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The effect of PLGA/HA composite material on cellular adhesion and proliferation was investigated. The composite film
was prepared by poly(D,L-lactic-co-glycolic acid) (PLGA) and hydroxyapatite (HA). The PLGA was used as matrix mate-
rial and the HA particles were incorporated as reinforcing material. The HA particles were mixed in 5, 10 and 15 wt%
with PLGA for preparing PLGA/HA composite film and scaffold. Mechanical property of the composite film was char-
acterized by tensile test. The ultimate tensile strength of 10 wt% HA content film was two-fold higher than control
group. Surface of the composite films and scaffolds were characterized by contact angle measurement and scanning
electron microscope (SEM). The PLCA/HA composites were more hydrophilic than control group. The SEM picture
showed that the pores in the PLGA/HA composite scaffold were clearly observed as the pores in the PLCA scaffold
(control). For the PLGA/HA composite scaffold, compression test was performed. The compressive stress was decreased
with increasing the amount of HA. This is the same phenomenon as the tensile test for composite film. For cell-com-
patibility, cellular attachment and proliferation were significantly higher on PLGA/HA (10 wt%) composite film than
control group (1.5 times higher in attachment test and 1.3 times higher for 6"-day culture in proliferation assaying,
p<0.05). However, the PLGA/HA (10wt%) composite scaffold showed not as good result as the film has. For 3-D scaf-
fold structure, it is presumed that other geometrical factors may important role in cellular adhesion and proliferation.
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HES 2F Mot IZHEZ CHAot= WHE ARSotLl Lt = xHMoll= nf< MEHo|Ct. Sxf Hio|2 M2falg =
QoM ol2{st HHES TEES0| MEHEo|1 U2 RAES 2Ieh DEXIHOIMEIR S8 XIXAHZE G2 AFEX U
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acid) (PLGA?b 28t dAll HEdS 7Hle HASl SE X
NAlE drMEd =2t ol2r 2218 d= Lot EaAE +
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Poly(lactide-co-glycolic acid) (PLCAy= Lakeshore-Biomaterials
(Brookwood Pharmaceuticals, Inc. US.A)MAM TSI CE
Hydroxyapatite (HA)= Sigma-AldrichollA FUSIH2H, 10~
100 um 7|9 ERHE 40 SEME ZHISIACH
Chloroform& Dusan Pure Chemical. Co. LTDOIA |5}
Ut

PLGAHA =& & HM¥
PLGA/HA =& Z&2 solvent-casting HAICE XN &5IRACE

PLGA 3 g= Chloroform 15 miof| 23| =01 &, 0| &
(o]

A 22 FEF IAZE SQF WHIAZICE O] PLGA/HA 8%E
10x11 cm 37|12 SE0| §0f &S |XAE HEHZE A=0]
M 24AZF SOF AZANZI F CHA FIF HSHET0 2
48A|7F SO FHE SNHE 25| M7 SICE 2R-s| XA
71 WES 1emx1cme T7|2 A2t AES RIsI%C
HA ZEO| 04F= FE-SEM(HITACHI S-4300DSE., Japan)2
2 Eolsirt.
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PLGAHA =&l XIX|A= salt-leaching HEH2=Z HZ=
SIC PLGA2F NaCl2 1:159] A HIZ 40| FUoH,
NaCl2 37|17} 300~355 umS HRIE ZHKE micro sieve
of Z28iM 371§ Z2FsIUCt MK PLGAE chloroformdf =
ol = A H|Ig0 A HASE PLGA 8o Ho| st
BEAIZICEH O3 Chg, NaClt Oj2] 50 =2 PLGAHA &
Elolof| U2 CHS HIEE =50 20 4=0M 4= s 0]
23510 UES JI5HE WHOZ M|ASIQICt. 5, EHO| A
= DAt Dj2e gXs| /sl 2EAH0l 2MM AES

7l =
7t FACE HIEE SE0IM sAIZE = AZEAZL F, Nadl
HAHE <lsh STl =H7F 48A7ZH SO =0LHACE. 6AIZH

off
o2 SFRes wEsiRith. 8 ths XXAE J=0ilM

12MZF 82 X0 B0 24A|7F SQF AEAIZACE PLGA/
HA S XIXME HAQ &2 5 wit%. 10 wt%, 12|11
15 Wt%=E AEHEZ FH|SIXLCY.

PLGAHA S& #8589 =ZH HEZ £
PLCA/HA =8 289 BEH dedsS
contact angle analyzer (Phoenix 150/ O|

Ch M&e 25S 244 O8E=E neS
drop dH2Z HFZs STet F BTUSE 1 XIO|IE H|

WS,

=] o
& HAES 2R HIAEE 0|85/ PLGA/HA =& E
24 OE5d XNXAM L 7IAE ZEE 2ASIRIC AES| HE
S| stress-strain 4t Micro-Load System (R & B INC.,
Korea)E 0|85l FFSIHCH THIE film2 slE SE 2
mm/min, 5 kgf 2E S 0|&5I0{ QIF HAES AAI5IU
1, 03y XNXME slE £ 0.5 mm/min, 5 kgf 2E A
g ZIZH 0|2310 USHIAES MAIGIYUCLY TWEo| Z+ AlH
371 155 mmx10 mm, = 0.12+0.02 mm (n=5)0|H,
PLGAHA SEXIXIM = 5.5(0.3) x 5.5(0.2) x 5.5(£0.23) mm
o 7|2 HMZSIRCH, Q&2 AHO| 25| #0{ & mit

x|, A=2 LFUEO| 60% HHYSVA| HHFS XAt

okl

A=MZo| 222t Hie

=22 HRQ o2 FF HEOM FESIH collagenase
IS 0|8 2AFHHCE HEMEE FESIUCL B2
2 0.5x0.5x0.2 mme| IJ7|2 Z2t 0.2% collagenase type
Il (GIBCO) %Mol '20i 14A|2F St SaHAIZACE SaliE A
=collagenase M= 70m nylon sieve (cell strainer, Falcon)
Ol Z21 1000 rpmOfA 55 SOt BalZE| 3l HE MES
FEoICt F&8H HF MZEE Hank's balanced salt solu-
tion (HBSS)2Z 2~3H MASIH THFSH A= collagenase
type Il EHS HHTH F 2.0x10%cm? LEZ 120 mg/l
penicillin® 200 mg/L streptomycing & 7t8F Dulbecco's
modified Eagle's medium (DMEM, Sigma) H{X|Of 'Z0{ 37
°C, 5% CO2| Z=Zi510f HHFSIAC). HiX|= of 3Rt wet

3}0:1 —T—%El'.m’ﬂ)

Immunohistochemistry (IHC) HIAE

A= MES ECM CHHAEOS = FTHYHYEQl type I
collagen2 FAM5t7| 2la Immunohistochemistry (IHOE &
St ERISIFCt S2tAF0N HE2Z in vitroZ JES4
St == HEMEIL fibroblastst EUE=XIE type I
collagenS T 2HQISIFCE A0 ARESH ME= MEA
ol AF2E 2~3H passage ME2} controlZ2 AHEE 4H
passage M|EZE ARESIC. 242t antibodyS AMRESHA| 244
GAMSH Z4S negative control2 5101 H|WSIACE IHCE <ol
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(MP Biomedicals, LLC, USA)

2} Dako Real Envision Detection System (Dako, Denmark)
£ ARgsict

Anti-Human collagen type I

M= Ha ¥ 34 HAE

M=Eo| &I 9l SAlof| st A= 22 COIE A7t 783
ot HAES AHSIGIC MZE AHEE 2
12mme 37|22 FH[SI, XXM AEZ ¢ =7 mm, =0|
=3mme F7|2 MZASIHCt. 2242 AEHZS 24-well plates
(Falconol 2 C}2, PBS U2z 3H MASINCE 12|10
HE HAEOME 2-3H 258 HBMEES 13x10° cells/
film, 2.0x10* cells/scaffold PLGA/HA)2l LEZ Zb A|EHO|
seeding SILL. AJEHZ 4AIZH 32+ 37°C and 5% CO0(A]
HiQFer F, HHXIE &F7tstl 4Al1ZF O HIYEES ofct 1 H,
Ao HEE MES 5 EFoH| s Cell Counting Kit
(CCK-8, Dogindo Lab, Kumamoto, Japan)E AFESIICE 10
ulel CCK-8 8ME Zt AH 2o E2 F 4AZE S SN
b Ao U= METE BHSSHES ZOFEC). MERL BH3e 8
WS ZEMOM QEX|MOZ HS EH O|FAH HalEH 8
HE 96 well plated]| &H EHOt 450 nmOAf  micro-plate
reader (synergy HT, BIO-TEK)S 0|83l SHEE ZFFs10
AEHO| HEE MZES 5 ZHINOZ A fksiod FSIRACE Al
AEM = 1.3><104 cells/film, 1.3x10* cells/
scaffold (PLGA/HAR| LUZ 2 Z} AIHO| HBMES seedingst
FCh BA E MEZsE 22 1, 3, 620 SH5I%C
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PLGA2t PLCGA/HA =gt ZE9| HHY ﬁé’#%
Ct. M5 A= Table 10 224510 HA
L=o| MEZI0| PLGA (72+2.8%0 H|SHH Z
62+4.1, PH10=61+2.1, PH15=62+1 5)6}5 zgé,t% =
(p<0.05). 24~0| Zst PLGAS| EHHZ
A0l HAOl Qs &gt =l ez =29l r PLGA/HA
ZEC ROl XO|= HO|X| 24UC.
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Table 1. Physical properties of PLGA/HA composite film (n=5)

Table 2. Physical properties of PLGA/HA composite scaffolds (n=5)

Compressive Young's Modulus

Stress (MPa) (MPa)
PLGA (P) 0.41 =0.02 0.48+0.05
PLGA/5% (PH5) 1.56 =0.15 3.35+0.21
PLGA/10% (PH10) 1.984+0.74 2.97+0.26
PLCA/15% (PH15) 0.44 =0.12 3.46+1.49

SILICE 15 wi% |8 Al
Ol SEMEO|E0M Z35h= particlee| O]
OIMA 2352 2=t il ASZ EHEEC 22t 2
10 wt%2] HAZMRZO| S R0M ZE7F S7I5h= mixing
pointdll 7p7k2 ZfOIEt:l AtzeElCt.
Table 201= SgF XXAHS A= Al ZUE LIERHUCE
XX = “'EJ_'-P High dge =0l UX|T, OFE L0
79| HIxE = HEH-HO*EP =gt XX 7|74|751 ’gé'o

JBOIME 2512 ZAsIgICt,

FEMES

MBS SHo| FES WP, CHEY XS JHK|2 Y|
TS0l thme] REE AHO| o3| BIS AES Wl o,
Hl%8t A719] 7123 porosiyS 7KDL Q7| W20 F|A
MEO| HlxEt ZHS LIEKH ZHolab AREICH 2L}, 10
W% HA EF9El =B XIXIHT Jb 250t =2 2g L
EMHQICY.

FE-SSEMSE ZE2 X|X|He| EH A chHo| HEHEHH

=D
—=

SEM EFS Soll 252t XXIMSl BHI HHE HESIA
Ct. Figure 12| (@2} (b= EES tfrHel EHE 20iF1

QCt Mx™o=z PH52F PH10 AS0ME HATL dUSHA
FBEE S 2Qlsi=l, PH15 J80MeE HAZF 84 clot
2 dddtl UASMH(Figure 1(b)), clot RtS ELfsH ARRIOIM =
7t= crackO| YAE|7|= SICE

XXMl EH(Figure 12t A EAF Aut P PH5, PH10
M g7t st Rloj= YALX| QiUeH, M A8 2

LS
T poreQl 20| NaCl ZZEYCZ Z |FXLQUSS &0l

ES
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Contact angle

Ultimate tensile Strength

Ultimate tensile strain Stiffness (MPa)

(MPa)
PLGA (P) 68 1.89+0.4 6.25+0.52 2.60+0.38
PLCA/5% (PH5) 61.75 =4.06 3.4 x£0.3 4.91+0.16 12.26%+2.38
PLGA/10% (PH10) 58.125x2.1 3.9 £0.37 4.50+0.87 16.56%+5.96
PLGA/15% (PH15) 56 *1.51 1.77x0.1 3.69+0.39 6.46+1.49
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Figure 1. SEM image PLGA/HA composite films and scaffolds : (a)
PLCGA 10 wt% film, (b) PLCA/HA 15 wt% film, (c) PLGA/HA com-
posite scaffold, (d) PLGA/HA 5 wt% composite scaffold, (e) PLCA/HA
10 wt% composite scaffold (f) PLGA/HA 15 wt% composite scaffold.
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Figure 3. Effect of PLGA/HA composite on chondrocyte attachment
(1.3x10° cells/film) (a), and proliferation (1.3x10* cells/film) (b)
(*p<0.05).

7t E& EACHp<0.05). ME SAEHAENM= 62M HYQS
em, PH10 70| HEFELH of 138 =2 SASS LIEt
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Figure 2. Immunohistochemistry of chondrocyte, collagen type I1: 3 passage of chondrocyte (a), 4™ passage of chondrocyte (b) and negative

control 39 (c) and 4™ (d) (non-antibody treatment)
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Figure 4. Effect of hydroxyapatite on chondrocyte attachment
(2.0x10* cells/scaffold) (a), and proliferation (1.3x1 0* cells/scaffold) of
(b) (*p<0.05)

Mol 2 AN oEsih=E As &+ UM AXA|
TOIM=, PLCAHA SR 2 ZH|E 2= A[EHO| HieF 3,
HiQ 62 Z2F HaE BUE EIUCL Ol= HAQ MZOf of
gt oty =it 2ofs XXM Ql #2H JEHO| ME2 B4
of 2 gg= nEitty S2Z=lTt.

4 =

= AF0ME, dEdlld A=A 222 PLGAM HASl H
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o AEOM= HAQl XA o w2t AEM =22 & &
SH0| =2, 3-DEEIS| XXIA FEOM= 75k
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