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ABSTRACT

In quickly assaying a blood component interfered by

glucose and/or its derivative on the bedside or in a
clinic or in assaying the same by a patient in his/her
own home, there has been required an assay method wherein
the whole blood can be used as a sample as such without
resorting to a centrifuge or the like. The present
invention provides a method for measuring a blood
component that is subject to interference by glucose
and/or its derivative, characterized by bringing a whole
blood sample in contact with a substance that converts

glucose and/or its derivative into another substance

which does not interfere with the measurement and,

simultaneously or subsequently, separating blood cells.

‘or use 1in the assay method, and a kit

|

A device

contalning this device are also provided.
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DESCRIPTION

METHOD OF ASSAYING BLOOD COMPONENT BY USING

WHOLE BLOOD AND MEASUREMENT KIT

TECHNICAL FIELD

[ 0001 ]

The present invention relates to a method for

' measuring a blood component that is subject to

interference caused by glucose and/or a derivative

grim.,

thereof, characterized in that whole blood 1s used,

whole blood and a substance converting glucose and/or a

i,

derivative thereof to a substance that does not

interfere with the measurement are brought into contact

with each other, and blood cells are simultaneously or

subsequently isolated, a device used for the

measurement, and a kit including the device.

BACKGROUND ART

[0002]

Measurement of electrolytes, proteins,

- nonproteilin nitrogen oompounds, sugars, lipids, enzymes,
and the like in blood is called clinical chemistry
examlnation, which is an important test for diagnosis,
treatment, and prevention of a disease. Quilte a mény

substances other than target substances to be measured

exist 1n blood used as a test sample and often

interfere with measurement of a target substance.
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Therefore, techniques are adopted in which a specimen

is treated with an agent for avoiding the interference

before measuring the target substance. At this t1lme,

collected whole blood is usually centrifuged or the

5 1like to obtain plasma or serum beforehand. This 1s
because, when blood component analysis using whole
blood as a sample that requires elimination or

et

conversion of components interfering with the

measurement is performed, cell components such as blood

10 cells may affect the measurement, isolation of blood

cells may be difficult due to hemolysis, hemoglobin

having a peroxidase activity, which abundantly exists

in blood cells, may interfere with the measurement, and

the like.

15 {0003}

In recent years, the number of diabetic

patients has been increasing as the diet has become
richer. To prevent complications 1in diabetic patients,
blood sugar levels need to be maintained at the levels

20 close to those of healthy individuals, and apparatuses

for self-measurement of blood sugar levels are widely

used so that patients can monitor the blood sugar
levels themselves at home. However, since blood sugar

levels'vary depending on the meal, and the measurement

i1

25 has to be done frequently, patients suffer heavy

burdens. It is also difficult for patients to

—

interpret measured values due to lack of knowledge.

Meanwhile, 1,5-anhydroglucitol is an
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excellent marker for checking a blood sugar centrol

condition in diabetic patients over the past one week

ey
—

}

Jected by meals, and development of a

without beilng a:

self-measurement kit using 1,5—anhydroglucitol, which

can accurately check a blood sugar control condition at

home by once-weekly measurement alone, will be of a

great advantage for patilents. Furthermore, it would
also be useful“in mass screening. However, since the
concentration of 1, 5-anhydroglucitol in blood is
extremely low compared with the blood suger level, and
blood sugar, 1.e., glucose interferes with measurement

—~~

of 1,5-anhydroglucitol, development o:

s
—
—

self-measurement

kits including those using a trace amount of whole

blood as a sample as 1t ie has not been realized.

rurthermore, glucose exists at a high

concentration in the intracellular fluid in a blood
cell and 1s balanced with glucose in the extracellular

fluid across the cell membrane. 'If glucose 1n the

extracellular fluid i1s converted to a substance that
does not interfere with measurement, glucose in the
intracellular fluid in the blood cell is released
through the cell membrane and interferes with the

measurement.

(0004 ]

| - 'S

wxamples of the blood component analysis
requiring elimination or conversion of components that
interfere with measurement include those described in

the following publications. In Patent Document 1,
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blood cells are isolated from whole blood, and then
ascorbic acid, a component interfering with
measurement, is eliminated by ascorbic acid oxidase to

measure creatinine.

5 [0005]

In Patent Documents 2, 3, and 4, not whole

blood but serum is used as a specimen to measure

sorbitol in Patent Document 2, mannose in Patent
Document 3, and myoinositol in Patent Document 4. In
10 any case, glucose, a component interfering with

measurement, is eliminated or converted in

prretreatment.

1 0000]

When 1, 5-anhyvdroglucitol is to be measured,
15 not whole blood but serum is used as a specimen as
described in Patent Documents 5, 6, 7, 8, and the like.
Glucose is oxidized by glucose oxidase or also
phosphorylated by hexokinase or glucoklnase 1in Patent

Document 5, 1s oxidized by glucose oxidase or glucose

20 dehydrogenase in Patent Document 6, and is converted to-

fructose~l,6—diphosphate by hexokinase, phosphohexose
isomerase, and 6-phosphofructokinase or glucose
isomerase, fructokinase, and 6-phosphofructokinase in
Patent Documents 7 and 8, and then 1,5-anhydroglucitol

25 1is measured. It is noted that glucose 1s converted to

glucono-1, 5-lactone, glucose-6-phosphate, gluconic

| acid, fructose-6-phosphate, fructose, or the like 1n

these publications.‘
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[0007]
In these measurements of blood components,
whole blood is not directly used as a sample, and use

y

of a centrifuge and a large'amount of blood are

5 required to isolate blood cells, with many process
steps of treatment.
Furthermore, a device to which a member 1is

connected by external manipulation is described in

Patent Document 1.
10 [0008}

Patent Document 1: JP-B-07-30750

Patent Document 2: JP-A-08-298996

Patent Document 3: JP-A-2001-197900

Patent Document 4: JP-A-2001-190299

15 Patent Document 5: Japanese Patent No. 2983015

[0009]

Patent Document 6: JP-A-2001-78797

Patent Document 7: Japanese Patent No. 3170320

Patent Document 8: Japanese Patent No. 3217180
20

DISCLOSURE OF THE INVENTION

PROBLEMS TO BE SOLVED BY THE INVENTION

[6010]
Recently, however, rapid measurement at
25 bedside or in a clinic called Point of Care Testing and

measurement by patients themselves at home have Dbeen

increasingly implemented. Since use of a centrifuge or

the like is difficult 1n such cases, a measurement
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method using whole blood as it is as a test sample 1is
desired. In particular, in the measurement by patients

themselves at home, a trace amount, such as not more than

several tens pL, of blood collected using a lancet device 1s

5 used as a sample. Therefore, measurement methods using a

centrifuge to obtain serum cannot be employed.

MEANS FOR SOLVING THE PROBLEMS

[0011]

The present inventors conducted various researches

10 in order to solve the foregoing problems. As a result, they

found a method for measuring a blood component that 1is

subject to interference caused by glucose and/or a

derivative thereof, in which whole blood i1s used as a sample
and blood cells are isolated without using a centrifuge or

15 the like, and accomplished the present invention.

10012]

That is, the present invention relates to the

followings.

(1) A method for measuring a blood component that i1s subject

20 to interference caused by glucose and/or a derivative

thereof, said method comprising contacting a whole blood

sample with a substance that converts glucose and/or a

derivative thereof to a substance that does not interfere

with the measurement and simultaneously or subsequently

25 1solating blood cells from the sample.

(2) The method for measuring a blood component according to

ﬁ

the above (1), wherein the amount of whole blood 1s not more

than 20 uL.

(3) The method for measuring a blood component according to

30 the above (1) or (2), characterized in that blood cells are

isolated by using a filtration material for blood cell

separation.



10

15

20

29

30

CA 02614299 2013-03-19

!

(4) The method for measuring a blood component according to

the above (3), characterized in that the filtration material

a

for blood cell separation 1s a glass fiber filter paper,

cellulose filter paper, a microporous material, a polymer

material, or a member that i1is a combination thereoi.

(5) The method for measuring a blood component according to

any one of the above (1) to (4), wherein the substance

converting glucose and/or a derivative thereof to a

substance that does not interfere with the measurement 1is a

substance used for enzymatic oxidation or enzymatic

phosphorylation of glucose.

(6) The method for measuring a blood component according to

any one of the above (1) to (5), characterized in that the

substance converting glucose and/or a derivative thereof

contains one or more compounds selected from the compound

group consisting of phosphoenolpyruvic acid, oa-ketoglutaric
acid, oxaloacetic acid, acetylphosphoric acid, pyruvic acid,
3-phosphoglyceric acid, creatine phosphate, adenosine-5'-

diphosphate, adenosine-5'-triphosphate, oxidized or reduced

nicotinamide adenine dinucleotide, and oxidized or reduced

nicotinamide adenine dinucleotide phosphoric acid.

(7) The method for measuring a blood component according to

any one of (1) to (6), wherein the blood component 1s 1,5-

anhydroglucitol.

(8) A device used 1n the method for measuring a blood

component according to any one of (1) to (7), characterized

by comprising a blood cell isolation part and a detection

part in a whole blood sample to which a substance that

converts glucose and/or a derivative thereof to a substance

that does not interfere with measuring the blood component

has been added.

(9) The device according to (8), wherein the blood cell

o

isolation part and the detection part are out or contact
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before measurement, and these parts are brought into contact

with each other to perform detection and quantification.

(10) The device according to (8), wherein the detection part
is a detection part using an electrode coated with a
5 reagent.

(11) A kit for measuring 1, 5-anhydroglucitol 1n a whole

blood sample comprising the device according to any one of
(8) to (10), a lancet device for collecting blood, and

instructions for use.

10

4]

EFFECTS OF THE INVENTION
(0013]

In a method for measuring a blood component that

is subject to interference caused by glucose and/or a

F

15 derivative thereof, measurement can be performed without

being affected by cellular components such as blood cells 1in
whole blood or causing hemolysis, which interferes with
measurement, by bringing whole blood and a substance

e

converting glucose and/or a derivative thereof to a

20 substance that does not interfere with the measurement 1nto

contact and simultaneously or subsequently 1solating blood

cells. Furthermore, since a centrifuge or the like 1s not

P
p——

used, measurement 1s made convenient, and the structure of a

measurement device or a measurement kit can be simplified,

25 thus lowering costs.

BRIEEF DESCRIPTION OF THE DRAWINGS
(0014 ]

FIG. 1 is a simplified diagram showing a device

30 used in Example 1.
[0015]

FIG. 2 is a simplified diagram showlng a device

used 1n Example 2.
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BEST MODE FOR CARRYING OUT THE INVENTION
[0016]

18

Hereafter, the present invention will be explained

5 1n detail.

The present i1nvention 1s a method for measuring a

blood component that 1is subject to interference caused by
glucose and/or a derivative thereof, characterized in that
whole blood and a substance converting glucose and/or a

10 derivative thereof to a substance that does not interfere
with the measurement are brought into contact with each
other, and blood cells are simultaneously or subseqguently

1solated.

[0017]
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Whole blood used in the present invention 1s
blood in a state as collected from which erythrocytes

are not isolated, and may contain an anticoagulant, a

glycolytic inhibitor, and the like contained 1in a

blood-collecting vessel for blood collection, such as

heparin, sodium fluoride, and monoiodoacetic acid.

When stored blood is used, blood 1s preferably
collected by a'blood—coilecting vessel containing

sodium fluoride and heparin.

Furthermore, the whole blood of the present

invention includes blood collected by a lancet device

-

or the like used for self-measurement of blood sugar

levels without a blood—-collecting vessel or the like.

Blood collection sites are not particularly

limited and include a tip of a finger as well as the

outside of the forearm, the abdominal wall or the

outside of the upper arm.

- According to the measurement method.of the
present invention, a blood component can be measured
using even a Small amount of whole blood. For example,
3 to 50 uL, preferably, 3 to 20 ulL is sufficient.

{0018]

Examples of the blood component 1n whole
blood to be measured by the measurement method of
present invention 1nclude 1, 5-anhydroglucitol,
sorbitol, mannose, or myoinositol, but are not limited
to such sugars or sugar alcohols so long as they are to

be measured 1in measurement of whole blood that may be
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interfered by glucose and/or a derivative thereof.

(0019]

T

" The substance converting glucose and/or a

s

derivative thereof to a substance that does not

interfere with the measurement 1in the present

invention

is not particularly limited so long as it does not

g

=

affect measurementT O:

- a target blood component.

Examples thereof include the above-mentioned

‘substances converting glucose and/or a derivatilve

thereof to a substance that does not interfere with the

measurement described in Patent Documents 2 to 3,

[~

‘preferably substances used for enzymatic oxidation or

enzymatic phosphorylation orf glucose. For example,

substances described in the following explanation of

enzymatic oxidation or enzymatic phosphorylation of

b

glucose may be used. The substances converting glucose

and/or a derivative thereof to a substance that does

not interfere with the measurement in the present

invention are substances that contract or agglutinate

blood cells by actions such as osmolarity, reduce

hematocrit (viscosity of blood) and thus promote

isolation of blood cells from whole blood, so

that a

- larger amount of plasma and serum can be obtained from

a smaller amount of'whole blood. Examples thereof

include substances containing one or more compounds

F
an.

selected from the compound group consisting O:

phosphoenolpyruvic acid, a-ketoglutaric acid,

‘oxaloacetic acid, acetylphosphoric acid, pyruvic acid,
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3-phosphoglyceric acid, creatine phosphate, adenosine-

57 -diphosphate (ADP), adenosine-5’-triphosphate (ATP),

oxidized or reduced nicotinamide adenine dinucleotide

(NAD (H) ), and oxidized or reduced nicotinamide adenine

dinucleotide phosphoric acid (NADP (H) ) .

10020]

Examples of the above-mentioned enzymatic
oxidation or enzymatic phosphorylation of glucose
include a method comprising oxidizing glucose by

glucose oxidase, a method comprising oxidizing glucose

by glucose dehydrogenase in the presence oI a coenzyme
nicotinamide adenine dinucleotide or nicotinamide
adenine dinucleotide phoSphoric acid, a method

comprising phosphorylating glucose by hexokinase or

glucokinase, and oxidizing the generated glucose-6-

phosphate'by glucose-6-phosphate dehydrogenase in the

"

presence of a coenzyme NAD' or NADP', a method

comprising allowing hexokinase, phosphohexose

isomerase, and 6-phosphofructokinase to act in the
presence of adenosine-5’-diphosphate or adenosine-5'-
triphosphate to convert glucose to fructose-1,6-

diphosphate, and a method comprising allowlng glucose

isomerase, fructokinase, and 6-phosphofructokinase 1in

the presence of a nucleoside diphosphate (NDP) or a
nucleoside triphosphate (NTP) to act to convert glucose

to fructose-1, 6-diphosphate.

100217

Enzymes used for the above-mentioned
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conversions are not particularly limited so long as

they are classified as glucose oxidase (ECl.1.3.4),

glucose dehydrogenase (EC1.1.1.47, ECl1.1.1.118,

£EC1.1.1.119, EC1.1.99.10), hexokinase (ECZ2.7.1.1),

glucokinase (EC2.7.1.2); glucose-6-phosphate ketol-

isomerase (EC5.3.1.9) as phosphohexose isomerases,

glucose isomerase (EC5.3.1.18), and fructokinase
(EC2.7.1.4); and phosphohexokinase (EC2.7.1.11) as 6- '
phosphofructokinase according to the IUPAC-1UB

nomenclature, and those commercially available can also

be used.

[0022]

Furthermore, in the method comprising
oxidizing glucose by glucose oxidase or glucose
dehydrogenase, gluconolactonase'(EC3.1;1.17) can also

be used to convert the generated glucono-1,5-lactone

completely to gluconic acid, and mutarotase (EC5.1.3.3)

may be used in combination, if necessary. There 1s no

problem in the use of an NDP-dependent hexokinase, such

as ADP-dependent hexokinase, 1in particular, as a

hexokinase.

10023]

In the measurement method of'the present

invention, preferred examples of enzymatic oxidation or

phosphorylation of glucose include a method comprising

phosphorylating giucose by hexokinase, and a

-

particularly preferred example thereof 1s an enzyme

1}

cycling method using hexokinase in the presence of
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magnesium ion, ATP, phosphoenolpyruvic acid, and
pyruvate kinase.

10024 ]

In the measurement method of the present

5 invention, isolation of blood cells primarlily means

isolation of erythrocytes, and preferred examples

g—

rhereof include a blood isolation method which 1s

"suitable for the above-described rapid measurement at
bedside or in a clinic such as Point of Care Testing

10 and measurement by patients themselves at home and uses

a filtration material for 1solating blood cells, which

-

is particularly effective in the measurement of an

extremely small amount of whole blood. The filtration

materials for isolating blood cells are not

15 particularly limited so long as they can isolate blood

cells, and known filter materials can be used.

grimny

Examples thereof include glass fiber filter papers,

cellulose filter papers, microporous materials, polymer

materials, and members that are combinations thereof.

20 The glass fiber filter paper preferably has a

density of about 0.02 to 0.09, with the retalned

particle size being about 1 to 5 um. The surface ot
the glass fiber may bé treated with hydrophilic

polymers, lectin as a sugar-binding protein, lecithin

25 or phosphatidylchpline as an amphipathic lipid, and the
like.

1 00295]

The cellulose filter paper 1is not
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particularly limited, and examples thereof include

commonly used filter papers.

Examples of the microporous material include

microporous membranes and microporous carriers, and

those having a highly asymmetric structure can also be

used. Examples of the microporous membrane include

polysulfone membranes and fluorinated polymer

membranes. Examples of the microporous carrier include

gels and microspheres (e.g., beads and latex) having a
nano/micro grain size, and examples of base materials

e

thereof 1include polymers such as polystyrene,

polymethacrylate, poly(hydroxymethacrylate), and
polyvinyl alcohol, and silica. Microporous materials

may be made hydrophilic by subjecting the surface to

activity treatment such as oxygen plasma treatment.
[0026]

‘ Polymer matérials are preferably hydrophilic
polymer materials, and examples thereof include
cellulose derivatives such as carboxymethvylcellulose,

polyvinylpyrrolidone, polyvinyl alcohol, gelatin,

L

agarose, polyacrylic acid, polymers of maleic

anhydride, polymethacrylic acid, polvacryvlamide,
polylysine, and polyStyrenesulfonic acid. The above-
mentioned glass fiber filter papers, cellulose filter
papers, and microporous materials may be impregnated
with the polymer material to make the surface

hydrophilic, or the polymer material may be allowed to

form a membrane themselves as with polyion complex
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membranes.

[0027]

The above-mentioned filtration material for
isolating blood cells may be used solely or as a member

that 1s a combination thereof.'

Furthermore, the above-mentioned filtration

material for isolating blood cells may be filled 1in a

lancet device or as a membrane-like member formed by
applying on an electrode or the like used for the

detection_shown below directly or on an enzyme layer or

the like on the electrode used for detection.

[0028]

In the present invention, a substance

converting glucose and/or a derivative thereof to a

substance that does not interfere with measurement and

whole blood may be brought'into contact with each other

by mixing'these substances before blood cell isolation

or allowing a blood cell isolation filter material to

Carry the substance converting glucose and/or a

e

derivative thereof to a substance that does not

interfere with measurement. Furthermore, the present
invention encompasses a case where a part of the
substance converting glucose and/or a derivative

thereof to a substance that does not interfere with

25 measurement is carried, and glucose and/or a derivative

thereof is converted to a substance that does'not
interfere with measurement together with substances

contained in an applied sample.
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[0029]

In the method for measurihg a blood component
of the present invention, methods for detecting a blood
components are not particularly limited, and examples
thereof include absorbance détermination used 1n usual
clinical chemistry examinations, electrochemical

detection using an electrode or the like, and

ch

emlluminescent and electrochemiluminescent techniqgues
used in immunochemical tests.

[0030]

The case'where the blood component measured

by the measurement method of the present invention 1s

1, 5-anhydroglucitol will be further explained.

Examples of the method for measuring 1, 5-

anhydroglucitol include known methods such as, for

example, a method comprising allowing an enzyme having

g E

an ability of oxidizing 1, 5-anhydroglucitol to act in

the presence of an electron acceptor and measuring the

amount of oxygen.cdnSumption, the reduced electron

acceptor or reaction product after the reaction and a

method comprising quantification by using‘1,5—
anhydroglucitol dehydrdgenase, which catalyzes a direct
reduction of a reducing coloring material in the

absence of an electron acceptor. Furthermore, the

25 measurement method may be a method comprising

converting 1, 5-anhydroglucitol to 1,5-anhydroglucitol-
6-phosphate by 1,5-anhydroglucitol-6-phosphorylase,

dehydrogenating l,5+anhydroglucitol~6—phosphate.by 1, 5-
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anhydroglucitol~64phosphate dehydrogenase 1n the
presence of an oxidized coenzyme, and quantifying the

generated component or deceased component 1in this

reaction.

10031 ]

)

g

Examples of the enzyme having an ability o:

oxidizing 1,5-anhydroglucitol include enzymes
classified according to the IUPAC-IUB nomenclature as

pyranose oxidase (EC1.1.3.10) and L-sorbose oxidase

(EC1.1;3;11). Specific examples thereof inclﬁde
pyranose oxidase'produced by Polyporus obtusus
ATCC26733 and L-sorbose oxildase produced by Trametes
sanguinea TF04923 which are described in JP-A-63-
185397, oxidase produced by Pseudomonas Sp. NK-85001

which is described in JP-A-62-79780, 1,5-

anhydroglucitol dehydrogenase préduced by fungi such as
FEupenicillium crustaceum (IF0-8938) which 1s described
in JP-A-2-268679, and 1,55anhydroglucitol dehydrogenase
produced by the Agrobacterium tumefaciens NT1130 strain

described in Japanese Patent No. 2872983, which can

dehydrogenate 1, 5—anhydroglucitol without an electron

acceptor.

[0032]
Furthermore, as methods or enzymes used for

converting 1, 5-anhydroglucitol to 1, 5-anhydroglucitol-

6—phosphate, methods or reagents for phosphorvlating

glucose by the above-mentioned hexoklnase or

glucokinase to eliminate or convert glucose can be used
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as they are. Specific_examples of the enzymes used

include hexokinases, glucokinases, and ADP-dependent

hexokinases. Examples of the ADP-dependent hexokinase

include enzymes produced by the Pyrococcus furiosus

DSM3638 strain which are described 1n JP—Af2002—186497.

Preferred examples of the 1,5-anhydroglucitol-6-

- phosphate dehydrogenases include enzymes produced by

Escherichia coli DH1 (ATCC33849) which are described in '
JP<A~10—191998.

Furthermore, an enzyme of a commercially
avallable reagént for measuring 1, 5-anhydro-D-glucitol
(Lana 1,5-AG Auto Liquid: Nippon Kayaku Co., Ltd.) can
be used.

[0033]

Furthermore, detection methods for
quantifying 1, 5-anhydroglucitol are not particularly

limited, and absorption photometry, electrochemical

detection method, chemiluminescent techniques,

electrochemiluminescent techniques, and the like can be

used.

For example, for oxidized chromogenic

-

substrates used for detection of absorbance, examples

of solely used chromogens include N-

carboxymethylaminocarbonyl-4,4"-

bis (dimethylamino)diphenylamine sodium salt (DA64), 10-
carboxymethylaminocarbonyl-3, /-
bis(dimethylamino)phenothiazine sodium salt (DA67),

bis[3-bis(4-chlorophenyl)-methyl-4-
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dimethylaminophenyl]aminé (BCMA), bis[3-bis(4-

Chlorophenyl)—methyl—4—carboxyethylaminophenyl]amine,

10~N-methylcarbamoyl-3,7~dimethylamino—lOH—
phenothiazine (MCDP), 10-N-carboxymethylcarbamoyl-3,7-

dimethylamino—lOH+phenothiazine (CCAP) , 3,3f,5,5'—‘

tetramethylbenzidine (TMBZ), and N,N,N’,N’, N”, N"-

hexa (3-sulfopropyl)-4,4’,4”-triaminotriphenylmethane

 hexasodium salt (TPM-PS). For coupling chromogens,

examples of couplers include 4-aminoantipyrine (4AA),

3—methyl-2~benz©thiazolinonehydrazone (MBTH) , and
aminodiphenyl compounds (NCP), and examples of Trinder

reagents include N-ethyl-N-(3-methylphenyl)-N’-

succinylethylenediamine (EMSE), N-ethyl-N-(2-hydroxy-3-

sulfopropyl)-3-methoxyaniline (TOOS) and the like.

Furthermore, for reduced chromogenic substrate,

- examples of chromogens include 2-(4-iodophenyl)-3-(4-

nitrophenyl)-5-phenyl-2H-tetrazolium chloride (INT), 3-
(4, 5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium
bromide (MTT), 3,3"-[3,3"-dimethoxy-(1,1’-biphenyl)-

4,4’ -diyl]-bis[2-(4-nitrophenyl)~-5-phenyl-2H-

tetrazolium chloride] (NTB), 2-(4-iodophenyl)-3-(4-
nitrophenyl)-5-(2,4-disulfophenyl)-2H-tetrazolium

monosodium salt (WST-1), and 2-(4-iodophenyl)-3-(2,4-

dinitrophenyl)-5-(2,4-disulfophenyl)-2H-tetrazolium

monosodium salt (WST-3).

(0034 ]

Examples of The electrodes used for

electrochemical detection include gold, platinum,
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carbon, palladium and Silver. Examplesﬁof the
measurement method 1nclude amperometry (electric
current measurement method), coulometry (amouht of
electricity measurement method), potential sweep

> method, and cyclic voltammetry. Furthermore,
naturally, mediators that mediate donation and

e

acceptance of electrons may be used, and either

oxidation mediators or reduction mediators may be used.
Of these, oxidation mediators are more preferred, and

10  known compounds can be used. Preferred examples

thereof include ferricyanides, quinone compounds,

osmium(III) complexes, and osmium (III) polymers
thereof.
[0035]

15 Furthermore, as the measurement method of the

present invention, a method can also be used in which

ADP-dependent hexokinase is allowed to act in the

presence of ADP to convert glucose and 1, 5-
‘anhydroglucitol to glucose-6-phosphate and 1, 5-

20 anhydroglucitol-6-phosphate, respectively,
phosphoglucoisomerase (a phosphohexose 1somerase) and
o-phosphofructokinase are allowed to act to convert
glucose—6—phosphate to fructosewl,6—bisphosphate, and

1,5-anhydroglucitol~6-phosphate dehydrogenase is

25 allowed to act in the presence of coenzyme NAD® or NADP’

to measure 1,5-anhydroglucitol-6-phosphate.
(00306}

The present invention also includes a device



CA 02614299 2008-01-04

22
having a blood cell isolation part and a detection part
that can be used for the above-mentioned methods for

measuring a blood component. The blood cell isolation

part is used to perform the above-mentioned blood cell

5 1solation, and the detection part 1s used to perform

the above-mentioned detection of a blood component.

The arrangement of these parts 1n the device may be

vertical or horizontal, and these parts may be in or
~out of contact with each other. When these parts are

10 out of contact, the shapes and positions thereof are

not particularly limited so long as the parts can be

F o
—

brought into contact with each other at the time o:

-y
-

detection. For example, when the whole surfaces o0:

these parts are not 1n contact with each other, the

15 blood cell isolation part and the detection part may be

o~

completely isolate or a part of one end or both ends

may be in contact. The expression “can be brought into
contact with each other at the time of detection” means
that, after the application of a sample, the parts can

20 Dbe brought into contact with ceach other manually or

automatically so that detection and gquantification can

rhn

be performed after time required for conversion o:

glucose and/or a derivative thereof to a substance that

does not 1nterfere with the measurement or blood cell

25 1solation. In a convenient measurement, these parts

are preferably brought into contact with each other at

several seconds to several minutes after the

application of a sample. Either the whole surface or a
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=

part thereof of the blood cell isolation part and the

detection part are brbught into contact with each
other.

Furthermore, when the blood cell isolation
part and the detection part are in contact with each

other, whole blood and a substance converting glucose

and/or a derivative thereof to a substance that does
not interfere with the measurement may be brought into
contact beforehand before blood cell isolation.
[0037]

The detection part'is not limited so long as
it has a structure based on detection methods such as
absorption photometry, electrochemical detection method

using an electrode or the like, chemiluminescent

methods, and electrochemiluminescent methods as
described above.

10038]

As examples of the device of the present

invention, simplified diagrams are shown in Figs. 1 and
N .
[0039]

The present invention also includes a 1,5-
anhyvdroglucitol measurement kit that cémprises the .
above-described device and a lancet device for blood

collection.

The lancet device is not particularly limited

so long as about several tens uL or less of whole blood

can be collected, and may be the same as a lancet
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device attached to an apparatus for self-measurement of
blood sugar levels.

EXAMPLES

L™

[0040]

5 - The present invention will be explalned more

specifically with reference to the following examples.

However, the scope of the present invention is not

limited to these examples.

10041]

10 Example 1
1) Glucose converting reagent

In 25.0 mM 2—(4—(2-hydroxyethyl)~l~

piperazinyl)ethane sulfonic acid (HEPES) buffer (pH

7.5), 7.38 mM MgCl,, 49.6 mM KCl, 24.0 mM

15 phosphoenolpyruvic acid (PEP), 1.0 mM ATP, 10 U/mL
pyruvate kinase (PK), 8 U/mL glucokinase, 100 mM NaCl,

0.1 mM disodium ethylenedioxytetraacetate salt

(EDTA-2Na), 0.1% NaNs, 0.6 g/L bovine serum albumin

(BSA), 0.05% nonionic surfactant HS210 (NOF

20 Corporation), 0.1 mM potassium ferrocyanide, and 5 U/mL

horseradish peroxidase (HRP) were dissolved 1n this
compoéition, and the pH was adjusted to 7.5 to prepare
a glucose converting reagent. '
(0042}
25 2} Coloring reagent
8 mM NCP-04 (N-methyl-N-phenyl-p-
phenylenediamine) and 8 mM TOOS were dissolved 1n 703

(v/w) ethanol in this composition to prepare*a coloring
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reagent.
[0043]

3)

rnzyme reagent

|- i

500 U/mL l,5—anhydroglucitdl oxldase and 500

5 U/mL HRP were dissolvéd in 1.0 M phosphate buxﬁer in
this composition, and the pH was adjusted to 7.5 to
prepare an enzyme réagent.

- [0044]
4) Enzymatic color test paper

10 Biodyne A membrane (PALL Corporation) 10 mm x

45 mm was immersed in the coloring reagent obtained in

the above 2) at room temperature for 10 minutes and

dried at 50°C for 20 minutes. Then, the membrane was

immersed overnight in the enzyme reagent obtained in

15 the above 3} and similarly dried at 50°C for 20 minutes.
The membrane was cut into a 5 mm k 5 mm pilece
to obtain an enzymatic color test paper.
10045]

5) Device
20 As shown 1n Fig. 1, a blood cell isolation
part 3 (Hemasep L 5 mm x 16 mm for blood cell

1solation: PALL Corporation) was bonded on an adhesive

surface of a support 4 (white PET 5 mm x 50 mm) while
aligning the left ends therecf. Meanwhile, the above-

2> described enzymatic color test paper was bonded on the

adhesive surface of a detection part support 2 (ARcare

8192 clear PET 5 mm X 40 mm: Adhesives Résearch Inc.)

as a detection part 1, while aligning the left end
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thereof. Finally, the detection part support 2 was

bonded on the adhesive surface of the support 4 (white

PET 5 mm x 50 mm) so that the whole surface of

=

detection part 1 and the right end of the blood cell

isolation part 3 should overlap. Thus a device was

' prepared.

[0040]

—.

6) Creation of calibration curve

To create a calibration curve of 1,5-

anhydroglucitol, 15 puL each of 3 whole blood specimens

at known concentrations (the concentrations of 1, 5-

anhydroglucitol in the specimens obtained by the

procedure in Reference Example 1 described later were

8.9, 18.5, and 28.5 pg/mL) and 15 pl of the glucose

converting reagent were mixed in Eppendorf tubes and

left stand for 5 minutes. Then, 15 uL each of the

reaction mixtures was applied dropwise on the blood

cell isolation part 3 at the position at which the
specimen waé applied in Fig. 1. When plasma after
blood cell isolation reached the site of the blood cell
iSolation part 3 at which the detection part 1
(enzymatic color test paper) could be brought into
contact, the detection part 1 was pressed, and

absorbance was determined 60 seconds later by using a

reflective photometer (colorimeter'SUPER COLOR SP-80:

Tokyo Denshoku Co., Ltd.). A calilbration curve was

U )

Created from the absorbances and the concentrations o:

1, 5—anhydroglucitol.
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[0047]

7) Measurement procedure

15 uL each of whole blood from 6 normal
subjects where 1,5-anhydroglucitol was to be measured

5 was mixed with 15 uL of a glucose converting reagent 1n

Eppendorf tubes and left stand for 5 minutes. Then, 15

uL each of the reaction mixture was applied dropwlse on
the blood cell isolation part 3 at the position at
which the specimen was applied in Fig. 1. When plasma

10 after blood cell i1isolation reached the site of the

blood cell isolation part 3 at which the detection part
1(en2ymatic color test paper) could be brought into
contact, the detection part 1 was pressed, and

 absorbance was determined 60 seconds later by using a

15 reflective photometer. The amounts of 1,5-

anhydroglucitol in the 6 whole blood specimens were

obtained from the calibration curve. The resullts are

shown 1n Table 1.

[0048]

20 ~ Reference Example 1

The same whole blood'specimens from the 6
‘normal subjects USed for the measurement in /) of
Example 1 were centrifuged at 3000 rpm for 5 minutes,
and the supernatant was measured for 1l,95-
..25 anhydroglucitol by a usual method using 1, 5-anhydro-D-
glucitol measurement reagent (Lana 1,5AG Auto Liquid:
Nippoh Kayaku Co., Ltd.) and Automated.Analyzer 7150

(Hitachi, Ltd.) with the'following parameters. The
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results are shown 1in Table 1.

Analytical method 2 polnt ends
Reading point 24-50
- Volume of specimen - . _ 8 L

5 Lana 1,5AG Auto Liquid
Pretreatment reagent (R1) 240 pL

Lana 1,5AG Auto Liquid

Color regent (RZ) ‘ . . 120 pl
Temperature 37°C
'10_ Measurement wavelength | _ (sub/main)
700/546 nm
[0049]
[ Table 1]

1, 5-ANHYDROGLUCITOL CONCENTRATION (ng/mL)

Reference Example 1 Example 1

WHOLE BLOOD SPECIMEN 1 15.1 15.7
WHOLE BLOOD SPECIMEN 2 19.9 20.2
WHOLE BLOOD SPECIMEN 3 25.1 26.0
WHOLE BLOOD SPECIMEN 4 15.4 o 14.7
WHOLE BLOOD SPECIMEN 5 21.3 20.4
WHOLE BLOOD SPECIMEN 6 17.5 _ 17.3
[0050]

' il

The measured values of 1,5-anhydroglucitol in

15 whole blood specimens on which the glucose converting

reagent was allowed to act to convert glucose to a

substance that does not interfere with measurement,

~from which blood cells were isolated, and which were

further'brought 1nto contact with a detection reagent
20 were consistent well with those obtained by a known

measurement method in Reference Example 1, suggesting
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that 1, 5-anhydroglucitol can be measured by the present

invention.

0051 ]

Example 2

5 1) Glucose conVerting reagent

In 10.0 mM 2-morpholinoethanesulfonic acid

(MES) buffer, 17.6 mM MgCl,, 17.6 mM KCl, 175.7 mM

phosphoenolpyruvic acid (PEP), 17.6 mM ATP, 123 U/mL

pyruvate kinase (PK), 97 U/mL hexokinase, and 20 U/mL
10 ascorbic acid oxidase were dissolved in this

composition, and the pH was adjusted to 7.0 to obtain a

glucose converting reagent..

[0052]

2) Electrode reagent

15 16 mg/mL osmium(III) complex ([Os(III)
(bipyridyl).(imidazoyl),Cl]Cl,) and 465.2 U/mL 1, 5-
anhydroglucitol oxidase were'dissolved in purified
water 1in this composition to prepare an electrode
reagent.

20 [0053]

3} Sensor chip

A detection part 1 of a carbon electrode was

coated with 4 puL of the electrode reagent obtained 1n

the above 2) and dried at 50°C for 13 minutes to prepare
25 a sensor chip.

[0054]

4) Device

As shown 1n Fig. 2, a blood cell isolation
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part 3 (Hemasep L S mm x 15 mm for blood cell

isolation: PALL Corporation) was bonded on the

o,

detection part 1 of the sensor chip so that the

farthest end should be covered. Thus, a device was
5 prepared.

[0055]

1}

5) Creation of calibration curve

To create a calibration curve of 1,5~
anhydroglucitol, 20 uL each of 3 whole blood specimens
10 at known concentrations (the 1,5—-anhvdroglucitol

concentrations in the specimens obtained by the above-

described procedure 1in Reference Example 1 were 9.4,

18.6, and 42.6 pg/mL) and 10 uL of the glucose

converting reagent were mixed in Eppendorf tubes and

15 left stand for 5 minutes. Then, 20 uL each of the
réactioh mixtures was applied dropwise on the‘blood
cell isolation part 3 at the potion at which the
specimen was applied in Fig. 2. At 80 seconds after,
plasma after blood cell i1solation reached a detection

20 part 1 (electrode reagent), a voltage was applied at
0.15 V for 10 seconds. Currents were measured 5

seconds later using an electrochemical detector (8-

channel multipotentiostat with GPIB RS232C, MODEL PS-

08: Toho Giken). A calibration curve was created from

25 the current values and the concentrations of 1,5-

anhydroglucitol.

[0056]

©) Measurement procedure
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20 UL each of whole blood from 4 normal

subjects for which 1, 5-anhydroglucitol was to be

measured and 10 uL of glucose converting reagent were

- mixed in Eppendorf tubes and left stand for 5 minutes.

Then, 20 pL each of the reaction mixtures was applied
dropwise on the blood cell isolation part 3 at the
position at which the specimen was applied in Fig. 2.
At 80 seconds after, plasma after blood cell isolation
reaghéd_the detection part 1 (electrode reagent), a
voltége was applied at 0.15 V for 10 seconds. Currents
were measured 5 seconds later using'an electrochemical
detector. The amounts of 1,5-anhydroglucitol in 4
whole blood specimens were obtained from the
calibration curve. The results are shown in Table 2.
[0057]
Reference Example 2
The same whole blood specimens as measured 1n
ﬁxample 2 of 6) were measured for 1,5-anhydroglucitol
by the same manner as in Reference Example 1. The
results are shown 1n Table 2.
[0058]
[Table 2]
] 1, 5-ANHYDROGLUCITOL CONCENTRATION (ug/mL)
. Reference Example 2 Example 2
WHOLE BLOOD SPECIMEN 7 17.5 18.2
WHOLE BLOOD SPECIMEN 8 24 .4 24 .5
WHOLE BLOOD SPECIMEN 9 , 28.2 26.8
WHOLE BLOOD SPECIMEN 10 31.5 32.9

.[0059]
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The measured values of 1,5—-anhydroglucitol 1in
whole blood specimens on which the glucose converting
reagent was allowed to act on to convert glucose to a
substancé that does not interfere with measurement,

5 from which blood cells were isolated, and which were

further reacted with the electrode reagent were
consistent well with those obtained by a known
measurement in Reference Example 2, suggesting that
1, 5-anhvdroglucitol can be measured by the present

10 1nvention.

DESCRIPTION OF SYMBOLS

| —

[0062]

1 Detection part

15 2 Detection part support
3

[ —_—

Blood cell isolation part

4 Support
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P

The embodiments of the invention in whilich an

exclusive property or privilege is claimed are defined

as follows:

1. A method for measuring 1,5-anhydroglucitol that 1is

subject to interference caused by glucose and/or a

p——

derivative thereof, said method comprising the steps

e

OL.

(1) contacting a whole blood sample with a

substance that converts glucose and/or a derivative

thereof to a substance that does not react wlth an

enzyme for the measurement of 1,5-anhydroglucitol 1n

step (3) below;

(2) isolating blood cells from the sample
simultaneously with or subsequently to step (1); and

then

(3) enzymatically measuring 1, 5-anhydroglucitol 1n

the sample from which the blood cells have been

isolated in step (2).

2 . The method for measuring 1, 5-anhydroglucitol according

to claim 1, wherein an amount of the whole blood sample 1is

not more than 20 pL.

3. The method for measuring 1,5-anhydroglucitol according

to claim 1 or 2, wherein the blood cells are isolated by

using a filtration material for blood cell separation.

4 . The method for measuring 1, 5-anhydroglucitol according

to claim 3, wherein the filtration material for blood cell

separation is a glass fiber filter paper, a cellulose

filter paper, a microporous material, a polymer material,
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N

or a member that 1s a comblination thereo:

S, The method for measuring 1, 5-anhydroglucitol

H

according to any one of claims 1 to 4, wherein the

substance that converts glucose and/or a derivative

P

thereof to a substance that does not react with an

enzyme for the measurement of 1,5-anhydroglucitol 1s a

substance used for enzymatic oxidation,

phosphorylation, or isomerization of glucose and/or a

derivative thereof.

6. The method for measuring 1, 5-anhydroglucitol

according to claim 5, wherein the substance used for

enzymatic oxidation, phosphorylation or isomerization

ﬁ

of glucose and/or a derivative thereof contains, 1n

addition to an enzyme for the oxidation,

phosphorylation or isomerization of glucose and/or a
derivative thereof, is at least one compound which 1s
phosphoenolpyruvic acid, o-ketoglutaric acid,
oxaloacetic acid, acetylphosphoric acid, pyruvic acid,
3-phosphoglyceric acid, creatine phosphate, adenosine-
5'-diphosphate, adenosine-5'-triphosphate, oxidized or
reduced nicotinamide adenine dinucleotide, oxidized or

reduced nicotinamide adenine dinucleotide phosphoric

acid, or a mixture thereof.

7. A device for measuring 1, 5-anhydroglucitol as

defined in any one of claims 1 to 6, said device

comprising a blood cell isolation part and a detection

part.
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8 . The device according to claim 7, wherein the blood

P
—

cell isolation part and the detection part are out O:

contact before a measurement i1is taken and the blood

cell isolation part and the detection part are brought

into contact with each other to perform detectlon and

quantification of 1,5-anhydroglucitol.

9. The device according to claim 7, wherein the

detection part uses an electrode coated with a reagent.

10. A kit for measuring 1,5-anhydroglucitol 1n a whole

blood sample comprising:

— the device as defined in any one of claims / to

— a lancet device for collecting blood; and

— instructions for use.

9;



CA 02614299 2008-01-04

11

POSITION AT 1
WHICH SPECIMEN .
IS PLACED

DEVICE

- FIG. 2

POSITION AT
WHICH SPECIMEN

3 IS PLACED
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