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T JhEso] ojx ReA FAZ A EF
A& 34 F A HAG 28U 2] dEe
A 2EYJD A5 £4717] Mo A3 V)&
o] T FeAA BF A FYsta] A}
&3tojol gt 3t A Qo). o]of] B AT A
T 89S S o] AEIIVIE HHEA &
28 F e T B8 2EQ S AEsid
ERAQ] EF B4 St By ¥y
JrE, AT s, AdHe] e g 24}
std H Ao HWuHAS A3t ¥ £ &
2EQQ] 78 242 AR ¥ BAL
A AFPYPEL o|v] Bo] &eid dovt o
FAXME FA3 G4 TG AL E L 9
T AW E o] 83t 2EHE ARJHo &
EX AAY dBE w7l A3 A FFHY
E2v]ES FUIsk 2 24 g0l £30& 93
EZ74& At Alzd 2EY S "yl
A YL JFA2 238 F 829 o
met FAEE olE ftoz EIFAY AF
471718 o] 838l 58 ST + Ut &
AT AL 3 FH 2EHS Y 4
4 2Eqo] 713 7] 8o HlE 2EQO R o] 7]
€S Hdez g2 Y JE BN AT 95
ol Y} FHE 2EYS AT ¢+ IS Aoy
AA 4 dEsn Je ADA Y Y AR
of TR & Y& Aoz Jdd.

Mz ¢ gy
1. ANz W 717

43 538 2EYR S Az 93 789,
TA4k, EDTA, SDS, polyvinylpyrrolidone (PVP),
Tween 20, tartrazine, ¥ =3 A3t &4 #Aks &
&, X, gantrez, dextran -2 Sigmai}l (U.S.A)
dlA FA43d ). @A Q1 tetramethylbenzidine
(TMB)2 SigmaAl (US.A)lA 791393 N-G-
Sulfopropyl)-3,3', 5,5-tetramethylbenzidine (TMBZ)-&
San-Ai Sangyo LTD. (Japan)oll A )3t I3
3 & 2ER ) AH8-3 318 21-& Pall Biosup-
port (U.S.A.)2] hemadyne, Gelman (U.S.A.)3} What-
man (UK)A #HFst1 e d8 $79 92
A< TFUEA A AT A FE7]E Beck-
man CPR centrifuge (U.S.A)& £33 ] WA (spectro-
colorimeter)s= Hunter Lab.2] UltraScan (U.S.A.)Z
AHgEtR o AHE 89 £417]12 KYOTO DAI-

ICHI (Japan)e] SPOTCHEM™ Auto Dry Chemistry
AnalyzerE )3t AH-&-3h.

a9 ¥ 238 2EYY ¥ aAFEOE Me-
disense?] Esac Tech® (USA), BMe] Accutrend®
(Germany), Johnson & Johnson2] LIFESCAN (USA),
BM2] Glucose Accutrend® (Germany), AMESS] Glu-
costix (USA), BMe] CHEMSTRIP bG (USA),
KYOTO DAIICHI(Japan)2] SPOTCHEM™ strip-2-
AHeetn B3 8902 AMESS Dextrochek®
(USA), SigmaAl2] Accutrol, LIN-Trol, Enzyme Con-
tol (US.A)E AH8-3tlth 25 42 E vHE7]
23] Panton Inc. (U.S.A)9] Panton® color selector
1000< AH8-3Fd ).

B Y Alge dd dREAe 4% ¥e
Aol X At

2. dped

)8y Y8 2ER M=

49 248 2EYE Az Astd 7o
A 32 g, 7+HAF4.15 g, EDTA 10 g, SDS 0.5 g,
PVP 1.5 g, dimethylsulfone 10 g, 10% Tween 20
0.9 ml, tartrazine (0.1 g/dl) 7.5 ml, 10% gantrez solu-
tion 12 ml, dextrane 15 g, K; [Fe(CN)] 0.015 g, so-
dium dextrane 0.15 g, ¥59 A8l 3 4 9,270 unit,
23} § 4 114,750 unit, N-(3-sulfoprepyl)-3,3, 5,5,
tetramethylbenzidine 0.75 g& FH5 9 oA E9
11 £ 150 mid] 5 F WuAe] M3,
40T 3 Ax7)NA < 1083 A2AAT A
efo] AzlHo] Axd WEH A2 FA HolZE
AHg3te] Eeh2E gol F-2A

2) getg S8t Y s £

2ol Fx7} 0, 40, 110, 200, 400, 800 mg/dl Q)
BEE&AE 130X Azd ABgda) 4% 2
o=y 28 F UNE NS A= E B, Pan-
ton® Inc. (U.S.A)9 Panton® color selector 10000
A AAE QY F AL FAE B3-S A9
EE ARE HEUG AA B4 e] G F=
E §¢2 B3 golry] Asld Y A 8E F
da o gugd AEA7n 28 F
RGeS 2F MR vluste 99 7€ 2
st At

3) =& B|MAE 0|28 HY 5 FH

1804 A28 82 2EHS BF A5
vke- A7) 12, 28 & @Ayl ~EY-2 Hunter Lab.
2] UltraScan 2.2 D659 Foll A 2% A]o}Z small
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area view lensZ %3} 400~750 nmA}e} o] =3+
ol A WALES &4, HA A3 At A
g€ HA 37 (550 nm)oll A 2zt F 8] F
=3 v} 9 KS)#S 7ot v e gt

sEole] PHAL AU o] ARNL Aoz
Y% yEE 2390
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1) HET 228 duajele] Me

Ao A7 AaE 9 AL HolA G 7]
719 AbgEo] A= AEHo| Y} gt 88 3§
FE2PE 2EY A A S AR of
o) WY F HPpE 1 Mo ¥FH} 2EY
of I Ade S FrZ AYFE o
o A g9y 9gg Jehile 9ryde
Aeo] Zodtct It oz Ho B4 wrg
9l © 2 = Gelman, Pall BioSupport, WhatmanA}ol] 4]
F2 FAFstn 9o ol PryJE] 55
Table 1] 218t o|& MBS pore size
£ 0.45~12 pmo] 28] =2 acrycopolymer, ny-
lon membrane, nitrocellulose 5 ©} ¢ th. Table 19
AdAG HuYAE FANoE JAT JEJHE
o) Feho] T o AT ¥l A,
o] vk AL AP T WHRlo]
Frdke =S GolBr] 95t 42 9
golel HEAZ &, 1584 HWEyld ol
EFdE Axed Ay ey e AgE #F
3fo] wlmstg et 2 A3} Pall BioSupport2] He-

{II N[o

g
o4
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mln 22
tlo i oX

nyOlb

%
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S ore (m
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g Az oy

g 238 ~EYS AF
2o} A Zo] GOD-

POD EAYd oZ3513on APz TMB,
o-toluidin, 4-aminoantipyrine, 3-amino-9 (aminopropyl)

madyne A 3%, WhatmanA} 2} nitrocellulose (5 pm),
Primecare?] A|Fo] A& & FFole A=

et =g 2xee s
Hhg &Eo} WAl FAE 1)

Table 1. The properties of membrane and absorption of blood

229 LA stel
w37] iake} Bpat

Company Product name Membrane Pore size Degree of Developed
absorption color
V-5000 5 pm moderate blue
V-3000 3 pm moderate blue
acrycopolymer
V-1200 1.2 pm moderate blue
V-800 0.8 um poor green
CytoSep 1660 0.33 mm (thickness)  moderate blue
Gelman CytoSep 1661 0.18 mm (thickness) moderate blue
synthetic fiber
CytoSep 1662 0.64 mm (thickness)  moderate -
CytoSep 1663 0.92 mm (thickness) = moderate -
TR-450 polysulfon 0.45 pum poor light green
Nylaflo nylon membrane 0.45 pm poor -
Ultrabind covalent binding 0.45 pm poor -
Pall BioSupport  Hemadyne - - good blue
Whatman nitrocellulose nitrocellulose 12.0 pm good blue
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Fa9t #4313 maete] WA wkg-S o] 43}
o Ztzte] gl gQle]l THA 43 (pH 6.0),
71 a3} $4, ks 54, TMBE A s
At oldl {7] Fak3l FhE Baks G 9
sto] AAAQ) TMBE A 4oz Wz
(Table 2). 13F2] AEH F T4 W32 Gel-
man®} V-5000, V-3000, V-1200, CytoSep 1661, Pall
BioSupport®] Hemadyne, Whatman) nitrocel]ulose
(5 Hm)E AHEE of 7} 2w g do7]
Ao 2 vyt @A 3 x9} %QIH 54
% 221g o Pall BioSupportoll A A]$35}= Hema-
dyne¥} WhatmanA}oj| 4] A)%3} 3 ¢l nitrocellu-
lose (5 pm)7t Yol F42o] FowA F
ol 71 & dojdony, & ~EY A x4 7}
Z AP} Aoz Aagdrt.
2) 45U Zf % pHoll 2 Ag
GOD POD®} §Aukgol o) ggol wtay 7}
2 ¥3l7] Aot Sl £7 L pHY o}
¢ zASQT. Setg e By 9
A 18l A AAIE Al 2kAie] e el
(reagent membrane)-g- o} 2| A o] 7:4_‘_1_ 1 9 Z+E
4% 8oz Xed PuyAe g4 3 ¥

O

s'&rlm H1

E:
4

Zo & Iy FrE ARG ¥ FFEYo
Amesoll A Al @etn Qle F, A 89, 2 i3
FEYS HEHRA AZFA7| 2 2% F 39 3
T Z v} (Table 2). &40 WAl vigo 1
A &3 PH 6y AHER AS7E /g & o
o5ty FAL FFdq9 pHIt BEFE A ¥
S} 1 T2l g 4 i) o g4 o
HER A4 v AHAIA de T
TAL 4F 2] pHE o A2

3) x| Mey

GOD-POD 4L 7|22 thokgt 259 A
LAE AHREt] 1~28 Alo]o] ¥Fa}el vk
A€ vl w3t vk $Y g k9] GOD, POD &4
o 4% 2 TMB, TMBZ, o-toluidine, TMB$} o-
toluidine & %}&-, 4-aminoantipyrin®} 4,5-dihydroxy-
1,3-benzene disulfonic acid £%}), 3-methyl-2-benz-
thiazolinone hydrazone®} 4,5-dihydroxy-1,3-benzene
disulfonic acid E& Y2 2zt Mejsle] TS 4
HE 23 d5-Ee] ALyt ¥ F% 20 mg/dl
o] gl A FEER AAEG o TMBH o-tolu-
idine® 3 {4 © 2 4-aminoantipyrin®} 4,5-dihy-
droxy-1,3-benzene disulfonic acid £3%}, 3-methyl-2-

Table 2. The effects of buffer for the various concentration of glucose

Concentration of glucose (mg/dl)

Buffer pH

80 110 250
Citrate 6 green deep green bluish green
PBS 7 green deep green bluish green
Tris 8 green green bluish green
Borate 10 light green green bluish green

Table 3. The effects of chromogen for the various concentration of glucose

Concentration of glucose (mg/dl)

Chromogen

20 110 250 400
o-toluidine yellow green deep blue deep blue
4-aminoantipyrin & . . .
4,5-dihydroxy-1,3-benzene disulfonic acid white pale pink pink red
3-methyl-2-benzthiazolinone hydrazone & . . .
4,5-dihydroxy-1,3-benzene disulfonic acid white pale pink pink red
3,3, 5,5'-tetramethylbenzidine (TMB) yellow green blue deep blue
N-(3-Sulfopropyl)-3,3', 5,5"-tetramethylbenzidine (TMBZ) light green bluish green blue deep blue
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benzthiazolinone hydrazone®} 4,5-dihydroxy-1,3-ben-
zene disulfonic acid £ A& A Mo g7 WAL
T} (Table 3). ©| & 5 2 BT AA| o] A3 FF
Tl o8 W Mo N FAla] WAl W
o Az TS v|A = LA = A7
TMB, TMBZZ A eiata] vh-e A 3} ¢Fal A & WAl
o Fxsk ~EY A &713He BAsho] ¥ @)
At} TMBZ2 TMB¢j sulfopropyle] X288 %
Hojtt. AP A3 TMBZE AHE-& 79 TMBE Y
Fed 2 Y ezt 5 ¢ F dn
TMBZS] A T EE 5 mgdid-S & 4 Aok
(Table 4).

4) Strip assembly

g 7o dudleze HITE FARHR
2N 5 ol EAH AYF IS AP
Sere 229 F4E DT T Fe) Wy
HlE ARl 3 & JE 70 F EeHE
% Aote Astn ot Ee A7} 2
93 5 wol el B 1E S Yos|es
M sted A & FAAHT. 7 Hgste
et AW AR B P AHgead B L
FHANAES A AET BVt 2 HA g2
W, 9 2o A7) B2 fEa7] A An
) 91-8 MA|3}aL (separated membrane) L o}ef ol
B} ghgate AlekE AP WHyRl S vt

Table 4. The optimum concentration of N-(3-Sulfo-
propyl)-3,3', 5,5'-tetramethylbenzidine (TMBZ)

TMBZ, Concentration of glucose (mg/dl)

(mg/ml) 499 250 800
2 green green blue
5 green bluish green blue

20 bluish green bluish green bluish green

= Aol ¥ T EARHo|Aen R Fo A
g W lel Ago] FostArt. thFd ¥
BaQ Agat Aok AE 4AF 23 Hyma-
dyne Qo] dF Wgo] Fa3dt A]FZ A
g gedds F A ARAS W 7P A 2y
< H ¢t} (Table 5).

5) BE My M=t

A7 Lg ¥4 ~EH =
Al okt Table 631 2o} 9 T/t F A4
A 58& Holn] A 89 A A 545, 1
dE ASolle 2 54 = A
th o] & B}t A#gstr] Astd xE 84
o] AFE UEAY. MEE WHE7] 3] Panton
color selector 1000 (Panton® Inc.)& Al-&35l 20
g ZFEAE #ulg T AzrE WBgl
Yolme 1 28 F B Ao HEE BF3
o EF MEE TE i’it} (Table 6).

6) oI 8g AEZIS HF U

B Ao M ~EHE g A AF
7 Blwsty] Aste] FAAT T Fate] o
S AN ER A S5 B dG 338 2EYA 1]
o) Amesil, SU o) BMAL Al Fo) 2EQS 7t

op

i

Table 6. Standard color chart

Concentration of blood Color

glucose (mg/dl)

0 yellow

40 light green
110 green
200 deep green
400 bluish green
800 blue

Table 5. The effect of membrane assembly

Treatment of membrane

Degree of separation

Membrane Developed color
Separated membrane  Reagent membrane of red blood cells
Hemadyne - reagent poor light green
reagent reagent good blue
Versapore - reagent poor redish green
V-5000 reagent reagent poor redish blue

-107 -



Table 7. Comparison test with other products (for

visual)
(mg/d)
Blood donor OQur strip Glucostix CHEMSTRIP
status (Ames) bG (BM)
110 110 120
110 110 120
110 110 120
110 110 120
Normal 110 110 120
110 110 120
110 110 120
110 110 120
110 110 120
110~200 110~140 120~180
110~200 110~140 120~180
200 140~180 240
200 140~180 180
I;;‘zi‘t‘sc 200 140~180 180
200 140~180 180

200~400 250~400 240
200~400 250~400 400
200~400 250 240

7ol gdtel Wl 3 WY S8 2P0 o
WA BN P 2 Al AN E e
Hgom 7t A4 1o} Y FEY AEe] o
A AR Z Y SEE SHIAT 187 @
o NEe WY FEE 2T A% AFuch 2
Ho) 9@ T Aol7} tha ARt B4}
Pk Bxk9 YA ze T 59Tk (Table 7).

2. 2 HMAIE 0|28 WY FA AlAH

1) =N o} & 24 9l oAl U £

2 AFoA AdE ~EYo] F A7)
el 82 F A 32 EF ujAAS
Boto] doprgitt. 4 7 JHo) ~EPS F
A 2N 33 A9357] 9 sha] 400~700 nm =
AL BEF M4 Z 20 nm HH o2 A& 1
Az} 33} oo D659] FoZ 2% A)ofd] A
small area view lensE A}-£-35}9 T}

3 B A E o] &3le dd & =357 9

100 7 _o— 40mg/dl —o— 400mg/d!

—O0— 110mg/dl —a— 800mg/dI
80 { —¥— 200mg/dI

224
o
1

Reflectance (%)

N
o
!

0 T T T T T
450 500 550 600 650 700
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Figure 1. Reflectance values using the blood glu-
cose strip with the standard glucose solution. A large
drop of standard solutions (40, 110, 200, 400, 800
mg/dl) was dropped onto the reagent area of blood
glucose strip and measured reflectance values of de-
veloped color with Ultrasan spectrocolorimeter at
various wavelengths.

3ol $-A 40, 110, 200, 400, 800 mg/dle) FE &
AYe 229 BF AGS 2EH A 3
EZ vAAR 2} mxelae) wiAlgL Al =35
o0 550 nm M Fo] gl zt Frd wvialg
ol 7b¢ A FREE & F YU} (Figure 1),
Figure 1& 2ZAZ 550 nm 3o d3 B3 =
=8 YA 2= g 739} Kubelka-munk§H<oi]
oty FEA Tt FFATY FEE M2 A%
BAZ et &, (1-R«-)2Rw = K/S = & CS7}
AYED olg K& A43AF, S FFA44, Ce
T, e 44 AT E vdeEld). o] BA4 4] ¢
3 ¥ T YA 259 vl BAE 2HA
g9, 4A v #A7F AP dot Z
7}, Figure 29} & A A48 A2 4 9ot

2) 2 H|MAE 0|85t &Y EMA|AH

AAVE T3 B B A 20708 B
of E AfdA Jidd 43 BEAME ~EYL &
A2 £33 6] A A9 %<2 UlraScang: o] &3}
9 =& FHEAY & A7 Az Y
T 5L 2EY) Y NBE HEA T2 28
% 550 nm9] 57| A D659] o2 UlraScan©.
2 ¥t g g 739 o). Figure 2904 Qojzl
T Al dzele) HAAPMogRE ¥Y F
=& FA
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y =-0.14603 + 4.7769e-3x R*24~ 0.981

K/S (550nm)

0 100 200 300 400 500
Glucose Concentration (mg/dl)

Figure 2. Standard curve for the blood glucose
strip test. Blood glucose strips were treated with the
standard solutions of glucose (40, 110, 200, 400, 800
mg/dl) and measured the K/S values at 550 nm. K/S
values were plotted against concentration of blood
glucose.

2 AT NEFg ~AEHS A Z UltraScan
< o83 g T=E BY3lE BAA 2
o] AR A o} gAA AlBsln Qe do g
THA2E ] AR S vt &, QR
Kyoto Daiichir}oll 4] A| @3} 1 §l+= Spotchem™ =
Egd ¥4 NEE %;}EAR % Spotchem™ &
B ATEAYZ S BAsle Egae @
I, 22 YA RE ol &3t B AFoN A
d 2E¢o) A& H2 g F 550 nmo) J’r%}mﬂ

< S48t ¢
3 4F A7 096
,°_§_ é@ @47} *Jz dAgS & F A
(Figure 3).
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=
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K

7F A S AGsta, o] & wiRte 2 X7 A
HE F4, FAdtn AW L dtalr] Y8l AA
dolo] A3leta Rl A v BH oz §
AT Utk A7l 3 Falo] 3z Q=
HHANAN Be AEEo] Aale AL AH 3
D&tz v AwEtuzl s &7t Er} o]y
g FAo & wt3o] Ao W HPA PRI
A Fete] AW S 2 AdA 9 A7) 9

O

500

y =18.968 + 1.1190x R*2 = 0.964
n=20 °

400 -

300 4

200 4

UltraScan
Glucose conc. (mg/di)

0 100 200 300 400
Glucose conc. (mg/dl)
SPOTCHEM
Figure 3. Correlation of blood glucose level mea-
sured by UltraScan spectrocolorimeter and Spo-
tchem™ analyzer. Clinical studies were conducted
and the results were compared with those obtained by
using other commercial product. Blood glucose level
of sera was measured by UltraScan spectrocolori-

meter with our developed blood glucose strip and
by SpotchemTM analyzer with Spotchem strip.

Ngol 522 o] Fojx 23} 7o ALes
29tk A2 7E Ay Awge A4 227
2 g =7 F o] 43l Qo] 4L B
a @A AWE AGSAY TE AE 2A
71718 B3 tFe] A g dia) chekst 24
A £t A9 S Aketn ABAQY B
22 Grtet. A 7|Ee] B33e 24 0y
= 2ssta Be Azl PEe] ARE AY
& 7 e A WYY o] F43) Folstn
Aok el A9, S48 T AF BAUE
2ERo] AzHo] ofe] 3AlalM Aldsta glo
o ZAE o] AGI|I| % AdE o] $xjr} of
L ZAAMY AR A2le) FxE =9 4
Aok 22 8 ke A9 2EYI A5 B
A717] kel #F 71&o] njAE Aoy 7
F AFoAX FYste Agstdol gt s d@A
of it} 2 Ao e L 5243 o] zHE
1712 DEEA 3 E F Je 8 BAE &
EYS LA a9 g9 842 93
HEHAE FYste 2 S-S AL
dd FIrx, AY T Belx, Aofnte] ukg
ZAMSt] 744 AP Wuy e Ry
J

2ER] 712 2% A4S & B4

|

o[:o mlm 2 L
l
Hl
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AHYAE0] F2 celluloseA 5 A3} @] &
o FA48 WHgele F2 acrycopolymer, nylon
membrane, nitrocellulose 59 A o] EA o} ¥
4S9 49 P EL oln gl g8 A 3l
o g FAME H3t A TG AHE &
ool 97 AAH S S8 o A= E ¢
AAdol E3 @RI} F£L& N-(3-Sulfopropyl)-3,
3!, 5,5-tetramethylbenzidine £ A}-8-3}Hc}. 1 29
T 2EY AA 2 AL Eol7] A8 98 F
7o LW &S Yristgan B4 gkgo 21
< f8 FAAE ALY Al2E 2EYLS
Aol a8 JFAF| 2 2~3% F €9
FTxo wet A FdxM Moz A WS
doFn EE MF ) Vepd 4 vwsie] €
F T & A%k

P E AT NEd 2EYe] A% £Y
7171& o] &3 G Mo &858 = A=A o
R % vAAE oo Dolr it} A 5

(]

Lo

T=
ol 7% P =Y WAL UE 258 A% A
Ao FRAL Ager of AGA o B4
¥4 S TP I WYARY WY FES 2
Pt B ATl AEF WY 33 2EYS
o] &% ¥4 2515 Q2] Kyoto Daiichialo] 4
Agste 2EYT AF AW171S AHEE WG
FAN2YE MR A3 SAG FT BAAE

2 % Q9T ol =M ¥ ATl LY WD
£EYo] Pule] AU I 8oz 27
g5 Yee BE AT BAY AL Alme
88 + ALT AAY 4 AU ¥F 54
2EQE W BN g 2EYY 7HY 7lRo) |
~EYoE o 7]4S ugoz ThE Y 4
2 Az
@ 5 3¢ Aoln AA FYol JE5m & A
wAls) ) ARl FAE 4+ e Aoz A
A}
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=Abstract=

Development of the Blood Glucose Strip for the Detection
of Glucose in Blood

Eun-Young Song, Kyoung A Kim, Hong Soo Lee, Dur Han Kwon,
Hyo Jine Nam, Hee Jung Kim*, Si Myung Byun'* and Tai-Wha Chung'

Korea Research Institute of Bioscience and Biotechnology, P.O. Box 115, Yusong,
Taejon, Korea., Catholic University Daejon St. Mary's Hospital® Taejon, Korea,
Research Center for New-Biomaterials in Agriculture, 373-1 Kuseong Dong,
Yuseong Gu, Taejon 305-701, Korea*

We have developed a simple and accurate strip test that measures the blood glucose level
semiquantitatively by visual observation, or qualitatively by using UltraScan spectrocolorimeter.
The strip has solid phase reagents, including glucose oxidase, peroxidase, chromogen, affixed to a
plastic support. The strip test is capable of measuring blood glucose level in the range of 0~800
mg/dl and generating the results within 2 to 3 minutes. Human blood specimens obtained from
normal individuals and the diabetic patients were evaluated by the new blood glucose strip and
by the kit supplied by other commercial products. The test results exhibit the correlation
coefficient of 0.964. The new test strip is proven simple and accurate, and it offers an alternative
to the commercially available glucose tests.

Key Words: Blood glucose, Strip, Analyzer

[Korean J. Biomed. Lab. Sci., 4(2): 103-112, December, 1998]

' Corresponding author

-112 -



