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Studies on the Polyurethane Diagnostic Membrane for Diabetes (2)

Effects of Additives in Membrane Formulations
for the Measurement of Urine Glucose
Suk Ky Kwon

Dept. of Ind. Chem., Hongik Univ., Seoul 121-791, Korea
( Received September 12, 1994)

8 o Fuy IS 9T et s et 4¥se] FRIL=E Y] A
Agete 3 nRAEAE FHete] 2EE vE, 1 Relwe G40 HEE A 84
A7l S Fol FAEAT ol NG 2%} HRAR] BAd AREF U wE
F2 24, 3 42 2T AUch wMAAE glolx, A MY Es zav] As Frke A4
5, TREIERE 9, £F A7 ¢ 8dERr FH Lv TS Hete] zAfsiant

Abstract : Polyurethane diagnostic membranes were prepared for diabetic control. The diag-
nostic membranes for the measurement of urine glucose were formed by mixing polymer so-
lutions, coating polymers, coagulating coated films, and finally impregnating membranes with
enzymes and dyes. These membranes were formed to have good physical and chemical prop-
erties for the quantitative analysis of urine glucose. Several effects from added various types
of water—soluble polymers, and different buffer solutions were also studied to remove back-
ground color and retain good color stability.
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% glucose oxidase (GOD)
peroxidase (POD).J A BA4EY 1 F
S RE A7l BOsTLs Bes 4L

BEfd 4+ e 959 3,3,5,5 -tetramethy-

lbenzidine(TMB) & A}-g3kc} . 16~17

1. Glucose Oxidase Catalyzed Reaction

glucose +enzyme-FAD—
enzyme-F ADH, + gluconolatone
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enzyme-FADH, +0,—
enzyme-FAD+H,0,

2. Peroxidase Catalyzed Reaction
Hy0, +TMB(q) > TMB ) +2H,0,
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Fig. 1. A schematic diagram of membrance forma-
tion system.
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%9 HoechstZ ¥ 73 AMgalgith. GOD
¢} POD9} #e FTAE Sigmarts Y| 78l
AREEIETE AREE o1 a1 RI) Methocell, gela-
tin, hydrolyzed gelatin, carboxymethylcellulo-
se (CMC), Klucell, poly(vinyl pyrrolidone)
(PVP), poly(acrylic acid) (PAA), poly(vinyl
alcohol) (PVA) 52 Azx3AZ RE A4 74
3l ARESiTh A2 AREE {2 Aerosol Al
A, Triton-X-100 &% A ZJJAIA AH 1)
3 AHgelint. AFEMAR AR EHAXE trs
(hydroxy-methyl)aminomethane (Tris), N-tris
(hydroxymethyl)methyl -2 -aminoethanesulfonc
acid (TES), 3-(N-morpholino)-2-hydroxypro-
panesulfonic acid (MOPSO), 3-(N-morpholino)
-propanesulfonic acid (MOPS), 22]i1 2-(N-
mo-rpholino)ethanesulfonic acid (MES) T2
SigmaZHE Toish GAgle] ARgsikth Glu-
cose ¥, TMB, barium sulfate (BS), hydrous
magnesium silicate (Talkum), DMF, sodium
dodecylbezene-sulfonate (DBS 5& Aldrichz
£ 7dal ZAglol AHskA

AEAEY EFA. 20g2] Dralon-T 17%
£Ag &7l 718k b, 60gel KBH 20% &
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o] §olg 3~547F 5k 2000~3000 RPMeilA]
WHHAA Foh 30go) DBS 4% o0& whhgy|
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K-coater®} 150 um bladeE 3.59)

speed 2 F® A)ZIth. IR H & PET ¥ Eo| 3ty

M2 45CE vzl ZHHE  water-coagulation

chamberol] ol 182} Fgo] guslavizt

45C2 N HE dz7|oAM 158 A% Az 271},

A9 Impregnation 4. F53929 &

& ZA4s7] 9% 99& %_]‘?l“l} Axg Hb‘“*‘]
=2 F7h2] gA-g vlg] A zsteiof sir}.
1) 1st Aqueos Dip Solution : 200mM<€] Tris,

200mM9] malonate, 300mM2] TES, 0.2% 2]

Triton-X-100, Z2]12 1000U/mle) GODS$},

1000U/mle] PODE &3l 520,

2) 2nd Organic Dip Solution : 100mM<] TMB

9} 0.3%2] Aerosol-TRZ ethyl acetateol] 23

AMA FHA {718NE tEgS, g

o
ol o

A2lgh & 60T 2BdA HRAA de B
_]

coathing
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= (0, 30, 100, 250, 500, 1000, 2000mg

oHoj %—:Lf; HkE 7 60% Ft WA &
Beth 21 BA7)2 E3) Mo] wslg 23},

A7l e Z3 v ZAY.

Table 1. Aerosol Detergets in the Organic Dip

A A 2o gA7EA] Aerosol AlAIE 0.3%
goloz ghse] zhzt AL3lTh. Aerosol-1B,
Aerosol-MA, Aerosol-AY, Aersol-OT#&}, Aero-
sol-TR(Table 1)-& Aerosol A z+zte)] Boig)
= alkyl chaing WehH1r o}, =3 Triton X-
100 0.3% 9} Aerosol-TR 0.3% & AAZ A3
& 7%l stripoflA] dojub= o] WElE vlug
B spgry 1920

B389 :tp2o] LE2HA (Tris, Malonate,
TES, MOPSO, MOPS, MES, Maleate) &g z}z}
AHgal ofzl ete) BH pHE Z4sin
Aoj7l zlwet Bre) WP dof me Hy
S zAgchA2

44 28R W2AY 1 eIk Pele] S8
A 1%z (Methocell, gelatin, CMC, Klucell,
PVP, PAA, PVAYEE& 718l 182} Egd
& WhEol YA § 1o wet A Aguie]
73, o QBN 9 vk 2RI 55

olgfjollA] Mo) WalE =7 oy B
< U 1 g

T Adats o] 83 23 FE 34, %
Age] T gdE o] g3 vhgo| 7
{13! olF LB ujZMo] glor
ojuf et 0 7 ARl & EAHe] N
- B9 Fig. 204 23929 5% Omg/

oo
2

Detergents Type of Stability of Color stability Resolution Uniformity
Alkyl Chain TMB in Soultion of 50mg/dl(3m)

Aerosol-1B diisobutyl unstable poor 500 poor

Aerosol-AY diamyl unstable poor 500 poor

Aerosol-MA dihexyl unstable poor 500 poor

Aerosol-OT dioctyl fairly stable fair, increases 1K good

background color
Aerosol-TR bistridecyl quite stable excellent 1K excellent

* Aerosol-TB produced stable colors of TMB blue, even after 3 minutes. Its effectiveness was maintained even after 1 WK 60°C

stress.
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Fig. 2. A L*A*B* plot from Color I 000 spectropho-
tometer; AE:Measure of color difference, L*:De-
gree of lightness, A*:Perceptible degree of color
change from red to green and B*:Perceptible de-
gree of color change from yellow to blue.
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Table 2. Effects of Polymer on Background Color

Table 3. Buffer Effects on Surface pH

Polymer Advantages Disadvantages pKa's Surface pH Comments
Methocell No background Non-uniform Tris =8.06 6.35 Thermally stable
color Malonate =5.68 Low pad pH
Good resolution Serious fading TES =7.50 Less background color
Hydrolyzed Good solubility  Not effecti
); io vee 00 SOlUbILY ¢ ° le e; 1vke Tris/Mal Background color
elatin or less back-
. X MOPSO =690 686  High pad pH
ground color
Carboxyethyl ~ Good solubility ~ Poor uniformity Tris/Mal 6.32 Background color
cellulose MOPS =7.20 Thermal instability
Klucell I TMB  More back -
Hee ncre'a.se ore backgrou Tris/Mal Fading of 50 & 100mg/dL
solubility nd color . .
MES =6.15 6.38 Thermal instability
Uneven color
Poly (vinyl Increase TMB  Non-uniform, Maleate =6.26 6.35 Background color

pyrrolidone) solubility fading after
stress
Poly(acryhc Good stability ~ Not pleasant
acid) at 50mg/dl color
Reduce back-

ground color

Poly(vinyl Non-uniform

alcohol) Serious fading

% For all polymer, fading, mottling and non-uniform colors
were observed after 1 WK 60°C stress.

=3 it:;-]/y“ F gl qu =
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Table 3041 #wW pHol Hjx= 94Z gl §
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= W pHi Ag @ |7k glo] vegor
Tris/Mal/TES | 49 o} £& Mo| Yejst &
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MES =6.15 - Fading of 50 & 100mg/dL
Thermal instability

120
S e - oam— = H
£
a—) A.——Da/\Kﬂ\
o= 0
<
z
% (1]
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5
"é: 49
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20

° L | {
. 5 6 7 s
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Fig. 4. pH dependence of TMB color stability for
(o) ImM TMB (2) 0.1mM TMB (5mg/ml peroxi-
dase, 44mM and H;0,, 0.2M TRIS/0.2M MAL/0.3M
TES).

IYEE WolXT 7IE} ThE BEEAe) S
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Ae 2 ok Fig 404 2 5 2= AR
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