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Fiber-optic biosensor for analysis of glucose
and lactate in blood samples

Ok-Jae Sohn**** and Jong Il Rhee***¥**

Abstract

Optical-fiber sensors have been developed to determine the concentrations of glucose and lactic acid in blood samples.
Fluorescence dye [tris(2,2'-biphenyridine)-ruthenium(il)-chloride (RuBPY)] was entrapped by using a silicon to the unclad
tip of a glass optic fiber. Enzymes like glucose oxidase (GOD) and lactate oxidase (LOD) have been immobilized by
acrylamide resin adhesive, adsorption with zeolite or covalent bonding with aminopropyl-triethoxysilan. The fiber-optic
glucose/lactate sensor was then used to analyze the concentrations of glucose and lactate in blood samples. The results
were compared with the results of HPLC analysis and their difference was in error by less then 5 %.
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Fig. 1. Schematic setup of a fiber optic fluorescence
sensor system.
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Fig. 2. Fabrication of fiber optic glucose/lactate sensors
using acrylamide resin adhesives.
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Fig. 3. Characteristics of a fiber optic glucose sensor with
immobilized GOD by acrylamide resin adhesive.
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Table 1. Comparison Performance of the fiber optic
glucose sensor with different GOD immobiliza-
tion methods

AR EEYERE 77 SEAT

T ALl S
—7—;(051"% =] [g/L] [sec]

oladolujol = A 0.5~4.0 200

AR ER L) 0.05~0.4 300

A Lato|E 0.05~1.0 180

JEEDERERE g

+ A2 aolE 1.0~10.0 200

S A7) Yol #FEAL 0% 2N ETFEH 05
gL I8 3L 100 %E 3%} SRE o] &3tk
39, E 19 GODE 474 &4 T3P0
3 A slste A AR 2T A A
vl walgich vl TR AR X
el ofsl sk AAM7E 7wk
Z2y& Btk o) o] A
AYoputol= el & A gpe|EL] #
& &, 471 FE A nAlFHol #Xle
AxlozM uA3) G go] wA 9k, 314
FRE NLFIHEET} AstE ] A Fe
£ Bv e A8 s=990] 1.0014 10gLE
o GA Vet ey olmgolhle| = glRlg o]
23 Wi 3}t 2] aminopropyltriethoxysilan . 2 2
YT WY e s APAA E4E FF AT
A 7P & 1A} 09 V)E B ol e
AL B3R ARAAA TR g o) dejEeht

bt
o
%
L o

~_~

>~

2=
lo 20 2 dm

&0 r ox
flogt 2l &8 & ape Lo

T o
o it
U}‘., oflt

_30—



YAF LR 200 BHS A BAS ABAY 31

EXgoz AARASE L weix] L web o Al
MEF} v wsle] 8 4TS Bolth AlAe] AEAe
A 2] eg Hrkshsdl lelA 71 523 8ol
o2 B Ao AM-E RE §ATVA 3] by 2
3 Al X2 A b A A S 24417 F
oF A4; AMEBIIS ¢ 271 ] 80% o] Ad
A& Ve AA Y AR Ak 2ol B4
a8l Wi o3 AFE AME 4°Co BAstaL
0.5 gLe X% ARE i 53] vHE Syste] J4
f detel IS Ghe Ao 7] 849 50%
ol&tE ZHaEE AlZHE £33t vt AL
o|EQ] H%- 15Y o] Fof 27] B4 53%E 71
W2 MY S Belom, whdel ofa ool = %]
HAAAE A3 3L 91 %E 13 E4 HPA o]
kTt B3 ofZolnlol = #R HAAE o] &
ato] 1Sl X5 AMstaAe] 4L 4F 5 £
7] BA49] 50 % ol g s ATt AlgEo|Ed &
& 3ele 4o duEnu s Jdslsld aa
THEAY A7le Asde 840 2438 @A ®
S =Zrt At o 2H F3] o E8l4 T o5
7 &AE Ak e ofadolnteln g 719
$- G4t ERe) o8] THH T £F BA H3}
o2 vs B 4o 545 AN ¢ Jn EF
JojH oz ojrg fadE a4 got B35 A
whol] QoA SEAIHETE of e} (M B TEF
Aye}b QP A o) Fasleg o)Fe nE Ty W 1
Aol RUE Y A@oxe F4F A g 4
HE] & £H9) GOD 2 LODE 13 8sl7] 9ls)
olfidopntol = H 2 HAAE o] &8t Tt
B F xrge FRE E43517] A A A
AAE otmgolulol= #Hzl
ol g8t AME A& H4E
AR BEE 4] elire
Aslste My w9
B AFA 10 units] GODE
= 0540gL EEY FEH
AL 5 AAL(ZH 4(a)), 100
units®] GODE 343} at& 7 --oll= 0.025-0.15 g/
< U §E, &
TollA JaE F

o o od b (B o B>

N
o=

flo
1

—_—
(3

o offt to

b do oE i
My to,

X

Aol 52
Lo
f

}~;|J ]
% o
s
o 3{% %

do
2
X
iz
oftt
U1k
X

12
ofi
op
:0{5
)
B
ki
L
o
o off
HT o
il
4o e
e

A Z=g AAME o
ol AEE EMEC 28 4bple a5 2
o] ¥EE FHH Txg A9} HPLC (High Per-
formance Liquid Chromatograph: Simadzu RID-10A
RID detector, Shodex 701 column at 75 °C, a carrier

—3]—

o
~
o
T
n

@ @
w w
S &
T T
Signa! jv]

=3
N
o
T

e AE AETAT e
\ Concentration of glucose Lg/L. ]

>
=020}
=
&
7 015 1
0.10
0.05 |- \-\
a
0.00 -
n ] 1 I3 ] I3 L L 1 n
0.0 05 1.0 15 2.0 25 3.0 3.5 40 45
Concentration of glucose [g/L]
4.0
(b)  EEE HPLC analysis
35 22 Fiber-Optic Glucose Sensor

Concentration of glucose [g/L]
5 & 8 & 8

o
3

A7
KIH KMS

o
E=3

J J8Y CYS8 KYG PDS

Person
38 4. (a) F5F 22T AL BAgFa4 (b) Y W
EZx% F5¢ HPLC| v¥lw £
Fig. 4. Calibration curve of the fiber optic glucose sensor;
(a) and comparison of the data of the fiber optic
glucose sensor with the HPLC data (b).

solution of HPLC grade water with 1.0 mL/min, sam-
ple injection volume of 25 pN= ¥-433 A5 wlws}
o Ueldeh dutdo g Faele] e 0.65~
Ll g/Lozsm £ AFolA 7dd Fdf T A
o] AY FEFGNA 13t Bate] dFEHe] 7t
SokTh B g Fol i SN oput A E
TG0 A E VW A EHE TEGE 24
3% A wxg ol xAskE GODe| ol me} o}
2o g2 AgFY 2299 b ele He 4
Sl 174 o)¢e B4 f MAE AREsiof she B3
of AAIRE vi-¢- w2 A7k el S 4 dx EE
HPLCS} 722 71&9] £ vlawste JFgxx o
5 =T

g, Zake] & B sk AR daAA
gtol] AARFELA ANLODYE 333 34df 22k
A& Azsld o 145k LoDY 42 248l &

J. Sensors Soc., Vol. 15, No. 1, 2006



32 &9 -

0.6 (a) - Yo s

0.5 u

Signal [V}
e

d
S
T

\'amummwmw,mmm

z Iwemnlion of Lefactate [g/L]
e 03 =
20
;]
02}
0.1} \
|
0.0 1 1 " 1 n 1 i I 1.
0.05 0.10 0.15 0.20 0.25 0.30 0.35
Concentration of L-lactate [g/L]
040 (b) Z7ZzHPLC analysis
RKKK Fiber-Optic Lactate Sensor
— 0.35
=
o030
£
£ 025
=
S 0.20 8
= 35
'g 0.15 % 23
5 010 2 . 7 ? ? 32
g % 7 Y1t
s 2 Y VU
O 0.05 27 7 B8
] 1 1
0.00 & 7 7% R TR

KJH JSY KHB KMS CYS8 KYG LSJ
Person
3% 5. (a) A A Ao B4 (b) B F &
2t Fxe] HPLC9H] M]3 24
Fig. 5. Calibration curve of the fiber optic lactate sensor;
(a) and comparison of the b data of the fiber optic
lactate sensor with the HPLC data (b).

LJS MJY CME

oA F 2] $xE FAs] AT Y seHE
A5k LOD 10 units 1A 8IS A4l
0.05-035 g/Lel 34t T HAA dP=de d&
T AAHZE S(a). & AollA AL Fdf gt
AXE olgate] Do F alslofle Y v=E
2Asc 28 sbels BAFe) 2ol vug @

26 Z1AF A ¢k HPLC(Simadzu SPD-10A UV detec-
tor at 210 nm, Atlantis 186001344 column at 30°C, a
carrier solution of 20 mM NaH,PO4(pH 2.7) with 0.4
mL/min, sample injection volume of 25 p)= A gt
A mstel Gepdth ¥o) 3 SollE kel
745 d9lel 8% ks E H9E 0.067-020 g/Lo]
L BEE A ANE 01§35l B F e BE
Fe A9 A 2 SRt 4EEEd
wellis 243717} mdka). webd v
g AR H7hste] 2

Siid
o &
ol

o ¢

WS 18 oo L

RO e
e e

3
o
3
e
off

al

o

AX 88 A 158 A&, 2006

o] TR g AR 24T 5= Yok(spike H). L
g 5(byel A KHB2| 7
0.05 g/Le} A4ke Eof Fo

PR =1 j=4
gLE W 3H& AME Sl Holdle 3k

Wl oz AR
ST BS B SJs) BHE 2] FEs
HPLCE] of3] 248 3Ake] sws} Ao AL 2

T AT

-4
__)i“,
o
i
Y
o
=
1%
rlo
>
ol
P
E
)

12
1R
> M
2,
>
M2
rl
(o3
L
L
1o
o
o
il
rﬁ‘
o
ol
ol
o> fr
D
Sl
T
o2 N

oo
i,
.
o
[
>
2
=
B3
i)
=
>
r_Bi',
o
1o
0,

Yl
Jo
g

dske AxEH FozeEs) BAL e

k)

oz

it

23

>

1o

ml:j

o T
it g
e mku
> e
b
o
rir o
E 20 ofy
b‘ r_?l’. k:O
I, ol

4z
=2

o
o 4o M OE o ok

rr
iu)
ofy it it

o
o
r
2
>
f
o2
o
>
mE
ol
F‘F
pok
s
i,
o
ok
£ 30

rg
-
2
>
o
e
[
2
2
Gl
o
opp
p‘k
&
o

>,
b P e
Lo

¢

ACk

g

=3

)

o

o

o

v/

k=

rir

=

Q
o R o2

ru%:j‘

L=

=
iy
oft
<]
X
>.
>
tilo
Hr
1
5
a
o

£

B>

29

>

=4
eorr ofu

2

Mool wx ol do

i o

fd o
Do
o

>

fob, x
Ol
ﬂ'r'
o
123
lo

 CEEREEDE

fo 1= o L 0
o 2
o . 2
R
Jo E il
& 2
o B op
[T o
xR
oy o
o o

S
Of o4
5%
ok
£
>,
2
o
ox
O,
B
off

D)
t
-
)
ne
tlo

A et 2k

2o o b S OB Ho bk op

oo

i

M

S

o

38

Rl

odt

2> x off'
> o
nl% tlo 0
tlo
Ny
53
e
iz
%‘. ok
o o
o
—4i x2
:& e
3
M
i
ol
o
Jo
2

2 dte 20024 BABAN- 9g238 §871< N
AL (A 3.02-PI3-PG3-31401-0001)3 AFd <-4

-3



A NAFI (RTI04-03-03) A| Yo7 48 5|
A=Y

t1

mp
A
o

[11 The Diabetes Research in Children Network Study
Group, “Lack of accuracy of continuous glucose
sensors in healthy, nondiabetic children”, The Jour-
nal of Pediatrics, vol. 144, pp. 770-775, 2004.

[2] G. Philip, M. Haji, L. Laurence, S. Abdullah, J. L.
Vincent, and W. J. Malaisse, “Leukocyte glycolysis
and lactate output in animal sepsis and ex vivo
human blood”, Metabolism, vol. 48, pp. 779-785,
1999.

[3] B. Kuswandi, R. Andres, and R. Narayanswamy,
“Optical fibre biosensors based on immobilised
enzymes”, Analyst, vol. 126, pp. 1469-1491, 2001.

[4] H.Liu, T. Ying, K. Sun, H. Li, and D. Qi, “Reagent-
less amperometric biosensors highly sensitive to
hydrogen peroxide, glucose and loctose based on N-
methyl phenazine methosulfate incorporated in a
Nafion film as an electron transfer mediator
between horseradish peroxidase and an electrode™,
Analytica Chimica Acta, vol. 344, pp. 187-199,
1997.

[5] G. Jose and Cunha-Vaz, “Optical sensors for clinical
ocular fluorometry”, Progress in Retinal and Eye
Research, vol. 16, pp. 243-270, 1997.

[6] C. Miller, B. Hitzmann, F. Schubert, and T. Scheper,
“Qptical chemo-and biosensors for use in clinical
applications”, Sensors and Actuators B: Chemical,
vol. 40, pp. 71-77, 1997.

[7] Z. Rosenzweig and M. A. Wittenzellner, “The CO
+ NHj; coadsorption over Re(0001) studied by opti-
cal second harmonic generation™, Surface Science,

33

vol. 240, pp. 583-590, 1990.

[8] B. G. Healey, L. Li, and D. R. Walt, “Multianalyte
biosensors on optical imaging bundles”, Biosensors
and Bivelectronics, vol. 12, pp. 521-529, 1997.

[9] T. Scheper, C. Miiller, K. D. Anders, F. Eberhardt,

F. Plotz, C. Schelp, O. Thordsen, and K. Schiigerl,

“Optical sensors for biotechnological applications”,

Biosensors and Bicelectronics, vol. 9, pp. 73-82,

1994,

olZl, A. Comte, T. H. Lam, 1 5&, “Fiber optic

ARMAE o] &5 e TUEHFY, A4

L3ohs] AEgeke] 5 vol., pp. 569-571, 2000.

[11] J. H. Kim, D. H. Park, and J. I. Rhee, “On-line mon-

itoring of glucose and starch by a flow injection

analysis technique™, Korean J. Biotechnol. Bioeng.,

vol. 16, pp. 459-465, 2001.

V. G. Gavalas and N. A. Chaniotakis, “Lactate bio-

sensor based on the adsorption of polyelectrolyte

stabilized lactate oxidase into porous conductive

carbon”, Microchimica Acta, vol. 136, pp. 211-215,

2001.

[13] N. Opitz and D. W, Liibbers, “Electrochromic dye,

enzyme reaction and hormone-protein interactions

in fluorescence optic sensor (optode) technology™,

Talanta, vol. 35, pp. 123-127, 1988.

B. S. Lee, H. Y. Heo, D. H. Cho, S. Kim, and H.

S. Cho, “Fabrication and characterization of plastic

fiber optic temperature sensor using TSCM”, J. of

the Korean Sensors Society, vol. 14, pp. 180-185,

2005.

[15] Y. M. Hwang, D. H. Cho, B. S. Lee, H. S. Cho, and
S. Kim, “Fabrication and characterization of plastic
fiber-optic radiation sensor tips using inorganic
scintilator material”, J. of the Korean Sensors Soci-
ety, vol. 14, pp. 244-249, 2005.

[10]

<1976+ 49 1294

20024 #ehoisly AEslehysla) #
(T8

+ 200413 st
F E4(F3H A

@ Aduistn Y- A Eststeelag vl

Abstg

LS IPARN

24 - Yuslehe

~33-

ol
=

ol

=
=]

1959 99 15948

+ 1983 dykish sk st} &
(&% h

<1985 gHselleel slehgala 59
(#3414

» 1996 =9, University of Hannover
afekat Fi(olShibal)

« @ Aok g slhaoy

Yoo A~
Sl

J. Sensors Soc., Vol. 15, No. 1, 2006



