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Aol 2J3le tertiary amine & -3t hydroxypropyl methacrylate JL&2H2H-g& Al 238t rt. of =He]

L
TF4ge Faao] pH7F gHagl wat Fhslgnh e ERm IA] 8N pH 7L At wet
Z713tgch o] e BawE 43 o] Frgel whal 7hAstch o] uhell Fatstaig 1A AR acryl
amide T+ F-2 3t 23 matrix device & A X3t o] 2] A& FHEE glucose o FE=7F FUse
w2} F7hst Tk

Abstract : Poly(hydroxypropyl methacrylate) membranes and matrix devices having tertiary amine moiety
were prepared by sintering method, and their permeation charateristics were investigated. The water content
of this membrane was increased with decresing the pH of the medium. The permeability of this membrane
was increased with decreasing the sintering pressure. Using sintered matrix device ‘burst effect’ was found

at the early stage, and initial insulin release of glucose oxidase immobilized matrix device could be controlled

by glucose concentration of the solution.

1.4 B & 9lou insulin & BEdHok s Ho] BHsw

woll F-&stod ARg-sfof st 2 5o A dlo] np=

Pl NEE 98 AMEEH = A5 ALY insulin F 7vAol wixt), HIEY nEA BAL o] 83ty

P2l daily injection & blood glucose levels 2k Fajol] W 49 drug AEA £ ohE 4G

A WMES st B E S s 5= Hakgo 285 (bioactive-agent) 5% FFA1#H LA Bt
AcH1]. ©lE s 2% insulin infusion pump & glu- A8 5o 2HE F 5 Je YRR WEAE

cose =& 2R Lol w} insulin &S 24 controlled relase system o #3 A7} &wrsiol,
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231 insulin # 2 AHEAY release system
W& A7E 70 dul Futol ¥ &A33} Hdov oA
23] u]u)§ FH ot 2]. Brownlee 5 Concanava-
lin A S} Glycosylated insulin & Z# sgE], &
A 9] glucose ¥oll @} glucose & Glycosylated insu-
lin o Xgo] AARo g dojFg A3, °F
0] 83} self-regulating insulin delivery system ¢ 7}
54E AA A3
3tE 2R A7} medium 2 pH #ke] 7H4=314 protona-
tion Ho] AFA ol F7tavheE AHdo]l Bud vt gl
©vi[4], Ishihara $°] %% “d(amphiphilic) L&A
uhg £33 insulin & % £571 7o) gl
wed 239 F ok Busgos]. ® AT
e goll A AAE 71E AFHILE ulE o2 3o
P E AFEEE insulin & FEH-E M
7] 9138k, biocompatibility 2} biostability 7+ $-2 hy-
drogel & ¥%<1 hydroxypropyl methacrylate ¢} ter-

w3 tertiary amine &

tiary amino group & 7}AE€ diethylaminoethyl acry-
late & F&FFst =g Az3QPy. 1dH, dut
A9l Aut WSl solvent casting HHE %, &0l
So ojaf oo Aol NHEA FFE won
AIZEe] & Zk AjZke] a7 EHE 9o EAFE]
glom 2 AAFH(sintering method) ol &3ke] &
Az insulin & FAEAH-E FAE}IYT. EF in-
sulin € FAE T5EA ) 2AAA THE matrix de-
vice 9 & 5AL #23A ). Glucose Oxidase &
poly(acrylamide) gel o A2 hg[6], °l&
matrix device 9l coating A1Z1 H°ll glucose & ol

£ insulin % 54 #EAC.

2. 4o #

2.1 A %

Hydroxypropyl methacrylate(HPMA) & Fluka ¢ 1
& Al hydroquinone monoethylether £+ hydro-
quinone & 27} 0.5g/¢ A M7t F, A& 7FI
A 2 3] 24 FF(15 torr, 60 °C) 3t AL&-3HSA Tt
diethylaminoethyl acrylate(DEAEA) & Fluka & 15
A¢ko]l hydroquinone & 1g/¢ ¥ H73k &, FAA
A F3lolA 2 3 @LFF(L5 torr, 54 °C) 3t A&
39tk N, N'-azobisisobutyro nitrile(AIBN) & Junsei
Chemical & 53 A12F-& methanol 1A A A3 3,

THstE, Al1dE A 2E, 1990

At Az St ALE3I . DMF & Junsei Chemical
9] 1§ A1%FE ninhydrin & d718td FEEHRT F
molecular sieve 4A & 9ol 8 & A AH&3
4t}. Acrylamide(AAm) = Fluka & 15 A1%-% ace-
tone ol 3¢ o MM WA APAs,
Az A3t Insulin & S4 A A ¥ cr-
ystalline Beef Insulin & —70 °C ol A B#3ate A&
3ttt Glucose Oxidase(GOD) & Sigma Chemical
Co. ¢ Type II Glucose Oxidase & A3l % th. Pero-
xidase = Sigma Co. 9 Type I & A1&3l%th. 1
"o N, N, N, N-tetramethyl ethylene diamine, N,
N’-methylene bisacrylamide, methanol, acetone %<
A# EFoltt 17 AFEE 2dE AHslh

2. 2. 717184

A nEAE9 Y& EA )= Yanaco AF] MT-
2% CHN corder & AHE3ITh AT AEEY
f2) A0 &5 (Tg) += DSC(Perkin Elmer DSC4) &
At 2489t olnf 244 ARE 10.00+0.
0lmg & ¢FulEAd P3l 20°C/min Y EEB 5
LANAA 2339, Insulin & FFE7] H3te]
Shimadzu AF] UV-200S & AH8-3t9 280nm ol A2
UV E4& ZA s

2. 3. 2o M=

200m¢ &) vl 4hzt Eep2 e HAIS HPMA,
DEAEA, DMF £& 4 ¥ A8 wykstH A, 20
¥t A4 E bubbling 3t &EF4E A7 sA.
°]8 60+0.1°C 2 FA=HE F2xd FXeL &
Aol 2wl A3 A FXE F AMAAI AIBN &
7134tk Phototachometer 2 1 ¥4 T 500rpm =
FAFAA 3 AR WS A A viscous T FHAA
£ A3t A" FFFES water/ice bath oA
FYAIZ] ¥ #3F9] methylene chloride(MC) ol A3}
AA B9 JHE I AAE TFEELS 2
AAx7IA 39 o) AFRAIZ F o Ao A
83, ¥He=UE Table 191 YER AT

3ge TTHAE 100me o AA ALV F 2}
Apdkel] ¥ 5 E5<¢ HALE 7F U oA AR AL E
100me 7Hg ¥ ¥ AR dol g LR 9E
A, o8 ZAAZRTIAA 3 A B AxAZ
05g 9] & 100°CE FA3= mold o &7

=~
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Table 1. Recipe of Polymerization® ®

initial composition

Copolymer o 1A(l) DEAEA(Y) AIBN() DMF@)
PHD1 333 23 004 470
PHD2 298 69 004 470
PHD3 363 105 004 470
PHD4 193 193 004 470

a; reaction temperature : 60,

b; reaction time : 3 hr

4 Okg/ecm? oA 50kg/cm? 74A 1 E-E<t X419
Z7FA1713L 1 A7 B9k R AR H, 1AL § ke
# 199 (100kg/cm?, 150kg/cm?, 200kg/cmz) 7HA &
g3 "W_" kx| ahginh 1 A1 | 4ES F32L slab
Hej 7} B RS petri-dish o) R#A3FAL, tris-buffer
solution °ll i-‘r}?ﬂ"’q AMg-8h4 ek

2. 4. g2 £3

8-S 23l sintering method ol &3 ¥
membrane & pH 7} 6.49 21 tris-buffer solution ° &
Z97t FEAA A3 HYo| =2 H HHE
E718 AgEol2 Hohll —‘?—71]—2— 2334tk o
Ae AgAzTAAN 9A FAE B w7tA
PAZAN A &S 74]’35}91‘4. ol ¢+F8HL
tris buffer & AM&stgEdl, o] £H4L2 HEFHSI
AFol| o] o] &5 AT}, tris-buffer solution 2 70
°C ol A tris(hydroxymethyl) aminomethane < 2+t
AzA 7 F COsfree water o4 0.01IM F L2 A 23
Aolth, FF&H) & the2loz Y¥E At

¢

(wt. of swollen membrane)— (wt. of dry membrane)
(wt. of swollen membrane)

H=

2. 5. Poly(HPMA-co-DEAEA) 2}0{[2] insulin
£

Membrane & tris-buffer solution(pH 6.49) ol A o)
#4171 5, ©] membrane & silicone rubber & pa-
king A1 A permeation cell ol ZZAZHH(Fig. 1. °I
cell o] FHAAL 4.84cm? olA 2™, Z cell o= 50
né & 0.01M tris-buffer solution & i, FE9 &
Zo]1} boundary resistance < %X 3}7] 93t 300
rpm &2 A3 AWt E Y, 39 cell o insulin 6.6
mg < ¥ F AT v} UF cell o] 8N AR-E

Fig. 1. Permeation cell
1. Cell 2. Magnetic Bar 3. Bath
4. Rotating Magnets 5. Circulator

AN # 8t 280nm 011*194 UV 58 £33 %3t
A oﬂ

ek, Aol GE S AE 23] e
gate} Ar7) GRAAFE FHAHT.
P(t) = 1 - In C,+C,

vV, Ve Ci—C;

Vo, Vo @ 4 cell 9 3 (cms)
G CtE
C M

%9 concentrate solution %
% 9] dilute solution ¥

e Pt) E toll ds) =45, o] 71&71E S(em®
/sec) 2 &H ojn LEMASF P S oY &
A7E lemz oo 93 WEAAFT Plem?/sec)
T3 T

P = SXL/A
L : 29 54 (cm)
A T B (emd)

2. 6. Matrix device M=
DEAEA #3o] °F 20%2! PHD2 &

& BLE UE H ol st AxTIAA
ZAZ F 01g 9 BLE AA ALt A F MU
L AF AT o Folzt v 9719 5mg 9] insu-
lin & ¥o] spatula 2 & 41-& H 100°C & FA3}E
mold ol ¥31 H&d A4 FAOZ matrix device E

B AN

i

U
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2. 7. 28 matrix device =2} insulin &
Al
=

1.31g 9] acrylamide, 65.3mg 2| N, N'-methylene bi-
sacrylamide ¢} 0.09m¢ ¢} N, N, N’, N'’-tetramethyleth-

ylene diamine £ 65mf o FFFe 52U F 10mg 2

GOD £ ¥ 1 ¢43] %2 tj74A] whtetdot. o 7]d)

25mg«] ammonium persulfate & 1mé 8] FFH5oll

Q0 A ¥ Z astEeh. AR fEwl
2.00mm 572} silicone rubber ring & X% F o]
£4g 1.0mm FAZ R FH3AT). Gel o] A
F H& 3% matrix device & gel T4 &8 & H,
}A] acrylamide €& 1.0mm F7 2 9] poly(acry-
lamide) gel & coating ¥ matrix device & AUTh
°]A& B-D-Glucose & 7} pH 7} 732 0.01M
tris-buffer solution 100m¢ o} ¥ 31 insulin &} ¥
=33t

I

3. 23 o nF
3. 1. Poly(HPMA-co-DEAEA)

A E poly(HPMA-co-DEAEA) o 7+2& ¢
2t}

CH,
|
CH,— C— CH, — CH
| m | n
c=0 Cc=0
| |
0 0
| |
CH, CH:
| l
CH-OH CH,
I | /CH2_CH3
CHs N
™ CH,—CH;
AR THEY dLENEA, Ao EXE
Foll M 2 1R Ao 248 Table 2 o YR AT

3. 1. 2BAFBO 25 M=l sfe| EX
Solvent casting method ¢} ¥] 1.3} sintering me-
thod & 9 27kA ZA & 72 v}, Sintering me-

FUsE, A 13 A 235, 1990

o %__Z“Eﬂ

Table 2. Result of Elemental Analysis

Result (wt %) Composition
Copolymer
C H  of DEAEA(%)
PHD 1 0.75 56.46 8.17 8.3
PHD 2 1.73 55.5 831 19.6
PHD 3 2.25 5543 844 257
PHD 4 3.34 55.72 8.53 414

thod © &9 & AM&3IA] Form =, oA B AAHY
Az del -‘?J—’rf"é, 71AH 4d Fo) &9 A
o] g e AL AT F Ak, =3 &9 E
AEEA gom e Az e TR "Wavl %l
ong HAAFHLR ooy, FAHAIC] FolET.
Szt Sd3he= obAEe] 2-3 Y, WEEo] 3—5
Y, DMF7} 10—15 4 A= AlZte] Zejed H)3)
sintering method © 5A17F A=W film & Y& F
Roez ZFA o).

DSC 2 Zt E-A Tg & £33 4=, PHDI ©]
160 °C, PHD2 7} 93 °C, PHD3 7} 84 °C 9dt}. ol&
amine ©] bulky group °| 22 amine &] #o] F55
packing ¢] =7} 7r4:=°] micro Brownian motion
o] §olatAl =& ¥z A4 5 3lan o9d
5 33TA Y i A% Y= IS He=z
Aztdch

3. 2. ¢zdo| Ask

Fig. 2v 423322 PHD29E Az o9
FHuigte] wE Tz WIE vehd ol
o] Zagd net Bl Frtsled, ole
2ol pore S| EA|37] wWFog Azts o] AE
AAERZ AHDE 24890, BE 9] pore 7}
YE dense & YL AT 4 YA Ga}A
ol ¢gol Fotddl wel A9 packing °] =
7bE 3 mERe] A%yl Zrk5o] JEld dAom
AGg 5 Sk & 4ol Fvlebd TER parti-
cle k8] A7} FobAa §§¥ HLEA} chain 3]
E£Fo] F o]Foixmzm {?‘:X} particle 7t2] ZA3to]
etslo] =93 vo] AP ol BEH AH
ol ] kel 714 4 *é*éa 3%?& Ao Mz gelg
T AU FE FEHAA AR v BAo] Yo
FHAAN Az e 2RRYG § e, ¢

0

sl

2
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Absorbance (x10°2)
4
Permeated insulin x10% (g)

o 1 2 3 4 5 & 7
Time (hour)

Fig. 2. Permeation profiles of insulin through PHD2
membranes prepared by sintering method
with various pressure.

(2) 100kg/cm® () 150kg/cm?
(&) 200kg/cm® (W) 250kg/cm’

o] 250kg/cm? ¢ B FHEF BASA Hat
AL B 2 gled, o] 200kg/cm’ F 250kg/cm® ©
Apolofl Al mEAT} 2713 &§HE AR Ath
272 AN NE TEA BT 2] e £ 1
PEF 8T Aoz AZE 2 Ao Add
ooz <data oo tig uF A XA on
BaAg B AZ ol gste) Al Agste o5
AFe TAYT £ YEF sk EF insulin & 4
g4 ggolng B Ao 432090 100°C oM =
T g4 Fad Ao S mEb Ko v
T, & Holt u¥Ae] el dad Aotk A%
ol HE dA7= BLY Aow AAdn

Fig. 3& 24T A o) Az ¥ FHEE
veldl 23 o)tk Solvent-cast film & amine o ¥
o] Z7}84 protonation 2 FEo] A T340l
z7tele @S RoaFn glou14] 24354
o8 Azx® =& amine FHe] 7+ & PHD3 9
=327} 744 Zskth, PHD3 & feldolexrst 4

Absorbance (x1072)

A i

o 1 2 3 4 5 & 1
Time (hour)

Fig. 3. Permeation profiles of insulin thru sintered
PHD membranes.
(D) PHD3 (») PHD2 (a) PHD1

hHoz wormz AAFPAY Hert P o
ezt gk, mEbd HE X

Hert A Aoz Azdd. ey PHD2 7
PHD1 ¢ F#AQRTG & A& F

Aoz A4T Ao

Fig. 4ol @9 &5&3% Fh=ste] #AE e

log P

15 2.0
1/H

Fig. 4. Relation of permeation coefficient and water

content.
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uidch, A4 aEANAA free water & £33+
§Hdo] olg3t, LEA AMEEFH uhEo] glohd,
T34 logarithm & 4-&9 g4 JLAHH
At o] o]&% Yasuda[8] 5°] A<=, Fig
4€ o] o2 # dX s Ut

3. 4. Matrix device 2| UHEEM

§49] pH 7} WoldLE, FFFA AEE ter-
tlary amine ©] protonation ¥ 0] 54 o] A A o
Frgo] S/ e 483 pH o #AE Fig. 5 9l
L}E}Lﬂi’l‘:}. pH 7558 707X #&0] 24

50 60 70 80

Water Content (%)

40

65 67 69 71 13 15
pH

Fig. 5. pH Dependance of water content.
Sintered PHD2 matrix device at 200kg/cm?

HEHAAL I o] & pH o) Zhol upat A8 =7t
3t ddolt. AAE Ishihara S[9]9 A ¥ojA
Frgo] Alztel watA Wslke pH ol wheka] 7o)
7t9doz ey Bystgo. mheka pHol 9
&8k o] 7+ A< system A pH 9] A3 E insu-
lin9 Weds 23 & 9o

Fig. 6 & Z}7] tt& pH oA matrix device (slab
FeD o] F4E Akl tis) =218 ZAolt}, pH 7}
g FHAHe] AR AL B 5 U ¥4
3‘_7]"’“'\: Az Zof Zo] BEHd wa Bag
3AEe] rubbery & FEi7} Hol ¥xv} FA3] =
7FH £ burst effect & #AY F gloH, olF A
FEi7t =W WEE&x7l gx gastA ®o13].
B2 J YA matrix device 8 FEEEE 12 9 ki-
netics 9 B QTH10, 11]. & ‘zero-order’ "57]-
A=AE ALHTIE AR 2 o) gajA xR

TYssh, A 18 A 23, 1990

colFdE - FAY

2 3 4

Absorbance (x1072)

1

o A n a n A

0o 1 2 3 4 5 6 7
Time (hour)

Fig. 6. Release of insulin from PHD2 matrix device
at various pH.
(m) pH 6.49 (a) pH 7.3
A A3 X4 kinetics ©] T},

v g °o“o‘% v3g 315’111}.

2 AFAME A

3. 5. =& matrix device 2 HEEM

Fig. 72 899 glucose 55 WA AL 1o
B3 matrix 9 insulin $3& Yebd 1ot} Glu-
cose FE7} 5‘7}3:}@] w2t WEEHE insulin ¥
F7 e, ©122 GOD & glucose Atole] &4
Hgol o) frE=EE 48 Wi Y Fo|th = glu-
cose 7} GOD 9] E4%7408 gluconic acid 7} A7)

2 3

1

Absorbance (x10-2)

0

34 5 6 7
Time (hour)

(-
-
N

Fig. 7. Release of insulin from sintered PHD2 matrix
device at various glucose conentrations.
(2) 03M (m) 0.1IM (O) control
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o] 2 213 pH 7} ZA:5 ¢} tertiary amine group ©]
protonatlonﬂ ojz A& HAFAFe o T
go] =7t S0} WEEE insulin Fo) F7HH3
t}. olm glucose ol th¥ GOD &} Ax#82 &7
ZrH12].

GOD
B -D-Glucose + H:0 — D-Gluconic Acid +H;0,

=3 27] 30 2 $ ol burst effect 2 13+ insulin
urz o] F43 Z71ged olF W&ol Ia
st 12712 HellE A e E&EE Bl
o9} 7ro] 23 matrix device 9 insulin *F&2 glu-
cose &9 98 288 F Ut

u0
AT
=

4.4 £

Tertiary amine < ¥ 3} hydroxypropyl methac-

rylate L3 #+2H3} matrix device °141 g€, insulin

=3 =9 #ad 27 g e 2ES A
Sintering method o &} 7t whe}, FAF

pHOlA g3 Fres Hostgih

)8 AZ% matrix device & insulin TEEAHL =
7o)l A&t ‘burst effect’ & EI, olF FZHI

upZeko] 7k43HS o 4 AATH GOD & LASAIZ

matrix device = &l glucose FEol wak 27

_‘%_

=
insulin & W&TS AT £ AU
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