Polymer (Korea), Vol. 32, No. 3, pp 199—-205, 2008

SISZ JHEEl PLGA EH0Ae] EHEIS] ME3}

DAY - YT - LRS- U20}- 0[3L* - OISR - FUN'
AEgsti BK-21 284 BINGEA7d, “a=stsid v A 27|
(2007 109 169 44, 2007 114 22 A=)

Sustained Release of Proteins Using
Small Intestinal Submucosa Modified PLGA Scaffold

Youn Kyung Ko, Myung Kyu Choi, Soon Hee Kim,

Geun Ah Kim, Hai Bang Lee*, John M. Rhee, and Gilson Khang'
BK—21 Polymer BIN Fusion Research Team, Chonbuk National University,
664—14, Dukjin Dong 1Ga, Dukjin Ku, Jeonju 561—756, Korea
* Nanobiomaterials Laboratory, Korea Research Institute of Chemical Technology,
P. O. Box 107, Yuseong, Daejeon 305—600, Korea

(Received October 16, 2007 Accepted November 22, 2007)

=8 g 4 JElolul] MY R AUA|EA A (SIS) 0= e PLGA @xlE Alxsta)
silom, SIS/PLGA BAlle 80l 71~8/ad =21l o8l F1]E PLGA Aol SIS £98 Hrlste] w3
HOo R AxsIginh & AddelA] AR =X 2% Hukgolld falle SISE WedATRESe] Ho] AANEE de
AREE AL Q) AlZE PLGA % SIS/PLGA ©4l15 SEMS S8t % 1l U #zkds) = o) 2% 93 v %
E o), 53] SIS/PLGA 3= PLGA ©3112] tha uite] SIS7F A5FE o] 22 UELTE dska 9le-g 2kl
SISt sk whzle] WA gke 2RIsk] flsto] o] AfH & ¥ UNYI(FITC-BSA)S PLGA 4 SIS/
PLGA Aol BXAZ] &, FFFEAE F3l o5 WEATS ERISISItE PLGA gA19} HlwE w SIS/PLGA
A e] BSAS] WES 2r|HEEo] Aa X&AoR deo] WESE A%S BRIS 4 9lglon skl BSA
F5of o SIS/PLGA @Alolx12] W2 BSAS o] S7185 w2 B oo W&y s A3 e W=
HE HUS gRIsIth A2 0% PLGA HAlol 353t SIS o] BSAS] H243% 27/ 4&S Ak, SIS 7)
¥ PLGA ®HllE WEzdo] 7Fst g ZA] vl f-88 Zlos Algsch

Abstract : In this study, we fabricated poly (lactide—co—glycolide) (PLGA) scaffold modified with small
intestinal submucosa (SIS) as a drug delivery matrix of bioactive molecules. SIS derived from the submucosa
layer of porcine intestine has been widely used as biomaterial because of low immune response. PLGA
scaffold was prepared by the method of solvent casting/salt leaching. Novel composite scaffolds of
SIS/PLGA were manufactured by simple immersion method of PLGA scaffold in SIS solution under
vacuum. SEM observation shows that PLGA and SIS/PLGA scaffolds have interconnective and open
pores. Escpecially, SIS/PLGA scaffold showed that micro—sponge of SIS with interconnected pore
structures were formed in the pores of PLGA scaffold. In order to assay release profile of proteins, we
manufactured FITC conjugated BSA loaded PLGA and SIS/PLGA scaffold. And the release amount was
identified by fluorescence intensity using the fluorescence spectrophotometer. The initial burst of BSA
containing SIS/PLGA scaffolds was lower than that of PLGA scaffolds resulting in constant release.
And release of BSA in SIS/PLGA scaffold was fast and incremental because of the increased content of
BSA. In conclusion, we confirmed that penetrated SIS solution prevented the initial burst of BSA and
PLGA modified with SIS scaffold is useful as protein carriers with controlled release pattern.

Keywords : protein release, PLGA, scaffold, small intestinal submucosa, BSA.
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QITEH olg) e 27AS ZE AR FA| 7P Bo] AMH I 9=
ARaVd AR E2(a—31=FA KD ALe] E2jetElol=(PLA),
ZEEelFEol=(PGA) K gl 2elFe|E 3 EAI(PLGA)
o, 7] Mg EA S1ekA] S Ao mA )]
RS 28T 5 Qe e 70 AR st 95ttt ol
§F o= 1 AEelrE 4719 AlsE 7Rk R Ab-91e] ok
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PLGA ¥ Ze)7lZ 2= (PCL) of] 247924 (SIS) dAE &
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& ERIgre A SIS YAt w|Al= Pkl dial] Ak,
SIS?| gHgdo] Woldss ) Aglo] 7hsst Ade] = St
o] PAE oFEo] W WS gkl Bk ul QIIcE o]
Q1 oFES] Huke Z7Eo] IA) Yal Falzl o) Yak= 717ks
b ERFo] A W R Zlo)7] wiiEel] i Atellxl= AlAE
FARE aldetaAt SISE Ake] e o)lel the FEZ PLGA
of ZFAA H7bE ks AWslshs A5 Jstaat &kl
TEATE SIS wA] 9] et o L] frelE YA A EEA,
HeRkgo] #7] wiel] de] AR gl Amolrk SISE A 1Y
I 3 AR o]Fojxglom, tjekst AXdRIxkE dHistal alof vt
st ZA A Yol S8 FEAGA| A BN EE FHARE
A e A7t Has ek
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Al 2. 2 Addel] ARG s A= PLGA (Ef0]
T/agEElo|= EH] 75/25, RG 756) & FHiAEFo] 90000
g/mole?] Z© = Boehringer Ingelheim Chemical Co.ol4 7+
ik viddZze}o] = (MC, Tedia Co. Inc., USA) % EE 7]
Bujs} glelelie- HPLC Sa= ARSSIsiem, gala ik 1-oll
El— (3, 3—yudo -3 23) 7} o |u] == Sigma Chemical Co.ol|
A ) e EAE ARSsE YShEF (NaCl, Orient
Chem. Co., Korea) #4H1E ARg-sto] §J#ke] =718 300~
425 ym= 24319t} SIS+= Badylacko] 3st Wb o= 2t
glom# ARG 5 180 um ©late] YAt A7) St
WS 913 =N o= QIS8 (PBS, pH 7.4, Gibco
BRL) S AMSI T B oHE2 A ARMESE FFEAQ] Egolo]
A QAORPIE(FITC) 7F A8 4 I3 &I (FITC-BSA,
Sigma—Aldrich Co., St. Louis, MO, USA) & AR&-3131t

20l IHARY/H FEHS 0188t PLGA EAHIQ| M=, Figure 1) A
wald thede] PLGA A Al 4l AiAs/d e &=
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Aglate] JeRQtk® WA PLGAZ 25 wt%2] F%=2 MCel| &
A7) 2L 355~425 ume] YAE 7HE FhEES PLGAS 10
H|7E == kS 78I 2§ A7 5 mm, =0] 5 mmel AElE &
ol Egtele 9] YL TelAE o]galo] Aol 60 kef/em®9]
HHoR 244171 B 7IteInk 9] FEE 33k ST (Milli-Q,
Millipore, France) 2 617} vt} Al 48A)7F 22k $=308}31 11,
4 =4slo] 5 mTorr, —80 € Z710lA] 24 A7} £t wA 7 %3}
ek gl MCE AlASH ] flete] Ha 159 o 4 T
710l Haseict.

SISZ JHEEl PLGA B2l M=, SISZ /4% PLGA B9
Az S Figure 20 YERIEH] o= o] -9} 53t
Hp o ® Alzslglon, Qokshd thea 7k WA, 0.1 wt% o)
A3 3 v %] oPHIEARS: B3t g-Allof] 1 wt% e SIS BE-s
HA7AA 2o 48A1%F F9F wHksl] SIS A AlZskei) 1
T g A1 "/9 FEHORE AlxE PLGA 9AIE SIS Aof &
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Figure 1. The schematic diagram illustrating of the fabrication
process of PLGA porous scaffold by means of solvent casting/
salt leaching method.
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Figure 2. The schematic diagram illustrating of the fabrication
process of SIS modified PLGA porous scaffold.
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mM2] FEE 8315 EDC §48 o]83}e] 24A1%F 53t A3A%
t} A3}t 3 S5l 1R B9k Alskar AlFo] Bt SIS-PLGA
A= o FAAZsk] FEAo® SIS JIEE PLGA B21E
At

SISZ JHEE PLGA Bl ZEZX| 24, 719 PHES AR
alo] Az SISE 71A¥ PLGA thaA] BA19) v, i 2 upet
o] RS FARIARRA (bio—SEM, SN—3000, Hitachi,
Japan) © 2 HASISITE AES WEZE 5X5X1 mme] FV|R
Adslo] MEEZT e 1AL, Eekint AHEE o]gslo] I8
alo] g ARRlo R thae] e} SIS &2 AT o= ERl
a1t

FITC-BSAE &3sH Ele| M8 ¥ SMEM. Y719 WhieE=
Az¥ PLGA W SISZ 7/BdE PLGA v gAlof] g g
Az 7FsAS go1skart RdekEel FITC-BSAS YXAA
o592 WEATS TABIGITE PLGA B4 200 pg/AAA1Q] 5
L& SIS-PLGA 2= k24 20, 200 2 2000 pg/AAA 2] 5
L= FITC-BSAE 9AANZ] § g 8of|x] 2447t F<t Bt
ao] oFRS S FAlE ARl om, AlxE AX AR WEAI R
A7) 9S 2pesle] WAReIIck® w3k BSAS] el st
RZeX] H3lE A7)0 Wi o % SEMS 3 wEsi

M| WEHES. deide] sepd e SISEO] 7| o o) uf
2 UEATS BRI fsl] Alxd ZF ARAZHE] FITC—
BSAS] AAQ] WES AAJsISItE vlo|del 5 mLe] PBSE ¥l
52 FITC-BSAE &8 gAE ¥ & 37 C9) <ol
Bl 70 rpme] Rz wRAA FHA Gl AzE 1HAwick
A=ke] PBSE 3lpstal Bt oF] gEde BEs F3ch oF
o] WEY AAS st A s A Be Ahdsie]
4 Col ®Basliar, 1 F F3R37](F-4500, Hitachi, Tokyo,
Japan) & ©]g3le] A8tk o17] 34 490 nm, WE I
2 520 nm$ieH ouje] WHIEe] 548 Tl RS
RIS k=

WE £ ERlel RE=2K| W3l &0l W5 $o| UF JH HelE
SEME F3ll &It i A8 9 &A= —20 CollA a5
Fot Batslar 5 mTorr, —80 Coll TAAZAI & WMES ME
Zrlel] IYAA Fekvt ANEE o]gete] Wigow 21y FAksH
%]E]_.12,24

4 ¥ EE

PLGA % SIS-PLGA B2 M= 2 M 2M, oild dAd-s
A%k PLGA HAll= 84l AIA%/¢ FF2HORE AZ3I8lom ¢4
B g2l B2 Figure 3(a)oll YERISICE 213874 el 2l
Z Zrol ul Iz} B1ke tAg FeE dojFlon oeke] 4=
% Y Bt 3719] 9y 9 ofe} Ado] gl Aew #E
AP0 A7) o] i o 2 AlxE PLGA BA1E SIS gl g1
o] SIS 7H&% PLGA (SIS/PLGA) gAIZ Azxg 5= Qlgiek =)
Z% SIS/PLGA 2= Figure 3(b) ol YeRAITE o= AxjoA
AXBIA] ghgkort SIS gols FAAZSN] AZgE SIS AEX| 9}
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Figure 3. Gross morphologies of PLGA and SIS modified PLGA
scaffold.
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& UH-E SIS g9jo] AmEe] 22 SIS HES A FEE o)F+=
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B AR o] o] dAod PLGA 2 SIS/PLGA B2 v
T 9 vy a7 s 5751900H, PLGAS) SIS/PLGA HHA]
= 217t 88.9%9} 89.5% % AR theleg 7HS g1k, 3
o vae] AL SIS/PLGA EAI7F PLGA ARttt O 25k=t
o) thEAde) PLGA A UiF-2 SIS Ao Hfxo] i 2k thy
715 Zh= Ao ezt

PLGA AR SIS/PLGA BA12] U] 27 ZR|ut A2
olgl, #2 ul A AsfeiA] erom, 93]e A-fobAEAd A}
(FGF), S AFEAAIAHVEGE) 52] thakst Aol e7}ele
3] = AAAEAYS Zhs SISE 18l SIS/PLGA EAlelA
O] A L) e AL Ik web SIS/PLGA BA
7} PLGA 72 AR gAlRT) 2238l e ok HolojlA
gs g AR 3102 Als e

FITC-BSAZ 538t PLGA %! SIS/PLGA 2| Mz U SM
BAM A9 wbHo 7 A)lx¥ PLGA ¥ SIS/PLGA ¢ BSA
E A 20, 200 ¥ 2000 pgd] =% RS ZHslo], oFzo]
GXg Fo] RZex] W3S SEMS Ea) B339 01 o5 Figure
5ol VFERAGITE okas @XIel] A3 vl & o, 7 7H] g B
T oRtel & Helg e L ol WA o
£ 7Fep7| witel ofre] meF Mo] o]Fojzl Ao ® Aln T

T Az G R AL o]]lE] o] el A sk
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ol EAE Gle Ao | Qick mEsk o 9l ofg} tE A%
9] WH3lE S SIS/PLGA EAl= Atizle= & PLGA t
3 Afelell SIS golo] HFsk= 722 545 # fHlaislon, ol
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Figure 4. SEM micrographs of PLGA and SIS modified PLGA scaffold. (a) PLGA scaffold and (b) SIS/PLGA scaffold (magnification;
x100, scale bar; 500 pm and arrow; SIS immersed in PLGA scaffold).
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Figure 5. SEM micrographs of PLGA and SIS modified PLGA scaffold after FITC—BSA was loaded in both scaffolds. (a) PLGA
scaffold, (b) SIS/PLGA scaffold (BSA 20 pg), (c) SIS/PLGA scaffold (BSA 200 pg), and (d) SIS/PLGA (BSA 2000 pg) (magnification;
x100, scale bar; 500 pm).
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Figure 6. Release behavior of FITC—BSA from 200 pg FITC—
BSA loaded PLGA and SIS/PLGA scaffold at 37 C for 28 days.
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Figure 7. Release behavior of FITC—BSA from various con—
centration of FITC—BSA loaded SIS/PLGA scaffold at 37 C

for 28 days.
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Figure 8. SEM microphotographs of BSA loaded PLGA and SIS/PLGA scaffold after 28 days. (a) PLGA (200 pug BSA), (b) SIS/
PLGA (20 pug BSA), (¢) SIS/PLGA (200 pg BSA), and (d) SIS/PLGA (2000 pug BSA) (magnification; x100, scale bar; 500 um).
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