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=8 FH gage) AR5 AD ZF A ggtet tekst 2A1E s ddl % OS_ZHLO E o e
(SI9) 7 drjesle FE(DBP) = Zd] (EFEe|=-2E 8] D) 353 (PLGA) £ E3sto] Tl (PLGA/SIS,
PLGA/DBP, PLGA/SIS/DBP) & #|z5131. 21, PLGARA], PGA 5], SISAEX| 9} v wsisich Alzd gA1e] oF
S5 9 AFAES o] sigsto] Zebal ot DNA%% ZAJs1lom, o|F Funke FjBl| o] § A&s)
o] g2ty 24849l H/1E sIth U S0 PLGASF A8 PLGA/SIS, PLGA/DBP Sk
23 S veRIIth DNA S71l w2 F2hll ok PLGA/SIS ol 71 =7 L}E} HoJ3lst gl
&3l PLGA/SIS, PLGA/SIS/DBP 4] Zfolaion| maefelzta} Fepal dawo] 25 ﬂo]o}“ﬂ}

Abstract : This study was designed to investigate the effect of hybridization of synthetic/natural
materials for annulus fibrosus (AF) tissue regeneration 7 vitro and in vivo. The synthetic/natural hybrid
scaffolds were prepared using PLGA (poly (lactic—co—glycolic) acid), SIS (small intestinal submucosa)
and DBP (demineralized bone particles). PLGA, PLGA/SIS(20%), PLGA/DBP (20%) and PLGA/SIS
(10%)/DBP(10%) scaffold were manufactured by solvent casting/salt leaching method. Compressive
strength was measured. Rabbit AF cells were isolated, cultured and seeded into experimental groups.
Hydroxyproline production and DNA quantity of AF cells on each scaffold was measured at 2, 4 and 6
weeks after m vitro culture. Cell—scaffold composites were implanted subcutaneously into athymic mice.
After 1, 4 and 6 weeks postoperatively, specimens were taken and H&E, Safranin—O and type I collagen
staining were carried out concerning formation of cartilagenous tissue. /n vitro PLGA/SIS scaffold was
evaluated for total collagen content (hydroxyproline/DNA content) and PLGA scaffold was evaluated for
compressive strength.

Keywords : intervertebral disc regeneration, tissue engineering, natural—synthetic hybrid materials,
annulus fibrosus cell, small intestinal submucosa.
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24387 vl ot A3 HiE

slo] Sl ARG At AR AL HAES Aje] o]2]ghe 2K
Mz AR A4S YA sk drde 7Rolth

FR S Sg AAA L] AsEe EEEEEAHPGA), &
ZHFEANPLA), 181 o]59] gElelE FEjFeolE FF A
(PLGA) ¢} & a—hydroxy acid F7} 220l o]&-2 u|=r2
FookaEbdTel o) Qg FRlE FYst I aEAe]
w, A dellA FellEe EdEA Hold AAATAES 7
WAEEE U T = RS 7E7] wiitel] sl o3
AAAZ AR T2y PLGAZF 22358 =71 Az o]
£57] f1EiM= PLGAC AMz2g 7157d0] <& o] Fojxofo} gt
PLGAS] 23 A, X7, 18|al 8 Ashde] £4] 92 o
S 71X]A H™ PLGA AHATEC 2= EQMEE dsk= 234
2 #3AA F qick webA olefst PLGAC 1935 71A
737878AL, MBI} T3 L Mol EFRIS Fhskal
HAAANEE Ao =n xS T2 E3E fFesta =
e AT A Il =

ol Az A3 W 22 AFPAS MAT AAAEEA A
o 2% A9st A (small intestinal submucosa, SIS)-& T
o] AR S A etal F=4 A, I, A, HAu
W, I a "I gk ofe] AlAIRA Y] 32 AR 4
gt A2 f-gsbe mlolnEdE k|l Fepd, I 1V, V, 2
VIg), Aot E AddAxH(bFGE) & ddua| A2 A7zt
(VEGF) 2 ¥3eh= AxEe7|d=z Ao Qek?0 g 4
AGE-Q gn|v2tsly T (demineralized bone particle,
DBP) & A2 #9] 234l st A= 28t} DBP=
P THABMP) I 2 = Y AP AIETRIE sk
o & AdE oo TAARA Ao R dy ARG itk

2 AFelre 21Fehe v 24 A3MdS A
IEE 719 AR} 32gE PLGA/SIS, PLGA/DBP, PLGA/
SIS/DBP, SIS 2~E4] 9 PGA F-2]3¢]] E7]9] AF3 Al¥E o]
sl o A=) Alef| tigt H7 k= in vitroolA A3ksrd kel 71A]
2 BEAENE AASIAL, in viveolr] A8 H7EE sk
AzE ZAA ellA tlx~=l AF 229] AN 73S H7kekd
SRIEE

yo K
o rf > |o

ol
N

4

AloF 2 RHE. PLGA (BfEle|=/aufZele]= &), 75/25, Resomer
RG 756, Boehringer Ingelheim Chem. Co. Ltd., Germany) & 3
HEARFe] 90000 g/mole?]l A& ARGSIITE EEgh dshiER
(NaCl, Orient Chem. Co. Ltd., Korea)> ths A4 E27 A3}
G, BAAE ARSle] Ak 2715 180~250 ypm O & FH3)
Atk DBP+ Urist *4, SIS Badylak ™R 02 #2]sigion
FAAE § 4871 (Metuchen, USA) & 0|83} {Ixle] 77]
7} 180 um olaP} H%E B4 Eaeigict P gaZzelo)=
(MC, Tedia Co. Inc.,, USA) ¥ o]2]e] BE /7] g+l HPLC
= ARSIt PGATE U 53.3 mg/ce, 77 3.1 mm&] A&
3l%l A& (Albany International Research Co., NY, USA) < <]
ato] 7k 5 mm, AIZ 5 mm2] FAEZE Fepr] ARSIt

SNIFHAS/HZEHE 0185 XIXIHS| MZE. 2 Aol A-g-st

AYE 3 AA A 59757t 27

Table 1. Various Scaffolds by means of the Solvent Casting/Salt
Leaching

Volume of

Size of Content of  Content of
Scaffolds "\ o PLGAtONaCl o160ty DBRP (wi%)
(w/w)
PL 10 - -
PS 10 20 -
D 180~250 um 10 N 20
PDS 10 10 10

/33 slolrel= TAl= 8l AR/ FEHE o8-8t Al
Z3BIALEY o) 71eHs] s 1 g9 PLGAS 4 mLe] MCe]
faliet Agel ARgS AAAES] SIS W DBPE Z+ Aglituic)
PLGA %] 20 wt%7}F ¥ =5 7leto] E384& Alxsision
71oll T4 B2 NaCl& PLGAS] 10417} S k& A7t
3tk (Table 1). 27 5 mm, =°] 5 mm =7]¢] A& E=of
& F ZYAE o] gato] FLolA 60 keffem’e] FEOE 24
ZF st 7KFsISiek Az AAARE 32k FrelA 484K &
QF 6AIZI} wA|gEe 24 NaCls F&3151.2™ 8 mm Torr,
—80 T ZAellA 487t wet w4 Ax33ink o17]14 SIS7F
sk3-#l PLGA AAAIE PLGA/SIS, DBP7} g4 515 PLGA/
DBP Z12]3 SIS} DBP7F $Hiel 218 PLGA/SIS/DBPE %3
sk

TR = FY. AR GEFES 5] A3k uni-
versal testing machine (Instron, model 8872, Darmstadt,
Germany) & ARSSISITE 45745 +E 0.5 mm/ming] S22 5%
Sod 1617

MRE M=ol 22| Y Y 2ol AF Al A% 6579 7
A= glo]E E7]9] L1~L5 HFwlr]aie] Feleoich. Fas]
& 5ol FEORNE NP(53) 2439 AF () 418 uhz
wElle). et AF A2 Qe AR 4738] AlFElal,
ol% 0.25 wt% 2] ZEAlo]= A (Roche, Indianapolis, USA) &
GAIRE QoA 3Gt FepAdlol=E Alg 242 100 um
v+ (Falcon, USA)E ©l8-8lo] 71231, ©1& Ham's F12(Gibco
BRL USA) 45%, Dulbecco's Modified Eagles Medium (Gibco
BRL) 45%, FBS(Gibco BRL) 10% % #Udd-~EgEnjo]1l
1% (Gibco BRL)©] gk njjofo] o2 Felols nhE & A aZn)of
Zepage] #5310 37 T, 5% CO, 270l wijsisict. ol 2
2ol g Wl A= WO = WA Tk AF AES A
oF 38A7IA Arlste] Fie AL Hushich

Malste BM. In vitro 7dollA AF A7} Si6E A7 A
#7)2) s|== A= ERle] 59 DNAS] W& Z4317] o] AF3
AEZ 2x10° AEAAA FER BT olEel iy Al
29 o WAL SERAZE] FEE SYe] 9]
3to] 2, 45 9 65 ol AAAE F53te] 4N HCLE 400 pL
= 931 120 T2 7Hgate] F3AR § HFEert 4 No| 5=
= 5] BUESS Wiz 120 T2 4341tk Chloraminet
T Reagent(Sigma) 400 pLE H7Fskal 25 &<F WAAZ &
Enrlich's reagent (Sigma) S 500 pl% FHel| ¥il 65 C 289
A 208 ok WhS AL 11 5 96 ol WhS-ekS 100 plA 2y,

>, o,
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o
o

Emax precision Plo]aZZ#o]E]2]t] (Molecular Devices) Z 570
nmelA FHEF Sl MEE s F 23Rl AAAE
A3 DNAS] oke Z4517] $J5le] axyprep ™ multisoure geno—
mic DNA miniprep kit(Axygen Scientific, Inc. Union, USA) &
DNAZ #a)3}93 spectrophotometer (Biorad USA) 2 =
33T

|ot ot AT 49 WAy F (BALB/c—nu mice, female,
Jung—Ang Lab. Animal. Co., Korea) 2] 5% #52 2~3 cm &
Mkl AF3 AES 2Xx10° AE/AAA FEE EAZ AXA)
£ o]AsISitk oA & 1, 4 W 65 Foll AAAE AE3t] A
A2l FejE =313 tHCanon Powershot G6, Japan).

TS BM. In vivoeld] 24 384 vlo) e tag w9 7}
5738 W] Astel A HE olgste] AFsISick o]
sk 2] 157 9 45 Fof] 2] tfekst AAAE AEste] 10%2] 3
23] uaiglon], 1H AXAE sl E50= AFE &
4 ymz e} FYE Sefo| = F-&51e] H&E, Safranin—0,
Masson's trichrome 943} A 18 wg&o] gl 98t wolx
238 S Alsisint. Avl7d AR (Nikon TE—2000, Japan)
& 15080l Fsier™

SAN 2M. 7 AT 29 Hiad BFEAE ERlEgie
v, BAEA 42 Student's t—testE FHSATE ¥} Flo]
P<0.05% o st FodS e 2 70 Ssith

Hot o =

HZ=E XIRIH2| AN 2= 55, AF A8S 918 Aesid o
Ak} 9 AlRE Az XA st 71418 249897 st
o 4FAEE Stk ofeke] ATt 2FEA o> PLGA
A A) % 3%0.84 MPaZH 7P %2 4ws 13l
o, PLGA/SIS®] $&574 5% 3.23£0.92 MPa, PLGA/DBPS]
3 1 MPa, PLGA/SIS/DBPS] 4574%% 2.8

.04 MPa, SIS &A1) 45742 0.09£0.01 MPa 1)1l

PGA FAxe] 4575 0.0810.03 MPac]lth(Figure 1).
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Figure 1. Compressive stress of various type scaffolds in
vitro(PL; PLGA, PS; PLGA/SIS, PD; PLGA/DBP PDS; PLGA/
DBP/SIS, SIS; SIS sponge, PGA; PGA nonwoven mesh, *
denotes significant difference with compared with PL, *
P<0.05).

2o/, 43298 #Al1%, 20089

) - G AF LS - 4

& Eeal Sl FEE ARl
H TAANATE S A Ak
Aol 20 kg A2 B Hol 2 Wl HFE BUE Hol &9

23| sl S AWshE A sAl
et ko] AESEE 2w g3efA] SIS AEA9) T
Al PGA HAZ AAAY &= PLGA, PLGA/SIS, PLGA/
DBP 183 PLGA/ SIS/DBP ZAAle) vlgl] Ads] e A 1
gom PLGA AAANS} SIS ¥ DBPS 3H4-3F PLGA AIX|A| A}
ole]l BAIK R Folst AFAES] Aoli= (USlrk 2 AelA A}
43 SIS 5= DBP 59 AAARE g3 PLGA XAl PLGA
7h Foahs AEEel FAAET) Fofshs AAZHEE FAl
vEeRdle] ofeke] EA|wr} o] erj AT Afetrkar Abs ek
MaIsta 2M. Z171e] A Ao AF MEE SkEskal i vitrool
A 27, 45 9 657 ok 5 ZEpll 3 Alell sl SIEEA
Z20] kS =43 A3} PLGA AAA), PGA HA 30| H]sjo]
PLGA/SIS, PLGA/DBP, PLGA/SIS/DBP A|A|A] & SIS AFA]o]|
Al AF MRS S|Em A1 EY Vdeo] A 7|t AA A B
= Figure 2(@@)). = vk 65 5 ZH2ke] 2|#)A12] DNAZS
=A% A3} DNA A PLGA/SIS/DBP(2.75 pm/mL),

1.24|C—J2wks - wrx
[CJ4wks LT
2 o (M 6wks e [
g P
) = .
E 08 - 1
Q
=
S 06 L
o *
-
%5 0.44
=
=
T 0.2
OO T T T T T T
PL PS PD PDS SIS PGA
Scaffold
(a)
%
2
k=
g
=
o
&}
<
Z
a

PL PS PD PDS SIS PGA
Scaffolds

b

Figure 2. (A) Hydroxyproline concentration of various types
of scaffolds after 2, 3 and 4 weeks in vitro. (B) DNA quanti—
fication of various types of scaffolds after 2 weeks in vitrc
(“denotes significant difference with compared with PL,
T PL0.05).
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Figure 3. Gross observation of various scaffold iz vivo.

PGA (1.85 um/mL), PLGA/DBP(0.59 um/mL), SIS(0.53 um/mL),
PLGA(0.10 pm/mL) 78] PLGA/SIS(0.06 pm/mL)4= ©]3th
(Figure 2(b)). A2 F21E°] 5715kl webr] DNAS] 9=
o] ZIRIE ML) FAELS Zeh= MTT #4] Asjelr] #%)
Al W AF A3z FA4E2 J5EE 6570 PLGA/SIS/DBP A
A AollA] 714 =9kt (data not shown). 1712 DNAIA EA1E
£ 3| EEAZERY S 2798 Aol PLGA/SIS/DBP #|
Aol 71 k). o] SIS B DBP7 Hojals= A E
Aol A2 elx] AF AES] F213 Fehle] el Eos &
thar AlE ek

MF L OlAE MZ-XIXIH S| SO 2EE AF AXE IF
3 PLGA, PLGA/SIS, PLGA/DBP, PLGA/SIS/DBP A#]A], SIS
2FEA 9 PGA FA37) A Yol oju3t G| wisks dov|=
2] ol Faf o]2] T 15 45 9 65 Fof] M- A H3H
AE AEsto] oz eIt Figure 3). 150k BE A
A7y ] 2718k FEE FABI o PGA 73] 325= AJR10]
Aol whet 5ASE F9]9] BAs HERASITE olefl vl PLGA,
PLGA/SIS, PLGA/DBP % PLGA/SIS/DBP+= #& 6574 % &
B 9 2okl & s} IR skt HAREZA o] FolX SIS
2AFEA A e 9 77 FAEE BRERAEEA AR AR ¢
AskAl Z2o] AE w7ix] AEL)71AS $AdE = Qe TS
AEA ATt P e YEaEojol ™ wel w
£ FAIEGEE Holis PGA FA3E20] 9 AF Alze] o8l 2234
o] AIZEE AlwEHA B3] wiEel AF 22 A8 213 A HA=2
A ARkebA] drtal AlseTh

ZRSI BM 2 AloA ARG XS] A Wlelld] AF 2=
A 7VedE H7k ] $181] AF At g ARAE =
wRe-9] Fjate] o]Agh § 15 4l 45 Fof] AESqltE A v
239 Fo FA Aol AXA-AE EgAelA AP =
A5 2AA Qs S8l ERIsKITHFigure 4). Sefo]Fop]
wEeelxt A ES Safranin—0 FAS Ealo] A3 Ay
PLGA, PLGA/SIS, PLGA/SIS/DBP AAA] @ PGA 23]
] Safranin—0°] oJaf] H20 7 Fy BRo] 97 A2y
o SIS AEA| oAM= TR 99kt Masson's trichrome &
AL Falo] Zeple] IYEE S A¥ PLGA/SIS, PLGA/
SIS/DBP AAAlelA FE2Mo 7 oy Zep BRe s =
2tk PLGA, SIS ~ZX], PGA FA oAM= 7] ekgirt,
Al 2y dAe Fato] g VRS BEe 49

PLGA/SIS, PLGA/SIS/DBP A A A4 PLGA, PLGA/DBP,

A& A7 AAA 5357} 29

Figure 4. Photomicrographs from H&E histological sections of
annulus fibrosus cell seeded various type of scaffolds implanted
on the back of nude mice after 1 week and 4 weeks 2 vivo.

SIS AFA, PGA F-A3k0| nlste] wdde] F7P7h = qlrt
(Figure 5). T3+ in vitroolX S|ESA|ZE29] ko] PLGA/
SIS AAA A 7P s5A] A=Ak A el o281 W SIS
2EA] el AR A= SIS7T 7HE Fast RS e
K] 231c) o) PLGAY} Fofshs d&74=E SIS A4 7} 7}
A A E3p7] WiFo 2 AlgE SIS, DBPY] AA|EA =] PLGA
9 AEE 72 PLGA/SIS F= PLGA/SIS/DBP A X A7} AF
ZA AP At AR Mgk Aoy
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Safranin—0O

Masson’s Type 1
trichrome

PL

PS

PD

PDS

SIS

PGA

Figure 5. Photomicrographs from Safranin—0O, Masson's
trichrome and Type I collagen immunohistochemical staining
sections of annulus fibrosus cells seeded various types of
scaffolds implanted on the back of nude mice after 4 weeks
n vivo.

2 E

B Aellrf= AR 1A PLGASH HAAIES] SIS, DBP
£ X3 A/ slelBE = gAlE AlxEte] AF Al A%
& rlsiolth AF AE $18k nlo)e. txgz2a AdAsEst
Agleta] A8 EAS F7M7IARE JAAEERE o] Fof
AR A L] 9ol TS AFHAEE 7R Fate] A v
o o]4EE 7ol tadel ZeiAlE gEs Al 5 ] W)
ol Bspsh] 2A8H4 B4 FA1817F ok wheba] i)
7o) AT PLGAS] A5 7 2/ slelBg]
© o491 PLGA/SIS, PLGA/SIS/DBP7} AF %4 Ao 714
Agket AA|Allet Alss @A) tm2] NP 24 Age] Agkst A
Aol gt F7HE Wase] Sk

¢

ZARe| 21 B AT ARESEAY (SC3100) Ao o]F
ojgom ole] ZArEgc
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