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Abstract : Poly (lactide— co—glycolide) (PLGA) and hyaluronic acid (HA) has been widely used as biocom—
patible scaffold materials to regenerate tissue. In this present study, we fabricated microporous PLGA
and HA loaded PLGA scaffolds by a emusion freeze—drying method. In order to confirm that the release
profile of cytokine or water—soluble drugs, we manufactured the granulocyte macrophage colony stimulating
factor (GM—CSF) loaded PLGA and HA—PLGA scaffold. All scaffolds were characterized using scanning
electron microscope (SEM), mercury porosimeter and wettability measurement. Cell proliferation and via—
bility were assessed by a 3— (4,5—dimethylthiazole—2—yl) —2,5—diphenyltetrazolium—bromide (MTT)
test. The porosity of HA—PLGA scaffold was greater than 95% with the total pore area of 261 m%/g. The
HA—-PLGA scaffold exhibited well interconnected pores to allow greater cell adhesion and prolixferation.
It was proven by higher cell viability in the HA—PLGA scaffold than PLGA alone. This may be due to the
enhanced natural properties and higher water retention capacity of HA.

Keywords : hyaluronic acid, PLGA, scaffold, emulsion freeze—drying method.

MoE ok Aol Al A RS 9B Rl AES A

Aslate] Aol M7} SdehA EdstEo] Az 71de #

EHEEE A A A5 AU BAAREAS wjat 5 gles Axle) Gjgrg F88] spulok st Al o]
o] g3l & 249 £EY APS F6s FEHET|E0] 29 Zor =0 227 37 & Folof ] UA 7|7lo] A|wk
% S B2 B DA U] ok 02 S

#To whom correspondence should be addressed. L ?—}ﬁo}ﬂ] —'H—I‘,G;_° O]'o% O]E]ai 7(] 6} }\gx‘ﬂx_l?—:l
E—mail: gskhang@chonbuk.ac.kr e 7FAok S’ olgh e S ZhE AlREA FEle|me)

505



506 1097 - 38 - A A S

Ze|Fefol=o] FEFAQ PLGAE A Yol|A 71eEale] 2
& Zaty} FElEako s MEE o] Aol o)akslehae) EEA
A2 WiEE e AR TREARA AA 22y ety) ok
A 2B Hofola] o] AR T glom B0 o]e)st PLGAS o] &
alo] AR M gujs P g AR/ FE desIEE
g Cop WA 59 o] WS B8 T AXAE Al
Feh= o] FEs] Aol gith SEAIRE 4719 WiRle T
el &84, A34R1AF 5o 784 B W 5 ol @
o] gtk o]gjst WS Rekelual B ATEL o)A AeA] &
e AATNE Bl S|UFEAS d3 U PLGA A)#
ANE Az o8] 5498 vl 849 oFF, AdARiAt
4 gid s Jx)E = Qs ARAR] H8vbsAES ERlE
E]_'16*18

B UFEAHHA) 2 theket 22]elx] whAs)= A drhdstazas] Al

¢ oo M

E7EE ks SR8 eI, s|dFEAlel e A
BH, gt e B o 9 AREA el o) v 9l =

=

38} Rl ga] AR s AR Skt ¢
Ak FAS] Al e] 3P Folld 84990 s EFEA
AR717E 719 s19FEAS Sk AAAE AlxskeT
o] Itk olefst ol A O] FtAlze] s s|dFEAtE

IRARE FEESE FEl AT A7) At K13
om P22 ol go] ANsh: gk rge ole] WS AA
F= RIAREO] mEth uleb 2 darelrs oled de B
stal E4Al 840 A4S g s|UTFEAks 3R PLGA &
A Azt fskeddzs ARl AAAE Alxsisle.
o, AR, et 8w S SEE Sl S5
AAE Blom, MTT 24 0% Alxs A2 AA1A e
< g7kt sigivk

T =AM A IAHGM-CSE) = 2 7-eF ti2lAl
3 QAR At EekE sk AR A=A, 24
A-g3h Helkgel Qlotd FRdt ofEhs shs MolETRICR &

R
2 rlou

rt

4,
o
ST

Sk

o o

o

%0

-

i

re

ol O

Emulsification

o] - 7

A - olal - A

i

A Tk 5 HZols F34074 Aol Yol GM—-CSFe &
9 o]e] Zg7)He] gt AFA} F58] B3 gk e
ol mpg}t - AFtelNe HEll Afo|EFRIC 2A GM—-CSFE &
ZJste] o)9] MEAES 10 ZR HA-PLGA thad A=A
o] A EA A tnlo] AiA 9] 7heAdS ERlstaA} sF3ick

S

A2k gl 2. 3]LFEAFluka Co., USA)S A7 o025
B FeE 218 AMESISlon, PLGA (FER|=/Zel|Eels &
H] 75/25, Resomer® RG 756, Boehringer Ingelheim Chem.
Co. Ltd., Germany)+ A=) 90000 g/moled! A&
ARgegitt. gt Mgl E 2 eto] = (Tedia Co. Inc.,, USA) &
o] BE gElekEy 714wl HPLC 5as ARgsioltt WEg
Q1S 8l ELISA 7]ER&D system, Inc., USA) & AME3I2.
o, WES 91S SENO T AIEE(PBS, pH 7.4)& AHE-
shsiet.

FSEAxTHE 0|88 RIXIAM2| M= H GM-CSFE &|]%t RIX|
H Az f3lsdizel osh AAA] Az BAEE Figure 1
o] LERIgitE WA 1 g9 PLGAS 10 mL2] WEAF 2 e}o] =0
B3l § T e 199 S|ETFRAL So4s H7sISich ol
PLGA 93} S-8ole] Faulg-e 7d) 30] 5% stick. ol
GM~-CSF& $3t AAAE Axst7] flete] AAAE 50 9
200 ng®] &% GM-CSFE %l 7lslsltt. +715%
o A7t dod &AS [ flate] ot waiY]
(Ultrasonic Dismembrator Model 500, Fisher Scientific, USA)
= ARSI, 30%9 EEOo® 50% B¢t EEE AXEIIh
o] f8lig wjE] —198 CL] A sel o3l WAH HESE £
of] Fof T3] FIAIZl & 5 mTorr, =70 T2 Z7o 44
Z3I3At) EF-RAlQl MCE Al71eh7] flsto] Ha 154 ol 4 C
ol AZAZO

by Ultrasonicator

HA solution

or D.W :>
PLGA/MC
solution
Freeze drying
£ Cutting
Cube-like

polymeric scaffold

HA or water

droplet O O

(oo

o Teflon mold

Liquid Nitrogen Tank

Figure 1. The Schematic diagram illustrating of the fabrication process of hyaluronic aicd loaded PLGA scaffold by emulsion

freeze—drying method.
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Figure 2. SEM micrographs of hyaluronic acid loaded PLGA scaffold by means of emulsion freeze—drying method. (A) PLGA
scaffold and (B) HA—PLGA scaffold (magnification; 100, scale bar; 500 um).
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Figure 3. Pore size distributions of PLGA and HA—PLGA
scaffold.

Table 1. Result of Average Porosities and Median Pore Sizes of
PLGA and HA-PLGA Scaffold

Type of  Content of hyaluronic acid Porosity ~ Median pore

scaffold (V/V%) (%) diameter (um)
PLGA 0 90.7 12.18
HA-PLGA 30 96.5 21.48
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Figure 4. Water—uptake ability of PLGA and HA—-PLGA
scaffold by means of emulsion freeze—drying method.
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assay. (A) PLGA scaffold and (B) HA—PLGA scaffold.
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Figure 6. Release behavior of GM—CSF from 50 ng GM—CSF
loaded PLGA and HA—PLGA scaffold at 37 C for 56 days.
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