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Abstract : This study was designed to investigate the effect of hybridization of synthetic/natural
materials for annulus fibrosus (AF) tissue regeneration i 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 in 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—0O 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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3t8o] Q= AR 1At A2 AZZ Aol o)A Eke 4
Az AAAR 228 A k= d-Y 7ol

FR ABE % QXA L] AneE ZZYFAHPGA), E
ZHEAPLA), 8|3 o]&9] Selol= FElEaols FEFH)
(PLGA) 8} Z& a—hydroxy acid &7} 20)=d] o]5-& n]=24]
FOoRETY) g g o 509 FUTE A J1ER0)
o, AA YelA Falsle 22 gHoid AAATAS 7R
THEEE 28 5 Q= AHE 77 wjiol] AR v
AAAZ ARGk Teiu PLGAZ) 28884 3003 A2 o]
£57] 93xd= PLGAC M2$- 7)540] & ] F-oix]o]o} s},
PLGAS] &2 A, 24, Jelu A Jahyof &4 e 9
2 7IXA =M PLGA AANle g EAQNTE 3= 280
2 23 ¢ gk wEbA olef gt PLGAY A4A4€ 71 4l
73797817}, WEAAR; B3} e Mo ETRIS 33kl Q)
HAARE 2EFoZN AE] Fo3 2312 fustn 24
A& ZNA 5 Pbt

ofeigt ME A W 22 IS RIS AAAZEA x|
F3 2% Fu8l 24 (small intestinal submucosa, SIS) & TR
o AEH S X YslaL 23 F2A), 9, QA w3
W, 18l B9s X6k o] ARz 124 AFAS 9
o HAZ {83 volv Y Falel FepAl( I IV, V, Y
VIZ), AFotE AAAAHBFGE) 9 This| T A}
(VEGR) 2 ZFsh= AZ7142 7450] gk naga) 4
AEFEA] gvjiZsled TR (demineralized bone particle,
DBP) & AlZ2- 2] gl 73t feaz zgsicl DBP: W
8 SHABMP) I 2 F U QAFFA Alo|EIRIS HeEta
AeH F Ad Rolof FAARA JAHow e AMeE T Qi)

2 d7ers 22T Por 24 HTAL Y 4
NS A719] AT 3 PLGA/SIS, PLGA/DBP, PLGA/
SIS/DBP, SIS AZA] 9 PGA ¥ el ¥7]¢] AF3 A|ZE o))
siolom 2AAo) thdt Hrk= i vitrool A A3 97e} 7)7)
A 239718 AAEIA, in vivosld] Z2REA Hrie sk
AzE AAA Wl taz AF 229 A 7FsAe Hrlskel
g 1112
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At H R, PLGA (Hejel=/2elgelo|= BH], 75/25, Resomer
RG 756, Boehringer Ingelheim Chem. Co. Ltd., Germany) = %
TEAFC] 90000 g/mole?) AL AREBIGICE et Wshled
(NaCl, Orient Chem. Co. Ltd., Korea) & thZ A4 BA2 ARgst
St BAAIE ARl oAk 2718 180~250 ym o 243}
%tk DBPi= Urist W4, SISE Badylak HPHOE Halsiglow
FAAZ ¥ F2E7) Metuchen, USA)E o]83)0] Qz}9] =17]
7} 180 pm °l87}t HE2E 4 Baaigivt P gz zelo)=
(MC, Tedia Co. Inc., USA) 4 o]¢]e} BE §7] gulE= HPLC
THE ARESISITE PGAE WS 53.3 mg/ee, 571 3.1 mmo] A&
318 AE-(Albany International Research Co., NY, USA)-& 7<)
&9 712 5 mm, AlZ 5 mme] FA T2 A AMg3sigich
SFHAR/FEEHE 0185 AIKIHI| MZ, ¥ AR ALg3h

Ae st AAA 5937} 27

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

Volume of

Size of Content of Content of
Scaffolds  “\op  PLOAtONaCl oo ay DRP (wia)
(w/w)
PL 10 - -
PS _ 10 20 -
D 180~250 um 10 B 20
PDS 10 10 10

A/ slolHeE Eal= ful) AAR/A FEHE o83l A
Z3QTES o) 74es) a1 g8 PLGAS 4 mLe] MCol
S33}a Aol AFEE A SIS Y DBP= 7 AdFuhct
PLGA %] 20 wt%7t 555 Hd7islo] £3-84S Axsiglon
o37)e) 84 249 NaCl¥ PLGAS 1087} H&= %& 37}
31t (Table 1). 27 5 mm, ¥°] 5 mm 27]¢) A& BT
Yo & ZYAE o]gajo] A2olA 60 kef/em®?] FEOE 24
ARE E3F 7ItESICE Al A A= 3AF SR 48413 B
et 6AIZIvlCh Ao 2 NaClE 323929 8 mm Torr,
—80 T ZzlolM 48A1%F w1t T4 Axslch o714 SISz
¥ PLGA AAAIE PLGA/SIS, DBP7} €38 218 PLGA/
DBP 123 SIS} DBP7} e+l & PLGA/SIS/DBPE 54
g

TAN 2 FY. AAAY AFBEE S5 Y5t uni-
versal testing machine (Instron, model 8872, Darmstadt,
Germany) & A3 $H5705E 0.5 mm/mind] 52 274
Foir), 1617

MRE Mol 22| Y i ook AF Al¥E A% 65% 7
AR go|E £7]9] L1~L5 HFui|2RE elsiolnt. Fa<
& Folo] IO RRE NP () 227 AF (F8) 22& w2
Bt 2elg AF 22 QR Asz 4238) AXE9 T,
°)% 0.25 wt%2] ZTHAIVe)l= A (Roche, Indianapolis, USA) &
6AIZE el aleth FepAlo)=E A3 222 100 pym
< (Falcon, USA) & ©]83t] A=31, o]F Ham's F12(Gibco
BRL USA) 45%, Dulbecco's Modified Eagles Medium(Gibco
BRL) 45%, FBS (Gibco BRL) 10% 2 #HUAdA-AE3NEnjo|Al
1% (Gibco BRL) ©] 3 vk oz Hetols vhE & A|Enjek
Fepidol 85310 37 T, 5% CO, 2204 uijeksisict ojwf 2
Yof] 3 W A|ZE- dljgHoZ WAAA FA AF AEE Al =)
% 3BHTIA] AAjsle] Fst NETE FRseith

MsIsE B In vitro 74l AF A7} 968 A7) A
A A| ] FEZAIZER ] Fe9t DNAS & Z74351) Slalld AF3
HEE 2x10° AF/ARA FE2 BT o5 Iy )
Eg ko ® wARIIt) S =EAZERS] B F467) 9
3] 27, 45 9 65 Foll AXAE F5310] 4N HCIE: 400 pL
£ ¥ 120 TR 7Hhste] F3A3) F HF 5574 No| HE
Z Zako] AERS ¥y 120 CE #8217t Chioraminet
T Reagent (Sigma) 400 uL& F7}skal 25+ F<F WA &
Enrlich's reagent (Sigma) & 500 L& F-Hel Wil 65 T Q29
A 20% B WESAIHLE 2 3 96 doll Wkl 100 uLA W,

Polymer (Korea), Vol. 32, No. 1, 2008



28 A - s

ok

Emax precision "lo}Z22E#e]E2]t) (Molecular Devices) 2 570
nmelX FHEE FPSIE AZE 953 9 2F Ao ARAS
A DNAS] & 24517] <J6led axyprep™ multisoure geno—
mic DNA miniprep kit(Axygen Scientific, Inc. Union, USA) &
DNAE #2832 spectrophotometer (Biorad USA) Z 4%
skt

|0t g A% 437 Wods FH(BALB/c—nu mice, female,
Jung—Ang Lab. Animal. Co., Korea) 9] 5% B85 2~3 cm &
MSaL AF3 MES 2x10° AF/ARA FEZ A JAH)
£ o]d3lgitk o4 F 1, 4 W 65 Fo) AAAZ FEso] AA
A2l FelE #2319 (Canon Powershot G6, Japan).
ZAEH BM. In vivoelld 27 F817 nlo]e tjag@xje) 7}
A& BEBY FJsle] WA FHE o] g3ie] AT o)y
FA] 15 9 457 ol 2449 ookl ARAE AEsle] 10% £
2R pasion, 18R AXNAE Hek BE0E AlAg &
4 ym= el 799 &ofol|tof B&sted H&E, Safranin—0,
Masson's trichrome 843} A 13 wgze] golg 93 Helzx
3l Gae Agalsivt. €n) AR (Nikon TE-2000, Japan)
& 150ujoll i Fdsgiet 20

SAX 2. 7 AT 59 Hud BEFHEAE BN
], ZAIHAQ) #41E Student's t—testZE TG} A7} o)
P<O.05Y W 8E A8 2 RS 71FoE stk

I

ok o

A A EE

RIZE NKH2 7R = £, AF ARIE 25 A58 o
ARl AR Ag= Az XA A thek 71414 SAFIE Yst
o YFAEE S ok Azt TEEHA ¢ PLGA
AR AL GERTE 4310.84 MPazA 7H & ATS B
o, PLGA/SISY ¢4&7 5+ 3.2310.92 MPa, PLGA/DBP2
UEATE 3.711.21 MPa, PLGA/SIS/DBPY] ¢4&73 5= 2.8
+0.04 MPa, SIS 2&X]¢] A&7 EE 0.09+0.01 MPa 181
PGA F-Z %9 ¢t&7n= 00810.03 MPaolgthFigure 1).

Compressive stress(MPa)

PL PS PD  PDS SIS PGA
Scaffolds
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).
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AF S EERA e FRE AAN
e} Hapis F0 Y e AANATE 98E 3 g0k
Algo] 20 kg FAIS] B B £ o) A3 E08 B0l &9
AR AE9) oF 300%2] s WA Frh AF 229 AR
NP 27 ¢t {0l o) 2gshs s sk 2% TAl
Abeh oFe] ghEgEle At B Aol SIS AZAY
A PGA R¥AX AAA Q) == PLGA, PLGA/SIS, PLGA/
DBP 28|32 PLGA/ SIS/DBP A|X[Ael| ulsl] Jw3] w3 A5 1
gon], PLGA A8 SIS = DBPE 333t PLGA AA|A A
olof FAF R Fogt AEATY Aol AT - APelA] A}
£3F SIS %= DBP 22| HAAEE 33 PLGA AXAll= PLGA
7} Fojahs SRS AAABI} BoJsh= BABAREE FAll
vehflo] ofete] AR vlolet|Aaz Hgsit AlgEth
MalstE 8M. 771 Ao AF MEE 3E3ha in vitrool
A 27, 4F 2 67 ik 5 ekl 34 Aol BAdEE SIS
ZE2 oks A8 AT PLGA XA, PGA F-2Zo) ujalo
PLGA/SIS, PLGA/DBP, PLGA/SIS/DBP AIX)A| @ SIS 2:EA]o|
Al AF AES] | =FAZE IAd=ko] A 7zl 4 A a3
HAHFigure 2(a). = Wi 65 ¥ 229 AA)42) DNAFS
Z4% 43 DNA 432 PLGA/SIS/DBP(2.75 pm/ml.),
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Figure 2. (A) Hydroxyproline concentration of various types
of scaffolds after 2, 3 and 4 weeks 1 vitro. (B) DNA quanti—
fication of various types of scaffolds after 2 weeks in vitro
("denotes significant difference with compared with PL,
n T pL0.05).
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PL PS PD PDS SIS PGA

Figure 3. Gross observation of various scaffold in vivo.

PGA(1.85 p/mL), PLGA/DBP(0.59 pm/mL), SIS(0.53 pm/mL),
PLGA(0.10 pm/mL) Z12]3 PLGA/SIS(0.06 pm/mL)<= o3tk
(Figure 2(b)). XS] F2lgo] S7ske] wlelr] DNAS) gl
o] Z7IIE AES] FAHES S5k MTT 24 Al =)
Aol W AF MIE2] F21Ee] At 650 PLGA/SIS/DBP
R AeA 78 =3tH(data not shown). 171¢] DNAIA] 3HAE
T S|EEAIZEAS S 543 Ao PLGA/SIS/DEP A
A AellA 71 EJk o) SIS ¥ DBP7) Holdh= PAdAE
Zo) AA)H QoA AF A2S) FAla) Feale) §e) 228 &
vl Al ECh

A L OJAIE MIZ-XIXIH| SEHHI2| |2t E!L AF HNEE 35
3 PLGA, PLGA/SIS, PLGA/DBP, PLGA/SIS/DBP A)%]4, SIS
234 9 PGA F-A37F A Yol ojuist ejf W3le dosj=
A Golrz] S8 ola] T 15, 45 W 65 ol AE—AX)A Bet
AE AEslo] Stoz BASAHFigure 3). 150 BE =
AA7E Al 2719 FeE AR50 PGA F-A = Azlo]
Aol wheh 5243 Fu]o] E4-8 vehlgich olof vl PLGA,
PLGA/SIS, PLGA/DBP @ PLGA/SIS/DBPE &3 65715 &
B @ 2okl & Halyt B eigh AAAE 2T 0)F047) SIS
AFZA) A el 9 G717 AR ARz EetE ARl o
kAl o] AEE 7R AZL7|EAe 3AE F Q= TS
AEZA AFela e 52 AR olor et wehr wh
& WG EE Holi= PGA ¥R X0 739 AF AlXe] &l %234
o] ARME AlEEA] £ wigol AF 23 A4S 3 AR A2
A AdsRA Yt AlEgch

TS B, 2 oA AMSE AR A Uell AF £
A 7V53E B71E) S18le] AT At B5d ARARE FE
mp-20] gt o] %t & 15 1l 45 Fof) A3 AA O
239 F9 A AEo] AXA-AE EdA oM Y= Q=
A5 248 A4g 53 EREIIHFigure 4). Felo)ziolm]
wZFelolt AT S Safranin—0 FAEL Eslod Bast A3
PLGA, PLGA/SIS, PLGA/SIS/DBP A A = PGA Ao
A Safranin—O°l &3] F2Ao7 g BHo] 1A #BaE9gl
o SIS AEX| A= FEE R okshr) Masson's trichrome 9
AE sl FeRile] IR EE 24T A9 PLGA/SIS, PLGA/
SIS/DBP AAjAelir] FEMO 7 Haw Sapa RES i
AT PLGA, SIS ~AFA), PGA ¥-2 Fojlxj= #2E]z] gghrt
Al 294 d8& St 3949 RS #2% da
PLGA/SIS, PLGA/SIS/DBP AA|A|*}A PLGA, PLGA/DBP,

1wk 4wks
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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 in vivo.

SIS 2~#XA], PGA F-& 2o nlste] A S #Es 9t
(Figure 5). ¥3F in vitroolX S|E=2A|ZER9 oko] PLGA/
SIS RN 718 =4 Sk A viof o]21815%& o SIS
AFA Feo] AAAE SIS7F 7 SRS AABETE Ve
K] Z5)9de) ofi= PLGAZT Folshes UEUEE SIS &EX] 71 7}
AR B517) WiEo 2 AlgE R SIS, DBPE] AAEA T PLGA
9] 758 7kA PLGA/SIS B+ PLGA/SIS/DBP AA#7F AR
ZAY ) HgHet AR At Alsgoy
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Figure 5. Photomicrographs from Safranin—O, 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.

4 £

£ AT RS 2EAR) PLGAS HAAQES SIS, DBP
£ TP AY/PY So|nS gAS Azl AT Aol g
4E BT AF AL Sl vlole aaea At
B 2S4S F/HITIAR AAARZY ol Folnl
AAAY Aol R YBREE 7RA Fjol A4 taz
o olakte A9l taTel AHiE dEe A 4 o) ©)
2ol Bolete 2ATH B4 AA17} o Wb At
29 AR PLGAS) AHFEE 71 AYPA sjolue)
© w9 PLGA/SIS, PLGA/SIS/DBP7} AF 22 AjAo| 7}
He Ak Al S U] NP 24 Aol At X
Al ket B AFe ik

LAl 2 P ATE ATLEARIT (SC3100) Ao o)
ojfome ole) ZAEIY,
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