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H,0, FADH, Glucose

GOx
) O, FAD Gluconolactone
=
Electrode
H,0, FADH, Glucose
GOx
0O, FAD Gluconolactone
de’ H,O, GOXx : Glucose oxidase

Electrode

Fig. 1 Measurement principle of amperometric gheceensor using glucose oxidase.
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Fig. 2 Commercial equipments for blood glucosesusament.
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Fig. 3 Enzyme immobilization procedure.
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Fig. 4 Error grid analysis for each single bloddcgse meter. Single readings of the glucose

meters are plotted against the mean of duplicatsorements from the reference method.
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Fig. 5 One point calibration.
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+—2 mm —» of glucpse ufprotem
Outer layer

Enzyme layer

Inner layer
Pt

Araldite TEF tube

Fig. 1-1  Photograph of flexible SUS wire and schematicsthation of a fine needle-type glucose

Sensor.
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IS R REAT
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TAEE L E 7 Va— A& EREL THIE L, £72. 0.55 M OV )va—2&& T E g+ & O

R NITHES 2 ERUL ARG E W EWE) OB VIRE ~DRBROFHELIT -7,
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Fig. 1-2I2 1 E D EMOMFE /KT T DINE 2R, WT LD EMmE 25 mM Otk

TEARFITR IS E AR LT, PYSUSK UY Pt-Au/SUSIZEU T, Pt-Au/Naf/SUSIZEE~T 2~3

FEEDOREmWVISEZ R U, IebISE @ -7z PYSUS X, BFAYFIZIDaA/LRITE W
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Fig. 1-3 {2, PBS FICOZ Vv a—R x4 D A m 3, WTio s Th IR HiH
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5. R\ 77T REFICE VT PUSUSK O P-Au/SUSIE, 100 nAFEE R LTz, 2, BAEA
XA HI T DI TIE, B R—/VENTETIY SUSHHIEHLOIRIEIC/Z2>TNHEE
ZHIDH, — 75, PAUNaf/SUSTIE, BAEMEEZHIFL THIEB L= 7 1423 SUS Dtz L
THE, 2D B2 Au-PtZ Ay ZU T LTl ARy 7 7Ty U REiEZE R LT,

1000
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8001 — ptAwsUs
f% 600 — P-AwNaf/SUS
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§ 0T 10,25 mM
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Fig. 1-2 Typical currenttime response of the electrodes witfO-in PBS.
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Fig. 1-3 Typical calibration curves of the glucesmsor in PBSnE3)

I = E O RS
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LB R ORERT R E D EBSAL B IEME B Sk DB J 24T - 728 2A, W oty
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Fig. 1-4(27/v—2% 0.55 mMEIfLE BT o EfRE2 R, ERLUZE T,
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AR LB I ENTIH WD, 20O EH AL T O TN RD o772 DIZ L 5H D
PEEHEERT D, LU D, REFRIGENFONT-ZEND, SMBIEOE NI+l s 3y
WA A STV,
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Table 1-1 Influence of interferents on glucosgoese current in 0.1 M phosphate buffer solution

(pH 7.4) containing 0.1 MacCl.

InterferentPhysiological conc. G+ / J
(mM) SUS-Pt SUS-AuU/PtSUS-Naf-Au/Pt
Acetaminophen 0.10 1.0+£0.05 1.0-0.06 1.0+:0.04
Ascorbic acid  0.11 1.0+0.04 1.0:0.03 1.0+0.05
Uric acid 0.48 1.0+0.03 1.0+0.02 1.G+0.03
Urea 430 1.0+0.00 1.0:0.04 1.0+0.01
D-(-)-Fructose .40 1.0+0.02 1.0+0.03 1.0=0.00

ic: Response current of glucose (5.6 mM).

ic+: Response current of glucose (5.6 mM) in presehagerferent at physiologicamaximum.

500
* Pt/SUS /i
| ® Pt-Au/SUS * ;
400 A Pt-Auw/Naf/SUS _ T
$ a0
E - - =
g
= 200 | : V Hh-“m“,"m }
e
A
0
0 5 10 15 -y .

Glucose Concentration / mM

Fig. 1-4 Typical calibration curves of the glucasnsor in Horse serum (containing 0.55 mM

glucose). I(=3)

R e o s i

Fig. 1-5(2/F8 U 7=t o DR EMEIC OV TR L 7=/ A r~d, ER L=k i
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RITERIA A K TEREZTF L, PBSHIIIET 4 °C TRIFZAT - 7o, RMILEMLIZOW
T, MEFHRIEE DD N2 — IR T DISE OB RONAERND 6 B B LBEISE N
EL 30 H EL B & ERRISE 2 Ut T 7o, W OB NN MRS i (2[5 B L7 IS RF R 2382122

NTEHEL TWEZ Va—20 AL T 727d Th D,

100
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g 60 |
= I A
3
= ® : PUSUS
& 5o L B Pt-AWSUS
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0 | | | | | |
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Fig. 1-5 Long-term stability of the glucose sess@=3)
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ETHERAAT o7, BARA~D PtOBEANTEMAYF K OAR Ry Z 5 TRy Z O E % T
SHLIOINAAH =L LT I A B L EBROERG T 7, (ERLIZ TV T
b PBS T/ LV a—2xf L RAFRERRIEZ R UTZDY, BAEAY ¥ KON Ry 2 ZIDERIL7-E
MIZHBW T, BV R— U ROA 7 7T U RERPIEF ICEmVMEL R LTz, —F . F 744
EWB LA B BTS2 TR I U Rl E /R LTz, ZiUd, BaEMEEZ IR C
WL T 744D SUSOERIEE L ThBiE, 2D EIZ Au-Pta 2\ ZLT120) Thd, Fz,
Wi ORELIEF IR S TRY B MIE T COREIZIB TS PBSH EHHBIL TG E %
RUIERIZ RAF ChoTz, RMIREMIZEWTS 30 A LU EZELTREE R T ZEMD, AN
HEHIZ Va—2to L THHTHLIENRIBINT,
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ZZ TR, PGA R EENEE L TO A Tl EWE O Z@m iR Cho NS L TH
W7z, PGA LK MEDOHE &R FETH D 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide
hydrochloride (EDC} HHWCEEREA[EE T HHIEICE R L, 7 va—Rvo a{ERILT-, R
3G B ThD EDCIZEY PGA DAV EIEETINFEASND(Fig. 2-1) /ERLIZEMIEN
IR B T E B IR DRI Z AT ) R A EE T 52 TR e LT, fERILT:
Y ORI B T O3S Mg T T o7, ke LT, T A L LT
A=t ofEfb 757,

Biocompatible
outer layer

» Enzyme layer

Permselective
inner layer

Fig. 2-1 Schematic illustration of the sensing region ofgheose sensor.
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T Nva—2AA4FH— (265 U/mg, purified fromAspergillus niger) 13, Biozyme Laboratories
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BD 1-TFIL-3-(3UAF NN T2 T W) IVR P AIR R (EDC) XLk Db DA L
72o BB Lo — R I 2 (b5, 77 44> (perfluoronated ion exchange powder 5 wt% in

mixture of lower aliphatic alcohols and watery Aldrich LD EfEH L7z, RV &
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RS, FERIL TRRONT- B8 GOY/PGA-CA ELT-, -, D=0 744 %N
B N OB 7=, B O/ERUT Wilson B0 71 101 % -, EEUE IR MR
bHNEIEOYEE | BEFR OFEE | A RE A MR CThH MBI BB I LOERIL 7=, WEiEEL
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=T—1
4 0.1 mm }‘_rjm & -

Pt—h‘iE @ - —

Polylmlde tube GOx solution 2 times 0.5 uL. drops
594 cellulose acetate(CA) 10mg Glucose Oxidase (GOX)
56 PGA 990 uL, H,0 _ _
10 layers total:CA X 5, PGAX § 10 pl. 12.5% 1-ethyl-3-(3-zimethylaminopropyl)

carbodiimidehydrochloride (EDC)

W-b

[4 3 0% Poly Urethane (PU) i

L4

1.3 % Poly dimethyl siloxane (PDMS ) PRe

Fig. 2-2 Schematic diagram of needle type glusesesor fabrication.
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0.1 MUV EFEEIARL (pH 7.4Y1% 0.55 MM D Z L o— 2% e B s T L HUINESZ 0.6
V (vs Ag/AQCI YCiliFER  BEIEN — BIZRS TR N a— AR ETINL , 1550072 B i
Az Na—ASEEREUTRHMIiL Tz, E7o. ARNICIEE T DB FRNEE R E (F5
EWE) OB VIEE~OEBOFMmIX, TN T2y TALE VR, REETNENE
PR R KIREAFAE T 95L&, 5.6 mM O La—RREITR R L 5 2 5515 L0 ~7-, {1

TEIL 40°C TITo7,
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3. FEREBLE

PBS ' CTONEBIEZEA
Table 2-1ZNERIEDI EWE X DI K ~d, ARNICIFE T D E LA FTE 72

B (W EWE) DB KRS E~DEBIZ OV T, I b /KB ZRE T DENMICB N TER
BEHRENEZR T 23V BBk RIBEB LSOO K5 THLT BT/ 7 =2 W TRIEL
7o BERALK TS B L AL B e RIR FE O I5 FBAFAE T COMB LR RIS EHD L ipafinlC
FOFEMIZAT 572, PGA(1~3% DA Tld, WI MO B FEMEITKRT L Thilsf bk ICx LT 2 f5
L Esg B m Uie, FRCIRIRICIS WL, TOREITHEE 2 DI, PGAD A TIIAMI 23 LW
LT LT=, — 7T, PGA ICHNZ CHEBE /L o — A5 HE 8 U= BRIk o F 7 14 %
WA CERIL T B2 7R LTz, ZOZE XD, 5% PGAIZINZ CHEE &L o — A% 48

U7 dE e i & LR 3R OO [E1E K MR DB 21T -7,

Table 2-1 Influence of interferents on the,8&,response current in 0.1 M phosphate buffer solution

(pH 7.4) containing 0.1 M NaCl.

/iy
Permselective film i, (nA) Acetaminophen Ascorbic acid Uric acid
(0.17 mM) (0.11 mM) (0.48 mM)
1% PGA 36 4.8 2.2 7.8
3% PGA 40 3.9 25 8.1
5% PGA 25 3.8 2.4 11
5% CA/5%PGA 14 2.1 0.9 0.9
5% CA + 5 % Nafion 1.9 2.0 1.1 0.9

n : Response current o8, ( 25 mM ).

in+i - Response current of,B8, ( 25 mM ) in presence of interferent at physiotadjimaximum.

PBSH Tt HIEE DAl

Fig. 2-3IZ/EHRLL 7= GOX/PGA-CAK U} GOx/Nafion-CAD R &t a7~ 3, 7 /va— AR 22.4
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mMM £ CTOFPHCTRIEZIT 72 2A, WD B Lo — R PR EE DN LR Ji 2 B A
DI RS2, WD b E#MET 5>0.98 (0~8.4 mMERLT-, PGA Z V=t
PIET T4 A AR DT LR U IS E R LT 28D, EEEL TO DI EARIBS
iz, AVERMER P ~DISHEZET 5L, 256 mM ETOFPAND 7 )L a— AR A
HRPE B SHNE RO ZENLEELLY,

70

60
50"‘ O
40 |-

30 |

Response current / nA
O

20 O

0 | | 1 1
0 5 10 15 20 25

Glucose concentration / mM

Fig. 2-3 Typical calibration curves of GOx/PGA-CA (closedctes) and GOx/Nafion-CA (open

circles), measured in a 0.1 M phosphdueffer solution (pH 7.4) at 4TC.

T IS OFEA

Fig. 2-41Z{E8LL 7= GOX/PGA-CA K U GOx/Nafion-CAD & IfiL i FC OIS E %~ T, PGA%
W= IS IIE FIC B O TOHEREL TOA DGR, EHL0E Y OIRE
b 22.4 mM £TY Va—AREOHEMMEEBITHEINLZ, ZHUTb ) bb T, 7 /va—(Z
T HINEIL 2.8 MM~8.4mM O TEHEA LIZEHE O NG, PBS HITHLA~E ifi i T
25% 18 o7z, FE LG P CORWERIL, B RE DI T ORI DR E~DT
A= ADYLHEAR T ThD, LinL, 7 /va— AR ELOAHBIFR T 2.8~22.4 mMDEIFHIZ U T

1 0.98 Lo Eno7z, PBS I A~E MG THEONIZ VIRV ERREIGRIT, MO R EIZRS
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Fig. 2-4 Variation of current with the glucose concentration GOx/PGA-CA (closed circles) and

GOx/Nafion-CA (open circles)measured in horse serum containing 0.55 mM gluab46°C.

B e W AL ]
Fig. 2-5IC/ERILT- GOX/PGA-CAD M EMORE a7, (ERLT- 'V DI PBS

RIS 4 °C TIRfFAAT 72 TERIL7= 2oL 3 H B ECTOREDRD LI, 1 H DL F2E

LIoE 2R LT, 3 H B ETOIRE R IR G L TR TE R DR HIC I Db DO TH D,

o EWE O R
Table 2-2ZW EME ~DEBROFRET T, ERNICHET DB ARG R E (W F

WBE)D T N — R REA~D ROV T, I b /KB ZRE T DHEMICBWOTEXILFEN
MR T A e Wg | REEB XA DR 3 THD 7T T/ 7= W THIELTZ, 7V
I— AR A B B KR FE DI EWEAE T CTOT Na—RASEEDE leulle [ZLVFH

1T o77, VERILT2 GOX/IPGA-CA X7 AV E U RS D R B % 52\ T 72 o T=, Ziuid, PGA 3N
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Fig. 2-5 Long-term stability of GOx/PGA-CA measdiie a 0.1 M phosphate buffer solution (pH

7.4) at 40°C.

Table 2-2 Influence of interferents on the glucose responseent in 0.1 M phosphate buffer

solution (pH 7.4) containing 0.1 M NaCl.

iG+I/iG
Electrode ic(NA) ~ Acetaminophen  Ascorbic acid  Uric acid
(0.17 mM) (0.11mM)  (0.48 mM)
GOx/PGA-CA 27.2 1.05 1.00 1.01
GOx/Nafion-CA 24.5 1.02 1.00 1.00

ic: Response current of glucose (5.6 mM).

ic+: Response current of glucose (5.6 mM) in presehagerferent at physiologicamaximum.

4 F&0

A IRVEZ A L LM E T ORETEECoD PGA % PR IE AR SE [ E A EHT FH 72 i
GOx [ E MO MERZAT B PR 21T o7, BEsR e L T, =SB0,
BRPGE IR EA AT T DN (FEER /L — RIPGA) 38 X OV (K & 2 3 2 45 I

33



(PU/PDMS %38 A LT, /ERL 7o BRI AR NI/ E T 2B S L PRSI E Th DT AL
BV, REERT BN 7 2 DB IIHIL 30 A M L& E LD IR E AR LTS, 72, PBSHT
bF 7 F oo P U R E 2R U LS IR W TH RAFRIGEE R LTz, 20
Z&nh, PGA NN E W E O i 2 30§ D PRI N A TR 2 [ E § 572 DL Th
T TBERE T A ZERIB ST,
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%38 RITNEILVEBERAWEI N —RISITF— T a T WA A3 OfER

1. 3Lwic

N OREDE=HV 713 ARM DA =X LIRIAZRE DEWRT 7V r—ar ELTHHT
BD. N () DY Na—R 27 NAIR SR N T AVE VR f DB =S OIS
HEEINTWD, ZDTDIZ, FERPHBRIZIRS T 7 VAU iR e E ORI 5L Tl
NOZEMMANTE=ZV T FTHZLTA M THD, T, FEFERHEE THOMUIEBF TN T
BHF% O MBEHE OB 7T =2V 7 NEEREN TS, *7 FIFHCIMEEF B TRLRREN
WG DIEMES gy ZIZR D ERNERDLIEDEDLITEY, RO )T T A0
BETHLZENMESN TS, * 2O BIBEITIBIC 1 SOEMCTEE DR % R
(ZE=ZV 7T HIENHRIUT, HEO TGRS,

2T HNIZIRS T ARNIC B P2 IO IALRBIEZTT) CGMS O EHZITIEEN MMk
DI B HNDERLEEL, —J7 PGA 1L, MDD ERNS T, T IVEILFRDNESH R
(ZHE A L TTEI T T — B2l e L TR RSO IFENE R RO RIROR) ~— (&5 T
R)THD, BAKMETHRE D @, B RNE, R ATREE W ST MEEZ AL THDIENG, (bhE
S D PRIBA, B L OREEE LR R AL R T T AT v KB EH LB R e L TR O 5L
AR L TR0 S TS, BE e ERIEATE 28 L OB ENDIER S B
(CEBWTH IR | R A, 101 S fmES AT 4 (DDS) | PP A E T4 (Tissue
engineeringlr & 1R SN TR, OB RNIC L RITEATHZENATRERM B T D, P LD
ANRFINIEERGTDHIEND, AT F U ZHBEE L THRREL . EXLFRNENZH T 57 2=
JVE IR JOUREEDOFE I HI D KAWL PRI R R [E E e LTl £ OBF 78 CREAF
DIFETIERLI- Y LB O SR D H L E R LT, 202

ZITIE AERNRNEZ B, BV EEMBHE L TR O RS R 505 T DR H ok
D PGADEANEATIRN, Vv a—REH W4 RIR CE FTREIR T 27 A\ A2 Y OBIFE O
PEtTo70, PHIr 825 1 EF, Mufaiio LIz PtAa o 2 &24TWEE 2 fERMAERIL7-, ZEIK
N THIEZATO% A T AESRE IIHII R D& 5 PUIPDMSDE NI TS EAR A R ThD, 471
WEPITONL TORNWE ST AIE BB ICIVEE DR TEHRSATRERNH D, £ T,
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PU/PDMS OB RIS A O MR FNEAT o7z, £To. 7 a7 WANAA B OEREITOS G |
(2T N a—REH DB HNOVERRFE O FHEME 52 LN EETHLIEND, W D'
2 AL ONLE (BERE) OBFTO BB TH D, FRIL7z 13 PBS EoidiEz v 7z in
vitro Il E I IV R AT o 72,

T Na—2AAF v H— (265 U/mg, purified fromAspergillus niger) 13, Biozyme Laboratories
DHD%E PGA My, = 800000 — 1000000} H ARY 7 VDb DEAEH LIz, F777 —hAF 2 —
£ (10.5 U/mg i, RIERNORESN b OZME A LT, KEEHEOHERIETHL 1-=F /L
B-BIATFNT TR NIV AINEEEE (EDCY IR FEAL R Ob D2 H LT, HiligtL
n—A[FF v F b, 7 44 (perfluoronated ion exchange powder 5 wt% in nixtaf lower
aliphatic alcohols and watei)t Aldrich DL DOAfEH LTz, R L-22 (Tecoflexyx Thermedics
o, RV AF Lt 03 NuSll Db 0% Wz, D-(+)-7 /v a— A3 L F0H D%
7o NIHE (F 5.15 mMZba—X, 2.9 mMZ727 7 —h )M L7Z i b BEL 7o D26 H
L7z, B IiE X Tissue Culture Biological®t D% {# H L 7=, Fluorescein isothiocyanate (FITIG)
HWRALRR OB DOEE AL, PHIr#R (¢ 0.1 mm Pt90%-Ir10%) Nilaco b, 45 2 VE F M iz
L LT L7 ARV AR F 22— 7 (N2 0.12 mm, #M% 0.15 mm) J Q% s Uil L 7=RY
AIRF 2 —7 (N£E 0.18 mm, FM% 0.22 mm)L i E TObLDOEMH LT, ZOMOFIEIK, 4

7L —FObDZEHL,

’%F
[

PtA/ XXV 7454 13 lon Coater IB-3(EIKO Engineering Co., Japaf)/L=—AISERIE L 4
channel potentiostat Model 3104(Pinnacle Technglagwrence, KS) % FV 7=, iz BT 5
ST AR O 5800 %, HYEELT-MIED 7 N a— AR NG T —NIT — 7L AD GHA—F— K&

OF77—hTuzffLi,
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i 55 i A EE A D VB Y

Fig. 3-UZ PO AZR S, LOXDEEZTTOH LIEAREL TEEhZ ¢ 0.1 mm @ Pt-Ir
AV, GOXDEEEITHH 2 fEAMEL T Pt A0 X (IHE: 20 nmyZkha—T 47 %17~
72§ 0.12 MM DORVAINF 2 —TEWHE LTz, SHIT ¢ 0.18 MMDORIAIRF 2—T %4 T,
BV TEIITENE L L mm ORESICHHEEL | B o TR RO B X=1, 2, 3 mnvD
HOEENEIUER LT, ZD1% Ag HABE DTS T 5L TH i LTz,

BV TS SYEE B B — AR DN AT LAV U RICEED LTZBUKPED 5%PGA
(PGAH) 2 NHIIEHRE R [E E L LT 5 [ DU 72 VBB LIRS, BER OB ET
20 mg/mL LOx& 0.125 %(viv) EDCE LT #E 5 mg/mL GOx & 0.125 %(v/iv) EDCA A7)
LTeR, ENEna VP vt v 7 0.5 b T D IS K EEE T o7, FME
1T 4.3 wt% PUK ) 1.3 wt% PDMSE & 07 hoER a7 Z /(THR)AIR 2V 7 CTHOE Uiz

SH7,

} Biocompatible

outer layer

NII OHYEIH I'IN ‘-\1'}““ D )
. :....I.......-. - I |- ) . ] -ﬁn-f--.-l
.'-'-'- e '-'- =omCw R .‘5-'::“:'-'-':'-'-' Permselective

SehSetates ot | inmer layer
S B Bllnlese aceies sl S g

CE.RE.: Ag/AgCl

0.32 mm

- ¥ mm —p % e
1 mm 1 mm 5mm

v

Fig. 3-1 Schematic illustration of a fine needlpé glucose lactate dual biosensor.
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VRAVL),E T
Fig. 3-2 (& VW AERBRO M AR T, DAL OB EL THOWSS ¢

0.18 MM ORVAIRF =—T % W AL HEEEZTT> TR, PU/PDMS% 1 [BI45 75 | 2 B9
LT PN EFNENWERIL -, (ERLL7- W 7 W Z 40 °C DS IMIE HC 3 hi i a4 TV WL
72t%. 1 mgimLO 7 VA v A AVF 7 2 —MFITCAHR HC 10 mint > 7 v & md7- A iE<Iz

WA ST, o7V, dEBREE A ORI R 495 nm #2520 nm I KB E1T

272,
PItube only
Dip the horse serum )
1 time c?‘zﬂ;lggmqg PUfI_’[}MS (40°C, 3 hours) Rinsed
2 times coating of PU/PDMS > >
pr— = *— PU/PDMS

Dip the 1 mg/mL FITC Rinsed
(27 °C, 10 min) e
> S

Fig. 3-2 Diagram of protein adsorption evaluaidiirl tube.

R R

0.1 MU FEFREAHE (pH 7.4)X115.15 MM/ )La—Z } (8 2.9 mMT 275 —ha & e A%
FHWC, EIINEENT 0.6 V (vs Ag/AgCI )T VBN — BIZRST-RIT NV a— AR R A TS
e, Bon-EREE kA7 Vva—REE e L CRHliL 72, Fig. 3-31Z AMEDERIX 27~
T BiAAT o7z A&7 =T RD AL 9: L2 5 LOIZIRAE, 1000 rpniT 30 mind 54 T L
BT ST, D% BB O ML S ESRZ W CTE LT, £, £RNICFET D
B FHIE 2 WE Wi EWE) O FISE~DOEBOFEL, 7R N/ 7=y TR
EUEE REE, IRFBET NI N—ANENE AR KIREFE T3 54%,.5.6 mM O )L

a—AXNE 2.0 MM DT 77— DB B % 5.2 285 X5 ~7=, HIEIX 40°C TIT-o72,
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Mixing of human’s Centrfugation at 100!
b]ood with 3.8 sodium rpm for 30 min Obtained human plas
citrate aq. (9: 1)

Measured glucose and ; 4

lactate degree Glucose degree: 5.15 mM

L actatedegree: 2.9 mM

Fig. 3-3 Fabrication of human plasma.
3. MREBE

ST D Bl b,
Fig. 3-4 (CH8 YEBAMEE CBIS AT o TR VAIRF 2 — T Y U 7 VR E O WG AT, (AIbHEE

L CW2WS o 7 LTI R E R IRICH X7 DO 75 D3RS ILT-, PU/IPDMS% 1 [RIgEE L7- 5
TIVTCIERENZ L 2T DO AN D UHER ST, 2[RI B ZATHOH CR AT NI OWE
RSN -T2, PUIPDMSLEIETED 7Tl 72 ANELSAEIHIN 45135 27 2 Bl s

THILEREELT,

Fig. 3-4 Fluorescence microscopy image of prosgihesion to the surface of Pl tubes soaked in
fibrinogen solution for 7 days at 30°C. (A) Baretébe. (B) PU/PDMS single-coated PI tube.
(C) PU/PDMS double-coated PI tube.

7 va— A5 7T — NOFEEHN I B
Table 3-1i2tB> v 7N OB Z 2 THBEMh LI e RT, 7 va— R REEEZ
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IT—=NDIFE FCOTNA—REEED I iga e T, 777 —NEEDEE T i 1L ITEVFE
MiZ1To7, GOXE[E & LI-AEAMCIET 7 T —hOFENH F LN -T203, BV 7
NLDRIEDS 1 mm DA LOX & EE LI fEHMRCF 27— NEZITH LT 30%H 4 D7 a—
AISEDFEER LS, MFE 2 mmTOBFAITBN T 309 E D FEEZ /R, LiL, [z
3MMITIAITT=EZA, F % 10%FEEEIZHNIH TEI22en b, oV [ BERE 3mm4 ko HER D
REfEE LT,

Table 3-1 Influence of cross-talking response..n=3

X=1 X=2 X=3

Lactate sensol gy /1| 1.31+0.15 1.28+0.09  1.08+0.03

Glucose sensdi,; /1  1.05-004 1.01+001  1.01+0.01

i, Response current of glucose (5.6 mM)
iL : Response current of lactate (2.0 mM)

ic+L - Response current of glucose (5.6 mM) and la¢taGemM)

Wi EWE A~ 5 B A
Table 3-2 |20 EWEIT T D50 Bl 27~ 9, AARPIAFAE S D S A ITE L B (W

EWME)D I Na— AR NG I T—NEESDFEITOWTL, Wbk FEARE S HENIZ

WTEBRALFERITEIEZRT Za Ve Ut RIE, B DO ThoT7 b7/ 720 RFEBEID
TG =R HHOTRIE LT, 7 v a— RSB EE B IR KR BE D15 I EAFAE T TOT v
A—ANIT 7T —MNEEED g lig BE Wiy N ICEVFHlAAT o7, 1ZEAE DI FEMEIC
S 10%FESE F72 132N T ETHHISIZM, LOX B o T2 OWTEREE K DR T, GOX
T TIZOWTET VAT 7 20 R OBRERICHT L 15~2092 5 DB R Sz, Rl
PREZIZ DWW TR BRI LW E THY | 4 %1 M E S M INHIE Ch 2N IO #E H]
BT EOFRFELITOLER DD,
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Table 3-2 Influence of interferents on the glucosgponse current of dual biosensors in a PBS
(n=3).

Concentration I|_+| / I|_ IG+I /IG

Interferent (mM) Lactate sensaBlucose sensor
Acetaminophen (.10 1.06£0.04 1.13%+0.02
Ascorbic acid  0.11 1.08+0.04 1.06*+0.02
Uric acid 0.48 1.08+0.07 1.13+0.06
Urea 4.30 1.06+0.08 1.01+0.01
D-(-)-Fructose  0.40 1.01+0.04 1.01£0.01

i, Response current of glucose (5.6 mM)
iL : Response current of lactate (2.0 mM)
ic+ - Response current of glucose (5.6 mM) in presenag@fferent at physiological maximum.

iL+ : Response current of lactate (2.0 mM) in presenaetefferent at physiological maximum.

T B M OMTLARE 1 C oD L E A
Fig. 3-5lZ PBSHIZEIT 57 Va— AR T 77— NIt T DB 2 E LT RE M-S B D7 57

BT, N — AT T = e R IR RAFIISEE DI, Fo, 7 va—RET07—
DT TENLE 3 mMIZ LI 2 E TR AW OREES 43 ISl S Tnsd,

F7-. Fig. 3-61Z PBSHCTHO/ /La—A K T2 7 —MNIxt3 S &if (black circle | Mz
BIF5H7 na—=A(blue circle "7 277—h(red circle DR EREZ R, I o 3470
a—2LF 77 —MIHLCIHFICRGRISENFGLN, LFHAICHLEVT 7T — ]
r’=0.9883+0.0100 (0~8 mM)/ /L-=—2 r?=0.9974+0.0010 (0~20 mNBELVELREA R LTZ, F
7o AAEH (5.15 mM 7 /b3 —ZA KT 2.9 mM FLEE S T0) I8 W T, BEDIR T (77 —h:
22+3%, 7 /L —R 244159 A RONTZAY, ZAURIMAE ISV iiE L0 747 ) 5%
DRI DIFIEIN SN TZDIZR I ~DWE LIV N a— Ak T 77— O3 mfl S iz
LD ThD, Fo, N\ 77T REFROEMNS ROAT228, 23 EWE oS 1712
TR T 7o | WIEME DISE N NI 7T R B LIZEZ 2D, LDLRDBE,

PBSH TOIRE LU LIz RAF 7RIS E DB,
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Fig. 3-5 Typical current time response of the sensdath increasing concentration of glucose and
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Fig. 3-7TI/EL 7= B PO EMI R EEORERZ2 T, /B L7- v ORFIL PBSHIZIETS
4°C TIRIFEAT T, 1ERIE 10 HREE TRV VISENLEL 30 H 2 E THL RWEEMEZ R LT,
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Fig. 3-6 Typical calibration curves of the lactaensor (A) and glucose sensor (B) measured in
PBS (open circle) and human plasma (closed cif@eitaining 5.15 mM glucose and 2.9 mM
lactate) at 40C. n=3..n=3.
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Fig. 3-7 Long-term stability of the lactate sen@®yand glucose sensor (B) measured in PBS.
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Fig. 4-1 Schematic illustration of a fine needlpéd glucose sensor.
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Fig. 4-2 Diagram of fibrinogen adsorption evaloatiof Pl tube with and without membrane

coating.
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Fig. 4-3 Typical calibration curves of glucose smmbefore (open circle) and after (closed circle)
the introduction of heparin outer membrane. Meanerd was performed in a 0.1 M phosphate

buffer solution (pH 7.4) at 4%C.
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Table 4-1 Influence of interferents on glucosgoese current in 0.1 M phosphate buffer solution

(pH 7.4) containing 0.1 M NaCl.

Physiological conc. i
Interferent y (rr?M) PAPS
Acetaminophen 0.10 1.02
Ascorbic acid 0.11 0.95
Uric acid 0.48 1.01

ic: Response current of glucose (5.6 mM).

ic+: Response current of glucose (5.6 mM) in presehagerferent at physiological maximum.
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Fig. 4-4 Fluorescence microscopy image of fibremogdhesion to the surface of Pl tubes soaked
in fibrinogen solution for 7 days at 3C. (A) Bare Pl tube, (B) PU/PDMS-coated Pl tube é&oyl

heparin-coated Pl tube.
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Fig. 4-5 Comparison of fibrinogen adsorption oneb@l tube @), PU/PDMS coated Pl tubdi),
and heparin coated PI tub&). Fibrinogen adsorption was evaluated by fluoraseedetection of

FITC labeled fibrinogen.
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Fig. 5-1 Schematic illustration of a fine needlpéd glucose sensor.

R A

0.1 MU FEFRMEANE (pH 7.4% HW T, FIINEENZ 0.6 V (vs Ag/AgCI YTl % . FEVIEAY—
BN IR T N a—AE R RN, B o EREE LA 7 L a—ARE BT E L TR L
To Eiz, AENIIET 2BRACEITEIE L Wi EWE) OB FIRE ~OEBOFEIL
TR T =y TAANE R RN ENER R RIREAATE T 35L&, 5.6 mM

DY A — RSB B 5 A DFIE KPR T, JEIE 40°C TIT -7,

3. FEREBLE

7 v — AR ER O aE AT

Fig. 5-2 1%, ~ U ymFkF—EB2EE LB D7 La—2(0~22.4 mM)ZkFT Dk &k
IR T, JVa—APRE 22.4 mMMECOHPHTRIEE{T-72L2A, WI DB YE 7 /L a—A
T EE DN ALY S B BB OBINN RN T, F7-. BREMROERMIT r°=0.99230.0016

(0~22.4 mM)THERIZ BATF Tz,

60



30

25

20

15 |

Current / nA

0 5 10 15 20 25

Glucose concentration / mM

Fig. 5-2 Calibration curves of electrodes with &xép/urokinase outer film in PBS1%3)
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Table 5-1 Influence of interferents on the glucessponse current of heparin/urokinase-coated
sensor in a PB$¥¢3).

Physiological conc. : :

I nter fer ent y (n?M) lgn /g
Acetaminophen 0.10 1.0+0.05
Ascorbic acid 0.11 1.0+0.04

Uric acid 0.48 1.0+=0.03

ic: Response current of glucose (5.6 mM)

ic+i: Response current of glucose (5.6 mM) in presehagerferent at physiological maximum.
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Fig. 6-1 Typical calibration curves of the sens@asured in 0.1 M PBS solution (pH 7.4) at@)
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Fig. 6-3 Clark-Error grid analysis plotting thesudts (solid blue line) of first days.

Fig. 6-4 Photograph of glucose sensor with PU/PBiM&r membrane after 7 days implantation
in blood vessel.
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e= Ethylene oxide gas or
1 day I —
A~ electron beam sterilization

= nfusion anesthetic
2day J| 4= Implant sensors (Intravenous)

e= Aplied potential(0.60 V vs. Ag/AgCl)

= Glucose injection

A~
3 day = Glucose injection
= Insulin injection

Blood glucose (BG) was measured with glucometer

Fig. 7-1 Diagram oin vivo measurement procedure.

Injection glucose
of insulin

Injection glucose
ot insulin

Fig. 7-2 Schematic diagram of wireless continuglusose monitoring system using fine needle
type glucose sensors implanted in rabbit ear veins.
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Fig. 7-3 Schematic diagram of wired continuousgie monitoring system using fine needle type

glucose sensors coatdueparin/urokinaze implanted in rabbit ear veins.
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Fig. 7-4 Comparison of the glucose sensors regp@udid line) and blood glucose measured using
commercial glucose meter (solid circle) with tinBlue, green and purple lines were the response
for heparin- coated sensors and brown line wasfira®GA-coated sensor. Glucose sensors were
inserted in blood vessel of two rabbits (A (2.2 lgd B (2.3 kg)) and measured on tﬁ%day of

implantation. White and black arrows indicate thiection of glucose and insulin, respectively.
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Fig. 7-5 Error grid analysis of glucose sensorglamted in veins of right ear (blue circle) and lef

ear (green circle).
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Fig. 7-6 Comparison of glucose sensors respongkamnted in vein of right ear and blood glucose
degree measured using commercial glucose metexeftloircles) with time. Sensor sensitivity was

adjusted three times using the blood glucose \athagined from toes (open circles).
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Fig. 7-8 Photograph of heparin-coated glucosemeafter 7 days implantation in blood vessel.
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Fig. 7-9 Comparison of the glucose sensor response (salig) land blood glucose degree
measured using commercial glucose meter (solidegirgith time. Glucose sensor was inserted in
blood vessel for 10 days. A, B, C, D and E indidat sensor response observed®at?l’, 4", 7"

and 10" days, respectively. White and black arrows indicéie injection of glucose and insulin,

respectively.
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Fig. 7-10 Clark-Error grid analysis of glucose sensor respamn the 10days of implantation.

F72. 10 AHREEBEZAT o7t P ORMEDOBREEAT T2 MO WS X —BIFEGER S 72D
72(Fig. 7-11) Fig. 14|28 ERID I )V a— ATk AR ERRE 10 H R EL=HLEDOE VO
A RT, BERNICHATZENREN 38%, 47%, 63WRKE DK TN RoNANTFhoty
Y 1°=0.99 DL EOIEF ISRV E R Z R LUz, ~SUATIZ CoRF T — B EEE Lz
DEMEAVEDERAY A LU IE N TOREIRIE IV Th ke OWE 23 L B A7
Bt R LT (Fig. 7-12)

81



Fig. 7-11 Photograph of heparin/urokinase-coatiedoge sensor after 10 days implantation in

blood vessel.
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Fig. 7-12 Typical calibration curves of glucoses@ measured in PBS, before implantation (black

circle) and after 10 daya vivo measurement (blue circle).
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