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Abstract. A multifunctional membrane with biocompatibility,
diffusion-limiting effect, and the ability to curtail the responses of
an H2O2 electrode to ascorbate and urate was prepared. It was
composed of MB, AB, and CTA, where MB is the copolymer of 2-
methacryloyloxyethyl phosphorylcholine (MPC) and n-butyl-
methacrylate (BMA), AB is the copolymer of acrylamide-2-
methylpropane sulfonic acid (AMPS) and BMA, CTA is cellulose
triacetate. Investigation of the biocompatibility of this membrane
showed that, compared with CTA, relatively few platelets bound to
it. The membrane was coated onto the working electrode of a
needle-type glucose sensor on which immobilized glucose oxidase
membrane has been coated. The sensor did not respond to
ascorbate and urate at their concentration normally encountered
in blood. Its response was not inhibited by metal ions in blood at
usual concentration. The sensor exhibited superior thermostability
in addition to a rapid response (5 90 seconds in batch operation),
good reproducibility (RE5 5%), good stability (more than 36
hours continuously in heparinized whole blood), and a wide
dynamic range (5±650 mg/dl glucose). The sensor was used to
determine glucose in serum. The data obtained from the sensor
showed good agreement with that from a clinical autoanalyzer
(R� 0.973).
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Introduction

The measurement of glucose is of importance in many

®elds including clinical chemistry (Nishida et al., 1996;

Ritter et al., 1996), food and bio industries (Olsson et al.,

1990; Queinnec et al., 1992; Phelps et al., 1995), and

environmental management (Stephens et al., 1997).

Relevant processes to immobilize enzymes (Vreeke and

Rocca, 1996; Liu et al., 1995, 1996a, 1996b; Wilke et al.,

1997) or mediators (Liu and Deng, 1996c; Losada et al.,

1997) for constructing glucose sensors have been

intensively studied. The mathematical model (Krishnan

et al., 1996) and dynamic behavior (Yamasaki et al.,

1996) of glucose sensors have also been reported.

The application of glucose sensors in the medical ®eld

attracted more attention than in other ®elds. The sensors

based on physically non-invasive (Spanner and Niessner,

1996a, 1996b) or enzyme-free (Benmairoha, 1996)

principles have been reported for blood sugar determina-

tion. Mediated or unmediated enzymatic glucose sensors,

however, played the major role for this purpose.

Biosensors for medical applications are often shaped in

planar (Wilke et al., 1997; Khan, 1997; Nagata et al.,

1995a, 1995b; Steinkuhl et al., 1996) or needle-type

(Nishida et al., 1996; Sakakida et al., 1996). The planar

sensors are convenient for in vitro determination of bio-

¯uid samples. Recently the screen printing (Khan 1997;

Nagata et al., 1995a, 1995b) and photolithographic

(Steinkuhl, 1996) techniques are applied to construct

them. The needle-type sensors, especially a miniaturized

one (Sakakida et al., 1996; Amine et al., 1995), are good

choice for implantable in vivo purpose (Lager et al.,

1994; Thome-Duret et al., 1996).

Biocompatibility, diffusion-limiting effect and a

diminished response to interfering materials are indis-

pensable in developing a glucose sensor for determining

undiluted blood and serum samples or for in vivo
purpose. Biocompatibility is necessary to obviate blood

clotting and immune reactions. The diffusion-limiting

effect is used to extend the working range of the sensor to

make the determination of glucose in undiluted serum or

whole blood possible. A diminished response to
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interfering materials is required for accurate measure-

ment.

There are two kinds of biocompatible materials,

active ( positive) (Yui et al., 1989; Lenk et al., 1989)

and inert (negative) (Murabayashi et al., 1985; Kottke-

Marchant et al., 1989). Neither of them elicits an immune

reaction but the formers have a disadvantage in that

components of biological ¯uids adhere to them. These

act as a barrier to the diffusion of analysate into the

biological layer of a biosensor and consequently they

reduce its response. 2-Methacryloyloxyethyl-

phosphorylcholine (MPC) is an inert biocompatible

material. It can copolymerize with methacrylate com-

pounds, for example n-butylmethacrylate (BMA). The

synthesis of MB, the copolymer of MPC and BMA, and

its compatibility with blood has been described (Ishihara

et al., 1990a, 1990b; Abe 1990). This polymer was

selected as the component responsible for biocompat-

ibility for the task of constructing a multifunctional

membrane suitable for biosensors' application.

The dynamic range of a glucose sensor without a

diffusion-limiting membrane was found less than

100 mg/dl (Chen et al., 1992). The glucose concentration

of blood lies between 50 and 120 mg/dl for non-diabetics

and can be as high as 600 mg/dl for diabetics (Kanai and

Kanai, 1983). A diffusion-limiting membrane is neces-

sary for extending the dynamic range of glucose sensors

so that glucose can be determined directly in undiluted

biological ¯uids. Cellulose acetate (Ikeda et al., 1987),

polyurethane (Peteu et al., 1996), and their derivatives

have been widely used for this purpose.

Ascorbate and urate are major interfering materials in

blood to biosensors based on an H2O2-sensing electrode

(Bindra and Wilson, 1989). The strong response of an

H2O2 electrode based glucose sensor to ascorbate and

urate, compared with glucose, has been reported as

severe interference to such sensors (Bindra and Wilson,

1989). How to curtail the response of such biosensors to

ascorbate and urate at the concentration they normally

encountered in blood always attracts lots of attention

(Van-Os et al., 1995). A polymer with negative charge,

for example Na®on, has been used for this purpose

(Kristensen et al., 1987). A negatively charged molecule,

acrylamide-2-methylpropane sulfonic acid (AMPS) that

can readily react with n-butylmethacrylate (BMA) to

form a copolymer, AB, with good membrane-forming

character was selected for this purpose in this study.

In this study, a miniaturized needle-type glucose

sensor with three-electrode con®guration was con-

structed. A piece of platinum wire, a piece of silver

wire with its active surface converted into Ag/AgCl, and

a stainless-steel hypodermic needle were used as the

working, the reference, and the counter electrode,

respectively. A glucose oxidase (GOD) membrane

immobilized with PVA-SbQ and the multifunctional

membrane (MAC) were coated onto the active surface of

the working electrode. PVA-SbQ is a polyvinyl alcohol

bearing styrylpyridinium group (Ichimura 1984). It is

photocrosslinkable by the light with wavelength shorter

than 460 nm. Enzymes (Matsumoto et al., 1984),

organelles (Harrison et al., 1988), and microbial cells

(Ichimura et al., 1987) have been immobilized in it. GOD

was immobilized by a method combining chemical

cross-linking with glutaraldehyde and entrapment by

PVA-SbQ as described previously (Chen et al., 1992).

The multi-functional membrane, MAC, was prepared by

dip- or drop-coating of the mixture of MB, AB, and CTA

and then air-dried at room temperature. Investigation of

the biocompatibility of this membrane showed that,

compared with CTA, relatively few platelets bound to it

after contacting with platelet-rich plasma (PRP) (Ishihara

et al., 1990a). This membrane was used to confer

biocompatibility (from MPC), diminished response to

ascorbate and urate (from AMPS) and a wider working

range (from CTA) toward the sensor.

The reproducibility, selectivity and stability of the

sensor along with the effects of temperature, pH, and

metallic ions were investigated. The sensor was used to

determine glucose in serum. The data obtained from the

sensor was in good agreement �r� 0.973� with that from

a clinical autoanalyzer.

Experimental

Materials and instrumentation
Glucose oxidase (EC 1.1.3.4) from Aspergillus niger,

glucose, and imidazole were from the Sigma Chem. Co.,

Milwaukee USA. Cellulose triacetate was from Eastman

Kodak Co., N.Y., USA. All the chemicals required for

synthesizing MB and AB were obtained, puri®ed, or

prepared as described (Murabayashi et al., 1985; Kottke-

Marchant et al., 1989; Ueda et al., 1991). Phosphate

buffered saline (PBS) was prepared by dissolving 2.754 g

NaCl, 2.081 g KH2PO4 and 0.477 g NaOH in 1000 ml

distilled water and adjusting to pH 7.4 with 0.1 N NaOH

solution (Perrin and Dempsey, 1981). Glucose solutions

were prepared in PBS and allowed to stand for at least 24

hours to equilibrate the a and b anomer. Control serum

was from Katayama Chem. Co., Osaka, Japan. The

glucose analysis kit based on glucose oxidase was from

Wako Chem. Co., Japan. All other chemicals used in this

study were of the highest grade available and were used

without further puri®cation.

The batch-operating system is shown in Figure 1. It

was composed of a potentiostat, a circulating water bath,

a water-jacketed glass reactor, a magnetic stirrer with

stirring bar, and a chart recorder. The hypodermic needle
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made of stainless steel (OD� 1.2 mm, ID� 1.0 mm) was

obtained from Terumo Co., Tokyo, Japan. Platinum wire

(D� 0.3 mm) was obtained from Tokuriki Co., Tokyo,

Japan. The clinical autoanalyzer was a Beckman Glucose

Analyzer II from the Beckman Instrument Co., CA USA.

The electron microscope was a JSM-5400 Scanning

Microscope from Joel Co., Tokyo, Japan.

Construction of the working electrode, the counter
electrode, and the reference electrode of the
needle type sensor
A stainless steel hypodermic needle (OD 1.2 mm, ID

1.0 mm) was cleaned with methanol and dichloro-

methane. It was further cleaned with an oxidative acid

solution (conc. H2SO4 and 30% H2O2 in a 1:1 ratio) and

an oxidative alkaline solution (conc. NH4OH, 30%

H2O2, and H2O in a 1:1:6 ratio). It was thoroughly

rinsed with distilled water after each cleaning step and

was used as the counter electrode. A piece of platinum

wire was insulated with Te¯on tube. The Te¯on tube was

stripped to form a cavity (Bindra et al., 1991). This was

achieved by making a circular cut on the Te¯on tube

1 mm from the tip and then pull the tube out to create a

cavity of 0.5 mm wide. It was used as the working

electrode. A piece of Te¯on coated silver wire (OD

0.127 mm) was created a cavity by the same operation

(Bindra et al., 1991). The exposed surface of silver was

converted to Ag/AgCl by dipping in an H2O2-HCl

solution (1M H2O2 and 1M HCl at 1:1 ratio) and used as

the reference electrode.

Preparation of the MAC solution
MPC was synthesized according to the method described

previously (Ishihara et al., 1990a, 1990b; Abe, 1990).

MB was prepared by copolymerization of MPC with

BMA (Ishihara et al., 1990a, 1990b). The AMPS was

obtained from Nitto Chem. Co., Tokyo, Japan and was

used as supplied. AB was prepared by copolymerization

of AMPS with BMA (Ueda et al., 1991). The structural

formula of MB and AB are shown in Figure 2. MAC

solution was prepared by mixing MB solution (10% w/v

in methanol), AB solution (5% w/v in isopropanol) and

CTA solution (2±4% w/v in 1,1,2,2-tetrachloroethane) at

1:1:2 ratio.

Fig. 1. Schematic diagram of the batch-type operation system. Key: (1) Thermostat circulating water bath, (2) Magnetic stirrer,
(3) Water-jacketed glass reactor, (4) Miniaturized glucose sensor, (5) Potentiostat, (6) Chart recorder.
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Drop-coating of the immobilized GOD membrane and
the MAC membrane onto the working electrode
2 ml of the GOD solution composed of 1 mg GOD

(138 U/mg), 5 mg BSA, 100 mg distilled water, and

100 mg PVA-SbQ was dropped on the active surface in

the cavity of the working electrode. The electrode was

placed in a sealed dark box with saturated glutaraldehyde

vapor and kept at room temperature for 12 hours to

complete the chemical crosslinking between GOD and

glutaraldehyde. Exposed the electrode to a ¯uorescent

lamp (10 W, 15 cm far) for 10 minutes to induce

photocrosslinking of PVA-SbQ. Then, dropped 2 ml of

the MAC solution over the enzyme membrane and air-

dried for 30 minutes at room temperature.

Construction of the needle-type glucose sensor
The working electrode, after having been coated with

GOD and MAC membranes on its active surface in the

cavity, and the reference electrode were inserted into the

interior of the counter electrode. Epoxy resin was used to

®x the electrodes at their position. The con®guration of

the needle-type glucose sensor is shown in Figure 1. The

sensor was stored dry at 4�C until use.

Evaluation of the biocompatibility of MAC membrane
The carotid artery of a rabbit weighing about 3 kg was

canalled with PVC tubing. Fresh blood (ca. 90 ml) was

collected in a disposable cylinder containing 10 ml of

3.8% (w/v) sodium citrate solution. Immediately after-

wards the blood was centrifuged at 750 rpm (90 g) for 15

minutes. The supernatant was collected as platelet-rich

plasma (PRP). The precipitate was centrifuged again at

2800 rpm (1250 g) for 10 minutes. The second super-

natant contained less platelet and it was called platelet-

poor plasma (PPP). The platelet content of PRP was

diluted to approximately 108 cells/ml with PPP.

Fig. 2. The structural formula of MB, copolymer of 2-methacryloyloxyethyl-phosphorylcholine (MPC) and n-butylmethacrylate (BMA), and AB,
copolymer of acrylamide-2-methylpropane sulfonic acid (AMPS) and BMA.
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A CTA, an AB-CTA, and the MAC solution were cast

on a piece of telephthalate disk (D 14 mm, Wako Chem.

Co., Tokyo, Japan) individually and air-dried at room

temperature for 1 hour. The disks were immersed in the

PRP for 1 hour and then transferred to a saline solution

containing 2.5% glutaraldehyde to immobilize the

bounded platelet. The disks were rinsed, freeze-dried,

coated with gold, and then the surface was investigated

by scanning electron microscopy.

Determination of glucose concentration
The sensor was immersed in PBS solution for 2 hours

to equilibrate the membrane system. A potential

of� 650 mV was applied between the working and the

reference electrode. The base current was measured and

then glucose solution was injected into the PBS solution.

The response current following injection was recorded

with a chart recorder until a steady state current was

observed. Magnetic stirring was used during the

determination to ensure homogeneity of the solution.

The difference between the base current and the steady

state current was used to calculate the concentration of

glucose in the sample according to a calibration graph.

A glycolyzed serum was obtained by incubating

heparinized whole blood at 37�C for 18 hours to

glycolyze it and then centrifuging it to collect the

supernatant (Claremont 1986). When determining glu-

cose in a serum sample, the base current was taken in the

glycolyzed serum and then the sensor was transferred

into the sample to obtain a steady state current. The

concentrations of glucose in serum were calculated

according to a calibration graph obtained in the

glycolyzed serum.

Results and Discussion

Biocompatibility of the MAC membrane
Difference among a CTA, an AB-CTA and the MAC

membrane in the quantity of platelets bounded on the

surface is shown in Figure 3. After contacting with PRP

for one hour, relatively few platelets adhered to the

surface of the MAC membrane (Figure 3-C). By contrast,

a relatively large number of platelet adhered to the

surface of the cellulose triacetate (Figure 3-A) and the

AB-CTA (Figure 3-B) membrane. These results in

conjunction with previous work (Ishihara et al., 1990a,

1990b) suggest that the MAC membrane, owing to the

MPC component, exhibited a high degree of compat-

ibility to blood.

Diffusion-limiting effect of MAC membrane
Calibration graphs of the sensor coated with immobilized

GOD membrane only and those further coated with MAC

membranes containing various concentration of CTA

are shown in Figure 4. The dynamic range of the

electrode with immobilized GOD membrane only was

0.2±50 mg/dl glucose. The dynamic range of the sensor

was extended to 2±200, 5±450 and 5±650 mg/dl glucose

after being coated with MAC membranes prepared by

using of 1, 2 and 3% (w/v) CTA solution. The ability to

extend the dynamic range of the sensor demonstrated the

Fig. 3. Scanning electron micrograph of (A) CTA, (B) AB-CTA, and
(C) MAC membranes after being contacted with platelet rich plasma
for one hour.
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diffusion-limiting effect of the MAC membrane. The

dynamic range can be adjusted according to the

concentration of CTA used. The low solubility of CTA

and the high viscosity of CTA solution make it

unfavorable to use a CTA solution with concentration

higher than 3%. The working range of the sensor using

2% CTA, 5±450 mg/dl, is wide enough for most clinical

samples and was used for subsequent experiments in this

study.

Effect of the MAC membrane to curtail responses to
ascrobate and urate
The responses to ascorbate (2 mg/dl) and urate (10 mg/dl)

of the bare electrode and the sensor with various

membranes are shown in Figure 5. The bare electrode

responded strongly to ascorbate and urate. The responses

to ascorbate and urate were reduced to 21 and 39%,

respectively, after the working electrode was coated with

the immobilized GOD membrane. Both the responses to

ascorbate and urate were reduced to zero after the

working electrode was further coated with the MAC

membrane. The concentrations of ascorbate and urate

usually encountered in blood are 0.8±1.5 mg/dl and 4.5±

8 mg/dl, respectively (Kanai and Kanai, 1983). The

results obtained in this section ensured the capability of

the MAC membrane to prevent the sensor from being

interfered with ascorbate and urate in blood. This action

effectively promoted the accuracy of the sensor when

being applied to determine glucose in blood.

Characterization of the sensor

Response curves and the effect of temperature on
response of the sensor. The response curves of the

sensor to 100 mg/dl glucose at various temperatures are

shown in Figure 6. The response intensity of the sensor

increased with temperature from 2±50�C. The response

intensities at 2, 10, 20, 30, 33, 40, 45 and 50�C,

respectively, were 22.8, 35.3, 53.9, 77.8, 86.7, 113.1,

134.9 and 159.8% to that at 37�C. The response intensity

of the sensor at lower temperature remained unchanged

after being treated at higher temperature. Figure 6 also

shows the time required for reaching a steady response

current. At all temperatures the time needed for reaching

95% response was less than 90 seconds.

Fig. 4. Calibration curves of the glucose sensor coated with various membranes. Experiments were conducted at 37 �C in phosphate buffer with
saline (PBS), pH 7.4. Key: (�) immobilized glucose oxidase membrane only, (�� ,m) immobilized glucose oxidase membrane and the MAC
membrane prepared with (�� ) 1%, (m) 2%, and (n) 3% CTA.

160 Chen et al.



Fig. 5. Response of the electrode to (a) 10 mg/dl urate and (b) 2 mg/dl ascorbate using (1) bare platinum, (2) platinum coated with MB-CTA, and
(3) platinum coated with MAC as the working electrode. Experiments were conducted at 37 �C in PBS, pH 7.4.

Fig. 6. Effect of temperature on response of the glucose sensor. Experiments were conducted in PBS, pH 7.4 using 100 mg/dl glucose solution as
the sample.
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Thermal stability of the sensor. Figure 7 presents the

response graphs of the sensor at 50�C and 37�C
alternatively for ®ve repeats. The response graphs were

almost the same during the alternative heating and

cooling processes. The response of the sensor remained

unchanged after being incubated in 50�C waterbath for 1

hour. In contrast, the free glucose oxidase solution lost

more than 90% of its original activity under the same

treatment. These results indicated the thermostability of

the enzyme was signi®cantly improved by the protective

effect of the MAC membrane and the immobilization

process used in this study. Experiments have been done

to try to investigate the thermostability of the sensor

coated with the immobilized enzyme membrane but

without the MAC membrane. The PVA-SbQ membrane,

however, was broken during the prolonged heating

process. This made it impossible to distinguish between

the immobilization process and the MAC membrane for

the responsibility of improving the thermostability of the

sensor.

Effects of pH and metallic ions on response of the
sensor. The relative response of the sensor at various

pH levels was investigated. Citrate and phosphate buffers

covering the pH range from 4 to 9 were used. The optimal

pH of GOD in solution is 5.6 and there is a rapid and

permanent loss of activity at pHs lower than 2 or higher

than 8 (Maruo 1982). The highest response of the sensor

was found at pH 7.4 in phosphate buffer. The difference

among responses of the sensor at pH 7.2±7.6, the

pH range of human blood (Kanai and Kanai, 1983),

was less than 3%. The elevation of the optimal pH from

5.6 to 7.4 enhanced the response and the sensitivity of the

sensor in blood.

The effects of some metallic ions is shown in Table 1.

Calcium, magnesium, iron, zinc and copper are the main

metallic ions encountered in serum (Kanai and Kanai,

1983). Of these metallic ions, only calcium(II), at a

concentration slightly higher than that normally found in

serum, caused a reduction of 6.9% to the response of the

sensor. Inhibition of immobilized GOD by silver(II) and

mercury(II) has been studied previously (Liu et al.,

1981). However, they caused no reduction to the

response of the sensor prepared in this study. The free

enzyme in solution, as a comparison, lost 86.2% of its

original activity under the same concentration of Ag(I).

Selectivity, reproducibility, and stability of the
sensor. Response of the sensor to various mono- and

disaccharide is shown in Figure 8. This sensor did not

respond to fructose, lactose and sucrose. The relative

response of the sensor to maltose, galactose and mannose

were less than 4% of glucose at the same concentration.

Reaction of GOD with galactose, maltose and mannose

has been reported (Keilin and Hartree, 1952). Sugars

Fig. 7. Response curves of the glucose sensor at (a) 50 �C and (b) 37 �C alternatively for ®ve repeats. Experiments were conducted in PBS, pH 7.4
using 100 mg/dl glucose solution as the sample.

Table 1. Effect of metallic ions on response of the sensor

Metallic Metallic Concentration Relative

ions salts (mM) response (%)

None 100.0

Ca2� Ca�NO3�2 2750* 93.1

Mg2� Mg�NO3�2 ? 6H2O 1235* 97.0

Fe3� Fe�NO3�3 30* 98.5

Zn2� ZnSO4 ? 7H2O 30* 99.3

Cu2� CuSO4 ? 5H2O 25* 100.7

Pb2� Pb�NO3�2 25 100.0

Ag� AgNO3 25 99.6

Hg2� Hg�NO3�2 25 99.2

*Slightly higher than those normally found in serum. Experiments were

conducted in 20 mM imidazole buffer, pH 7.0, at 37�C.
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other than glucose, however, are only present at a very

low concentration in biological ¯uids. Therefore, any

error caused by them would be negligible.

The sensor was used to assay the same glucose

solution repeatedly to investigate its reproducibility. The

relative error for a sample of 100 mg/dl glucose was

3.6% for 32 successive determinations.

To examine the stability in continuous determination,

the sensor was located in a 37�C glass reactor containing

5 ml of the glycolyzed whole blood with 0.1% (w/v)

sodium azide �NaN3� as preservative. After 2 hours,

glucose was injected to bring to a concentration of

100 mg/dl. After 16 hours, another injection was carried

out. The response of the sensor was recorded con-

tinuously for 36 hours. On the other hand 10 ml samples

were taken from the reactor at 2 hours' interval and

analyzed by the GOD kit. The results are shown in Figure

9. The response of the sensor remained stable for 36

hours. During which period data from the sensor showed

good agreement with that from GOD kit.

Determination of glucose in serum
Serum samples were assayed for glucose with both

the sensor �y� and an autoanalyzer �x�. Figure 10

shows the correlation between the data from the two

methods. The correlation coef®cient was 0.973

�y� 0.925x� 21.133, n� 13�.

Conclusion

A multifunctional membrane suitable for biosensors'

application that can endow the sensor with biocompat-

ibility, a wider working range and the ability to prevent

from being interfered by ascorbate and urate was

prepared. The biocompatibility was mainly donated

from the MPC molecule. The ability to escape from

being interfered with ascorbate and urate was obtained

from the negatively charged AMPS molecule. The

capability to extend the working range was offered by

the lower diffusion rate of glucose through CTA

membrane. The combination of those constituents

succeeded a membrane that can confer several good

characteristics to medically applicable biosensors.

A needle-type glucose sensor using a platinum wire,

an Ag/AgCl wire, and a stainless steel hypodermic

needle as the working electrode, the reference electrode,

and the counter electrode, respectively, was constructed.

Glucose oxidase was chemically crosslinked with

glutaraldehyde and then entrapped by a photocrosslink-

able polyvinyl alcohol with styrylpyridinium group,

PVA-SbQ. This procedure immobilized high density of

the enzyme ®rmly in the membrane. High response and

good stability of the sensor was consequently achieved.

Over the immobilized enzyme membrane on the

working electrode was further coated with the MAC

Fig. 8. Response of the glucose sensor to 5.55 mM of (a) glucose, (b) mannose, (c) galactose, (d) fructose, (e) lactose, and (f ) sucrose.
Experiments were conducted in PBS, pH 7.4.
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Fig. 9. Response of the glucose sensor in glycolyzed whole blood at 37�C (-) and the data from GOD assay kits (�). The arrows show the injection
of 100 mg/dl glucose.

Fig. 10. Correlation between the data from the glucose sensor �y� and an autoanalyzer �x� of glucose concentration in serum samples
�r� 0:973, n� 13�.
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multifunctional membrane. A miniaturized needle-type

glucose sensor with characteristics suitable for medical

application was thus completed.

Adsorption of blood proteins and platelet on surface

of foreign materials has been reported as one of the

initiation steps of blood clotting and immune reactions

(Vroman and Leonard, 1977). The fact that platelet

hardly adsorbs on the MAC membrane certi®ed its blood

compatibility. The MAC membrane being coated over

the immobilized enzyme membrane but did not react

with the enzyme is expectable to be applied to construct

other biosensors.

The sensor showed characteristics such as biocompat-

ibility, good reproducibility, good thermal stability and

the ability to escape from being interfered with

constitutes of blood. These characteristics revealed the

possibility of the sensor to be applied for in vivo
purposes. Those in vivo studies and the application of the

MAC membrane to other biosensors are now progressing

in this laboratory.
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