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Small-caliber blood vessel grafts are required for coronary artery
bypass surgery. But the lower blood flow velocities of small-diameter
vessels have led to the failure of synthetic materials that are successful for
large-diameter vessel grafts. Autologous vessels are the standard for
small-diameter vessel grafts now, but there are many limitations including
other vascular diseases, amputation, and previous harvest. Tissue
engineering provides a promising way to generate available vessel grafts.
There are two important criteria for blood vessel equivalent (BVE): an
integral endothelium to create a hemocompatible lining and smooth muscle
cells to provide mechanical strength. In previous studies, several ways have
been designed to construct tissue engineered blood vessels (TEBVs). But
there are several disadvantages in each ways including inadequacy in
mechanical strength and most important, no integral and functional
endothelium available. Here, we propose a new method to fabricate a
biological blood vessel equivalent by amniotic membrane (AM). AM is a
nonimmunogenic substrate and can provide an integral, elastic basement
membrane. AM has been successfully used as a scaffold in tissue engineered
human corneal transplantation. We also demonstrated that AM could induce
the formation of a functional endothelium. We isolated porcine vascular
endothelial cells and smooth muscle cell. In the fabrication of BVE, vascular
ECs and SMCs were cultured on AM and biodegradable
poly(lactic-co-glycolic acid) (PLGA) or poly-e-caprolactone (PCL) scaffolds.
Several models have been tested to fabricate the BVE. The preliminary
results from the animal studies indicated that the BVE remained

unobstructed under ultrasound examination at 4 weeks after transplantation.



However, the blood flows of BVEs were blocked by thrombosis and intimal
hyperplasia thereafter. In addition, the flaw of the rolling method during
BVE preparation and the incompatibility between AM and the polymer were
still existed. BVE constructed by cross-linked AM showed high mechanical
properties and seemed to overcome the disadvantages described above.
However, the ECs couldn’t sustain the shear stress form the blood flow and
led to thrombus formation. In the future, bioreactor will be used to improve

the tolerance of ECs to shear stress.

Keywords: Blood vessel equivalent, amniotic membrane, fabrication



mote B B R o AR T LB R REDA /2 - 0 BAREHR A T
(atherosclerosis)ig = e ¥ BEH 5 € R &% ¢ vk B LI AN, o
o FRoo kb s 51480 %06 (Glass and Witztum, 2001) « B w0 5 37 5
R Ko KB RG> ¢ BB SR E R £ e
(coronary artery bypass grafting, CAPG) ~ 2 ‘& & 4 » £/5% (percutaneous
coronary intervention, PCI ; 4r g IR#FFERIT) o d 254 41 » ik &5 §
o RS BEE 0 RIS EAR L B i B R R o i
B BEFIFIAFRGeS REBILR)T A E NG A AN InR 0 2
JAA MRS LRGN A Fp SR EOR Mg £ e 5 £ & D
e N ¥ A E aiF - T 0 ¥ 5% (Rosamond et al., 2008) - &
PEFREREE L5 W R S § REBEFHE > P o fRlEaD
TR FARE R Pand e L o 4o # % (saphenous vein)fop 5§ %
(internal mammary artery) o & * p ¥ 5 F REL AR £ F R TF R
P BRI R oA R B R AT A B ARG 6
o g ORNBE o R RERAFIRL T TR EE g0
FARFA N GG F 0 B LR RRAT i S L g  F s
LAWY RF ST AL EE AR A2 kA 1w F o
e L g R RE o 1 & & e ® A F H o 4o Dacron -~ expanded
polytetrafluoroethylene (ePTFE) ~ polyurethane (PU)% > d ** & 5 24+
PREEIVESELDER ) ARG EARE DA 1 R
(Kannan et al., 2005) » ® 4% &7 Ffig * 50 % g ffa F P L S e

H bl FiEs B (< 6mm, 4ok d %) enE s BB L peP o d Y 3



B g N g SRR T g A 1 FF b A 4 4 4 (thrombus)
% $ % & Jis(foreign body reaction) » F]pt A if * o g * m T AR P K
FREF AP FENLI L F RS 5 HEL P » (Thomas et al,
2003) -
BRI g A 10 A i & 1985 £ > Weinberg 2 Bell
& I RS R R

g B RN A RN R R G o T E - B

Bk T pp i Pz B2 R 39 (collagen)i®

B FC3] (Weinberg and Bell, 1985; Weinberg and Bell, 1986) » iz &_d 7}
Bodee endp B TG B2 R EXROLHFA > FPL TR G A
+1F (Dacron) ke F H 3 & - £ 3 P @ 5k o JI* BRI R TE R
Al FoehtE A& ¥ LA & = 4 (Mitchell and Niklason, 2003;
Kakisis et al., 2005): (1) * ‘¥ b LG 4o R 3= ~ o 4% 2 39 (fibrin)]
22 imPe R & = A T & Weinberg 3 Bell # ! eP2 4 T & 2 (Seliktar et al.,
2000; Cummings et al., 2004; Swartz et al., 2005) ; (2)#-T Jf3vmbe 2 Gl
A lmrz g A A R RS > B P dnlmre 42 > ) 2 F jk (Laflamme et al.,
2005; L'Heureux et al., 2006; L'Heureux et al., 2007) ; (3)k #-24 5 ¥ & f#
Mg o3 PR EA SR BB AN R AT MY > KELFT O
BA& S wme A2 gimie th AETE iR BB (2§ A 3 4158 (Niklason et al.,
1999; Williams and Wick, 2005; Heydarkhan-Hagvall et al., 2006) » iz 35X
AR AT o

EEH-BIH PG FFABAAFERE (DG FRELG R
F 2 Haadp Ak QA e R R LD dosi |2
PR S E R o Al F o B Y o N A ke Bt F RN

Fep g e B Fe I s b EARE R o FIRF R A A



BYPF A RAERF B E o BATRRT > g

KEEGE
EY RS 12 S R TS S T EFE £

ERLE T
PP R & 5 2 OE it > k@ E 5 & (Mitchell and Niklason, 2003;
Rémy-Zolghadri et al., 2004) -

X %g(amniotic membrane) P W @ (G4 = R F TP A S anf fE £
WL oo R o AT A, A Z K o kB E L w2 § (epithelium)
# % "(basement membrane) ~ % zk B & (stromal matrix) o & e AL &
AT B RE AR B Rt HA RS 5Bk
#¢ % 2 3(collagen [V)% laminin(Timpl, 1996) - & e 5k 1 fzchig * + >
fmie MR R Bt AR o XA TR 5 - B R e Y
SEFFe A Ay~ & Frglg i (it (Burman et al., 2004;
Solomon et al., 2005) o % &% F o X WARE T L RSB & EEEIN A
fm*z (limbal epithelial cell) 4 1t » F]P L 2 g * 30 p% & Wenfi 5 £
s+ (Tsai et al., 2000; Wang et al., 2003; Tosi et al., 2005) o ¢ pF7= 3 H i
7 3 % X e (7 g ehE 2 (Yang et al., 2006) > Ok EEa
B RGOS o T AT RN XN A BT AR A WA

e RUE R i X EA R A RS

B
At hp A1 X A S MG S s &
wF P A 2 Tt > EHEE G AP 1 n R
l’f'“*??”ﬁm@«f”‘?%%ﬁfi*lﬂ_? LE RN R R B I

T 5 et % B igm—% oo



£ gyl &

Er 73 150 Uml 4 & & 4%~ 150 pg/ml 4% ~ 025 pg/ml
amphotericin B 2. Bifé % ik et 0 7 2 2 4 § 0% ] 0 5573 30-80C -
%A PR R ik 0 B 2 dispase I (Roche > 48 F) ¥ 2t 37°C i
25 R4 e WX WA G b L mie T s b Flg o TR AR
e A R P Rt A e ¢ 2B 2 PLGA % %(Johnson & Johnson >

2 RS PCL W » FHIRUEATRY o

e e &

FoH? Y OEFHES AR FEY - BHDe oo Bl BR
phosphate buffered saline (PBS)ij =iz i® » 1 2 Mr? SR m gk o
FTEH PR T 0 2 0.25% trypsin (Hyclone » % R) & 37°C T g% 15
Aoks o pLpER L SR T O 227 2T o F-wrE B Y M99 1 & A
(Gibco » % R)® » £4F|T s (71 > A TRATF hp AL e SRS
T oA AP 7 10%%:2 & i (Gibcor £ )~ 150 U/ml % £ & £~150
g/ml 4& f# % (streptomycin) ~ 2.5 g g/ml 2 % T £ F B %
(Sigma-Aldrich > % ®) ~ 0.25 p g/ml amphotericin B % 25 y g/ml
gentamicin (Gibco > % F]) o #-im?e % 3> 37°C ~ = & “BUER 5 5%
%%6@6%%o%éﬂ%wgm%ﬁi§$¢h$baa@w¢m,
MR GHTINBEAAYRAE FA ARL ARSI IR AR Y o T

Fremie g p i A BRI AT QT RERE FA I H-



TEEL B R REAT 0.25% trypsin #-lm e BeT oo 38 (T N8
HOFWH2I 3 NBABRSTEREE AL MIO P Z 10%%: JL/F
50 U/ml % R & £°50 pg/mléaE ~2 2.5 pg/ml 2557 S48 5% o

A g ()
#-dig b L ehd gt PLGA = %(Johnson & Johnson - % ).

-
e

N2

N

G
5

F 5x6 L ko] o U FFRE T Ak A R 0 R E L
1.6 ;}A\e’v’ﬂ%lﬁ]p\ BiHpA ‘m”é’(lO cells/cm) H i ?p&éﬂ'li%%iiﬁ“
e (10% cells/om®) » 32 4 T X 15 > JI* 4k 358 % (g > p P AL dwoe
EREE AT > TV A 4 L e hop Ko~ T cimie b ey R

Heik (- ) -

A g g (e

A H L o AP A I RERCAT o RS B gk B
B tv B X0 o E AR OB EEY 0 L SR BT v S
Rgipigr  RITfivwmiciny A ey 2 & FLfwegihz

BT AP REAPN LI BN Al AR o (RlD)

4 e (R
#-2 ",ﬁtf + g e X s poly-g-caprolectone (PCL)4 3 (B~p (- & 1 42
ARBPREFHRT)EL ORI R P T IR Er P o BT i
P2 27 5 4% F-v % (fibrin gel) (Sigma-Aldrich» £ ®)R & » @ H B % kR
T 10° cells/ml ~ s %k % 3¢ 25 mg/ml > #-3 ;% PCL %

VIR AR T XK AT EERG  REH L B L R



WE (107 cells/em?®) o £ ST X 2 & 15 > B0V A L RWE B
ME AR EREEEZ) -

Al s gt e)
¢ﬂ%ﬁ%&T%é%JRﬁi¢%*ﬁiﬁﬁj’%ﬂﬁéﬁ
10~15 & e % g Hid > #0t 3 & enZ R Y @ EFK R TS0 B ogg o
SR NI WEART B LA - FR BT 0.1%= A EE(R > 0.0IN
BT )3 4CT IEF 24 ] PEILE R B fi(cross-linking) 0 & ¥
#ed ki 20 0.1M 4 MRpk(glycine)® o & AdzF A RF T IE 30 4
0 UREATT 2R B BARFEL B AN AR E
ROA e (2x10° cells/em?) X 5 5 % 0 AR 2 > X mir o ek

1 g (Ble)e

bl

\\m._

X5 k) A1
ketamine /3 &+3| % 75 & - 0 &2 5 10mg/kg > #& % 1% isofluorane i
FERRF MR- S s? AR FREPITRFTES 4 - 20
PEEHF R P RSTF e L f B LR 30 4
48 3 Vep LB Fd & (penicillin G)E S BT R L i‘}?‘% 5B 8% PR
L R R SN o) FIESEE N R Lok S
I T T o % = B eh Prolene 5% (Johnson & Johnson @ % )
ReA 1 FEFHREL PR RG P F o L ERY FH

PEA LGB ARAIFA 10 FANRER AR WU SR T M

f6F &S v JRPETT F (40 mg/day) Lt b m A R s € o T B



U 71 gt Dexamethasone (0.4 mg/kg) /4 "% M8 X 2 PR F o BE (S
IR~ 23 1323 4383~ 2 b ot Bl H ik

PRI

R B E BRI

#-4 1w g 2 PBS ‘)%"};t%é R L1 2] FE L 4A%
PEERNEERET HLLS LR JI* 50% ~ 75% ~ 85% ~ 95%%  100%7iF
Wi REFR-R(E 10 ~48)  HFUFHHEH - 7 F(xylene)snt &) 3:1 -
1:1~1:3 2 100%= ® FefhrREBFTEH(E 15 ~48) £ 0= " FHFE
f (Fisher Scitific » 2 B])ent &) 3:1 ~ 1:1 ~ 1:3 e B3 58°C B 4% 2 7 #f
(2 1/ PF)s Bfe B P 258 CIT* e U L e 48 o J % 2 7
% (Leica » 1€ B)#-4% & 27 20 5-10 Hcof & 2 > B2 R Bopiep
(poly-L-lysine) (Sigma-Aldrich » % Bl)enfigt i b > % = 7 % 2 P 5
B %, > 1% hematoxylene (Sigma-Aldrich > £ R)% ¢ 10 » 48 1 & ¥ U
eosin (Sigma-Aldrich » £ B)Z ¢ 30 §) > U ¥twme i 2 wme Fiv L 4
¢ oo R e R E Mg 2 B AR & St(Nikon > P A)ELET B4R o

Al PHEHEFFRRGI-)

AFIP R B pnptlr INEE AT L F o 50 R B
BHIBIIF L g 10§ APRF T - BERRE DT E
d I IR T S ] 0 R AR e 2 B A E RS iE

SANNTE R B R T S = ER



fo— BV A fRad P A R I 2 LS feT M 7T
PRI 2 H o F N AL w2 T uim e s & o X W PLGA i
WEFY 53 10 X A R I A I A T A R
R (RI AB) a3 S RAEBRZT PR IRE K iR T
P EREEERN K 0 M RIRIG RIS T ez (BT O) ¢t
B R w2 By PR I 0 Ad PLGA #W0rid 2 o 1R T Eé;mv}#
f@’%‘ﬁl‘kl_ﬁ;’? EA S RBHRHE LR T ] 4 2 B

Frgmt sl e LR 1 FENAHF BE- BT 20 d 0

PLGA $3ena 2 » @& 4 4 &0 & enfp2) 438 (W7 D) k

B A FRESEDAP AP EREEA I g A BHEIR
FAER B2 RP SRR T JT S AP L 3 2 s
i F BRI (S A) 2 B M F I I m PR
ZRERG LI RE 2 (Bl B)o AP HETEd A 10 F ko p R
- BAd o TREEF I ERLRDE A REAPL BRI A

=t

Al FERERZEG R R R o L Dk T o i G
Fan A A hEHE AL e

43k f (R D)
FNPERFT -2 BB R ER S ORI BT T
H

KT—J»

F 3 PLGA ryaga bt 4 £ - F ¢ %%'t‘* FE R T w2 £ TG0

' X BPLGA e ifsdz(s » BT jfvcimie j » Ll 0 i 2

@%ﬂg@’ﬁﬁéHﬁA&%@iﬁiﬁogﬁmﬁﬁgéﬁ’ﬁd

‘L%hl? PERED L vt S8 g F T 4 £ A PLGA R o ¥

14
5



2
i
>=t
Tn
=3
paig
=
\ IS
p—a
e
(ﬂm
F_L
_ng
i~
I
oy
P
[
E
I=q
[
A
i
FU
—
Q
2>
&=
~km
33
e
T~

A1 R B R R )

PO fRATHARA APES B RS e kFS oF A A
FHER A F DT RS ROpEF > 0 E B ) eIt
oAl s A BBk B RP KT % F R PCL g
PCL thA fZRFAF X3 6 B 7 2 3L 2@ 419 % 100 ek - ¥ - 3 & >
AT A F A2 MRS L RS RRET WL
B R EN PR G(BIZ) o JIH P03 2 i A 1 n F 7T A8 g
(BN A) A1 p g B FEOFER(E N B)re B 241% 235 R
BB AR 0 BEoT w pn v BE s T AR 3 B cDlER(B N C) o #
oI ¥R gBNEFE PREEZREE T EEOPAERL R
Pre i A 2 (B~ D)o i cnig R BEon o g2 R T e
A APl RE > TR c L bR G T R ARy 2k
Wb B ARY X W b F A PCL W XA SR % §5F
é# &?m;\ﬂ TR e £ TR o

‘F_*

e 203 28 28 G0

BN EWE AT BRI o APELLL T o e
Eh b A3 J1r F A HR AR RT B RS R
oo AT L S R T L E i R H R



WA o R PEF Yppd BEA 1 A gAY 0 F AR AR
Trcmie » aBERLFLOT Fiteme 4TI A 1 n g iz A &

H # i (LHeureux et al., 2006; L’Heureux et al., 2007) o F] gt 2 i3 B 4 #-p
Almre &I a5 (B4 A g Bor 8k X it o
PR AT s L AS BRI (B4 B) o it F i X s
HEF WA o ¥ B '3y R R 4 (burst pressure > 300
mmHg) o #-4 1 & g HBEI R DFERBAL C) > v ¥ S8 g A
ForREZ PRy T el A o Y 5 B e
%ﬁﬁwﬂgu D) o ‘EPE A S S B 4y 0 A IRA ) L e A
15 24 P RN A 0 R R EE R RIA A > B R de %

Llmfe g F A4 0 UBEA LK F e oo

i s

AN R PR ANER LG AFPFEDA I L FEEL o R
RN RS o 8 W S LRI SR S
SRR LI > Al gl o AP E R BB
E o TREWE B NE AT MRS LRI BRI AL F L e
AERDRFT L E g AT oL BRI L R g E R
AL FREFES AR EAFH o I L F MWD X i
PR REGHE G LEDR IR > R LG P R R F R R
FrE I L e R KL L end] 4 o A R BEE I A bR BB
Cag Bl RELE LR RE S HF o



542

Burman, S., Tejwani, S., Vemuganti, G. K., Gopinathan, U., Sangwan, V. S.
(2004) Ophthalmic applications of preserved human amniotic membrane: a
review of current indications. Cell Tissue Bank 5:161-175.

Cummings, C. L., Gawlitta, D., Nerem, R. M., Stegemann, J. P. (2004)
Properties of engineered vascular constructs made from collagen, fibrin, and
collagen-fibrin mixtures. Biomaterials 25:3699-3706.

Glass, C. K. and Witztum, J. L. (2001) Atherosclerosis: the road ahead. Cell
104:504-516.

Heydarkhan-Hagvall, S., Esguerra, M., Helenius, G., Soderberg, R.,
Johansson, B. R., Risberg, B. (2006) Production of extracellular matrix
components in tissue-engineered blood vessels. Tissue Eng 12:831-842.
Kakisis, J. D., Liapis, C. D., Breuer, C., Sumpio, B. E. (2005) Artificial
blood vessel: The Holy Grail of peripheral vascular surgery. J Vasc Surg
41:349-354.

Kannan, R. Y., Salacinski, H. J., Butler, P. E., Hamilton, G., Seifalian, A. M.
(2005) Current status of prosthetic bypass grafts: a review. J Biomed Mater
Res B Appl Biomater 74:570-581

Laflamme, K., Roberge, C. J., Labonté, J., Pouliot, S., D'Orléans-Juste, P.,
Auger, F. A., Germain, L. (2005) Tissue-engineered human vascular media
with a functional endothelin system. Circulation 111:459-464.

L'Heureux, N., Dusserre, N., Konig, G., Victor, B., Keire, P., Wight, T. N,
Chronos, N. A., Kyles, A. E., Gregory, C. R., Hoyt, G., Robbins, R. C.,,
McAllister, T. N. (2006) Human tissue-engineered blood vessels for adult
arterial revascularization. Nat Med 12:361-365.



L'Heureux, N., Dusserre, N., Marini, A., Garrido, S., de la Fuente, L.,
McAllister, T. (2007) Technology insight: the evolution of tissue-engineered
vascular grafts--from research to clinical practice. Nat Clin Pract
Cardiovasc Med 4:389-395.

Mitchell, S. L., Niklason L. E. (2003) Requirements for growing
tissue-engineered vascular grafts. Cardiovasc Pathol 12:59-64.

Mitchell, S. L., Niklason L. E. (2003) Requirements for growing
tissue-engineered vascular grafts. Cardiovasc Pathol 12:59-64.

Niklason, L. E., Gao, J., Abbott, W. M., Hirschi, K. K., Houser, S., Marini,
R., Langer, R. (1999) Functional arteries grown in vitro. Science
284:489-493.

Rémy-Zolghadri, M., Laganiere, J., Oligny, J.-F., Germain, L., Auger, F. A.
(2004) Endothelium properties of a tissue-engineered blood vessel for
small-diameter vascular reconstruction. J Vasc Surg 39:613-620.

Rosamond, W., Flegal, K., Furie, K., Go, A., Greenlund, K., Haase N.,
Hailpern, S. M., Ho, M., Howard, V., Kissela, B., Kittner, S., Lloyd-Jones,
D., McDermott, M., Meigs, J., Moy, C., Nichol, G., O’Donnell, C., Roger, V.,
Sorlie, P., Steinberger, J., Thom T., Wilson, M., Hong, Y. (2008) Heart
disease and stroke statistics—2008 update. Circulation 117:¢25-¢146.
Seliktar, D., Black, R. A., Vito, R. P, Nerem, R. M. (2000) Dynamic
mechanical conditioning of collagen-gel blood vessel constructs induces
remodeling in vitro. Ann Biomed Eng 28:351-362.

Solomon, A., Wajngarten, M., Alviano, F., Anteby, I., Elchalal, U., Pe’er, J.,
Levi-Schaffer, F. (2005) Suppression of inflammatory and fibrotic responses
in allergic inflammation by the amniotic stromal matrix. Clin Exp Allergy
35:941-948.

Swartz, D. D., Russell, J. A., Andreadis, S. T. (2005) Engineering of



fibrin-based functional and implantable small-diameter blood vessels. Am J
Physiol Heart Circ Physiol 288:H1451-H1460.

Thomas, A. C., Campbell, G. R., Campbell J. H. (2003) Advances in
vascular tissue engineering. Cardiovasc Pathol 12:271-276.

Timpl, R. (1996) Macromolecular organization of basement membranes.
Curr Opin Cell Biol 8:618-624.

Tosi, G. M., Massaro-Giordano, M., Caporossi, A., Toti, P. (2005) Amniotic
membrane transplantation in ocular surface disorders. J Cell Physiol
202:849-851.

Tsai, R. J. F,, Li, L. M., Chen, J. K. (2000) Reconstruction of damaged
corneas by transplantation of autologous limbal epithelial cells. N Engl J
Med 343:86-93.

Wang, D. Y., Hsueh, Y. J., Yang, V. C., Chen, J. K. (2003) Propagation and
phenotypic preservation of rabbit limbal epithelial cells on amniotic
membrane. Invest Ophthalmol Vis Sci 44:4698-4704.

Weinberg, C. B., Bell, E. (1985) Regulation of proliferation of bovine aortic
endothelial cells, smooth muscle cells, and adventitial fibroblasts in collagen
lattices. J Cell Physiol 122:410-414

Weinberg, C. B., Bell, E. (1986) A blood vessel model constructed from
collagen and cultured vascular cells. Science 231:397-400

Williams, C., Wick, T. M. (2005) Endothelial cell-smooth muscle cell
co-culture in a perfusion bioreactor system. Ann Biomed Eng 33:920-928.
Yang, L., Shirakata, Y., Shudou, M., Dai, X., Tokumaru, S., Hirakawa S.,
Sayama, K., Hamuro, J., Hashimoto, K. (2006) New skin-equivalent model

from de-epithelialized amnion membrane. Cell Tissue Res 326:69-77.






EC SMC

AM PLGAmesh

B Rolling

N

Bl- ~ f1* £ %5-PLGA .?:M‘;ii?ﬁ& 1w %‘(%‘i—’;“ ) (A Xt
LuE RN A i 2 T Hovimre o (B)Sh Az & q)eh 2 o



2 % ..
- . \Mandrel

#=\N| _ AM+PLGAmesh

- .
# —— SMCs

nl
3
3
-
N
-
-
3
1
3
1
.j:

W= > (A)#-T foeimie 32 % PLGA 9% ¢ 57 LW - (B)fI* A
740 1 R L Rk g gg y 48T ;)qﬂm‘gmpaﬁ;g;;& BN XY o



ECs
AM

PCL scaffold
SMCs in fibrin gel

~

AT LBl e B)EAHYET LR 4 A EHMo

SITERTY



ECs
AM (10-15 layers)

Be ~fl* L8R *;‘23\25};%’5;&5 H(HN ) FRR L A
BE RO G o



BT - (A)fI* £ 5-PLGA W 04 1 § o (B) sk ¢ o
Hoo g (OF BTFFIIPN A wre 2 T Foimee on g oL
i f pop(lumen) s BB B L S H I T vme o (D)Rd
PEREYSRA- B SR >6 o



Rl g

o

¥
g

» PLGA 7



Bl= 1% S S s et 1k - B A Bw el G i
(A)» Ho¢ ficd chd é 2 X9, ¥4 pl% 2 E & PLGA $9% ) &
T aeinte o BI(B) 5 BI(A)h A o



B~ ~ (A)F1* £ 5-PCL 9 4 4
PR AN E IR 0 LTI PR T G

-

1 F o (B#A LI EFHE
AL g g s e (C)Ag

FABRRBELe R on F o (D)BEET ¥ F R R oL n

# M2 M~ PCL %0 #50 ~ X 5o



BL > (A)FIF - F 2 mend bz iEnt 2§ - (B)HE 7 & BT
B AR o (OM 4 1L BB IR B o
AL AL gtk D)BEEE B R G -

1\



