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(57) Abstract: The present invention relates to an electrochemical biosensor
for measuring blood glucose concentration with improved accuracy in the
measurement of hematocrit. The electrochemical biosensor according to the
present invention comprises: a first electrode unit for correcting a hematocrit
measurement value; a second electrode unit for measuring glucose concentra-
tion; and an insulation cover thinner than an operating electrode and an auxil -
iary electrode, so as to not only enable a first operating electrode and a first
auxiliary electrode of the first electrode unit exposed to a blood sample to
have the same area, but also maintain a constant spacing between the first op-
erating electrode and the first auxiliary electrode. Further, an electrode area
and electrode spacing can be kept constant by means of the insulation cover
even when a location error may occur during electrode printing, and therefore
the accuracy of a hematocrit measurement value may be improved, and the
accuracy of a measurement value of a blood glucose concentration in which
the hematocrit measurement value is used for a correction may be further im-
proved.
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HAEEE FAANA wolodMdd #F Heolo,

rlo

(WA 7€ ]

{2 Fe¥es Jgddan dqdRsesd doixd A Yo
T=F(83F: blood glucose)d U& FrHozg SAGor T
dodel FHEIZ v, od I FAHLE & F F dE
FHE AF71E ol&std &4A FHL ¢ don, FAH2Z Fx
ZA7 2EY FHY vtole AANE A E3d &4A SHE & Jdd
olgd EF FHAHL AT nol MM HFAdYPE ¥y Wy e

A7 g e szsn o

°f T AVSTH LWL 7] g 1o g3 dyHIAH,

g 2 SAFLE AAAGUNAE A& E Aot 3 7
AAAGoAAZ = # 2 Al (ferrocene), #H 2 Al S =4
#A = (quinones), A& HF=H,; HoF&HETH 77 2L F7E(FAtopn

22EF Ff ZLEA, TuE dAPActdo= 5) 2 §7]
AdE4 ¢ (organic conducting salt), W 227 (viologen)d® #&

AAAE 7718 & A8 @Y.

FH 5,

(1) 2% + GOx-FAD—>Z & &4} + GOx-FADH,
) GOx-FADH; + A A A A (A& A e )—GOx-FAD +
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AAHDGa AA(FLYH)

(7] g3 A 1A,

GOx:= A3t & & (Glucose oxidase)® U EFU I, GOx-FAD o
GOx-FADH, &= ZtZ BAgase &4 F <l FAD(flavin adenine
dinucleotide)®] A3t e 2 FLZHE HEtdT})

A7 wgA 1994 2E ourg o], (1) WA dqduye
TrFe FAFgary FoRLd g3 FHFIZAE AdsEHA "o,
olwj FAFEAY A Y FAD L FADHE du.  (2)
I % @9¥ FADHE AAAGEAALY AgFAdNLE T
FADH; &= FADE 2tstsH 3, dAARAgwAANE FAd=A v, o gA
Y FANHY AAAGUAANE AIEAAA Gamed, ol

A% AIRWAN BLYH AALLAANY VHAAE Ao

448 AFE 2459 4 BEE 2AHA U

TE CAANE F A2 F¥FE o T ¥

ik L Aged e FTLYE e dol4AME
A71sketA ol dAMe o, ol HrFgTH uHiolAlAME
FHY v Wl o3 wpoleAAMeE dy ko g3 FFS
£d g %3, AEJ EHSHHAE AEE Ex AAY 8lo] AR

lz!

olglg  AUgHHY woleaME d7  Fe  PAFI
Aojsted d¥FHoz HsA ArLHARR, AA9 AHAIFAHL
AA g A= AFdHZ AL o232 B A (ascorbic acid)
of f] E o} u| .= Ml (acetaminophene) B L AF(uric acid)®d Z& t g
A FEC I F dFE L,
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g, A785H uwoledMe FH AFxd AT LAAE
frdste Aoz AIFEHE(HIE T AA HdA AAILE
B39 8 &; Hematocrit)e] F83A AL, LIFE& no] 2 4A
~

Ede Agsd 159 €Y FF2 F¥HoE EHRs=
Fo 2 9¥e wE

AgEdA deld, HAT§HE 4
dele e 1 54 A% UM B
Gz A8 AAoie AgHE A

ed, AAHHH  woeANdA AETEAE  7A e

4
AgEE A% €3 2532 59 3 AYEe FPHo=m

EHEA 1 2 20AE AEFE BASAY, AGF 4
4978 AAdE 52 2Lt B dad ANGn Ao,

EE&d 3dAE T2FWE(silica filler)E X g3

239 AN 5@ AF/EFEY LAY Jve 2= BeYe

E3Ed 4ol HE AYE F W AU (the double
excitation potentials) W< ZAFAE FdHo=2Z X8 (chemometric

method)dt+ A HHE AMAs o,
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SN H U R EHLEHE-FF I 2SS A F A (flavin adenine
dinucleotide—glucose dehydrogenase, FAD-GDH),
UagoluzolddyREdEE-FF 3294423 A (nicotinamide
adenine dinucleotide-glucose dehydrogenase, NAD-GDH)
ol EE2FAEYU FAE=-8FIZ2EF 42 E 4 (Pyrroloquinoline quinone-

glucose dehydrogenase, PQQ-GDH), B 2F3 & 4 (glucose oxidase; GOx)
52 A8 = Ao,

B, A7 AAFGHNAE 232 wrEEed TR
48 Agddurgsted HAHA H9, ol¥A FAHE FAAEH
A7 271E AFEHANA AFE WA=

R
L
2
ilv
=2
A
2
rlr
R
i°r‘~

e

olwl, 471 AAAGUMAAZE F5IH FEY god EE
ol FEAE A EFFHA AEZT F oy, FHd 2184w

B 5} & Alo} 9l £ 4 5 (1T ) (hexaammineruthenium(II )chloride),

X et ¥ 2] Al o} U o] = (potassium ferricyanide),
X et ¥ 2 Aol } o] = (potassium ferrocyanide),
t) o) g # 2 4l (dimethylferrocene(DMF)), HZ Al Y (ferricinium),
HEANE=IE 5 A A (ferocene monocarboxylic acid(FCOOH) ),

7,7,8,8,-HE Aol F =] ¥ & (7,7,8,8-tetracyanoquino-

dimethane (TCNQ) ), HE&E ot Edd(tetrathia  fulvalene(TTF)),
YA Z A (nickelocene(Ne)), N-wl & o}l Al U 2 (N-methyl
acidinium(NMA+)), ©ElEZelole] E2} 4l (tetrathiatetracene(TTT)), N-
o g ¥ 4 2] Y4 & (N-methylphenazinium (NMP+)),
&to] = 2 7] = (hydroquinone), 3-H " & o} v 1=l 24k (3-

~dimethylaminobenzoic acid(MBTHDMAB)), 3-d g -2-

WEE eZx 2 &dto] =& & (3~-methyl-2-benzothiozolinone hydrazone),
2-vl &A1 -4-¢ & 7 & (2-methoxy-4-allylphenol), 4-o}u]x<tE ¥ & (4-
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aminoantipyrin(AAP)), v dold W (dimethylaniline), 4~
ol 1] - ¢t €] & &l (4-aminoantipyrene), 4- E A Y I E (4-
methoxynaphthol), 3,3".5,5'"-lEx} gl A d(3,3',5,5'-

tetramethyl benzidine(TMB)), 2,2-o}X x=-t]-(3-dg-Hl=Eo}lZA

X Yo]E] (2,2-azino~ di-[3-ethyl-benzthiazoline sulfonatel),
o-tlotY A (o-dianisidine), o~ F o]l " (o-toluidine), 2, 4-
Y g2 29 & (2,4-dichlorophenol), 4-o} v = ¥ U4 & (4-amino
phenazone), WA d(benzidine), ZFAI¢ EF(prussian blue),
lolgdegd-2 28 534 $FE 5& AT & .
10
dity oz, ALAFEHE FAE HAAYE Afd FedaH
BRzdse H4S T84 FHde R AT SAHS 9% T2
2422 HEIH. oY, HFYALOE woliAe HFE
AHE B¢ 2 FAHAEHAHE 9, d23d3)d g gses =
15 A&sA A=A & AT EAFE AHE FEEo] ul A 3A
FEWds AFe dow, HHEF AFAAM AddE  AFo]
FALETE AFY EAMY AR "HFo wouY, EHFHA @
AN dojus wsol AHAA HAFEANFH #AH(edge effect)’}
AAA Eo. @A, HIFEHE FA SAHARY HALA
20 AE Aol HolAE EAHo vk,
Fed TAPE HHs7 A B AHAAME = 1 € =
20 YEhd wpbel o], AAAWME AL FAANF =EHE
ALFTAS R AIBZAS9 WA Hug P ojg AZ79
25 AT dASA FHEHEES s =HOANE ZQrh

9% PAHCR, 47 AAAWY FAE B gUo Ry
AFFAT 2 Almzd3Y FEAA FFHE FARY §A
el A4 A THNAE Wad ¢ ANHAEE 247 oA4B
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AAfFR B4 EA Jol ERARY =JE BoldtA s dEold.

Boange ma wgel 914, 37 vA 2& ALRFEAA

ez, 2 B e volo AN o9 HHse AN,

= 243 Abolo e
G948 YAF mRAgel HeA o, oy AoF: FFAIN
BzAZ A8 Age SPHolo, AA F2E ¥ 2 (open
circuinn® FATY. AR 2Pl 9@ AsH wWa AwI=

Aol AYAE YegA "1, 47 A4A AEE who] o449

olw, AAAGUAAE EFdE ANIFTLE A2KTHAF T
A2 z2AZ F o= Uy AFdw FAHS dzm, A7 A3
AL 20 ym WA 2 mme HYE widzke Ao v Asd, ¢
FAAE AF 4L 80 m WA 0.5 me HAER HIdF F

k. Uobh, #7 AFFe 4HBYE2E d EFL ¢ AL,

Aq71A, A7 AFIdUdFIL2E2E ZEgRloldidyg /R EdY LE -
FEIAGFALAFE A (flavin adenine dinucleotide-glucose

dehydrogenase, FAD-GDH) , UagolnmzolgdogFEe e~
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25322 F A (nicotinamide adenine dinucleotide-glucose
dehydrogenase, NAD-GDH) , dolE2HEd A =-

42 (Pyrroloquinoline quinone-glucose dehydrogenase

]
PQQ-GDH), W4Fsl & & (glucose oxidase; GOx) 5& AL&¥ + o,

T3, A7l AAASHAANEZEE FE£TH FEF Hed EE
olg] HFEANE A EFEH AE&F F Jdoy, FH A& H
o 3 & Alo} vl 2 A F (T ) (hexaammineruthenium(II )chloride),
X elg e A olytol E(potassium ferricyanide),
Eehg ¥ Z Al obvt o] E(potassium ferrocyanide),
o) v & 5 2 4l (dimethylferrocene(DMF)), H @AY (ferricinium),
HEARXIE E QA (ferocene monocarboxylic acid(FCOOH)),

7,7,8,8,~HlE& A ot = F =] o & (7,7,8,8-tetracyanoquino-
dimethane (TCNQ)), HE &G ElolE L (tetrathia fulvalene(TTF)),

YA 2 4l (nickelocene(Nc)), N-v] & o} A tj Y & (N-methy]l
acidinium(NMA+)), Bl E g olel E2t 4l (tetrathiatetracene(TTT)), N-
o g # U X Y ¥ (N-methylphenazinium v (NMP+)),
8to] = 2 7] = (hydroquinone), 3-t] v & o} 1] = #ll = A} (3-
dimethylaminobenzoic acid(MBTHDMAB)), 3-ml g -2-

¥ Z E] © % ) *=3}o] =2 & (3-methyl-2-benzothiozolinone hydrazone),

2-t] E Al-4-2 9 7 &= (2-methoxy-4-allylphenol), 4-o}n]x<ot¥ 3 & (4-

aminoantipyrin(AAP)), o g old d (dimethylaniline), 4-
oln] = ¢t E] 9] 9 (4-aminoantipyrene), 4-v) E Al U I E(4-
methoxynaphthol), 3,3",5,5'-gHlE&H &l x4 (3,3',5,5'-

tetramethyl Dbenzidine(TMB)), 2,2-0}Xx-t]-[3-oE-HlZEol&EH

X UYolE] (2,2-azino- di-[3-ethyl-benzthiazoline sulfonatel),

o-tlo}Y A d (o-dianisidine), o-EF o]l d (o-toluidine), 2,4~
UE 229 % (2,4-dichlorophenol), 4-o} v = ¥ Y& (4-amino

phenazone), W A 9 (benzidine), ZF A ¢ & F(prussian blue),
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HEo ddAM 3 dASGA 7AHE HHY woj2 AN Ax 1
FHE woleAdANyg dH2ZA = 1o Yetd A Zo] FTH
EYHRE UM HEE uwoldAME Az, £

=2
FHY vlolLAAME Azse AT YRS dEds E3Ed 10-

1 2003-0036804%5, weRls E3FEFY 10-2005-0010720%, THEHR =

£33 &9 10-2007-0020447%, RS E3Z9 10-2007-0021086% ,
NEUx E3HEY 10-2007-0025106%, g9 53 &9 10-2007-
0030346% , E. K. Bauman et al., Analytical Chemistry, vol 37, p
1378, 1965; K. B. Oldham in "Microelectrodes: Theory and
Applications," Kluwer Academic Publishers, 1991. ST o FTAH
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e 1> 4YFEHE 2HL A AFAT 2 HEATY
Mo FAYA $e BEY oo AN AE 1

5 30 Ued we gol, A 14 BAF PO
Moo ANE AzeE, AAAHG) AIATAIF AATAID

5 Atole] &R e HWYH vio] MM E AXFAY.

il 2> 4YTEAE 4L A% AFAT 2 w2
WAl FAHA F& YUY wolo AN AZ 2

o

£ 4ol UEd wsk gol, AAd 1A% Fd@ PHosw
10 HoleAME AxHH, FAANE) AIFFAIH AT Ao
g0 RYHE W Hoted &A= GAAE o Ao

5]
dAdAW sty FAHA ¥ FRY vol A E AxsAT.

<A@ 1> AT ELHAEN A I=x 54
15 Al 1 2 vlmd 1-2014 AxF nolo AN HEFLEHE
53 AGEE gotiy] Adtd & Fo] dFaA. |
TAHFoz, Al AFTHA AC 3 2.5 kHz, Peak-to-Peak
A9t 81 mVE Q7tstd HEFEHEO 0, 10, 20 30, 40, 50, 60 £
7097t HES Az A9 A= 584 FASYUY. o AHE
20 37 ¥ 1, & 8 WA = 109 YeEtH A,

[E 1]
| A A e 1 Bl e 1 H) o] 2
gz @7 (3D) 0.00056 0.00291 0.00251
71€ 7] (Se) -0.00080 -0.00110 -0.00120
SO/, -0.703 -2.648 -2.094

E 8& AAd 1olM AFRTE AME AEstd HEFEHE
E SAT ZFE deEd THZou(H7]A,
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T ot mmd 14 AFE ANE AEsHd ALTEHE
EEE 24% AFE ugd agTolg(drA,

“GHet” & 4H AT EHEL dul o).

T 10¢ w@d 2o0H ARG AHNE Agscl ALTEAE

£ =49 AFE uvud adZolg(drA,

= 8-10¢1 YvErd wpek Zol, T ELHEDT FEERY

Ne7E AANd 19 A$ ‘-0.0008 o], BHI 19 HLdE ‘-
10,0011 2 FAHAJAEWU, o AFFTAITH AlR=AFLY
A d1)7t H] 1L o] 1ol A ¢ A (d2) Hoh 4 7]
HE (A& T4 (1) #F=E).

¥ 1o Yeld ng Zo), EEWUAY FAFE JEVE UFE

#ISD/Sele Amrd, AAd 19 ALoE -0.703° o]z H @
Aol -2.648° 2 GBUYEZ AAe 19 wo]eAMIt W
(-2.648)/(-0.703)] ¢ AL} A2 Holg AL ¢ F UH.
w3, damd 29 A BEFARY WFL 71¢72 v @(SD/Scl0]
‘~2.094" 2 YgYYE=Z AAd 19 o] AAMst WiE 4. 18 [=(-
2.904)/(-0.703)] o AY3I} HF & Hole AL & F AUT. oL,
Wz 29 A$ o e A Fo] BolPoRE A&
da g sl wgAg T2 oy, |
gl AFHE = 5ol debd wst go], B 2w wEe

dAAME Ba/agsolE A3 FAd Jod T ow o4
gFold He AP WAL FAGE W ARHIL v, =@
= 7o) yEd " o], da/asdolE FIFg ZIEZG EAT
Ade Faxgsd WAL AAYN FARN AdEsy, QA=
ga/agdtolE ASe HAAWE ZHEF = 62 Hd
ga/agsolE AFe EAg AWg Az A FAE F A
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