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8 o AR AW Z2]ol2E Q] poly(e-caprolactone) (PCL) # 2154 11 %-213] poly(ethylene
oxide) (PEQ) 9] £3 W2 2dA PECS) &3, JEF 2 nEg2A o) af& ud o5l pnit-
roaniline(p-NA) &) W& A% & zA}stg ). PCLi—‘:‘rH p-NAel W& 752 vl +3 WEFH(%Q)
o] Azt Al <to vl st ¥)a) PEO} A& 814 (PEO-b-PCL) & £383 79 20wt% PEOo)
A A1ZE9) 0.72-0. 8059, 30 wt% ol A= 0.78~0.82% ), 40 wt% o A= 0.82~0,85% ), 50 wt%
Sl A= 0.91~0.94% 0 )& 8te] A 2} zeroth-order kinetics & @-16}5— AS HYo}, oy

@3 EACoA PEOY HEAHQ HE2 U F2E Y4t 1/ AAEel N&Hog
Z7hsed A8 Ao AN AYE SQlae] 4AY 3% wE »: erde fEste 4
asich.

Abstract : Release characteristics of model drug(p-nitroaniline) (p-NA) from poly(ethylene oxide)
(PEO)/biodegradable poly{e-caprolactone) (PCL) blends matrix was studied with respect to composi-
tion, thickness and morphology of the film. Fractional cumulative release( % Q) of the drug showed
a linear relationship with (release time)®® for PCL matrix, whereas the exponent increased to 0.72~
0.80, 0.78~0.82, 0.82~0.85, 0.91~0.94 on PEO(20)/PCL(80)/PEQ-b-PCL(2), PEO(30)/PCL(70)/
PEO-b-PCL(3) PEO(40)/PCL(60)/PEO-b-PCL(4) and PEO(50)/PCL(50)/PEQ-b-PCL(5) blends,
respectively, approaching a zeroth order kinetic. This fact may be attributed to the selective dissolu-
tion of PEO from the matrix, resulting in a porous structure with expanded solid/liquid interface. The

system was analyzed by a drug release model derived by an analogy of an electric circuit.
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A &. Poly(e-caprolactone)& Union CarbideA}
o] Tone-767*& A3t om, poly(ethylene gly-
col) (PEG-6000 ; [Mn] by GPC=7800 g/mole),
poly(ethylene glycol) methyl ether(norminal[Mn]
: 5000g/mole, GPC[Mn]=6500g/mole),
aniline Aldrich Chem. Co.9 #ES& AME3IA
t}. PEO-b-PCL(5k-5k) &=3-5 &< ofefieh &ol
A 5le] AR, e-caprolactone} toluene2
B 22 o3 A F ARSIl Stannous
octoate:= Pfaltz & BauerAboll A 413t

PEO-b-PCL block copolymer(5000-b-5000 g/
mole)2] A=, AAP e-caprolactone®} poly(ethy-
lene glycol) methyl ether2 FA=U} FizE
stannous octoate’} AF& % 1t}, 250 ml three-neck
round flaskol poly(ethylene glycol) methyl ether
(209) 2 W1 AEL olgate] 90T FE& A
A3k, toluene(100 ml)-& H7Hgh oh&
tone(20g) & 931, HE Ao stannous octoate(0.
3wt%)E FUT F 2 LxolA 14~164 5t
wwkalgrt, ¢ Ah 9718l sl
m, uhg-2 S #aFo] ethyl ethero] JHAAIA &
gAe H4ater. g4 IR spectroscopy ot
GPColl 9afA EA4ixd=dl, F8% BAd ol
Bapagol tgatg o] Badg ¥ L32g e
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Poly(ethylene oxide)/poly(e-caprolactone) &3 vjE¥
Pseudo Zeroth Order Kineticoll 23 <& W& =4

o).

Polymer-drug matrix2] A%, 88§ polycapro-
lactone®l| p-nitroanilineg &8jA)71% poly(ethy-
lene oxide) ¢} A4+&384| (PEOS) 10wt%, PEO-PCL
bolck copolymer) & &8 33t
ver PressZ stainless steel#3-& Al83}e] comp-
ression moldingdle] FAM 2 sampled A %3}y
th. PCLo| £-3]€ p-NA9 PEO9)| 98 &
&3} 317] 9fste] EFPAIZES BAEl Ty s
ZP3eol A 2t o8] Al 24 R AfRe
Table 1o Q<Fatct.

In-vitro Drug W& A 3#. A& PBS buffer so-
lution(pH : 7.4, 37C)o| @Astd YA A7F 7H
Ao 2 3ml A% buffer 8N8-& )2 3}e] UV/VIS
spectrophotometer(Shimazu UV-240)& A, (380
EA48te FHFHAG 71EL

% Laboratory Car-

j—)&

\

nm) ol A} absorbance&
2 HEFs 233,

Morphology2] #%. A+ [z&n] 4 (SEM, Al-
pha-25A, Akashi Co.)$ A}-8-3lod PEQ/PCL £
= "g9 PCL g4 vlee ol nj7as o3
skt

A3 9 23

B Ao A= PEOS) GPC E-x}8Fo] 7800 g/mole
(PEG-6000) 21 A& A8-3t9 =0, ol endothelial
barrier® £3] #oj& A= Hu BAje

Table 1. Composition and Thickness of PEQ/PCL
Blends Matrices
PCL * PEO PEO-b- p-NA  Thick-
(g (g) PCL(® (g) ness(mm)

Sample 1 10 0 0 0.3 14
Sample 2 8 2 0 03 14
Sample 3 8 2 0.2 0.3 14
Sample 4 7 3 0.3 0.3 14
Sample 5 6 4 04 0.3 14
Sample 6 6 4 04 0.3 1.8
Sample 7 5 5 0.5 0.3 14
Sample 8 5 5 0.5 0.3 18

Eo|H #1187 A3 19949 19

000 g/molez %A 917) wi-ojr}. ! PCL¥} PEO
9] &g folatAlslal PEO/PCL AWE 437
93t PEO-b-PCL(5k-b-5k) block copolymer(co-
mpatibilizer, BCP)& &/t PEOY 10wt% &
H7takadch

Fig. 1& PEO/PCL Ed =0 PEOS H& & ¥
d¥ A PCLY FAkdu 73 Apzloltt, PEO7E
HAA AL 20% H7 e 2ol 1= open cell?] x| E-o]
5~10um<¢ld) ¥k, 30% ol 4+ 10~15um, 40% ol
M 30pm, 50% oAM= 40pme] A& 7H AF
o) ool WEYFo 2 A= A Hol PEO
st&ro) we} PEO/PCLEA o)A PEO domaing)
ar7y dah Zvkete e o 4 Aok =% PEO
20% B FE YA veda2g 93
FaAE EgTozA PEOY Hate]l /MAEE
E9irh

Fig. 2= PCL, PEO/PCL(20/80) :1z}at PEO/
PCL/BCP(20/80/2) ufj =2l Aol A 2] p-NAS) H-&HA
¥ %Qshto] AR JEbA Aidl, PEOS H7t
o) 93 27 WE&vol: # o]z} glorvt PEO
98k e Hube) whet e AEEFe] WEAG
off thall Hz MEA o2 Wslshiz -2 PCL/water
o) AWo] PEOS MelHel #Zo we} 3 u) o]
Ad WE FudrrE S8kl giiteitt, PEOS
shapo] 20% 91 29 PEO] 35~40% &= PCLUjo] 4]
isolated domain-& F4dsh= Ao = _‘;'01 Eﬂ o3z
PEO9] 60% Awuto] 3 ZHhs ALAZRE o 4
ANt wekA PCLY PEO®] %4 & aéé 3171
93ty PEOS 3Heke 30%, 40%, 50% 7-7 %7}
A=Y, 30% AN 91%, 40% M A%,

%) 4 98% o0l 4te) PEO7H H& e A4S #;}g
% slo] PEO/L 30%0139) xe zdgdeli:
PEOE ¢33 a548 d4she A8 2 & Aot
(Table 2). PCL/PEO B9 BZ2 A% Fig. 3

]H t:élgloa 7 E}:?s]

\

LAbsk T

Fig. 4= wjEel~o] z4o] PEO/PCL(30/70),
(40/60), (50/50)21 7299 vlal+4 HEHF %Q
arEA|7he] BAS PCL(100%) wfEd 29} v of
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Fig. 1. Scanning electron micrographs of cross section of PEQ extracted matrices ; (a) PCL(100), (b) PEO/PCL
(20/80), (¢) PEO/PCL/BCP(20/80/2), (d) PEO/PCL/BCP(30/70/3), (¢) PEQ/PCL/BCP(40/60/4), (f) PEQ/
PCL/BCP(50/50/5). BCP : blockcopolymer of PEQ and PCL.

A3k Zlolck, HAE Q& k- t"e] A4 ng linear
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Fig. 2. Fractional cumulative release of p-nitroaniline
from PCL/PEQO matrices. OO : PCL, v . PEO/PCL/
BCP(20/80/0), @ : PEO/PCL/BCP(20/80/2).

D PCL

PEO

Fig. 3. Schematic diagram of PEO/PCL blends mor-
phology : (a) PEO<10%, (b) PEO : 20%, (c) PEO :
30%, (d) PEO>40%.

Ao A ALgE mjEY A= PCLY PEOZ 445
o] glom F Aol A= PEO-PCL block copoly-
mer7} EA)gc}, {714 k&< p-NAE= PCL 7ol
A= EE 1A PCL melto] £E33 PEOE 73}
il Cold Pressoll Al H&g Azt Ao B4
Zth. PCL/PEO E3 =2 X 9] p-nitroaniline &
PEO9] H&EA%T & PCLA A= 79 Fite] &

Eo|H A4j18d A13 1994 14

Table 2. Percent PEO Extracted from PEOQ/PCL Ble-
nds during Drug Release Period

- =4 . %PEO
Sample # ppoper/pep T MM Eyiracted
3 20/8072 14 66.6
4 30/70/3 14 914
5 40/60/4 14 96.6
6 40/60/4 18 94.9
7 50/50/5 14 100.0
8 50/50/5 18 98.9
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Fig. 4. Fractional cumulative release of p-NA from
PCL/PEO matrices ; O : PCL, d=14 mm, @ : PEO/
PCL/BCP(30/70/3), 1.4 mm, v : PEQ/PCL/BCP(50/
50/5), 1.4 mm, ¥ : PEO/PCL/BCP(40/60/4), 1.8 mm,
[ : PEO/PCL/BCP(50/50/5), 1.8 mm.

ojufil ojojA F3lE mjEAZRE opFo] Tt
B4 & Bl dP¥, $£84U PEOYAME 11/
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Fig. 5. Selective dissolution of PEO from the blends,
showing an increase in matrix/water interface.

Iy
t=to iﬁ

Water

Fig. 6. Description of drug release process by an ana-
logy of electric circuit ; Ry : resistance on water diffu-
sion into PCL phase, R, ; resistance on drug from the
wet PCL phase, R;: resistance on PEO leaching by
water, R, ; resistance on PEO diffusion through tor-
tuous pore.

o {251} wo <o) e sl ®ch. PCL/PEO
Bae sEY 2o A ofE PEO/F B3 W e
Aghg 7+ DAlolA Rgka shw WE#3 e Fig. 6
7 e A73e 2AR Vel Qlrh
Fig. 6914 R;& PCL phasel| & &34kl of
Hgtol, RyE 4319 PCLoA opgo] W&
#A 9] #3dtolt}, Ry PEOYE 80 A&H=d
i3 Ao, R, &= PEO7} A} 28 PEO/water 7|
wol M vl yo2 styoe) et te A
go|ct, PCLAAA BHitslo] vhe & oFEo] PEOS]
A&7 A9 pores T3 AT d=el A
#o] PEOe]| uls} 841 Zfo} SabA| 57} A1 ol
PCLUZ #its]o] Soj7hz Mo PCLERE of
Zo] #itElo] vpei= Ayl vis) uj¢ Aome
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PCL @gifa ok W&ol uidt 4% RE
3} 3 o] serial processo] 2.2 R, & R, 9] &oln] 7}
Zte =33 wet matrix ZHE] 2¥E-9] fluxdl] wh
] & st

RI:R1+R2 (1)
PCLAMI A 483 FE9] fluxE T3}7] ¥3te
Hol2 A A o2 2ok
°C. C
D2 = % kg, (2)
. ot
B gElA e 2o 27 21 2 AAx
g AR
I.C. C(y, ®=0 (3-1)
B.C. C,(0, t) =Cy (3-2)
Ci(oo, t):Cw (3'3)

2 (2)¢] =RE fluxE ek
N, (t) = Cyy (Dyk;) V2Lerf(k;t) /2 + exp( —kit/2m)
kt] 4
A ()4 PCLU S} 7hpisl &57h =
3ol 2%7) gloh 7bgahd k=00 e g ofefet
#,

N, (1) = Cyy(Dy/nt) /2 (5)
ko] gNE e wor Fahd
N, (t) = Cp(Dp/nt) 2 (6)

Cw» Cp Z3 3 ofE-o] 7 5ol Dy, Dp
= 7tz Az3 PCL vjEg A 2o 59 24t
Aol %348 PCLoIA 2] ok 9] 814 Asolch.

add kA AFE vkel 2ol A (DM R
1/N;, Ry= 1I/N,9) 4§ #oees

1

N,=1/R=—— 7
b=1R: 1N, + 1N, ™

21 (5)9F 4 (6)& 4] (7)ol th}date] heks] b
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Poly(ethylene oxide)/poly(e-caprolactone) EF tlEH A2 HH

Pseudo Zeroth Order Kineticoll 23 <&

we 24

Table 3. Exponent of Release Time ‘n’ in %Q~k - t* for Various Matrices

%Q Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 Sample 7
60 % 0.5 0.760 0.802 0.814 0.853 0.940
c c* 0.997 0.998 0.997 0.993 0.989 0.993
70 % 0.5 0.753 0.764 0.798 0.831 0.934
c C - 0.996 0.992 0.994 0.993 0.993
80 % ~ 0.742 0.723 0.777 0.819 0914
c c ~ 0.994 0.992 0.997 0.992 0.998
c. ¢.* : Correlation Coefficient
2] (8)o] Ui}, Appows el 22 4] (12) & 4] (13) 9] disistsd
EEEE
N CoCwDyp! Dy 2y (12 (g) A
= - = t‘
P /r(CyDp Y2+ CyDy?) ! Qpro=ay/t —a/B(In B/t +1) (14)
k;=CpDp"?/y/m if CyDy/2>>CpDp2 a=2CpgoD"? Apgomw/n'’%, (15-1)

PEO/PCL £ = PEO9] flux,
Nppot &7 #ol =¥ th. $-4 PEO7} 84
&) A% AL zeroth order kineticol] w2 A
g},

degoM w2

N;=P(constant) ()

P= PEQ’do)| thsl ¥ permeabilityo]™,
PEO7} PEO/water A4 vfEZ A vlo g Ay
He 32 duk gt goia B £ Bato]
A& e el PEOQ %5 Cppg, poreol Ao &
A AFE Dpgotal 3H4, Ny 2 (6)olA 15

A FAR BA NS Eg 5 AUk
N,= Cppo(Dppo/nt) 10)
Npot 22 Wi o g NppoE 3hd
NPEOZ_—l_‘— (11)
1/N;+1/N,

A @9 (108 4 (AD wdsted hgks] 8t
il

Now— Cpgov/DreoP (12)
PO (VDpgo + PV
Qpeo= :)APEO/WNPEOdt (13)

PEO7} 299 &e}¢] domaing &

220 A18H A1z 19944 14

0/B=2Dpgo/n Px0, hkdtA P>>Dpgy (15-2)
PEO9 Faagd g
o}
AL S MEZX7}F 270 FE7 HE31L QW
HAol1, AA,, (D PEOY HZo oz AAE
+© Matrix/Water Al'd2] H3o|ng PEOY +3A
&% Qppooll ®ldldch
AA L Zan/t t<t
AAy =ty 2t
QD:J. ND(Am/w+AAm/w) dt
=ikt (Ay 0/ D At =/ T(2A L+ @

YAl A (16)3 2o ®

(16)

(17-1)

(17-2)

V) t<t, (18-1)
QD = Q[)(t()) + Qp(t - t())
=Qp(ty) + melt.I/Z(Am/w +ary/todt
=K1V to (28,0t 0V 1) + 2k (/= Vtg)
(A toyty) 2t (18-2)

v 2 BEF %Qe Q/(0.54,, -d-Cp7t &
. 0.5A,,, - de HEH2e] Rujo|r},

%Qp=kyyV/t(1+an/t) t<t,

\.

(19-1)
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#geh - 3

%Qp=ky'v/to(1+an/ty) +ky (/t—/ty) (1+
an/tg) 2t (19-2)

@’ =20'/A e Ky’ =4ky/(d - Cp) =4Dp"2/(\/7 -
d)

714 are Ayl Bllshe golmg are dA)
2E Ayl TESh g e R E s
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4 A9M kYt e HEJ22RY FREE
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Hr2o| A&Ey AlZto|n 2 PEQ/PCL Edl=olA
PEOS] W& A%olM 7+ uh

23 PCL/PEO ERI=oA 27]9) SAH L W&
FS A A7) e HE AFTE 458 o
k)& PCL mlEg] 20X 9] p-NASY WEAFS ATt
9] AFo wish plotdt Fig. 7oA -8bd, 0.126
/d(d¥e ZE9 T4, mm)e] §%EAZHinduction
time) o] &F2(t%5) 2 0.64%{c}t. PEOY] &A%
& Fig. 8914 B £ gl%o] §wAlzte] glo] tH2e)
jgahed] ol °F2e] porer A4 Dyuch
A4 2244 P7h ujs 2] gRolch, e} A
zro] Aol met WE Huv} EahHE e w)
g2 Yo Y28 £5 YA 43¢ FE
H 7198 2 (19)e] FEANE efste) $34
3t olzjs} 2k,

%Qp=ky/(V/t—Vtp(1+an/t) t<t, (20-1)

%Qp= %Qp(ty) + kl’(\ﬁ“' \/ﬁlu) 1 +a"\/Y0)
tZtO (20-2)

ar=2a'/A

k,'=4k,/(d - Cp) =4Dp"?/(\/nd)

A EEH $E A7) vad AH w
£ 2] YeINE PEO A9 122 A FaAW
iz} PCLAOIA S ohg W 713He A4 9 2
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Fig. 7. Fractional cumulative release vs. square root
of time from PCL(100%) matrix.
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Fig. 8. Cumulative release of PEO from PCL/PEO
blend matrices : @ : PEO/PCL/BCP(20/80/2), O :
PEO/PCL/BCP(30/70/3), PEOQ/PCL/BCP(40/60/4),
PEQ/PCL/BCP(50/50/5).

o nigrdsiy}, PEOZE 2714 &4 3% &
AAE g2 213 zeroth order kinetic A5o] %
7l gt dojzn, AURA =2 Hfole WE A
TN FFE FA Eshr] diolch w=d, 2 AF
oA ALg% £3 sjEZ A 9] pseudo-zeroth order
WEAEES 7FesHAIRlE 4= B3z PEOY
AE4 57} R wab PEGY W&ol #¢d o]

&)
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Poly(ethylene oxide)/poly(e-caprolactone) &3t M EH A2 HE
Pseudo Zeroth Order Kinetico] 213 %8 #& =3

100

Q> to)={k+a to){rootft)-rootfto)] —_—
) drug release curve
Qft<to)= [k rootftj+a 4 -~
%Q "~ 1\ a=kroory)
4:?.‘:*" —1+—> Q- at
0
=0 t to

S Q[>t0]=(k+a to)iraot{t) - rootfto)]

4 to is the time all PEO is released.

Fig. 9. Schematic diagram of pseudo-zeroth order re-
lease of model drug from PEO/PCL blend matrix.

Cumulative release fraction

i L 1
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Fig. 10. Fractional cumulative release vs. time from
PCL/PEO blends matrices. solid line : predicted for
PEO/PCL/BCP(50/50/5)matrix, O : 14 mm thick-
ness @ : 1.8 mm thickness ; observed.
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