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R 9 ¥ dpore Bl Poly(lactic-co-glycolic acid) (PLGA) gl tigh Q17te] 2033 egddZel A LE AHEYT. dde
PLGAS ®A 3o metMdE 110,000 g/mol® 220,000 g/mole HlwdlRz WA #AE sl UASdE 220,000 g/mol, A4S0
110,000 g/mol & EFAE “}571‘4 B4 8 Zgddd FB9 110,000 g/mol PLGAY H9AI9Y 2% AIE3TH PLGA 24
E& FARAAAn A o2 i 125 fASITh A4 gl 204 vivte] #AES vFANA A 2AAZH AdA AFHEY GdAZ
A B2 AFAEE AU —rB]‘_ AIFAFEE 5 W9 AdulLE AR 279 PLGA gl AU 4795t A o A widstd
ot 449 AES gAe EFAE nude mouseJ R & 52 40}17‘“1] o]d&ta 85 H H&E @422 23 AAME Aldstdtt. 110,000
g/mol® PLGARA 9 dF232 & A UUAT 2 WAL #A9A E&Hc}h. vk 220,000 g/mole] PLGARAY dF2Fe WH&
Ao AEx2 0] 1‘?-5"75.2 P du &g AF2FY] ol BA FUrh 2AAF A X vudld BPAF AL} 2 248
A A2 S o 2ol FAF Aoz eyt #de] #1898k 220,000 g/mol PLGA EAE W2l 110,000 g/mol PLGA &4
& 974502 & HAdME dER2 4ol F HA| Fhoy UASH Zelddd FEE 7% 110.000 g/mol PLGA gAdME 22 34
I WARAZE & EAa el ‘I’ng} AY A FER FREAE. B3t QSAEE 27 2708 39 £ JAd o] Ilmm WAY &
4 AFRAL AR 7BAU AR TF AT FE A¥9 A3 A FRY oAl 5§ ge2 B gEFop) ddEn

oZ'.r

Abstract : The purpose of this study was to evaluate the effect of different types of Poly(lactic-co-glycolic acid) (PLGA)
scaffolds on the formation of human auricular and septal cartilages. All of the scaffolds were formed in a tubular shape for
potential application for artificial trachea or esophagus with either 110,000 g/mol PLGA, 220,000 g/mol PLGA, or a
combination of both. In order to maintain the tubular shape in vivo, two methods were used. One method was inserting
polyethylene tube at the center of scaffolds made of 110,000 g/mol PLGA. The other method involved combination of the two
different molecular weight PLGA’s. The inner surface of tubular shaped scaffold made with 110,000 g/mol PLGA was coated
with 220,000 g/mol PLGA to give more mechanical rigidity. Elastic cartilage was taken from the ear of a patient aged under
20 years old and hyaline cartilage was taken from the nasal septum.

The chondrocytes were then isolated. After second passage, the chondrocytes were seeded on the PLGA scaffolds followed by in
vitro culture for one week. The cells-PLGA scaffold complex were implanted subcutaneously on the back of nude mice for 8
weeks. The tissue engineered cartilages were separated from nude mice and examined histologically after staining with the
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Hematoxylin Eosin. The morphology of the scaffolds were examined by scanning electron microscopy. The pores were well
formed and uniformly distributed in the various PLGA scaffolds. After 8 weeks in vivo culture, cartilage was well formed with
110,000 g/mol PLCA, however lumen had collapsed. In contrast, a minimal amount of neocartilage was formed with 220,000
g/mol PLGA, while the architecture of scaffold and lumen were well preserved. Elastic cartilage formed more neocartilage than
hyaline. Hyaline and elastic neocartilage were well formed on 110,000 g/mol PLGA with the polyethylene tube, exhibiting
mature chondrocytes and preservation of the tubular shape. It was found that 110,000 g/mol PLGA was more appropriate for
cartilage formation but higher molecular weight polymer was necessary to maintain the three dimensional shape of the

scaffold.

Key words : Poly(lactic-co-glycolic acid), Two different molecular weight, Elastic cartilage. Hyaline cartilage, Polyethylene tube
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2041 olate] s oz HoA ' dFS wiFAd
Az A& #Hslo] Klaushurn WHE 53 AZAEE &
etk AT =2E 100 pg/ml streptomycine (Sigma,
USA), 100 unit/m! penicillin G (Sigma, USA), 20 pg/ml
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mycostatin (Sigma, USA)e] =39 &% 294 (PBS, pH
TAHR &z Mo, ARt Mxe 2dg WA 8l o
2ot gAdsl AARAG AL 1-2 mm® 272 Ho
31CAA F7Hoz TEAAFHA 02% tvpeld collagenase
(Gibco BRL, USA)E o}&3lo] &3] &aAFth 1000 rpm
A 587 AdERsl AEE HAAZL, 100 ug/ml strep-
tomycine, 100 unit/mlml penicillin G, 45 g/ ¢ glucose’} &
st"’l DMEM (Dulbeco’s Modified Eagle’s Medium, Gibco
BRL, USA)e] fetal calf serum(HyClone, USA)°| 10%7}
EE Z3d wgdgel AEE ERAIZ T 150mA e Az %
oEE AAs, 100 mm WFHA O To} 37C, 6% CO. ¥
Aol AF kst e 2-3Unfrh HopFdom,
0.25% Trypsin (Gibco BRL, USA)3} 0.02% EDTA(Sigma,
USA) ol&3te] 271l AX Al wigkstdrty. Ao Mo+

Jol Alcian blue §M& Aldsle] WY A X Eo] AF
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10% PLGA(molecular weight : 110,000 g/mol, 220,000 g/
mol ; Beoringer, Germany)Z dichloromethaneol] &3ajA]%1
75-105um BA=E71¢) ammonium bicarbonate® 5%7} ¥
& AT {Z%L 5 ANE7 Hd FA 1 m, W7F Lo,
10} 10 m& 953 FAE Adsdtt 1 F dFe W
9] A A Y 93%—% ¢13) 27 1 m9 polyethylene tubeZ
datgon = e dR= WWAHAA 500 gms 220,000
g/mol® PLGAZE I W% 110000 g/mole] PLGAZ &
A2 et Ao @ollE dichloromethaned 3= ¢t
oA AzAA &As] AAHeH, 0T FHolA
ammonium bicarbonate”} 7]¥7} =Hol whx v A Gk
o ol 71E7F WA UeR] ¥A HY JAE AL SRS
of A1 A% % W& ammonium bicarbonateE &3] A
Ast7) 9siA 1087 Z&3Al (sonication) 3Tt "EH]QJ
9 2 R FRE FAUAENHESEM) o2 #Esgal 7
9] @719} 71FEE poroximeter (PORESIZER 9320 v2.05)
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& T S Jo] Flom, nluitd HAEE o]4s o] 2% 37 ftor A¥He TR/ #H FAHUEA
A & HAE olgatgrh & ZPF—* 110,000 g/mol3}t 220,000 #Re & Ao AAE Aug 11 AAS 2E] 98 2
g/mol PLGA®A| 22} 3= 8hY & AxE 42 58 AA HALg Algarh dE-AE EFAE A i ¥
%% nude mouse (Balb/c-nu, male 5 weeks, Japan SLC) Hf Hfibro capsule)® e £4E& en bloco.2 FHdtd, &%
Fo| #& 959 lem#eld HEME IstiA ket § X Eaddd ugste] o] FujAlzl F AL ddalo]
oA BEAZE 7148l BoHE £ dLE ey vE hematoxylin and eosin @& Al&stqrt
Aol 2 g elstAl Bhejste] ESHAE Yal HEE B3y
. 2 I
=5 A

33 1. ooz X2 Ao FAIMKEnE e

A. 110,000 g/mol PLGA, B. 220.000 g/mol PLGA, C. WidZE 220.000 g/mol PLGA, 2ZZ%110,000 g/mol PLGA, D.
polyethylene tubeE &8t 110,000 g/mol PLGA. €2 40Hi2 5t%ict

Fig. 1. The cross-sectional view of scaffolds examined by scanning electron microscope

A. 110,000 g/mol PLGA, B. 220,000 g/mol PLGA, C. side inner 220,000 g/mol PLGA, outer side 110,000 g/mol,
110,000 g/mol inserted polyehtylene tube. The originl magnification was x40

J. Biomed. Eng. Res: Vol. 23, No. 2, 2002



150 A%9] - QRS 45§ - ubeigl - W)

FARAEY F o2 #AS A Ealgl #Agle] Auty A7 87e EFA AelA Ao Azol AAAN FLdaA
o7 71Fo] # Aol gk 110,000 g/mol PLGA, Ago] PAAHA Ao WAL Ao dtEo] Adgo
220,000 g/mol PLGAS EZAd = 2 AARAA & 7|7 ARt R FAe FalEol Holx &kl AAE A
Eo] BEHo] den polyethylene tubeZ 4+1dt 110,000 29 B3 2AAEH A9 fAkEl Ao (Fig. 2B)
g/mol PLGAE 7]&0°] gl EalEA &&= tube7t WA & AL 220,000 g¢/mol PLGA ®Alo 2a dZ AL &4
At dvkeE AL AYstue 110,000 g/mol PLGAS 72 AEALE MHolA ujge 23 47 gEolA @9 9= A
GHTZE ZFET 110,000 g/mol PLGAS BT 7]&9 A7) AARE Aol 47t YAFHUCH, Wi dAFol AN A
= 250um, 71¥=E 30%F e 220,000 g/mol PLGAS] 7% 7} 28ldlA vk dAs A &2 ol dglew o
= 3 7139 A7e 200 ym, 71 FEE 10% %0 (Fig. 1) 5 EFFE 94 JE AG2A8, Aol XY 3 %—% =

L =X A7 g ¢ dden, WA 2 A5l 1 A7) 09mm A%

2 A AFE G4} A n|%3A Trxlﬂﬁi‘:} B‘i% A

212 110,000 g/mol PLGAS] %A A AZE AolA A gn gFAT ojAg ALz FHERe Aol HAHA
st A7 871 B3A & 670 FAle] Az AAA SR 8FF FEE F FAstn dJoh(Fig. 2C, 2D)
AFol PAHJeH, WAL ZE oA hitEo] AaE o) 2% 110,000 g/mol PLGA®F 220,000 g/mol PLGAS] 2
AATE WA 2 e Al UAde] U™ Fek FAY 9 FA AN 2492 B4 dFE Ao w%d da 44
Zo REAHoZ dAZo] FEHO AU oiFEe] HAe B 8 ol A #AEF 110,000 g/mol PLGAE o] Fo]xd &9 ¢
=] Holx] gttt A&d dFzAol REHow Y F S ACA ofze] Balg AF Aol 2lent 220,000 g/mol
o wiEEo] gl AAH oz dAFzAe] TAH dHz & PLGAZ o|Fofzl Y& FEoAMe dF dAo] 2 Hx 49
2 Ak (Fig. 2A) om RHHA g2 GAZ UEF T ol e Aol Y

2% 110,000 g/mol PLGAY B4 A& HojA wjks ot 53] &4 dAIddAe HRotAErt 43gs] Bel BEHA

a8 2. 7= offAo ojAlE x| 8 FF HME dZe H&E M

A. 110,000 g/mol PLGA & ZXIHZMZ (hyaline chrondrocytes) B. 110,000 g/mol PLGAY EIMAZAMIZ (elastic chondrocytes)
ATz & et tzol RXIHR Rstdct. #stEl AZMESL o|2stE oz ME7) Exjjsto] UAct

C. 220,000 g/mol PLGA & =XAZMZ D, 220,000 g/mol PLGAS} EtMOIZAME

HEZAZ2 UZa O FHof| A7t gAMoL hde FXIEUCE g2 x40 22 5ot

Fig. 2. The H & E staining of tissue engineered cartilage after 8 weeks implantation in nude mouse

A. 110,000 g/mol PLGA and hyaline chondrocytes B. 110,000 g/mol PLGA and elastic chondrocytes

The neocartilage was well formed while lumen was collapsed from scaffolds of 110,000 g/mol. The mature catilage and
immature cartilage which was embedded in a basophilic matrix portion were mixed in a neocartilage

C. 220,000 g/mol PLGA and hyaline chrondrocytes, D. 220,000 g/mol PLGA and elastic chondrocytes

The neocartilage was formed to a minimum extent at periphery and luminal area while the shape of lumen was well
maintained. The origimal magnification was X40
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om 2AAFTH By AF 2T e gutslo] AadEe] 99 EE olfdte WgoR dasDm g MY 22 AZAE
t}(Fig. 3A, 3B) o] dx Ao I} SAHL B Hurt 53z 9or) wA

2% 110,000g/mol PLGA®] H|&23)4 22219 polyeth- A M dEiME aox 92 ge AFoul[3] FHaA
vlene tubeE AU FAAAE, 2AAZTL YHo] gl A %E g E By AFe) o B4 FolwEln x4

FAHNT Aed dZAE7 #FEACh Polyethylene tube

dEE Wdda g o1

2 9% 43NS E A9 BEHA gt BddZe 219 e g4 A AEZE AL Hfdd w4 dZe] gA=Ed
TRUE o o3 #de AFxFo| FAEH 9T, AT o Hagon B Ao My A7 sBHdEZ Aze
22 F9o a3 gz Aol RAHUL) v By F A ste] PLGAC Alo] 48 d2242 &4 d8(elastin)
Bz Q8 4F whdolt Hfol AEE Ao BAx oot Rt Bo|3A A== Verhoff G4E Aldigt A3 HE 2
o WAZH 9Ae] mF Ao gAFes g B9 A2 B4 AfTes fEste A% v v, 111 oEkA
AEx2Ag P45k (Fig 3C, 3D) 2 EFodME 1k F kX R dF AEe A g4
o ¥ EAE nude mouseE ©]&3 HrrAz, AdZwo

a & gddEe] 2388 2APAHTH] Holgs & 4 U=l

z2 F8H 7|go] WAt wel Zr)dE 2y 7tEY ol BEH A5g Bo] ¥ Yd EAEE 2AUFHY
2A4AE o] ABL o)fele] AT HHL ATsdou | & d Bgd ATo] B A= Eo| 9SG 94 Az
A A oMY AHES EHoE Q7te] z7t AF A Z7F Ao e e By 2ol A gl @A o

38 3. 7= ofRA0 0[AE X| 8 % YA o2
E. WZoll= 220,000 g/mol PLGA, &&= 110,000 g/mol PLGAS| s} EXIAZ M Z
F. tfgdHol= 220,000 g/mol PLGA, 2ldZ0l= 110,000 g/mol PLGA®| tHx|e} ElAoiZ
Zeto| el FotE = AT E3E oF Mz 20| A7t Hych

G. Polyethylene tube® 2/8t 110,000 g/mol PLGAS| SH|Q} E=XIGIZMZ

H. Polyethylene tube& &8t 110,000 g/mol PLGAS| THal|et EIMOIZAE

4=t A= =Xo| 2T LiZlo| B RAISUC BARAD I FAS AT AL 20 BB x4022 Siuc)

Fig. 3. The H & E staining of tissue engineered cartilage after 8 weeks implantation in nude mouse.

E. Inner side 220,000 g/mol PLGA, outer side 110,000 g/mol PLGA and hyaline chondrocytes

F. Inner side 220,000 g/mo! PLGA, outer side 110,000 g/mol PLGA and elastic chondrocytes

The neocartilage was formed to a minimum extent at periphery and luminal area and the shape of lumen was not
maintained.

G. 110,000 g/mol PLGA inserted with polyethylene tube and hyatine chrondrocytes,

H. 110,000 g/mol PLGA inserted with polyethylene tube and elastic chrondrocytes,

The neocartilage was well formed and lumen was not collapsed from scaffolds of 110,000 g/mol. The original
magnification was x40.
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e BeoA A Aol Ggith AR Heliz olAd X
HoAY dAFTH, DA AAe 9 o9 ), lacitc
acid®} glycolic acid®l ZAH), 7}‘37“’1 e T oY 7AA7)
aeEolof shizdl, PLGAZ T 22 @4 nEEL o
o] 24& HaAA AEE 55 2T 7 ATH2] 220,000
g/mol PLGAX PLA [polyllactic acid)]® PGA [poly
(glycolic acid)]®] ®]-&©°] 85 : 1584 50 : 50¢] H| &S 714
¥ 110,000 g/mol PLGARTH= PLA9 H|go] %rh PLA:
PGARTH A48 nrt w1 AR £t ¥ =3y o 58
IAH ZEE MAER EE H$e PLAER F3E 220,000
g/mol PLGA7} 7|AA A&y Fol 85 &< 11 FHE #4

87 stg oy Bawrt e AEe AAEwel A A

2 Hud ek 02 A% A JUY FID UA 4

33 4. Polyethylene tubeS At@ist 110 000 g/mol PLGA Bo| ugGo] g#s] o|Fojxx B Aoz Algdy, I
el EIMOIT x| g 20082 5t A3, 98 23 gYAol %—m: 110,000 g/mol PLGAS] uw]
HZZEH FRo) YE MNP cjgof gg%; 304§E+ of WAS A8k wel AAY RHow yzEo] WA S|

Fig. 4. Tissue engineered elastic cartilage from 110,000
g/mol PLGA scaffold inserted with polyethylene tube.
The original magnification was X200

¥ 220,000 g/mol PLGAY H]#

A aEA] po]yethylene
tubeE AMQlslE "W¥loz AF AL 3]

skt 220,000

The formation of peripheral nerves was observed in this g/mol PLGAE WZSel A3 25 zAdEs @ddz
figure Zzt 22 Aol 110,000 g/mol PLGAZ 9| YHoA"E o] F
Oh@ opztel Ed AEE HAoW WAHOER: A
AR TH] Hold o2 Amdrlog] st Aol §A94 R8T 110000 g/mol PLGAS)
5 AL nEA An EA ZE AL R G 9900500 g/mol PLGAK ISl BAelA 2 713%0] 4
Bol Mo A3t Ao Had J¥dY T YE o] VAH BHes §xHA EIdn AL FUA DA
mE ol FAEEY A7 T2 i HHE A Tx B Alolx|7] 2ate7] wEolan Alz®th et polye-
F 7HAck B0 dA7H) 21 ANS 93] AHgd EARA thylene tube A% 110000 g/mol PLGA®) SJo] A=
© Ad nEAEe A A=, 71BN Stolol2Al Fol 249%0 BYAT % Yo $AHT ZAFAo] &
A A TEAZE polylactic acid), poly(glycolic acid), At} 23 BAAZe dd oo mok A FAler oAb
poly(D,L-lactic-co-glycolic acid)¢t = A 584 E3 o A 248 AT AT ATATY Tio] B
poly(e-carprolactone), polyanhydrides, polyorthoesters %l Azl Lot} o]2A wee 7o BHE A Gty ZAHTRY
Atk [9] o]& ¥ PLGAS 1&Ae ANS Zed2uH2aA ANANLI el Soles zA AR L= 92
lacitic acid$} glycolic acid7} d&HZ Zgoz Mz AATY olgler AF}ES B o 2-3 Wo] wEA k] 9loA
o] ola, AWelA lactic acid®t glycolic acid® EaHEHo] A 204 olsh Ql7te] B dRAEL A™a Bad A u
Ae] g E dgEo] A% olitslgrist 24 A9 2 99 mol= 2AAZ AE] Hla) A o] 2L Ao
sl el Aesideln v AAHIYE Ay 9 = Atz E23 24FdE gAE wEem polyethylene
o}t et A F44 8 EIAIEA HHRY AHEH tubeZ AFolstal nlRald mEAsh B4 RS A
of & Zeelle A& %E HdEE FAEM 2 A& 5] A sl Fulo 27 AL §usle] g g A9
T e ME AFed dA8 (FDAY 59l wel AL g gue Ao Y4Edn 3 Aol 9FuTold
@A Ang ARE 489 A el9E 2w GHA W gy wme go) gnior 1 A Raw ped Yud
S A # ATAAT WE Imme A& B TEE gugns) A Bolee e W A9 wTA 2
& 957 918 PLGAE AH88te] 2T dF F4& Al BEE =Y
TEET B AdoA AREE 110,000 g/mol PLGAY: FH3
o 714 dude] A o AR FEE A7 A a =
of F5Eo] d5dY @A BYE fAA Ragod, d¥
AL FA9 A3 AAA TuF FHIAS TFE 220,000 2ol dFe gy 5 BAAZY 23 o
g/mol PLGA9 A-¢, 38 79 BAHA o), A —»,_L:«] PLGA ®Ald] m& dF g4 59& Hasdck In
Woll A 8FzE wijdEE B A FoHA ¥n FHE o vivedl Al 857+ kst - Alds 2 FHrl A 'Y dAF
2 FAAeH ol AEE HolA wjkd Aot AT AEA A2 Aol ¥ FL Ao etk 110,000
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