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Influence of osmotic loading on organ culture model for rabbit intervertebral disc/NIU Pengyan,
XIONG Wei,LI Feng,et al/Chinese Journal of Spine and Spinal Cord,2009,19(10):729~734

[Abstract] Objective:To develop an organ culture model of rabbit intervertebral disc in vitro and investigate
effects of osmotic loading on cell viability and metabolism of the discs.Method :Thoracolumbar and lumbar in-
tervertebral discs were harvested immediately after sacrifice from 10 New Zealand white rabbits (4-6 months
old,n=9/animal ) ,which were divided into two groups.The intervertebral discs were maintained in organ culture
with iso—osmotic (300mOsm/kg,iso—osmotic group) or hyperosmotic (410mOsm/kg, hyperosmotic group) media.
Cell viability,structural integrity and proteoglycan content were assessed using Mitotracker Green probe ,histo-
chemical and biochemical methods before culture and on 7,14,21,28 days after culture.Result:The fluores-
cence intensity of fresh intervertebral disc was the maximum(11503+402) before the culture.During organ cul-
ture in vitro,there was a signicant decrease in fluorescence in the hyperosmotic group on 14 days (9202+
907) (P<0.05) compared to that prior to culture,the fluorescence intensity of hyperosmotic group on 7,21 and
28 days were 10504+710,10860+711 and 107131953 respectively.The fluorescence yield on 7,14,21 and 28
days of iso—osmotic group were 11350+351,11207+385,10914+300 and 108621229 ,and there was no signi-
cant difference compared to fresh intervertebral disc (P>0.05).There was no signicant change in fluorescence
yield on 7,21 and 28 days between two groups(P>0.05).In the culture,the nucleus pulposus and anulus bro-
sus maintained the structural characteristics of the intact tissue on the whole.There was a signicant decrease
of proteoglycans in both hyperosmotic group(3.33+0.28) and iso—osmotic group(2.83+0.25) on 7 days culture
time compared to fresh intervertebral disc (5.03+0.37)(P<0.01).There was no additional loss of proteoglycans
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was detected on 14,21 and 28 days than on day 7 (P>0.05).No signicant difference in proteoglycan content

was found between tow groups on the same period (P>0.05).Conclusion:Organ culture model of intervertebral

discs could preserve organ integrity and cell viability at least 4 weeks under iso—osmotic or hyperosmotic

loading.

[Key words] Intervertebral disc degeneration;Organ culture model;Osmotic;Cell viability; Proteoglycan ; Rabbit

[Author’s address] Department of Orthopaedics,Tongji Hospital of Tongji Medical College,Huazhong Univer—

sity of Science and Technology, Wuhan,430030, China

S WL A T FEME ) 218 A8 A LA
AL AR R AH S BRI Tk . TG RE R sh
AU 2 A £ [ 25E 200 i % 5 A5 B R T I
AR A 200 6 R 3 Sl ) 52 2 0B S 7 s AR S/ 24 i
oA I R R AR R AW A s AR Y o
PAPETT I RO SRR T B W51 ) VE 2 RS
e SLET W/ N = VA (DR 2787 F 3 A E
L A= 127 A7 A, AR X SE ST 20 i A B A
)2 A B i) = 4ERREE h A% R E T AR AR R L (H
XA T A A ) 2 AT S A AT R T LA R i ko
oKL AT A S ISEATS SR R I AP 58 S S — Fob
PRAI B ME ] B A B B IR 80 R AR 1E] 25 11 B f)
YRGS AL FOAT PR A B IR A, o o A ] £
TEASN AT AR IR, I LS5 125 T 070 Aoy ot A4 ]
LA TG I M A 2, O Bk — 25 AR A ] 4
AR FIIR AZ 4R 25 1

1 #R5F®
11 5250 shi KOs Al i

4~6 J I MEPERTPE 2= KR AR 10 B, (K 4~
Ske ([RGB RFR 2= L5 sh Wy b #2438 ) BEAL 73k
WAL (R 5 H) REE S, #ik 45 7> 2500010 i %
B4, Smin J5 Bk S BORE B K H 2
(100mg/kg ) 4bFE , 37 B 7E TG B 25 14 T 4 i T B
FERE B FETC A 5 N o8 3 U HOHE (R 38, B L 9
A, WHE#EZ  (nucleus pulposus,NP) . £ 4 ¥4
(anulus fibrosus,AF) K I T #CH 247 (endplate,
EP)., FH A 18 5 & 3k 19 JC B 7 4 #% W i D-
Hank's % 9 ME 1] 455 38 100 A4 A JE e 8 i [ A9 I
FEY, H T 10% 6 55 £ -5 % R (1000U/ml 7 %
£, Img/ml 5% £ ) 1Y Hank's “F i i W (HBSS
O L 2min 5 CA 6 FLATME RS 78, Hob—
I AFRHE DMEM/F12 15333 (& 20% 15 4 1l
i Sng/ml TGF —B1.25ug/ml ¥t 3K 1M B2 DL K&
50pg/ml KK )5, Al NaCl $% i3 )5 4% 2]
410mOsm/kg (FB 4 ) ; 75 — 41 A DMEM/F12 £5

FR IS VE BB 15 R N 300mO0sm/kg (B 4) , B4
YE T 5% CO, 37°CHH IR 35 F= 58 E 17 8 1 85 5%
RREIIE IR, /T ONER A MR R G 7,
1421 .28 K, Wi 21 45 O [R] 757 Be i 3 /] 28 53
SIHEATREAZ AN MLIE S | AU MR 2
S BRI
1.2 4TS J e

TE R R B JE) 2 A5 B 3 AN A ) 4,
HBSS W & Ve Ik 5, it A 2 il A Mitotracker
Green (Molecular Probes,FEugene,OR) (5pmol/L)
(G I35 855 97 3 v 37°CHLIE R 1h, SRJ5 , #EHE A
LA 9 Yo 1) ik 45 R B BEE 1h, LA
R 25 R 45 B 1 D HRE 2R T VI HE 18] £ £F 4E 35,
FHJC B /N B RE K BEAZ S, R ARBE A B
HBSS ¥ (50p]) ", 35 B35 8% A, 9O B st
100 %%, MER] & R A IS 0 Y BE A% A0 I Bk
Mitotracker Green Y21 & 8¢ (228 ),
1.3 HBUENMER

AR I B [ A5 P 445 B 3 A A () 48, 4 M T
B 4% 2 B WP 2 227, EDTA A5 J5 1740
W YA, RE A, RS AR OK DI R AT BT
FHT 5 AR S/ 20 (HE) W gL o, ik | %
B A R st R 8 O AR AT A
14 #EZE N 20 & RE

T AF I B ) A5 P 245 B 3 A MR 4, R ER
Ja R TIUT A e 3RV T, 43 25 i BEAX A 40 i B
DT A 3% NaOH 1.0ml, & T 15 4 7 &
HiR% 3h, T AR 40°C, FH HCI 985 9% i 1Y)
pH fH % 8~9, Jin A 100wl 25 1 i (100mg/ml) ,
P IR IR 7 o P IR 7 B 2h TR PR I AE 50°C, K
Fif figt Y FH 25 1B K B B 2 10ml, % 20 J5 B 1ml, >R H
V) = W 43 S ' R T O Y 2 (L, 4Ry
(G EASEZ 28
1.5 SEilorir

THE YRR DL ves FooR, IALEE 2 0] FL A o
55, 22 A1 ECHE P LLABCR ¢ K23, P<0.05 K



o [E A FE A A 25 7 2000 AR5 19 255 10 )

Chinese Journal of Spine and Spinal Cord,2009,V0l.19,No.10 731

ERAGIHFEL,

2 R
2.1 ISy

Mitotracker Green 7 Yl 22 {7~ , Hi R 1R
HE B 356 4% A MU B B 22 0 By AR
(298 JEmE B (B 1a), WRAMEFREE 7 Kot , W4
HEAZ A I Y 2 ' o B A B 3R 0 AR AL 4 A = AR BH
W5 14 KRB L R A% 20 0 S0 B L B AR
(Kl 1b), B W PO0 WA T B A&
BUM AW (] 1e), 5 21 K H & HIOL5

JEA TR, TS5 2 R A A0 S R B T B AT
AR R, BN 28 K AF 6 41 /Y 7€ 6 ok A T
(K 1d . 1e) . 754862 40 A [R] B 30 Mitotracker
Green 7 G m i EZE R W 1, Hoh @B d e R,
FE B 14 K260 B 35 57 A K 20 20%
551G SRR R4 95 LA IR st ) o L R 22 S
(P<0.05), B3R Z 55 7 K 56 21 KA 28 Kt
B USRS A PO E 5 R IR AT B
F 5 (P>0.05) , Wi 2H AH [a] i 1] o5 B %00 W 35 1 22
5 (P>0.05),

2.2 HBIEIER

B 1 Mitotracker Green 4ef{f (%¢% W fBE x20)
a BE IR T S ME ) BB AN, SO RS b
DU FRE 14 RAF, SOMERI ¢ S5 4l
[B] A% G IR 55 14 R, 0 BE s A R B (EA anfm)
WMeBdRE 4 S5 AR &R 5 E 28 K,
DGR R SRS 14 KA T, 5 FEM% S
HIOLIMBEMIE e B A MR IS 28 K
R, A 200 i 2 D' o R AT TG 2 T B



732

o A R 24 7 2009 4EER 19 555 10 ] Chinese Journal of Spine and Spinal Cord ,2009,Vo0l.19,No.10

Bl BT 5 /HE XWCE Y @25 R @R, (RAME 3R
IR ) 28 B A R 2T 24 A 45 4 e B B8 o RV 4
BER AN RPN ANE - B e M e, 2 R
JaE T IR G 5 200 ) L 1) 1) 22 W ] R i e i
o (& 2a), MRAMEEFE 250 28 K1 B 1Y
MEMT AR B, 0 20 38 BEAS A 5 2 e T M D 8% %

& 2

TR 55 55 B B S i ) 3 B R 5 /HE XU e 60 4528 (AF: 2T 4R 36 s NP B A% EP - B0R 2440)

FNEF 2 R A L5 A0 1) S8 B M, (R &7 Ak 91 45 4 7E 15
FRib R BT HES ZE AL A7 4k R Rk Bk | B
¥ 55 27 2 35 5 TSR (I 2b 2¢) ., TEMRAMEE IR &
557,14 .21 F1 28 K], A% 40 M ) £ B B R
A T (B 2d 2e \2f) , B A% B FI BT i Y% €050
A TR (E P AL ) I 25

. f.'r;u
: .!I_ -Pf;:.ﬂ,.tf‘ 4 '
t!é:.gr '“"‘iﬂ I..’:
~1 ”

iy

N

'.‘... - .
R L

~ -
“1..‘ " = {
" '% r I1
-.% Bl e ™ ~ =
) e il F.;\_-:-'J

a ST BEIRORT B4 S A ] 25

BERZ LT e IR A5 A SE B B0 0 ST SN O AR SE TG RE b SF S AN B B R AT 28 K B AT 4 IR A5 1

BUEETL , FEA S5 58 B, 7T DL AT 2 3R IR 2L sl sl G R 5 47 2 30 00 R T

c B ALMENR] S FRAS 28 K BlAL RN LT 4 B 45

Py SEAMRFF S (H 2T i R 2T Ak HE S 3L, 4% B 2 i) Hh IR 2458 | BEAZ 5 20 2 26 70 SRR d ST 66 JBUB 119 S A 1] 28 A 4% 4

ISR FOIR BRI AE R, A0 i A L A S 2R T A o e i

e SEPB L ME N SRR R 7 K BEA 0 HD i B R

AT BRI R g SR BT 3 R f s AR B AR T K, A AN 4 5 A D BT i g € 5

TR K]



o A A A 2% R 2009 4E5E 19 B35 10 1 Chinese Journal of Spine and Spinal Cord,2009,V0l.19,No.10 733

23 WEREAZHESE

T A U 4 A 17 2855 A 200 R 7 (R A0 5 37 i 2R
EEZ RS NS S I N A
FBUEAZHT BB RI TR, 25460
FHE(P<0.01) ;7555 14 .21 28 REFHE A & HIKH
PE—2B A B3 K (P>0.05) (£ 2), R R
H LB A RSB A R () s T 10 B P 2
Jo A & X5, 25 5 00 3 (P>0.05) .

R 1 A FEEFE S ™A 4 Mitotracker

Green I HIBEE (wts,n=3)
Fpdl BB
b i) 11503402 11503+402
BE I NIPN 11350+3517 1050471072
W3R 14 K 112073857 9202+907%
R 21 K 10914+300" 1086071192
RIRM 28 K 108622297 1071395302

F D5 R H IR A P>0.05 ;@5 % 15 45 1R i ) 4 gk P>
0.05 ;35 [7] 2 55 3% il F1 45 35 241 (7] i6F ] 5 L 48 P<0.05

xR2 AEAEFHEAFAEZEASHENESE
(x%s ,mg/100mg ,n=3)

G SR il
B ] 5.030.37 5.03£0.37
Bigrss 1 R 2.83+0.25" 3.33+0.28"2
B 14 K 2.62+0.46"% 2.7120.3172%
B3R 21 K 2.7420.38"9 3.09£0.33029
HiFRHE 28 K 3.2820.247% 3.30£0.2372%

I (D5 B F2 00 AL P<0.05; @5 %535 4 M1 IR I ) 4 He B8 P>0.05 5
(35 [F 47T — M i 5 e P>0.05

3 e

P ) 25 5 SR A R R A ) 2 B ) =
55 K R AT 5 0 15 AR 2R A B S R RO HE ] 2 (f2
5 A B HL TR [ 27 AR PR ZAR ) FEAR AP 47 8
PRI SR DT O BT A 240 i - 20 i A A -
R T A AH EL A P AEUHE ) 28 7 R A1 3 57 S v R 47
5 97 I 2 B A 5 A RIS A S AE 5 ke B ] e
i 220 7 % I BT R ) SR, AR B AR
PRI ) L S TR A R PP 1O I 3R R S N
R RV A LA S N o R I SR e
A LA 3R & i A 1 3R AR 0 15 08 TR R v A
] B A IZ K, Chiba S5O 3 R £h BRI HH 15 57 S
REEHE [R]85, LA 20 52 K I 2 e A1 AR BF 5 30 ot
B 0 ORI ME R BE A . (FUR i T o &
M — 77 T 168 3k BR ) 2 U K O A A DR B T

ZW A ) — 7 I AIBEAG T 55 5% 2y
¥ AN AR A 35 4300 TR L TR AT sh A 58T i B)
VI FPUEE 25 9 5K By 1k 3h ¥ B 5 B 40 10 25 4 i
YT L FE T R W) 380 38 2B A X A 1] 95 1) 75 7 1k
oL YA G, 300 X6} (o M 1) 45 14 85 TR AR L ML
772 1 BE A AN G 1 T R AT B T 22 AR PR
TRANIRIFFE # 25 B TGF-B1 A Bl T4 9 6 4% 40 i
HAEAZHE M FIL RIS R R T
TGF-B1, I I 375 1) o B2 38 I 21 20% , F >k 4k ¢
BEAZ AN A A A RS T

ARHFFE 45 F A, MR A28 B R FR A T L)
7 A5 R S 1] 28 55 Mg 1Y) e R A A N 1Y
NEA 4 T ABTCIE R = B A 2 55 A HE ] 4
BERZ A GUR 2R & R SRS 7 REph 3
TR TR, 7ERG 21d 0553 b sa & B
2Bt — B RA, @B A n B a0 g
FNE e R SR 4 14 K B 87 Mk R AIG, 3 mT
S T HOR o R HE [ SRR E R A T
B, NS E T B A AR R TR B B LA
JBET, FfE ARG AE , BT AN A A
T, RS 2 A A0 B S RN T B TR A3
S KU 3 T AR A0 0 B A PR B A R L RGE
IV

GRS W RUBE5E 3R W], — 2 1 1 2= A fr A1
I 99 5 A 1] 5 1B 75191 Lee 25061 B XA S0 15 5
V18 ) 285 o e 285 1 67 fr A B 40 4 40 L 1
PRI, Korecki 250778 X 340 15 4B 2 1 A 4
P T10) 25 2055 7 1 2 RO A8 70 Af T L B F 5 o R IRLEE
5 0 R M O RS R A T A fer i
— A (R RIF 5T BRAAR Sl Jon 476 B 671 e AT LA B AR
LRI B B VEO T B9 3% B 7 27 B fap o 441 i 35
JO AR, B4 140552 W 5 432 38 2o 2 A A I T 1) 9B i
PEARA T 04, it M ] 8 %) g 2 g B T AT LA
XoF 240 4 7 A L R I AN T 3 g AR 4
i A1 5 G £ 9 3 R A4 4 A0 i ik I AR a1
FIF LRI L 20 e 5 45 35 3 1) 15 36 T R AR LA
V) 25 7 1 PN T ALb 1) 7 2 PR 5200 DA T 4 435 6 A% 4
i I T AR A, RS AR S P B LR T
%AW 7R3 R4 14 KN H 30 5 B 1k AR A1
HEBYERA W B X A, BT mBEE T
JIT RS ADL I g~ A5 B 30T M D) 48 7 R P i 4k 1)
A FRIREE T LA B M SR R B S T IE T A
Ji) 28 1 B R SRR E— 2B T



734 o R A 28 2009 AR5 19 5 10

Chinese Journal of Spine and Spinal Cord,2009,V0l.19,No.10

P B 25 B AR AR R Dy A g B AR B R
2 A% 40 ML B Zh BE 4R B 1 — OB A 1A A S 0 A
B, AR A P A0 ME ) A AR AZ ) A O
BLE, LARCAS Ry 22 00 i FIB B R A R BT &R S
A ] 5518 728 AR DG | e o 12488 2R 7 A 36 107 FH 4
PR | A D R A A R S5 T A ] 2
IBARRY I ATIE 2 Ak AR S DT L B Ry
G B PN, (ELAR SIMAfE ] 258 0 % 77 A R 1Y 2 i
WRIL Tt — LT, AN d G X 8 20
TIRE D S PR 2 T8 )2 R 45 - FRATTAE AR5 2R T 9
JEH A B TR, BB Ik U TR AL T
S PRI DL R Bl (g BILAR g 7 07 A X A ] 5 2
TR R 0 R A T it — 2T

N

S % 3Tk

1. Masuda K,Aota Y,Muehleman C,et al. A novel rabbit model
of mild,reproducible disc degeneration by an anulus needle
puncture : correlation between the degree of disc injury and
radiological and histological appearances of disc degeneration
[J]-Spine,2005,30(1) :5-14.

2. Horner HA,Roberts S,Bielby RC,et al.Cells from different re-
gions of the intervertebral disc:effect of culture system on
matrix expression and cell phenotype [J].Spine,2002,27(10):
1018-1028.

3. Kasra M,Goel V,Martin J,et al. Effect of dynamic hydrostatic
pressure on rabbit intervertebral disc cells [J].J Orthop Res,
2003,21(4):597-603.

4. Wang JY,Baer AE,Kraus VB, et al. Intervertebral disc cells
exhibit differences in gene expression in alginate and mono-
layer culture[J].Spine,2001,26(16) :1747-1751.

5. X, T 25 AR AR AR =43 O ' BE v I E B R R R
BEFE[T]. 0 A=Ak 2549 2% 35,2000 ,21(5) :247-248.

6. Risbud MV, Izzo MW, Adams CS,et al. An organ culture sys-
tem for the study of the nucleus pulposus:description of the
system and evaluation of the cells [J].Spine,2003,28 (24):
2652-2659.

7. Richardson SM,Walker RV ,Parker S,et al. Intervertebral disc
cell —-mediated mesenchymal stem cell differentiation [J].Stem
Cells (Dayton,Ohio),2006,24(3):707-716.

8. Urban JP, Maroudas A. Swelling of the intervertebral disc in
vitro[J].Connect Tissue Res,1981,9(1):1-10.

9. Gantenbein B,Grunhagen T,Lee CR,et al. An in vitro organ

o

culturing system for intervertebral disc explants with vertebral
endplates:a feasibility study with ovine caudal discs[J].Spine,

2006,31(23) :2665-2673.

10. Chiba K,Andersson GB,Masuda K,et al. A new culture sys-

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

tem to study the metabolism of the intervertebral disc in vit-
ro[J].Spine, 1998 ,23(17) : 1821-1827.

Oshima H,Ishihara H,Urban JP,et al. The use of coccygeal
discs to study intervertebral disc metabolism[]J].J Orthop Res,
1993,11(3):332-338.

Hutton WC, Elmer WA, Boden SD, et al. The effect of
hydrostatic pressure on intervertebral disc metabolism [J].
Spine, 1999,24(15) :1507-1515.

Urban JP,Smith S,Fairbank JC.Nutrition of the intervertebral
disc[J].Spine ,2004,29(23) :2700-2709.

Lee YJ,Kong MH,Song KY, et al.The relation between Sox9,
TGF -betal ,and proteoglycan in human intervertebral disc
cells[J].J Korean Neurosurg Soc,2008,43(3):149-154.

Stokes IA, Ilatridis JC. Mechanical conditions that accelerate
intervertebral disc degeneration:overload versus immobiliza-
tion[]].Spine ,2004,29(23) . 2724-2732.

Lee CR,latridis JC,Poveda L,et al. In vitro organ culture of
the bovine intervertebral disc:effects of vertebral endplate
and potential for mechanobiology studies [J].Spine,2006,31

(5):515-522.

Korecki CL,MacLean ]J,latridis JC.Characterization of an in
vitro intervertebral disc organ culture system [J].Eur Spine J,
2007,16(7) :1029-1037.

Chen J,Yan W,Setton LA.Static compression induces zonal—
specific changes in gene expression for extracellular matrix
and cytoskeletal proteins in intervertebral disc cells in vitro
[J]-Matrix Biol,2004,22(7):573-583.

Pritchard S,Guilak F. The role of F-actin in hypoosmotically
induced cell volume change and calcium signaling in anulus
fibrosus cells[J].Ann Biomed Eng,2004,32(1):103-111.

Ishihara H,Warensjo K,Roberts S,et al. Proteoglycan synthe-
sis in the intervertebral disk nucleus:the role of extracellular
osmolality[J].Am J Physiol,1997,272(5 Pt 1):C1499-C1506.
Zhang Y ,Phillips FM,Thonar EJ,et al.Cell therapy using ar-
ticular chondrocytes overexpressing BMP-7 or BMP-10 in a
rabbit disc organ culture model [J].Spine,2008,33 (8):831 -

838.

(W fi H 191.2009-05-18 &1 H #].2009-08-27)
(EXmE HTH)
(AL 8 PRHE)



