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Figure 2. Standard structure of microglucose sensor.
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Development of a Microglucose Sensor for Healtheare Chip that Allows Multi-Item Measurements CL
Madoka Takar,*' Satomi Sruwaaset,*? Hiroki Ocawa,*? Masao Nacal,*? Kazuhiko Isuirara,*' and Yasuhiro Homme
*'\Department of Materials Engineering, The University of Tokyo (Flonge, Bunkyo-ku, Tokyo 113-8656, Japcm) :
*2Jupan Science and Technology Corporation (Hon-cho, Kawaguchi 332-0012, Japan} R EIRR
*\National Institute of Materials Science (Namrkt Tsukuba 305-0044, Japar) - '

A microglucose sensor for healthcare Cl‘llp that allows multi-item measurement in an infinitesimal trace of blood (less than onte uL) has
been developed. The causes of instability (including a low sensitivity and a low accuracy) in microglucose sensor with a small electrode of
300 #m in diameter have been determined to include dispersibility of ferrocene, amount of immobilized GOD, and plasma-protein absorp-
tion on sensor surface. To improve the sensitivity and accuracy, we studied these parameters. Hig_h packing density of ferrocene particles on
carbon electrode has improved piece-to-piece variations of sensor characteristics. Measurements up to 50 mmol dm~? of glucose have been
achieved by combination of ferrocené particles with a hydrophobic polymer such as a poly vinyl group. Lamination of poly-ion-complex
was a good immobilization method for increasing immobilized enzyme. It led to the increase of theé sensitivity and accuracy due to increas-
ing response current. Sensitivity in plasmas has drastically improved by suppression of plasmg-protein absorptions on sensor surface using
biocompatible MPC-co—BMA polymer coatings.

KEY WORDS Microglucose Sensor / Healthcare Chip / Poly-Ion-Complex / Biocompatible Polymer /
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BIOSENSING WITH DRY CHEMISTRY IN MICROCHANNEL

Hiroko Koda', Chia-Hsien Chang‘, Akio Oki' Hiroki Ogawal, Yasuhiro Horiike'

1 Biomaterials Center. National Institute for Muaierials Science, 1-1, Namiki, Tsukuba 305-0044, Japan

YADBIC Co., 1-1, Namiki, Tsukuba 305-0044, Japan

Introduction

For a home medical diagnosis, we have
studied the healthcare chip [1] and the hepatic
function examination chip [2] which enable us to
check many items from analysis of a trace
amount of blood collected by a painless needle.
The former and the latter chips need calibration
solutions due to the electrochemical detection
and substrate buffer solutions due to the
calorimetric measurement, respectively. Much
cares has to be taken to preserve these solutions
stably. Hence, we note the calorimetric method
using the dry chemistry [3], whose reagents
react directly with plasmas and possess a
Jong-term reliability. This paper discusses an
application of some gels involving dry chemistry
reageﬁts to a microchanne! and measurements of

glucose and BUN {blood urea nitrogen).

Experimentals

Figure 1 shows a photograph of an
experimental chip which laminates several
layers made by a polycarbonate (20 x20mn’)
“plates. The chip for the glucose measurement
consists of a cap plate and a lower plate in which
micro-channels is fabricated. 2 holes were
drilled to the cap plate along the channel to
introduce reagents and subsequently plasmas.
_Optical fibers were connected with both ends of
the channel. The inner wall of the channel was
coated by an Al film to prevent invasion of a
stray light and facilitates propagation of a
measurement light. The gelatin  containing
reagents such as an enzyme of glucose-oxidase

.and coloring reagents, etc., which were prepared

220
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in “advance, were filled in the channel. The
absorbed intensity was measured by introduction
of a light with 505nm into the fiber.

The chip for the BUN measurement was
formed by a multi-layer structure. The upper
layers consist of a cap layer with 2 holes and a
channel layer, which were used for introduction
of the reagent to the channel. The reagent was
synthesized by dry-solidification of the gel
including an urease solution in hydro-gel
polymer. This reagent reacts with plasmas, thus
generating NH; gas. The gas is introduced into a
measurement channel of the lowest layer
through a gap layer and a mesh layer. The NH;

gas reacts with a coloring reagent which is

ke

Fig. 1 Photograph of BUN Chip

prepared by mixing solutions which dissolves
bromceresolgreen to ethanol and PVB to IPA,

generating an color with 620nm.

Result and Discussion

At first, the glucose measurement was carried
out using, a home made gelatin. However, we -
did not obtain linearity for various glucose
concentrations. Therefore, the gelatin used for
“Dry Chem” (Fuji Photo Film Co. Ltd.) was
introduced

into the channel. The effective
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FigureZ. Absorbance of 505nm light

vs. glucose.

channel length and the cross-section area were
15 mm and i.2mm x 1.2mm, respectively. This
relatively large size resulted from easy injection
of the powder like reagent. Figure 2 shows
relative absorbance of 505 nm light vs. glucose
concentrations. Sufficient linear dependence was
obtained for wide range of concentrations.
Figufé 3 shows relative absorbance of 620 nm
_ light vs. BUN concentrations. Although linearity
for measured points is not so good, appreciable
achieved for BUN

correlation was

concentrations.

Conclusion

The calorimetric measurements of glucose
and BUN were studied by introducing the dry
chemistry reagents to the channels. Although the
present channel size is considerably large, this

method is expected to provfde essentially high

221
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Figure3. Absorbance of 620nm light vs.
BUN.

sensiti'vity even for trace amount of blood due to
the measurement at lateral direction along the
channel in contrast to the usual detection of the
absorption light reflected from a plane in which
reagent gels are expanded. To put this advantage
to account, we have to establish the injection
method of the reagents into smaller channels.
Besides, much investigations on the matrix
effect of a fundamental issue of the dry

chemistry should be done.
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BIOCOMPATIBLE MICROGLUCOSE SENSOR WITH NEWLY
DESIGNED PHOSPHOLIPID POLYMER FOR HEALTHCARE CHIP
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Introduction

Checking our daily blood-glucose value is
a first step to prevent discases, that is a
typical lifestyle-related disease. A blood
glucose analyzer for using of the daily health
check should be portable, fast measurement,
cheap, and high accuracy from a small amount
of blood sample. Under the concept, several
kind of healthcare chip having multi-item
sensors has been developed [1-3]. In this
paper, we report a° design of membrane
structures with phospholipid polymer on
electrochemical microglucose sensor for blood
analysis in a small volume less than 1pL.

Materials and Methods

Microglucose sensor was fabricated on
screen-printed carbon electrode on polyester
sheet. Electrode window (500pum x 700pm)
was controlled by photolithography. Typical
membrane structure of the glucose sensor was
illustrated in Figure 1, Ferrocene entrapped
with vinyl polymer was used as an electron
mediator and glucose oxidase (1500unit/mL)
was immobilized by polyioncomplex(PIC).
Poly(solium  4-stylen-sulfonate)(PSS) and
poly-L-lysine hydrobromide(PLL) were used
as anionic and cationic polymers, respectively.
Finally, phospholipid polymer: poly(MPC-co-
n-butyl methacrylate}(PMB) (0.3wt% EtOH
solution) was coated on the PIC layer.

Figure 1: An image of membrane structure on
microglucose sensor.

Results and Discussion

In our previous study, it was concluded
that effect of PMB coating on microglucose
sensor was a suppression of protain absorption
in human plasma[4]. Figure 2 shows onother
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results of PMB coating. Current density
measured at 0.35V vs. Ag/AgCl on glicose
sensor with PMB coating shows linear
response toward glucose concentration even
after second measurement. While, current
response of the sensor without PMB coating
was unstable. Cuwrrent density in  second
measurement, furethermore, was drastically
decreased comparing with that in the first
measurement. In present understanding, it
was not clear the cause of obtaining high
reliability on the glucose sensor with PMB
coating.

50 I L] T L] 1 1
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Figure 2: Current responses on microglucose
sensors with and without PMB coating.

Ceonclusion

High reliability and  stability on
microglucose sensor for healthcare chip were
obtained by the PMB coating on the sensor

membrane consisted of
PLL/GOD/PSS/Ferrocene.
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Introduction

In the development of biosensor, concept of
micro total analytical system (n-TAS) or lab-on
—a-chip system' has been emerged as a means to
provide vital technological support to make
home medical self check-up possible. In our
group, rtesearches based on health marker
sensors, such as Na®, glucose, K* have been
carried out using integrated ISE® 3. In this study,
focus has been placed on ammonia sensor in
terms of stable measurement of Jlow
concentration of ammonia using modified
chemicals cocktail on PVC membrane® °. In
addition, this study also aims to use a trace
amount of whole blood, selectivity, shape and

thickness of the membrane is also observed

critical and important to the chip designed by the
research group. The chip used in this study is
based on previous study® 7, using disposable
poly(ethylene terephthalate) PET plate.
Materials and Methods

Reagents and Solutions. PVC 30 wi%,
plasticizers  Bis(1-butylphenyladipate BBPA
and Tris(2-ethylhexytrimellitate TOTM 67
wt%, anionic additives Potassium tetrakis(4-
chlorophenyl)borate k-TCPB, Sodium
tetrakis(4-fluorophenyljborate Dihydrate TFPB
10 mol%, were bought from Fluka. Ammonia
jonophore * TDI9C6 was bought from
DOJINDO. All aqueous solutions were prepared
with deionized water.

Measurement of ammonia. concentration.
Potential measurements were made at room
temperature (20-25°C) and the data recorded by
Labview software were collected by under
stopped-flow conditions  with NH.,CI
concentrations (ranging from ImM, 0.01M,
0.1M to IM).

Results and Discussion

Measurement of ammonia concentration.

In this study, new type of chip has been
developed in which only 4ul of blood is
necessary to run the analysis (see Figure 1).
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Figure 1: Cross section of a chip fabricated for
the evaluation of selectivity.

Stable potential at low concentration of
ImM is achievable during the measurement with
inner layer 0.01M ~ 0.2M NaCl and in the

presence of 0.5% PVP.

Conclusion

Ammonta sensor has been successfully
developed in the presence of inner layer (NaCl
and PVP), especially stable measurement at low
concentration. Markers like BUN and
creatine/creatitine will be further invetigated on
top of the ammonia sensor in the near future.
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We are studying clinical chips allowing the home medical diagnosis from a trace amount of a
blood as an application of miniaturized analysis systems. For the goal, first of all, even
armature has to collect the blood without any pains at home. Both sharp edge and smooth
inner wall of a SUS tube with 150 pm in diameter led to a painless needle. Besides irradiation
of NIR (near infra-red) to an arm and potential measurement between the arm surface and the
needle enabled us to silhouette the blood vein and to detect its depth, thereby developing the
electronic blood collection system. The blood is separated to cells and plasmas by centrifugal
force on a chip. The chip called “healthcare chip” measures electrochemically pH, Na®, K*,
glucose, BUN and creatinine. The fluidics of the blood in the micro-channel was controlled
by a centrifugal force [1]. Recently, sensing of glucose has advanced considerably by
improving the chemical cross linking of GOD (glucoseoxidase) using Glutaraldehyde over a
polymeric mediator of VFc-co-HEMA on a carbon electrode. High sensitive measurement of
BUN using ammonia ions was also achieved. A hepatic function examining chip for y-GTP,
GOT and GPT were studied. A new multi-staged H shaped-mixer of plasmas with substrate
buffers achieved wide range measurements of activities of three enzymes successfully [2].
However, it was difficult to meter and introduce definite volumes of both plasmas and buffer
solutions for the calorimetric type chip. Therefore, we are now developing another
calorimetric type chip which uses the dry-chemistry. In this method, reagents which are
dissolved in a gel and freeze-dried are react with plasmas in a channel and then measured. At
present, glucose, BUN, y-GTP, GOT and GPT are measured. These clinical chips lead to
preventions of a life-related diseases such as diabetes, kidney trouble and a liver disease.
When such home medical diagnosis is realized by various clinical chips, and diagnostic data
are communicated to clinical systems through a medical network, not only the medical
treatment, but the society system is expected to be changed greatly.
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crylate) 2EH L4 F B —XEHw, 7—
FobadFERDAMNTINTEV YR, 7FVRAVyF
THATRL THRAARE2FER U, Fv 7OBEFM
BTFOFETIT- 2, 27, P4+ fEBERE—X%,
PHE O REEER 2 AN ol s ¥, BEFT /AR
HEAL, Kz, BREAESREOWTSA— o4 iy —
VIR EYEAL, RN—w o4 88— TR i
BICRFTRIC WS R RE S IIET, <1 7 ok
Al —-ZX 2R LA LR/ S—< a4 /87— D
i E— X A iz (H11(a)), 2 B, fligshi-v—
AREBEWRAEA 7033 RS h3 0, AROES
THETH D, BRBIZA MNP TEY VKB EY >
HMAOLDEAL, APV 7S OE8INE, #%EH
MBI L DEELL, BWENELRRAsh, v 20
MEAKEELLEHSEY—XETy—5y F9FTHBR
PUFrTESUBEEISNT WS Z EMNHERETEL (K
11(b)).

8. SERORE

PDMS & PEFH#LWHA TR EBRE S 7 X~ 0#
TEBUIEET 328, By 7PN T PO X
N3 SiEEEER 77X~ a0 A TS TERENS,
FEEEOBRUEBBOREMEABHENs €5 Z 8T
&, WEBCHESHALZARS LI VERERT
TA=F AT v A CHATEL, ZOSIEHy 77
W, $EMTTHEERTERWF /BOET ARY MEE
EESUHHOEMIC HIFET 2. 20,V VI 74—k
o Fr 7R FIBMIO by 787 »Fikk v TER
BN F /S RBROFRLRE-TWwE, 7/ RETEA
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(a)

1l (a)i—vO4F EEAZCHREINABEIEL—X, (b)ax
EHRCLYBREE N E-XLOR LT TES
>,

FBETMERTRERSERNEL NS - T, POE
HORESNNEFHEL DAS < B Y, REBE (electro-
kinetic) MWD, TH—L EOF#Riz k 3
DNA DAL IRE XN TV B, 2 5L, T/ R TIEES
HEARIFICAE (D, FoEMBT 2 HDEDORER
bigfang, —F, 7IXA~@HEEERS S 7 FESE
EREEAANOBEREOHAPHBERDER I KE LR
B st B, 77 A 7o AFReE b A EHIC Y
7 LD, ZOILAOIEARBKWHRENS,
MOEF
AREOUNFRE L OHOBHTH S, HieEma sk
RESEEGBIARAT AR IEAY), SARES (R LEESHMN
¥, BREE (HERE) ofRCE{BBoIE*ET
5,
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BEDEER
BRI, EERERBLUVE—VEL - TEERWIIGS, EH
BRHoTWLYZ/ —fbi@?ﬁ;’ria\".{ff&’h&#' WiF, TRk
CREREEED, MO FA SR D EER, S S
ME_EHEEET S, COMHE[ PR T EAEL -5

Eﬁtﬁu.ﬁﬁﬁmﬂwmﬁ%fyﬁmﬁb.ﬁﬁE%mm
T2 L, EHLTHWE 274 v HAEESACE|2FE 60,

B I UM LB A, ChEHKBREMEES. L
Bo TR 7PEEETE L, —7F, XK (electrophoresis)
L, R DA F4 2T =4 Y OTRENSHEEDR

ﬂ@ﬁﬁh&ﬁfaﬁﬁf%a ST
FEKE ERE %nu FHESNEERIUEFE— AV M
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EWENBHRTHB.
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1, 03 FIHITBEEAYED - FHEHF S IRA A 5 BT
RE¥F—7 20—, EESENRTEN SR T LR
RBRIM(EUVAIIR, TFmL.

vt 8 t:ipd Y

1995 HEHEAZAFRE TSR EIRRNET, 17
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W BB

1598 EL R R FHMRERAE A B EN R
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