TR (P<0.05); %5 28 d WAl R EGIT#E X (P>0.05), HEFREARR, 5
14 d, MAEAMALUEELEMN TS, HFL 0 YLt 10D [(224.724.1) vs (166.5£3.7) , P<0.05]. HI AR YL (5 10D [(223.7£6.0)
vs (166.7+5.0) , P<0.05] ¥ 35 & T#S4l; 28 28 d W4l _LikfEbr2E T G 2# 8 L (P>0.05) . BlRT[EIHERS, PIAI48UB AL,
WZERL, SR RERL (P<0.05), 4 14d, iﬁ?géﬁ%&ﬁiﬁ%{t?ﬁ%uéﬂ [(8.7+0.3) MPa vs (7.0+0.0) MPa, P<0.05]; 4
28 d PIH 225 TGt 3L (P>0.05) . BEWTHIERS , P27 (AR 2% TR (P<0.05). Al 2 h J5, B4 ERK R

TRIKE B TERSA [(0.9£0.1) vs (0.5£0.2), P<0.05]. [£5i8] cLIUS Al LR E 8 B 8B R IMBAESOR: , I KARAEIT ], i
ERK & HMRIEAKN-,
KR RS ACE PR, CWECE, IRSRESER, 1A, ANRRA MR B
hESES: R68 MHEPREE: A XERS: 1005-8478 (2023) 22-2072-06

Effect of continuous low—intensity ultrasound on the preservation of osteochondral tissue in vitro // HUA Zhen, LI Zhong,
ZHANG Xue—fen, QI Jian—hong, SONG Hong—qiang, ZHOU Lu, XIONG Jie—pet, WANG Kai—sheng, GENG Cai—yun, ZHANG Yi. College of
Sports Medicine and Rehabilitation, Shandong First Medical University, Tai ‘an 271000, China

Abstract: [Objective| To investigate the effect of continuous low—intensity ultrasound (cLIUS) on the preservation of osteochondral tis-
sue in vitro. [Methods] Sixty osteochondral specimens were harvested from a 6—month—old pig femur condyles and were randomly divided
into two groups, which were stored in DMEM medium at 4°C, those in the static group was not treated with ultrasound, while the samples in
the ultrasonic group was stimulated for 20 min every day at a frequency of 42 kHz and an electric power of SOW. The survival rate, proteo-
glycan expression, histomorphology and biomechanical properties were detected at the 14 th and 28 th days. The expression of extracellular
regulatory protein kinase (ERK) was detected 2 hours after cLIUS stimulation. [Results]| The ultrasound group got significantly higher cell
survival rate than the static group at 14 days [(75.5£1.8)% vs (65.6+1.5)%, P<0.05], whereas which became not statistically significant be-
tween the two group at 28 days. As time went by, the cell survival rate in both groups decreased significantly (P<0.05). Histological staining
showed that the ultrasound group was better than the static group, the former had higher the saffron O staining 10D [(224.7+4.1) vs (166.5+
3.7), P<0.05], toluidine blue staining 10D [(223.7+6.0) vs (166.7+5.0), P<0.05] than the latter at 14 days, while which returned to be not sig-
nificant difference between the two groups at 28 days (P>0.05). The tissue morphology and structure of the two groups were disordered and
proteoglycan was significantly lost over time (P<0.05). In addition, the ultrasound group got significantly higher Young’s modulus than the
static group 14 days [(8.7+£0.3) MPa vs (7.0£0.0) MPa, P<0.05], which became not significantly different either at 28 days between the two
groups (P>0.05). The Young’s modulus of the two groups decreased significantly with time (P<0.05). At 2 hours after ultrasonic stimulation,
the ultrasonic group had significantly higher expression of ERK protein than the static group [(0.9+0.1) vs (0.5+0.2), P<0.05]. [Conclusion]
The cLIUS improves the preservation quality of porcine bone cartilage in vitro, prolong the preservation time and up—regulate the expres-

sion of ERK protein.
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KRB B R WP, th T HIE A
WSS, —Bi0;, MELLAIREE . HAl, ImK
ERTIR TR R AR e IR SR AR AR R
fi  (osteochondral allografts, OCAs) J& IR FIGRIT K
AR B ULIIG YT B . SR OCAs RHH
W 2 A AT R . R, TR AR
BRCR A M A ORI, M
OCAs FARMIGRSTR o I, LB 12
R 2 5[] B S A 0 4140 (allogenic osteochondral
tissue, OCT) FYAAMLIE J, LIS N & OCT /L H
BRI TR

WU E AER7 55 B0 OS5 A AN S RE DT T 220K
I, A MR T AR s R EE L fE it
MM AP IET (extracellular matrix, ECM) 15 A& %
AR R e s > o0 M, Bz 28
BRI 25 S BOCT Jel 284 7. DR R, R
5L (low intensity ultrasound, LIUS) 1] LAiE 41
i AW IS N Ry A I S R RSN =)
BB AIE G OCTT R iR AL 0 SR, FERA
HLFFRIRET , LIUS RIKRE HESE OCT %A 4
TEPEREAC, I ECM BYREME, 18R ORAF I [R] A UL AH
KAlRIE o LIUS BREEHCHHH SCHNE 1 e AL ] i AN 58
SVEAE . WEIE R LIUS 28l 240 i 4098755 2 1
(extracellular regulated protein kinases, ERK) {5 5 i
PRAE I A AR HSUVE R I T RYSRIA, fEdbf
WA e . Ak ERK (55405 5 e 1 &
H, BTSRRIk, AW
TSI 5 (continuous low intensity ultrasound,
cLIUS) N TARSMRAF MR8 G B 4, WA
JE T AB S A 1B B (I DR AF I [B] X ERK £ 33k
THOLIATIRER, WIRSMAAF OCT A58 Y Hems .

1 #MR5FE

L1 HECERARRI

6 M H iM%, 100 ke, MURIHEE, HHID. TTHC
WIETYIE, BRI MR . RS s ORI M
WA, FEAERBREOCT I, EAE 6.5 mm MY HCE TS
AR AR ST B £ R X BB B2 A 10.0 mm 954K
H 60 £4.
1.2 a5 ks b EE

HHCE BN MRS AR AL, R 30 1,
¥JF DMEM R FRIAE 4°CE VKA TP IRAT . ERAS4R
MO 75 Ab R, A B R 2T 20 min B AHIEL, R
FH CE-5200A 75 i Ve #% , W% 42 kHz, HLI)HR
50 W,

1.3 Klfshs
1.3.1 B anfeig %

TEDRFERYSE 14, 28 d, G Y A HLYIAK 15
wm E B A5 A0 50 me/L i) FDA AT 10
mg/L 1] EB A, 37°CHHEIEE 15 min, PBS iHVE 3
5 7E 450 nm PR BHOGHE T 0 MU WA R
PIH (100 17%), PREFrp S ERER (O N TH AN, 206
RIBCH ML . Tmage) 4% G P ) S 21 48 1+ B0
IR (AT R (%) =I5 40M0% H /20
S8 100% ) .

132 ZHE12E0EE

HE Jeft: 492 R HREEESHE 24 h, JiKib
PEJE BT 10%) EDTA Biss5i b, FHRHla44in
Royepids, RS TERG TIREREEIK, R
L, A, YIS um AT R, NS, B
PR AKAL G et BREEMKIER, R IfEek.

FLL O Yetn: AU R Bk, A EEWAE K AL,
Jetagkyk, SYUKYE, BREEIRBKIE, A, 40
558 MR, Image) AT LT O Y Bt
W E(H (integrated option density, I0D) .

FHORMGEIE Y 0 A S D) 7 B, MRS K Ak
Pefiykyk, BEEEIRGIEW, BB, Ko 2K
e gL i 10D fHL
1.3.3  AWJizErai

BUREH Y E TR G R, RS GRS
PORAE AN fb K, B WURZE o S.0N, L 0.1 mm/s
F14) R AR AT PR A A I, B AR 7 4
159 A% oA it
1.3.4 Western blot ¥ ERK 25

FRMEEA LBRECE B, WATHHE, IAKNA
PRI T oK B UEAT 4, R R, B0 R IR
T, SRR IR B IS A EARZE o iRcE B 5 5
FE&h 10%SDS-PAGE &EE vk, FfiJ5 HLf% 2 PVDF
I Fs 5% RS 4 WA 1h, Uik ERK (ab201015,
Abcam, Cambridge, UK) F1PZ GAPDH (ah8245, Ab-
cam, Cambridge, UK) %% 6 h J5, TBST iE¥E 3 i,
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IR ZHiEE 2h, B,
1.4 GEit=eorik

K SPSS 22.0 AT ST 2 A . TR AU
DL s Ko, TERMEIER MG, 20 BSR4
Aekady, AN HECR RO TR 5 . P<0.05 25 5
e -

2 # R

2.1 BRI

FDA/EB G (8 75 A6 i 40 1 40 B A7 05 e (L UL B 1a~
1d, SEREIFHHCE AN, 200 R R IR K
HANE . PACE AR R A R ISR 1. 5 14 d,
P TR AN H A2, E AN A TG R R T
B (P<0.05); FifidE BFIHERS , P2 408 4 M A7 T
LI R (P<0.05); &5 28 d, 754 5HH 40 i
FEE R TR, HERTHEIFEE XL (P>0.05),
22 YZlEEER

A% HE Yt ULIE le~1h. 55 14 d, 584
FHEG, B AR 0B e A HE S 3 55, RS
Wi, MRIZMMEE R RV, KRR, WIZAEAH
K, MTFREEN, B SRFE; R R
B, PAURRRIL I Xk, TRIZANMHES L,
EOAZHEO TR o528 d, ¥R A FAE
HHCE GG, RIZEHESZEL, (H4121454
WKIALRRETE RS

Tl O P ZE UL 1Li-11 K 1. 8 14d, 5
FRASAALL, BAAREERE2EE L5,
EHZE GRS M), 10D HEEAE (P<
0.05); FHENAIHER, MARFE QW ARE, K2
HOARBERYE, EAZMHEEE TR, 10D EHHE
EIRME (P<0.05); 4528 d, PHALARAE I B B B (a,
WY, AR Z, B 10D fE 5 T#
B, HERTGIHE L (P>0.05),

FOOR I i e 25 UL Im~1p FIEE 1. 26 14
d, S5FEAML, BF AN EREER DM,
eSS, A OEIR, EHZHEEER,
10D {H & EFHm (P<0.05); Bl EIHERS, B %E
PRI AR, RIZEAZRAEZ, 10D HH
FREAL (P<0.05); %6 28 d, PILHRTEAY B 4K B K5
YRy, BiASTR, TRIZAHESIZEL, #54] 10D
HETESsd, HEFEGEIEE L (P>0.05),
2.3 AW S1ERI

W CBRRISE R L 1. 58 14d, BA4HNY
PO B 2 TR S (P<0.05), Bl E] HERS ,
PRI B R 1A BB 2 B 5 IR (P<0.05); 4 28
d, AR R THS, HERIL5ITFE
X (P>0.05).

2.4 Western blot ¥l

Western blot ¥ ill ERK £5 H ik W% 1. #
AR 2 h )5, #A4 ERK EAERKEFEEHEST
A4l (P<0.05).

®1 AHLEERERARMER (r+5) SHE

Bzt s ] 8t A (n=30) AU (n=30) PAH
O LA 3 (%) 14d 75.5+1.8 65.6x1.5 <0.001
28 d 54.7+3.0 52.0+3.0 0.156

P <0.001 <0.001
LT 0 Jeft (10D {H) 14d 224.7+4.1 166.5+3.7 <0.001
28d 131.4+3.6 125.9+4.0 0.053

PH <0.001 <0.001
PR e (1, (10D i) 14d 223.746.0 166.7+5.0 <0.001
28 d 126.4+3.1 124.7+0.8 0.272

PAE <0.001 <0.001
1[G (MPa) 14d 8.7+0.3 7.0£0.0 <0.001
28d 6.420.2 6.220.1 0.054

PH <0.001 <0.001
ERK B 7K (FHXHIE) 0.9+0.1 0.5+0.2 0.019
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14d

HeE i
yeary )
(x100)

HE Jeth
(x40)

Tl O Ye
{5 (x40)

{1 (x40)

P SRR A X B B RN B A

28 d

la~1d: HCH A MLAE S 7 BB A A FRFIR AL FRE H0CE 14, 28 d

IARE AR O ; le~1h: HE Qe (rsiB A AL BRI AL PR ARE 14, 28 d HLUBBSHRIEL; 1i~11: L O Yernil
FAERFIAAL FE AR 14, 28 d MRS TSP A 2R & BT 5 1m~1p: HURIR YL (R A A BN AL A

BB 14 28 d INEHZUBRSE AL BT b 8 1 20 3 o

KIS i S

ABARAST AR RO AR A A
TRASFINRERCEE, ACH BB ) I
pE ) SRR R e nel S A Tk e itk e )
G B RERTIENE 2 SO R RVIE i 1 SOk g kil DR AW D)
SN R XHASMRAE OCT it i 27 B S A
AP TRIAHSCHF T A [ N MEEA HRGE . AT A BLIR
2y =1 S MU 5 B AR U AR S R I
L, IEGHCH IR YRR, S0 ECM ooy
fif AN 12 PERE R R, AR B 0 B A MRAT
[A] 1 KRR IE Y B 1 T AR OCT B3
PEREAR, S HARSMRAEIT ] . LIUS 1A 727 0l
f—Rh, AT RUGE S 0 A el ECM & Ui B
PSS AYHERE 7, fHHXT OCT BORSMALFRCR:

PAANTERE . AW, UK cLIUS i TARS ML
WA, TR0 14 d NORFRECE g7 TG s T
70% , FEUERREEPCE RAFI 1R MA ) 24
PES
HCE A T X T AERE OCT WA k2 Fn vk
W) 1R O T B AR ORI A TS R
70% 2= UE OCAs FARBIN LS A ", ARIF5E L,
IR, cLIUS A3S A3 50CH 14 d ARG R
FRETEASA, AR T OCAs 4IMIAFIERER ., H
FESR 28 d, PHALERCE A M AE TG R H<70% , X HER
cLIUS W] DU B50HE 28 B A LT M RAAIG, (AR B R
KIRAFRCR 7 A T B — 24597 . 81 LAl
IR ER, 6514 d, MEHAEASZHS B
W AR TR S UL, (BAE5 28 d, WidLFEhn
BT, X4 TE 14 d N cLIUS 7 LLA 250 i
ECM MR, AeRpid S aes w2 #he.
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ERK & LT TR MRE £ NN T A
Hal, SRR AIAME S AR L 5 2 A A%
B SCkE 0 I IEFAY A B, Bl ERK {5518
B, W T —FMABE SR E T ™, X
$78 ERK 55l I A AEDT TR, 458 ERK {5
o [ ) FRIR B/ REAN R AR T, A e A
P R EE R . AN, ERK1/2 $ 249

BT UG ST, fENEE AR -ERK 55
PR R UM 3, FERCE AR, AUARN 7 R

FEAE Bl G ERK 1555, 1 1M 4 108 40 fi 44
LI I v = 11 S A S s i B N S T S
cLIUS AR FBE I T ERK 2 R IEKF, x50k
A SCHRAGE — 2> > AR, AR RTE
B — St AR ERK B AR FREMESI ST
AFIRZESR 2> H RS, AR R, cLIUS
AT RERB 3 E sk M ERK B (KIS, TS TE
N E%%%%ﬂﬁﬂﬁﬁﬁﬁo

ARWFFRAAT — LT Z R mIRE . (1) cLIUS 4
KEeE %ﬁﬁ@%ﬂ%ﬁ%ﬂﬂkﬁgﬁ TR
B MRk (2) cLIUS [ 35 FAE =g 5 s
SH GREE ., R (HEE ) BUIME, HIEIAR
[FIZHSURIAHMI A RETE , PRI AR PR 2= S5O0 B
IR R B S,

ABFEFEFRW cLIUS /Y 1 FH 3/ 2 B o AR S MR A
OCT WA R, cLIUS AT LLFE 14 d P EFRRARE 40
MR HEST0% , FELE ECM oI AR , B e 8
W%%Tﬂ% HAHLUH AT S B ERK & A &5 A
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