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glucose o] Fxol whel A& W& 287 95t 3F o}ulL g Hydroxypropyl methacrylate
AEAEE FA AT °l ‘1}«] Fr&S 7849 pH7E ool ma Frlakdnh. dwae] Bae oA
&9 pH 7t el wet Frbstgdeh. o] vto] FakstE S BB acryl amide TS HAbalo] B
e Azsgh. o] el €U TAEE glucose O FEI S wat Zrbska

Abstract : Hydroxypropyl methacrylate polymeric membranes having tertiary amine moiety were prepared
to control the release rate of insulin in response to the concentration of glucose. Hydroxypropy! methacrylate
was copolymerized with N, N'-diethylaminoethylacrylate. Its water content was increased with decreasing the
pH of the medium and was reversible with variation of the pH of the medium. The permeation coefficient
of insulin through copolymer membrane was also increased with decreasing the pH of the medium. Combining
this copolymer membrane and the glucose oxidase immobilized membrane as a sensor for glucose, composite
membrane was prepared. The permeability of this composite membrane was increased with addition of glucose.
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gJovg 2o gang 7ded & Ao, FFol
wo Aoro] Wz A ®r}, R. Langer (5) 5 ethy-
lene-vinyl acetate A1) & Z A pellete ol insulin &
swelling Al# Fxol Zd 39 ol oj 4§ A3,
gat A dGses AT —’F °1%—% 5“__1_0}‘
At} olx Be %49 insulin & A2
FEAA AMgstEz FAL /\}%—01 7hgd U}%
Aol ot kel Wsle] W insulin o W&
£z W3lg 7gstrle ofgeh

o144 2l insulin delivery system & ¥32] %0l
v gl sked insulin o] WEE F UEE Aok &
t}. Brownlee (6) %< Concanavalin A % glycosyla-
ted insulin &} X &o] AAR o2 dojdS HAF L,
0] & o] &% self-regulating insulin delivery system <}
7FeARe AASAT. Kim (7) 2 Concanavalin
A 9} glycosylated insulin & TES A Al
zo pEAYo g ZegozM, B wet in-
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Fro] A sfo) It AAAHANAN 17U
A3 dgeks §A8= o AFsgoh. =3 Alhai-

que (8) 52 tertiary amine group & Z 33t ethy-
lene-vinyl-N, N’-diethyl glycinate 5 &7} 8§49
pH 7} 228l whe} protonation Hof iLE-be]
Ao F7+e B 3tod controlled release memb-
rane .29 AM4 sHeAdE AAATH ek E
ATolxe, A Aol 53 Aoz I A hy-
droxypropyl methacrylate $} diethylaminoethyl acry-
late o TS A8t o9 pH WE T4
&2} W3}, insulin 9 W&ol sl mAsIPd, wI
glucose oxidase & polyacrylamide gel ol 3133} 3§t
. A9 o3 Ageted HEets A xsha of 2y

insluin F4&2E 123t
2.4 #

2.1 Al &
Hydroxypropyl methacrylate(HPMA) & Fluka <]
1% A%l hydroquinone monoethylether ¢+ hydro-
quinone & 712} 0.5g/1 ¥ 713 &, Ax 7)15F 3ol A
2 3] & F7(15 torr, 60 °C) 3 A3t} Die-
thylaminoethylacrylate(DEAEA) = Fluka ¢l 13 A
okl hydroquinone < 1g/1 8 #7113 &, Ax 7|H

sholl A 2 3] S F (15 torr, 54 °C) 3t AHESHA
t}. N, N’-Azobisisobutyronitrile(AIBN) & Junsel
Chemical & 554192 methanol A AZZe 5
Az AL, DMF & Junsei chemical
o 1§ A% ninhydrin & 3713t 24SHE 5
molecular sieve 4A S Yol RS AAsA AR
3t Acrylamide (AAm) € Fluka 9] 1H Al°F&
acetone °l =<l thg AA3F Wzste AAAsk,
At zste] AREsIG T Insulin 2 XA A4 A2k
crystalline Beef Insulin & —70 °C ol #] B @3} A}
2359tk Glucose Oxidase(GOD) & Sigma Chemi-
cal Co. & Type II Glucose Oxidase & AM&-3+SAtt.
Peroxidase = Sigma Co. & Type I & AH&3tSAtt.
groll N, N, N’, N'-Tetramethy! ethylene diamine,
N,N’-Methylene bisacrylamide, Methanol, Acetone &
2 A Egot 1 F AFES 12 AME-sH T

2.2, 717|124

§AIE nEAES P4 ¥4 = Yanaco AHY] MT-
23 CHN corder & AH&-3tth 2 A 3740
£ JASCO AFe] DS-701 G ¥ Diffraction Grating IR
Spectrophotometer & AH&-3l%th. A 852 KBr ta-
blet &2 THE] £33t NMR 4]+ JEOL
Ae] JNM-MH-100 & AM8-3l4 )k Insulin = AF
8}7] 913k Shimadzu AH9] UV-200S  AH&-3}o] 280
nm oA 2 UV EFE E4s9c. 4L g8
o] & A7 22 Instron Corporation 9 Instron Uni-
versal Testing Model 1130 & AHg-3te] 71412 &
ZA39th. A8% 4ol 8m, YWH] 15cm 2 Ao
gted ZA 8.2 span & 4 cm, crosshead speed &
S5cm/min &2 3Fich

2. 3. Poly(HPMA-co-DEAEA) 9| &4

200m¢ o] wiA g 4zt Sl A0 A A§ HPMA,
DEAEA, DMF & #3% % R, 20
37t HAE bubbling 3t £&44AE A ASA
°]& 60+ 0.1°C & fFAlHe g0 FXstn &
Nl 227t YA FXE F A< AIBN &
A7ret k. wRkSIAA 3 A1 AR WRZAIA vis-
cous & FHAAE A}, WAHE FEZHFEL wa-
ter/ice bath oAl YA & —~10°C & HAHE
WEHA 3AL A YoE H, o] AW Ty

or
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[of

J. of Korean Ind. & Eng. Chemistry, Vol. 1, No. 2, 1990.



156 AR

n-hexane/acetone (10/1 v/v) ol A3A]7 # Aol H
AL A fibril Feje) o] AAAHJLH, o5
A @ AAA ot A" FEREES Y
Az71eA 34 °V‘J AZAL F o AR A
L3ttt w3-ZAL Table 19 JeliA.

>

Table 1. Recipe of Polymerization.* °

initial composition

Copolymer = oMA i) DEAEA () AIBN@® DMF (af)
PHPMA 175 0 0035 235
PHDI 333 23 0069 470
PHD2 315 46 0069 470
PHD3 2938 6.9 0069 470

a; reaction temperature : 60 °C,
b; reaction time : 75 min.
c; initiator concentration : 5.05X 10 *M

2. 4. membrane H|=

%83 d=x¥ HPMA-DEAEA copolymer & 1g %
4mf ©] DMF ol 591 ¥, 7H54 Aol FHA &5t
BASAT ol RS e IF LE A 1A%
BA et &E VAES TET £ FelBd cas-
ting 3Tk 60+ 1°C 9} L&A 397 LA A7 H
40+1°C9 IF 28494 Z‘l’v%“ﬂg 11]71*121 ¥
45°C 9 SRFo) AANA fBAAN Rejste 2
Fol Bt

2. 5. &9 &%

A 2% membrane & 30 °C A <J&] pH(64, 6.6,
68, 70, 7.2, 74, 76) o] 4FEA(9) AN YF Y7
BEAA Hds] HEo] =gd F FHo 2=

F50l2 Hohlla £AE 238Yt. oA 7
FAx7A A® FAS BY W71x B¢

A H FEEE AdSAT. U AL g

Na;HPO./KH,PO, ©| phosphate buffer & A}
©9 jonic strength 7} 0.1 °] HE2 s},
2 o939 Hozry At (10].

q
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water content (%) =
(wt. of swollen membrane) — (wt. of dry membrane)
(wt. of dry membrane)

X 100
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2.6. Poly (HPMA-co-DEAEA) 2+0i|2| insulin &
o}

PHD 3 Membrane & 943 pH (7.0, 7.2, 74, 7.6) &
AZEAelA HHAZ F, ©] membrane & FH%
A (Fig. 1) ol 324 3}3L silicone rubber & packing
3tk o] cell o BHFHHL 484 cm?olR e,
Zt cell o< 60me o] 0.1 M ¢5EAE Yil, FLo
o]} boundary resistance 5& ‘2A13817] 95t
500 rpm &2 A3 wykatgtt, o] W AMEE 2z
719 insulin ©] ZAHHo &3 x = A& WA 35}17]
$13td 5wt% 9 dichlorodimethylsilane chloroform
o] & 3 180 °C oA 2 A7t 71D o 2 4 sila-
nization 3t A3 th &9 cell 9 insulin 80
mgE ¥ §F LBALT) FF cell o Y R
ANHst UV E &43Y9 insulin & 4‘761"5]'%\‘:}‘.
Tl hE F= ’ﬂﬁ}% e I 945}04
2R7] B R3 Aes Frdoi1l.

Fig. 1. Apparatus for solute permeability measure-
ment.
1. cell 2. magnetic bar 3. bath

4. rotating magnets 5. circulator

_ 1 C+C
PO = Vit + Vv, h In Ci—C,

Vi, Voo Zb cell © 23 (cm?)
Ciit= %9 concentrate solution ¥%
C: i tE F9 dilute solution ¥%

AL PE) €t ol e A8, o] 718718 S(em®
/sec) Bt B o] m LEARASE P} SE hee
HAZF oB 2 oo &) HEH A5 P(em/sec) &
T8 Rt
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P=SXL/A
L: =] FA(cm)
A 7o} W3 (em?)

2. 7. GOD 7} &=l poly(acryl amide) gel =2
M=

1.31g 9l acrylamide ¢ 65.3 mg ] N, N'-methyle-
nebisacrylamide ¢} 0.09 m¢ & N, N,N’, N'-tetramethy-
lethylene diamine & 6.5mf & FFFo] =AF 10
mg ¢l GOD € YW1 &3] Xgwj7tA] uwtelych.
719 25mg ¢ ammonium persulfate & 1mé 9] ZF

Faol =2 £AS ¥ F uwst ¥, fejHoz
THE mold Aleloll ¥o] BAom, 2o F3at
Atk mold A "ol F ZFFE M HStA ALS
i 4=

S| =2} insulin EAHAH

Fad Al AA 35em o 98 HPMA-
DEAEA membrane & ¥31 £He 7|8 Hold &
1.0mm 579 silicone rubber ring & F XA},
o] $loll acrylamide solution & %3 23S Yol
43 membrane & AZsA. FHo] ¢EE F
FTHTZ A TR LA, Y 7
membrane & F& cell o] R T FZ9 cell o
pH 739 1mM phosphate buffer & ¥ 1 HPMA-
DEAEA 7 %9 cell ofl 8.00mg ¢ insulin & #7}8}
Aok, GOD 333t B9 cell ol B-D-Glucose S
H74eE F UV & ol &3t AlZte] I insulin ¥ =&
3 3tA .

=
=
3}
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2. 8.
AR

3. 2z o n#

A E poly(HPMA-co-DEAEA) o] %% o33
[3=

=
&

CHz CH3

N CHz CHs

AAH Z23FEo PrRAATe, Fie EAF
ol & 7t nE2}9] 243G Table 2. o Ve ATt

Table 2. Result of Elemental Analysis

Result(wt %) Composition
Copolymer =g C H  of DEABA®)
PHPMA 9.16 57.54 -
PHD1 8.98 56.56 045 4.8
PHD2 9.21 56.56 0.68 74
PHD3 9.21 56.10 0.96 10.5

3. 1. @80 g3

o 27}A] 24 9] membrane 2] pH ol w& ¥
&9 W3E Fig. 29 Yetdddth. $Y§ memb-
rane & A% £A9 pH7t Zadd get §4go
ZA%S ¢ & e 1 3342 sigmoidal ¥ dﬁﬂi
Ishihara(14) 59} Z7ete o2 Fdelth. o=
2o pHolAY 58S A @&
mFo2 AzZtEd, PHD1 & pH 6.7, PHD2 = 6.8,
PHD3 & 7.2 5ol A &89 F4% ¥zs By
£t} o]32 H. Hagi(12) 5°l linear poly(tertiary
amine) ¢|  protonation oA IEAHA Y] tertiary
amine ©] Z'43A ¥IXI=H protonation & FEo]

Eol FE3

(=
[
«N
< o
d B
3 -t
]
o
(5]
§ ¢
3
B
[}
(']
64 68 68 70 172 74 7.8
pH
Fig. 2. Effect of pH on the water content of HPMA-
DEAEA copolymer membrane.
(®) : PHPMA (a) ! PHD1
() : PHD2 (0) : PHD3
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FolA 22 pKa7Zl TVHE G 3 Az dX|ste 2
Folr}, E A AHLoME =UE tertiary
amine ¢ %ol F7tgel met FHHSE protona-
tion & 7FsAol molHA LLEAY pKaZl F7HE
o= Ho|r webA protonation ¥ amine o 23l
Frgo]l U3 RAoeg FZHU. X3 tertiary
amine & ¥33tx ¢ PHPMA 9 342 pH Ol
me} 2 Wasl gl Ao Mo} pH o) e HPMA-
DEAEA ¥&§7te] dh4 W3le =¥ DEAEA 9
tertiary amine ©ll 711# A22 AZH, ol&
dE pH A DEAEA 2] Z**OI AdTE %fr%E
F7ete AdAE #AE F AN
gogo] FRxs vt AL & 4z A
Aojmg E AFA i}’“ﬂf_ ‘4% 5755‘& pH ol A
43 FHR=rt Mg Ao Zh= o 01“119]
pH & amine 9] &Fo 2 =4 E} %:%7;\
Z+Et}, & amine & ¥Fo] B 1—32}5
o2 %& pHAAA FHE HIE B a
H3lE e Fr7stA "ok, ole WlE 533 2o
gA9| pH & -t FAEE X% ‘_‘a} —’FE NS
AlALsl o), HEgpH o w2 g4 4&
87 13t & pHE 6.8 oﬂ 1 74 2, A
6.8 2 B0 e] PHD3 membrane & &4-& 3}
& Fig. 3ol JeERASITE &4 pH & 684 74 &
v S o, ol wel membrane & FFES
A23gon &d9 pHE 682 TAl TRAIF|A,
membranegl T g2 A FUksle AR
A3 AR =90k &, poly(HPMA-co-

=]
S
«
g
B
s 8
- -
]
°
]
b
2o
3“ e
e
— — —
° pH .68 pH:74 pH: 68
)
{ L

¥

0 2 4 6 8 10 12 40 42 68 70 72 74
Time ( hour)

Fig. 3. Reversible change of water content of PHD3
mmbrane.

Fd3ts, A 14 A 235, 1990
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3. 2. 714N MEe HEl

membrane 9] A7 &9 pH ol wWE o] 7]
AA AAe Wals dolr7] 8 Instron = A
3l stress-strain curve & &334 Fig 4, 5 242
el ict. Fig. 4 £ pH 7.0 2] Ao A 3§ ¢ o
B5o] FMdolth, 4 FHAEL AF9} FANS S
Heoln] DEAEA moiety 7} S/l mhah 29 1%

(=}
-
% PHPMA
Q
¥
w
@
[
S
7
PHD1
PHD2
PHD3
300 B80(

Strain (%)
Fig. 4. Stress-strain curve of various membranes at
pH 7.0.

1

Stress (kg/cm?)

300 ‘ 600
Strain (%)
Fig. 5. Stress-strain curve of PHD3 membrane with

various pH.
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28] Zastach. WHd A3 37189
7¥ o]

Z 7}k

711 @stolch. g4sl pH ol
ig. 5.9 FHANAE T4 BA 3}
% YIS AUE % 5 ARG, GiE A

—1 J’]'}H T'T"\l'

3. 3. Insulin 2| =2}
PHD3 =] diluted cell o} A &} A]Ztel] & UV &
W3S Fig 69 YeTh Azl ot} Ao 2

2]
HAH o2 ipsulin @ FE7F FHEHS & F AeH
LN pH 7} ZaT4E BL %9 insulin ©] HE
g5 o 4 At Concentrated cell & insulin &
TE 27dE WS 343 24a%s & 5 ded,
©]%= insulin ¢} 31¥-#}=to] 9} partition ol 2} ¥ A o]}
A7+ AT}, Permeation profile £ 8 FHTE 7

ste} pHol wel Fig 701 vehiien gge)
ZAz veg Fee) A dehidh o

7.0
8 7.2
o
Q
g
o
£
-
8 3 7.4
<° '
7.6
o 1 2 3 4 5 8 7
Time ( hour)
Fig. 6. Permeation profile of insulin.
(O) i pH 7.0 (D) pH 72
(@) :pH 74 (») :pH 76

9 10 11

8

permeation coefficient x 10’ (cm¥sec)

70 73 74 7e
pH
Fig. 7. Effect of pH on the permeation coefficient
of HPMA-DEAEA copolymer membrane.
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7

A

mlo

53
239=(13) AHEa 2 X, pH 738 7]
o2 ok 3uje] BHE o] Yehin Uk m
A o] Bhe pH7F 7390 SAoiM 7Hg wEA
pH ¢ Higle] ¥ked Aoz 25T 4 vt wakA
29} nsulin 2 282 899 pHE 73 2R
st Aa st

fo i i

XEHNEF%O

3. 4. GOD 9 133’} 28t membrane 2| insu-
lin £ A8

23 membrane 149 insulin ¥ Al 25
A7E Fig 8 Yebldth. Glucose & 7+l
vl A5 E insulin & % 7SR glucose
F%7) 005 02M A wWe) FHe 7] 44 F
SF2 02M 2 F49] 7]%7]7 (ER i 1=
o]& GOD 7} glucose-®} ¥H8-3t gluconic acid &
AgFgozN gA] pHE 7&5\_*]71 up2pA] 2o
E3ert Zrhek Wiiolth. v 1 o]Fe £
Aol 71&71e Aa A9 ZobAA insulin o £
=7t 2oL & 4 A ol GOD 9 EAggo
@o| 8% o] GOD immobilized membrane ¥+ PHD3
ko] AWl pH 7} pKa gt ¥ad 2 g, &
pH ol wat =7} wWalatA) gv ghol =HU7] o
Y Aoz AAY F Juvh F o] o] ¥

amine < acid ol 98} quaternary ammonium 2} &
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Fig. 8. Permeation profile of insulin through compo-

site membrane.

(&) : control

(D) : 0.05M glucose solution
(0) 1 0.2M glucose solution

B2 &Rttt 3 2719 insulin FHEEE glu-
cose 9 FxZo B3 o] & o]83td glucose £
Fxo| W} insulin FHE Z2HE = AT

4. &

Tertiary amine & ¥ 33} hydroxypropyl metahc-
rylate EAe] Az 19 F+&F4, insulin
T3 59 HAENAM v ZES Ao

TYs pHAAME 2EAT TUE tertiary
amine 9] FFo| LT E, Y nEATLNE &
Bl pH7} #A28FE 8o JFrlstgen 1L
%/d& sigmoidal & FEHE GERAT FAR Ty
NG B 5] Frtd et islgn A
&2 g0 F/HE wg Fvksid. g4
=] insulin o W FHAAFE 99 pHIL B4

o

%

ZdssE, A138 A2E, 1990
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A

‘8‘_}-

el wtet Skt ok 4% =3 GOD immobilized

membrane & 2o ZH A2 glucose =0l

o} insulin & FHEEE 24E 4+ AT
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