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Description
Technical Field

[0001] The presentinvention relates to a biosensor for
analyzing blood components and a blood component an-
alytical method and, more particularly, to a biosensor that
is less affected by cell components such as hemocytes,
as well as enables simple and quick measurement with
high accuracy using a very small quantity of samples,
and a blood component analytical method.

Background Art

[0002] Biochemical tests for blood are widely carried
out as means for diagnosing the conditions of human’s
health. It is difficult to measure the kinds or concentra-
tions of constitutive components in blood, such as me-
tabolites, proteins, lipids, electrolytes, enzymes, anti-
gens and antibodies, using whole blood, and thus they
are normally measured using plasma or serum which is
obtained by centrifuging whole blood as a sample.
[0003] The centrifugation requires times and efforts,
and a centrifugation method requiring a centrifuge is un-
suitable for cases where a particularly small quantity of
samples are to be processed urgently or for on-site tests.
Further, the quantity of serum or plasma obtained by the
centrifugation is smaller than the quantity of blood which
has been obtained by blood collection.

[0004] Thus, as blood component analytical methods
which are not affected by cell components such as he-
mocytes even when whole blood is used as a sample,
blood component analytical methods such as those dis-
closed in Japanese Published Patent Applications No.
Sho.57-53661 and No. Hei.8-54387, employing a hemo-
cyte separation method by which blood is exuded using
glass fiber filter paper having an average diameter of
0.2-5 um and a density of 0.1-0.5 g/cm3, thereby sepa-
rating plasma or serum, or a blood component analytical
method such as one disclosed in Japanese Published
Patent Application No. Hei.9-196908, employing a blood
regulation method by which an aqueous solution of amino
acid orinorganic salt is mixed with whole blood and there-
after hemocyte components are filtered, thereby avoiding
clogging of filtered materials due to hemocytes, and a
larger quantity of plasma or serum components are ob-
tained using a smaller quantity of blood have been ex-
amined.

[0005] Further, a method as disclosed in Japanese
Published Patent Application No. Hei.9-72904, by which
blood is hemolyzed by a surfactant carried on a test strip
and then a sample solution is developed on the test strip
using a development solution has been examined.
[0006] It is true that the method employing the glass
fiber filter paper of the prescribed density improves the
hemocyte separation efficiency, but it takes quite a long
time to separate hemocytes almost completely. Thus,
the measurement cannot be performed quickly, and fur-
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ther not only a large quantity of blood is required to obtain
a quantity of samples that is necessary for the test, but
also the blood viscosities or hematocrit values differ
among individuals so that the separation power has in-
dividual differences and thus the measurement accuracy
is quite low. Further, it requires special filter paper, there-
by being costly.

[0007] Inthe method by which an aqueous solution of
the prescribed concentration of mineral salt or amino acid
is added to whole blood and then hemocyte components
are filtered, the efforts for hemocyte separation by the
centrifugation are omitted, but the operation of previously
adding an additive liquid to the blood to be processed is
so complicated that it lack the simplicity as well as the
measurement takes much time.

[0008] Further, inthe method of previously hemolyzing
blood, the basic principle of hemolysis is destroying a
bilayer lipid membrane in the cell membrane of the he-
mocyte using a surfactant or a hemolyzer such as sa-
ponin, and crushing a hemocyte cell to pieces. In the
case of a very small quantity of blood, the development
solution is added after the hemolysis is performed, there-
by enabling development on a chromatographic device.
However, when the development solution is not used,
the development layer is clogged with cell pieces, so that
the collected blood sample cannot be developed without
the development solution.

[0009] The present invention is made to solve the
above-mentioned problems and has for its object to pro-
vide a one-step biosensor and a blood component ana-
lytical method, which can perform a high-accuracy blood
component analytical method easily and quickly, with
less expenses and without the need to previously carry
out any processing for blood or the need for a develop-
ment solution for developing a sample solution, even
When a sample is whole blood.

[0010] EP-A-1143 247, which is a prior art under Art.
54 (3) and (4) EPC, discloses animmunochromatograph-
ic specimen comprising a cell component destroying sub-
stance holding portion for destroying cell components
between a sample addition portion and a marker holding
portion, destroying cell components at analyzing a test
target solution which includes cell components, i.e. at
chromatographically developing, and thereby, enabling
smooth penetration into a reaction layer.

[0011] EP-A-P 903 584 discloses an immunochroma-
tographic test strip including a detergent, an ammonium
salt and a buffer which act as a sample solubilizer, such
as to facilitate flow of the sample through the strip.

Disclosure of the Invention

[0012] According to the present invention (Claim 1),
there is provided a biosensor that is made of a single
layer or plural layers of a porous material, having a rea-
gent holding part for holding a reagent that labels an anal-
ysis target in the liquid specimen, and analyzing compo-
nents in the liquid specimen by utilizing chromatography,
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in which a cell shrinkage reagent which osmotically
shrinks cells is carried on at least part of a region from a
specimen application part on which the liquid specimen
is applied to the reagent holding part, and a reaction layer
is provided, on which the cells in the liquid specimen are
shrunk by the cell shrinkage reagent, and the shrunk cell
components are developed to chromatographically
downstream side together with the liquid specimen.
[0013] According to the biosensor that is constituted
as described above, cells in an added liquid specimen
shrink without being destroyed by contact with the cell
shrinkage reagent, and the shrunk cells are developed
together with the liquid specimen toward chromatograph-
ically downstream. Further, the cells can penetrate a
chromatographic carrier efficiently and sufficiently with-
out adding a development solution, whereby the quantity
of liquid flowing chromatographically downstream is in-
creased. Accordingly, even when whole blood or a bac-
teria solution is a sample, a high-accuracy analysis can
be performed easily and quickly with less cost. The cell
shrinkage described here refers to a state where the cell
shrinks by the action of osmotic pressure of the cell under
a condition in which a substance that can pass through
the cell membrane is in high concentration, utilizing the
property of membrane equilibrium of the cell. It is favo-
rable that the cell shrinkage reagent is a substance hav-
ing the effect of making the cell shrink by the action of
osmotic pressure.

[0014] According to the present invention (Claim 2), in
the biosensor defined in Claim 1, a liquid specimen is
whole blood.

[0015] According to the biosensor that is constituted
as described above, there is no need for an operation of
previously eliminating hemocyte components in the
whole blood, whereby a high-accuracy blood component
analysis can be performed easily and quickly, with less
cost.

[0016] According to the present invention (Claim 3), in
the biosensor of Claim 1, a liquid specimen is a solution
including bacteria.

[0017] According to the biosensor that is constituted
as described above, there is no need for an operation of
previously eliminating or crushing cell components in the
bacteria solution, where a high-accuracy analysis can be
performed easily and quickly, with less costs.

[0018] According to the presentinvention (Claim 4), in
the biosensor of Claim 1, the cell shrinkage reagent is
inorganic salt.

[0019] According to the present invention (Claim 5), in
the biosensor of Claim 1, the cell shrinkage reagent has
a concentration of 0.1 - 5.0 M.

[0020] According to the biosensor that is constituted
as described above, the cells in an added liquid specimen
shrink without being destroyed by contact with the inor-
ganic salt, whereby the liquid specimen in which the
shrunk cells are mixed can penetrate a chromatographic
carrier efficiently and sufficiently without adding a devel-
opment solution. Accordingly, the quantity of the liquid
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flowing chromatographically downstream is increased,
whereby even when whole blood or a bacteria solution
is a sample, a high-accuracy analysis can be performed
easily and quickly, with less cost.

[0021] According to the present invention (Claim 6), in
the biosensor of Claim 1, the cell shrinkage reagent is
amino acid or saccharide.

[0022] According to the biosensor that is constituted
as described above, cells in an added liquid specimen
shrink by contact with amino acid, and the liquid speci-
men in which the shrunk cell components are mixed can
penetrate the chromatographic carrier efficiently and suf-
ficiently without adding a development solution, whereby
the quantity of the liquid flowing chromatographically
downstream is increased. Therefore, even when whole
blood or a bacteria solution is a sample, a high-accuracy
analysis can be performed easily and quickly, with less
cost.

[0023] According to the present invention (Claim 7), in
the biosensor of Claim 1, a carrier that carries the cell
shrinkage reagent is dried naturally or dried by air-drying.
[0024] According to the biosensor that is constituted
as described above, denaturation of the cell shrinkage
reagent and the like is reduced, whereby the cells can
shrink efficiently.

[0025] According to the present invention (Claim 8), in
the biosensor of Claim 1, a carrier that carries the cell
shrinkage reagent is dried by freeze-drying.

[0026] According to the biosensor that is constituted
as described above, the crystals of the cell shrinkage
reagent are fine grained and easily dissolved, whereby
the cells can shrink in a shorter time.

[0027] According to the present invention (Claim 9), in
the biosensor of Claim 1, a carrier that carries the cell
shrinkage reagent is dried by heat drying.

[0028] According to the biosensor that is constituted
as described above, the cell shrinkage reagent can be
dried in a shorter time, thereby simplifying manufacturing
steps.

[0029] According to the present invention (Claim 10),
in the biosensor of Claim 1, the biosensor is a one-step
immunochromatographic test strip.

[0030] According to the biosensor that is constituted
as described above, there is no need to previously pre-
process a liquid specimen including cell components
such as whole blood, and measurement targets in wide
fields can be measured by obtaining an antibody or an
antigen for the measurement target, utilizing an immune
reaction. Therefore, in cases where blood is employed,
easy and quick measurement can be performed. Here,
one step refers to an operation which, in its measurement
operation, does not require preprocessing of the liquid
specimen including cell components such as the whole
blood, and only requires spotting and sticking of the liquid
specimen to a test strip but does not require the need to
use a development solution that is different from the liquid
specimen for the test strip before and after spotting and
sticking of the liquid specimen or to carry out a washing
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operation for the purpose of B/F separation. The immu-
nochromatographic test strip refers to a sensor for de-
tecting a target substance in the liquid specimen utilizing
the antigen-antibody reaction, on the carrier on which
chromatographic development is performed.

[0031] According to the present invention (Claim 11),
in the biosensor of Claim 1, the biosensor is a dry ana-
lytical element.

[0032] According to the biosensor that is constituted
as described above, the entire biosensor is a dry carrier,
so that it is not only easily portable but also there is no
need for strict preservation environments or preservation
conditions, whereby the biosensor that can be easily han-
dled and preserved for a long time under all conditions
can be obtained. The dry analytical element described
here refers to one in which all members constituting the
biosensor and a carried reagent are in dry states.
[0033] According to the present invention (Claim 12),
there is provided a blood component analytical method
using a biosensor that is made of a single layer or plural
layers of a porous material, having a reagent holding part
for holding a reagent that labels an analysis target in the
liquid specimen, and analyzing components in the liquid
specimen by utilizing chromatography, wherein :

a cell shrinkage reagent which osmotically shrinks
cells is carried on at least part of a region from a
specimen application part on which the liquid spec-
imen is applied to the reagent holding part,

a blood specimen is applied to the specimen appli-
cation part, and the cell shrinkage reagent is dis-
solved from the region where the cell shrinkage re-
agent is carried, by penetration of the applied blood
specimen, and

the cells included in the liquid specimen are shrunk
by the dissolved cell shrinkage reagent, the shrunk
cells are developed on a reaction layer to chroma-
tographically downstream side together with the lig-
uid specimen, thereby analyzing the components in
the liquid specimen.

[0034] According to the blood component analytical
method thatis constructed as described above, the eryth-
rocyte in blood is shrunk without being destroyed, where-
by blood containing the shrunk erythrocyte can penetrate
a chromatographic carrier sufficiently without causing
clogging and sufficiently without addition of a develop-
ment solution, whereby the quantity of the liquid flowing
chromatographically downstream is increased. There-
fore, even when whole blood is used as a sample, a high-
accuracy blood component analysis is performed easily
and quickly with less cost.

[0035] According to the present invention (Claim 13),
in the blood component analytical method of Claim 12,
a blood’ specimen to be added is whole blood.

[0036] According to the blood component analytical
method that is constructed as described above, there is
no need to previously perform an operation of eliminating
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hemocyte components in the whole blood, whereby a
high-accuracy blood component analysis can be per-
formed easily and quickly, with less cost.

[0037] According to the present invention (Claim 14),
in the blood component analytical method of Claim 12,
the cell shrinkage reagent is inorganic salt.

[0038] According to the present invention (Claim 15),
in the blood component analytical method of Claim 12,
the cell shrinkage reagent has a concentration of 0.1 -
5.0 M.

[0039] According to the blood component analytical
method thatis constructed as described above, the eryth-
rocyte in blood is shrunk without being destroyed, where-
by blood containing the shrunk erythrocyte can penetrate
a chromatographic carrier efficiently without causing
clogging and sufficiently without addition of a develop-
ment solution, and the quantity of the liquid flowing the
chromatographically downstream is increased. There-
fore, even when whole blood is a sample, a high-accuracy
blood component analysis can be performed easily and
quickly with less cost.

[0040] According to the present invention (Claim 16),
in the blood component analytical method of Claim 12,
the cell shrinkage reagent is amino acid or saccharide.
[0041] According to the blood component analytical
method thatis constructed as described above, the eryth-
rocyte in blood is shrunk without being destroyed, where-
by blood containing the shrunk erythrocyte can penetrate
a chromatographic carrier efficiently without causing
clogging and sufficiently without addition of a develop-
ment solution, whereby the quantity of the liquid flowing
the chromatographically downstream is increased.
Therefore, even when whole blood is used as a sample,
a high-accuracy blood component analysis can be per-
formed easily and quickly, with less cost.

[0042] According to the present invention (Claim 17),
in the blood component analytical method of Claim 12,
the biosensor is a one-step immunochromatographic test
strip.

[0043] According to the blood component analytical
method that is constructed as described above, there is
no need to previously carry out preprocessing such as
centrifugation to eliminate cell components in whole
blood, and measurement targets in wide fields can be
measured by obtaining an antigen or an antibody for the
measurement target, utilizing an immuno reaction.
Therefore, a blood component analytical method can be
obtained in which, in cases where a liquid sample includ-
ing cell components such as whole blood is employed,
an easy and quick measurement can be performed.
[0044] According to the present invention (Claim 18),
in the blood component analytical method of Claim 12,
the biosensor is a dry analytical element.

[0045] According to the blood component analytical
method that is constructed as described above, the entire
biosensor is a dry carrier, so that it is not only easily port-
able but also there is no need for strict preservation en-
vironments or preservation conditions, whereby a blood
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component analytical method that is easily handled can
be obtained.

Brief Description of the Drawings
[0046]

Figure 1 is a diagram illustrating a lateral flow-type
biosensor utilizing chromatography according to a
first embodiment of the present invention.

Figure 2 is a diagram illustrating the lateral flow-type
biosensor according to the first embodiment of the
present invention, with a specimen addition part be-
ing omitted and a shrinkage reagent holding part
serving also as a specimen addition part.

Figure 3 is a diagram showing the rates of solution
penetration onto a reaction layer of the lateral flow-
type biosensor according to the first embodiment of
the present invention with changes in the concentra-
tion of a shrinkage reagent.

Best Mode for Carrying out the Invention

[0047] Hereinafter, embodiments of the presentinven-
tion will be described with reference to the drawings. The
embodiments described here are only examples and the
present invention is not limited to these embodiments.

(Embodiment 1)

[0048] Figure 1 is a diagram illustrating a lateral flow-
type biosensor utilizing chromatography according to a
first embodiment.

[0049] As shown in figure 1, the biosensor according
to the first embodiment includes a carrier support 1 that
is made of plastic or the like, and a specimen addition
part 2 that is constituted by fabric or glass fiber filter paper
having a high water absorbing property, to which part a
liquid specimen is added or applied, a shrinkage reagent
holding part 8 where a cell shrinkage reagent having an
ability of contracting cell components is solubly held on
the fabric or the glass fiber filter paper, a marker reagent
holding part 3 in which a marker reagent which produces
some reaction with an analysis target is solubly held on
the fabric or the glass fiber filter paper, a reaction layer
4 that is made of nitrocellulose or the like, a specific pro-
tein immobilization part 5 in which a specific protein is
immobilized on an area of the reaction layer 4, and a
water absorbing part 6 which finally absorbs the liquid
specimen, which are formed on the carrier support 1.
[0050] The cell shrinkage reagent held by the shrink-
age reagent holding part 8 is for example inorganic salt,
amino acid, or saccharide. Here, the inorganic salt refers
to inorganic compounds including salt, such as sodium
chloride, potassium chloride, and sodium phosphate.
The amino acid refers to compounds having the carboxyl
group and the amino group in the same molecule, such
as glycin and glutamic acid, and includes also imino acid
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such as proline and hydroxylprolin. The saccharide refers
tosugarsuch as glucose, sucrose and trehalose, or sugar
alcohol such as glucitol.

[0051] The reaction between the analysis target and
the marker reagent refers to a specific bonding reaction
between a ligand and a receptor such as an antigen-
antibody reaction, or an arbitrary specific reaction such
as an enzyme reaction.

[0052] The markerreagentheld by the marker reagent
holding part 3 refers to metallic sols such as gold colloid,
nonmetallic sols, dye sols, colored particles, coloring
matters, enzymes, proteins or the like.

[0053] Next, a blood component analytical method us-
ing the biosensor according to the first embodiment will
be described.

[0054] Initially, a liquid specimen including cell com-
ponents, such as whole blood and bacteria solution, is
added to the specimen addition part 2. When the added
liquid specimen reaches the shrinkage reagent holding
part 8, the shrinkage reagent held by the shrinkage rea-
gent holding part 8 is dissolved by the penetration of the
liquid specimen, thereby contracting the cells. Accord-
ingly, the liquid specimen penetrates chromatographical-
ly downstream without causing clogging, even under a
state where the cell components are mixed.

[0055] Next, when the liquid specimen in which the
contracted cells are mixed reaches the marker reagent
holding part 3, the marker reagent held on the marker
reagent holding part 3 is dissolved by the penetration of
the liquid specimen and then penetrates the reaction lay-
er 4.

[0056] Then, in the specific protein immobilization part
5onan area of the reaction layer 4, areaction is produced
with the marker reagent eluted from the marker reagent
holding part 3. At this time, when the liquid specimen
includes the analysis target, some color reaction is seen
in the specific protein immobilization part 5.

[0057] Finally, the liquid specimen is absorbed by the
water absorbing part 6, thereby completing the reaction.
[0058] Asdescribed above, according to the biosensor
and the blood component analytical method of the first
embodiment, the cell shrinkage reagent held on the
shrinkage reagent holding part makes the cells in the
liquid specimen shrink without being destroyed. There-
fore, the liquid specimen in which the shrunk cells are
mixed, penetrates chromatographically downstream
without causing clogging. Accordingly, even when whole
blood or bacteria solution is the sample, it can be devel-
oped without previous preprocessing of the sample.
Therefore, the development solution is not required to
develop the sample solution chromatographically down-
stream, whereby the high-accuracy blood component
analysis can be performed easily and quickly with re-
duced costs.

[0059] In the biosensor of the first embodiment, the
specimen addition part can be omitted and the specimen
can be directly added to the reaction layer.

[0060] Figure 2is adiagramillustrating the lateral flow-
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type biosensor of the first embodiment, with the specimen
addition part being omitted and the shrinkage reagent
holding part serving also as a specimen addition part.
[0061] When the shrinkage reagent holding part
serves also as the specimen addition part as shown in
figure 2, the number of members and the number of steps
can be reduced.

[0062] While the biosensor of the first embodiment is
constituted by plural members, the biosensor can be con-
stituted by a single-layer member that has a shrinkage
reagent holding area on which the shrinkage reagent is
solubly held, a marker reagent holding area on which the
marker reagent is solubly held, and a specific protein
immobilization part on which the specific protein is im-
mobilized, all of which are formed on a reaction layer that
is made of a porous material such as nitrocellulose.
[0063] Further, the biosensor of the present invention
may be a dry analytical element. The dry analytical ele-
ment described here refers to one in which all members
constituting the biosensor and a carried reagent are in
dry states. When the test strip is in a dry state, the entire
biosensor is a dry carrier, so it is not only easily portable,
but also strict preservation environments or preservation
conditions are not required, whereby it can be easily han-
dled and the long preservation under all conditions is
enabled.

[0064] Further, the biosensor of the present invention
may have a one-step immunochromatographic test strip.
Here, the one-step refers to operations, in its measure-
ment operation, requiring no preprocessing of a liquid
specimen including cell components such as whole
blood, and requiring only spotting and sticking of the liquid
specimen onto a test strip, without the need to use a
development solution that is different from the liquid
specimen on the test strip before and after the spotting
and sticking of the liquid specimen or the need for wash-
ing operation. The immunochromatographic teat strip re-
fers to a sensor for detecting a substance to be tested in
the liquid specimen utilizing an antigen-antibody reaction
on a carrier which is chromatographically developed.
When the test strip is a one-step immunochromatograph-
ic test strip as described above, the need to previously
carry out preprocessing of the liquid specimen including
cell components such as whole blood is not required, and
a measurement target in wide fields can be measured
by obtaining an antigen or an antibody for the measure-
ment target, using the immune reaction. Therefore, in
cases where the liquid specimen including cell compo-
nents such as whole blood is used, a simple and quick
measurement is enabled.

(Examples)

[0065] The method for implementing the present in-
vention will be described in more detail, with reference
to following examples. Here, the present invention is not
limited to the following examples.
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Example 1.

(Qualitative analysis of hCG in whole blood by lateral
flow-type biosensor utilizing chromatography)

[0066] An immuno biosensor including an anti hCG-$
antibody immobilized line, and a wide band of a complex
of an anti hCG-a antibody and a gold colloid in a nitro-
cellulose membrane was manufactured. This biosensor
is a lateral flow-type biosensor having a configuration as
shown in figure 1 and was manufactured as follows:

a) Preparation of biosensor

[0067] An anti hCG-f antibody solution which was di-
luted by a phosphate buffered solution to regulate its con-
centration was prepared. This antibody solution was ap-
plied onto a nitrocellulose membrane using a solution
discharge device. Thereby, a detecting antibody immo-
bilized line was obtained on the nitrocellulose membrane.
After dried, this nitrocellulose membrane was immersed
into a Tris-HCI buffer solution containing 1-% skim milk,
and shaken gently. Then, 30 minutes later, the mem-
brane was moved into a Tris-HCI buffer solution tank,
and shaken gently for 10 minutes. Thereafter, the mem-
brane was shaken gently in another Tris-HCI buffer so-
lution tank for another 10 minutes, thereby washing the
membrane. After the twice washing, the membrane was
picked up from the liquid tank and dried at room temper-
ature.

[0068] The gold colloid was prepared by adding a 1-%
citric acid solution to a circulating 100°C solution of 0.01%
chloroauric acid. After the circulation was continued for
30 minutes, the gold colloid was set aside at room tem-
perature to be cooled. An anti hCG-o antibody was added
to the gold colloid which had been adjusted to pH9 with
a 0.2M potassium carbonate solution and then agitated
for several minutes. Thereafter, a quantity of 10% BSA
(bovine serum albumin) solution of pH9 was added so
as to finally obtain a 1% solution, and then agitated,
whereby an antibody-gold colloid complex (marker anti-
body) was prepared. The marker antibody solution was
centrifuged at 4°C and 20000G for 50 minutes, thereby
isolating the marker antibody. Then the isolated marker
antibody was suspended into a washing buffer (1% BSA-
phosphate buffer) and thereafter centrifuged, thereby
washing and isolating the marker antibody. This marker
antibody was suspended by a washing buffer, filtered by
a 0.8-pm filter, then regulated to reduce the quantity to
one tenth the quantity of the initial gold colloid solution,
and an obtained solution was stored at 4°C.

[0069] The marker antibody solution was set in the so-
lution discharge device, applied to a position which is at
a distance from the antibody immobilized position on the
anti hCG-B antibody immobilized dry membrane, and
then the membrane was dried. Thereby, a marker rea-
gent holding part was obtained on the immobilized mem-
brane.
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[0070] A potassium chloride aqueous solution that was
adjusted to 0.15M was spotted and stuck to fabric, by 0.1
ml per a unit area, then immediately frozen by liquid ni-
trogen, thereby performing freeze-drying. Thus, a shrink-
age reagent holding member that was impregnated with
potassium chloride was obtained.

[0071] The antibody immobilized membrane including
the marker reagent holding part that was prepared as
described above was affixed on the carrier support, then
the shrinkage reagent holding member, fabric as the
specimen addition part, and glass fiber filter paper as the
water absorbing part were added thereto, thereafter cut
into small pieces of 0.5-cm width, thereby preparing the
biosensor.

b) Preparation of specimen

[0072] Human blood to which heparin was added as
an anticoagulant was adjusted to have a hematocrit value
of 45%. Then, hCG solutions of known concentrations of
were added to this blood, whereby hCG solutions of var-
ious known concentrations were prepared.

c) Measurement of coloration degree on biosensor

[0073] whole blood including hCG was added to the
specimen addition part on the biosensor by about
150n.m, developed in the direction of the water absorbing
part, and made cause an antigen-antibody reaction,
thereby producing a color reaction in the antibody immo-
bilized part. Then the coloration state five minutes after
the specimen addition to the biosensor was checked vis-
ually. Further, the time which it took the blood to penetrate
the reaction layer by 2 cm on the biosensor to the chro-
matographically downstream side was measured.
[0074] Figure 3 is a diagram showing the rates of so-
lution penetration onto the reaction layer with changes
in the concentration of the shrinkage reagentin the lateral
flow-type biosensor according to the first example. More
specifically, this figure shows the time which it takes the
blood to penetrate the reaction layer by 2 cm when the
KCI concentration is changed to 0.01M, 0.1M, 0.15H or
5M, the shrinkage reagent holding part 3 carrying the KCI
solution of each concentration is incorporated into the
sensor, and then the blood having a 45% hematocrit val-
ue is added. Here, it can be seen that when no KC1 is
included, it takes about one hour to penetrate, while as
the KCI concentration increases as 0.01M, 0.1M, and
0.15M, the penetration time is reduced more.

[0075] From the above-mentioned result, it is under-
stood that the area that holds the cell shrinkage reagent,
provided in the lateral flow-type biosensor according to
this first example, is greatly related to the reduction in
the penetration rate on the reaction layer.

[0076] Here, when the concentration of the cell shrink-
age reagent is set at 0.1M - 5.0M, the cell components
can shrink to optimal sizes. Consequently, the whole
blood can be made penetrate quickly without causing
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clogging on the carrier.

[0077] In this first example, the carrier that carries the
cell shrinkage reagent (a potassium chloride aqueous
solution in this first example) is dried by freeze-drying.
Therefore, the crystals of the cell shrinkage reagent are
fine grained and easily dissolved, whereby the cell com-
ponents can shrink in a shorter time.

[0078] While in this first example the carrier which car-
ries the cell shrinkage reagent is dried by freeze-drying,
it may be dried naturally or dried by air-drying. Thereby,
the denaturation of the cell shrinkage reagent and the
like is reduced, whereby the cell components can shrink
efficiently. Further, the carrier that carries the cell shrink-
age reagent may be dried by heat drying. Thereby, the
drying of the cell shrinkage reagent in a shorter time is
enabled, thereby simplifying manufacturing processes.
[0079] Further, in the biosensor of the first example,
the chromatography material that is constituted by an
arbitrary porous carrier, such as nitrocellulose and glass
fiber filter paper is employed, and generally the biosensor
that is constituted by such material has the capability of
analyzing and detecting a specific substance using an
arbitrary specific measurement principle such as an an-
tigen-antibody reaction, and qualitatively or quantitatively
analyzing the substance. In this first example, the case
of an antigen-antibody reaction using the marker has
been described, while any thing such as enzymes may
be used as long as some changes occur before and after
the reaction.

[0080] Further, theteststrip thatis constituted by plural
porous carriers including fabric as the specimen addition
part and glass fiber filter paper as the water absorbing
part has been described as an example. However, the
test strip may have a single layer structure from which
the fabric and the glass fiber filter paper is eliminated and
which is provided with the antibody immobilized part
which is immobilized on the porous carriers, the marker
reagent holding part on which a marker reagent is eluta-
bly held, and the shrinkage reagent holding part on which
a cell shrinkage reagent is elutably held.

Industrial Availability

[0081] According to the biosensor and the blood com-
ponent analytical method of the present invention, even
when whole blood is used as a sample, a high-accuracy
blood component analysis can be carried out easily and
quickly, with less expenses, and without the need to pre-
viously carrying out some processing for the blood or the
need for a development solution for developing a sample
solution, and the present invention is especially suitable
for a one-step biosensor and blood component analytical
method.

Claims

1. A biosensor that is made of a single layer or plural
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layers of a porous material, said biosensor having a
reagent holding part for holding a reagent that labels
an analysis target in the liquid specimen, and ana-
lyzing components in the liquid specimen by utilizing
chromatography, wherein

a cell shrinkage reagent which osmotically shrinks
cells is carried on at least part of a region from a
specimen application part on which the liquid spec-
imen is applied to the reagent holding part, and

a reaction layer is provided, on which the cells in the
liquid specimen are shrunk by the cell shrinkage re-
agent, and the shrunk cells are developed to chro-
matographically downstream side together with the
liquid specimen.

The biosensor of Claim 1 wherein a liquid specimen
is whole blood.

The biosensor of Claim 1 wherein a liquid specimen
is a solution including bacteria.

The biosensor of Claim 1 wherein the cell shrinkage
reagent is inorganic salt.

The biosensor of Claim 1, wherein the concentration
of the cell shrinkage reagent is 0.1 - 5.0 M.

The biosensor of Claim 1 wherein the cell shrinkage
reagent is amino acid or saccharide.

The biosensor of Claim 1 wherein a carrier that car-
ries the cell shrinkage reagent is dried naturally or
dried by air-drying.

The biosensor of Claim 1 wherein a carrier that car-
ries the cell shrinkage reagent is dried by freeze-
drying.

The biosensor of Claim 1 wherein a carrier that car-
ries the cell shrinkage reagentis dried by heat drying.

The biosensor of Claim 1 wherein the biosensor is
a one-step immunochromatographic test strip.

The biosensor of Claim 1 wherein the biosensor is
a dry analytical element.

A blood component analytical method using a bio-
sensor that is made of a single layer or plural layers
of aporous material, said biosensor having areagent
holding part for holding a reagent that labels an anal-
ysis target in the liquid specimen, and analyzing
components in the liquid specimen by utilizing chro-
matography, wherein :

a cell shrinkage reagent which osmotically
shrinks cells is carried on at least part of a region
from a specimen application part on which the
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liquid specimen is applied to the reagent holding
part,

ablood specimen is applied to the specimen ap-
plication part, and the cell shrinkage reagent is
dissolved from the region where the cell shrink-
age reagent is carried, by penetration of the ap-
plied blood specimen, and

the cells included in the liquid specimen are
shrunk by the dissolved cell shrinkage reagent,
the shrunk cells are developed on a reaction lay-
er to chromatographically downstream side to-
gether with the liquid specimen, thereby analyz-
ing the components in the liquid specimen.

The blood component analytical method of Claim 12
wherein a blood specimen to be added is whole
blood.

The blood component analytical method of Claim 12
wherein the cell shrinkage reagent is inorganic salt.

The blood component analytical method of claim 12,
wherein the concentration of the cell shrinkage rea-
gentis 0.1-5.0 M.

The blood component analytical method of Claim 12
wherein the cell shrinkage reagent is amino acid or
saccharide.

The blood component analytical method of Claim 12
wherein the biosensor is a one-step immunochro-
matographic test strip.

The blood component analytical method of Claim 12
wherein the biosensor is a dry analytical element.

Patentanspriiche

1.

Aus einer einzelnen Schicht oder aus mehreren
Schichten eines pordsen Materials bestehender Bio-
sensor, der einen Reagenshalteteil zum Halten ei-
nes Reagens hat, das ein Analysentarget in der flls-
sigen Probe markiert, und der Komponenten in der
flissigen Probe mittels Chromatographie analysiert,
dadurch gekennzeichnet, dass

ein Zellschrumpfungsreagens, das Zellen osmotisch
schrumpft, in zumindest einem Teil eines Bereichs
von einem Probenaufbringungsteil, an dem die flis-
sige Probe aufgebracht wird, zu dem Reagenshal-
teteil Ubertragen wird und

eine Reaktionsschicht vorgesehen ist, auf der die
Zellen in der flissigen Probe mit dem Zellschrump-
fungsreagens geschrumpft werden, und die ge-
schrumpften Zellen zusammen mit der flissigen
Probe chromatographisch vorwérts entwickelt wer-
den.
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Biosensor nach Anspruch 1, dadurch gekenn-
zeichnet, dass eine fllissige Probe Vollblut ist.

Biosensor nach Anspruch 1, dadurch gekenn-
zeichnet, dass eine fllissige Probe eine L6sung mit
Bakterien ist.

Biosensor nach Anspruch 1, dadurch gekenn-
zeichnet, dass das Zellschrumpfungsreagens an-
organisches Salz ist.

Biosensor nach Anspruch 1, dadurch gekenn-
zeichnet, dass die Konzentration des Zellschrump-
fungsreagens 0,1 - 5,0 M betragt.

Biosensor nach Anspruch 1, dadurch gekenn-
zeichnet, dass das Zellschrumpfungsreagens Ami-
nosaure oder Saccharid ist.

Biosensor nach Anspruch 1, dadurch gekenn-
zeichnet, dass ein Trager, der das Zellschrump-
fungsreagens tragt, natirlich oder durch Lufttrock-
nung getrocknet wird.

Biosensor nach Anspruch 1, dadurch gekenn-
zeichnet, dass ein Trager, der das Zellschrump-
fungsreagens tragt, durch Gefriertrocknung getrock-
net wird.

Biosensor nach Anspruch 1, dadurch gekenn-
zeichnet, dass ein Trager, der das Zellschrump-
fungsreagens tragt, durch Warmetrocknung ge-
trocknet wird.

Biosensor nach Anspruch 1, dadurch gekenn-
zeichnet, dass der Biosensor ein Einschritt-lmmun-
chromatographie-Teststreifen ist.

Biosensor nach Anspruch 1, dadurch gekenn-
zeichnet, dass der Biosensor ein Trockenanalyse-
Element ist.

Blutkomponenten-Analysenverfahren, das einen
aus einer einzelnen Schicht oder aus mehreren
Schichten eines pordsen Materials bestehenden
Biosensor verwendet, der einen Reagenshalteteil
zum Halten eines Reagens hat, das ein Analysen-
target in der flissigen Probe markiert, und der Kom-
ponenten in der flissigen Probe mittels Chromato-
graphie analysiert,

dadurch gekennzeichnet, dass

ein Zellschrumpfungsreagens, das Zellen osmotisch
schrumpft, in zumindest einem Teil eines Bereichs
von einem Probenaufbringungsteil, an dem die flis-
sige Probe aufgebracht wird, zu dem Reagenshal-
teteil Ubertragen wird,

eine Blutprobe auf den Probenaufbringungsteil auf-
gebracht wird und das Zellschrumpfungsreagens

10

15

20

25

30

35

40

45

50

55

13.

14,

15.

16.

17.

18.

durch Penetration der aufgebrachten Blutprobe aus
dem Bereich, in dem das Zellschrumpfungsreagens
Ubertragen wird, freigesetzt wird und

Zellen, die in der flissigen Probe enthalten sind, von
dem freigesetzten Zellschrumpfungsreagens ge-
schrumpft werden und die geschrumpften Zellen auf
einer Reaktionsschicht zusammen mit der flissigen
Probe chromatographisch vorwarts entwickelt wer-
den, wodurch die Komponenten in der fliissigen Pro-
be analysiert werden.

Blutkomponenten-Analysenverfahren nach An-
spruch 12, dadurch gekennzeichnet, dass eine
zuzugebende Blutprobe Vollblut ist.

Blutkomponenten-Analysenverfahren nach An-
spruch 12, dadurch gekennzeichnet, dass das
Zellschrumpfungsreagens anorganisches Salz ist.

Blutkomponenten-Analysenverfahren nach An-
spruch 12, dadurch gekennzeichnet, dass die
Konzentration des Zellschrumpfungsreagens 0,1 -
5,0 M betragt.

Blutkomponenten-Analysenverfahren nach An-
spruch 12, dadurch gekennzeichnet, dass das
Zellschrumpfungsreagens Aminosaure oder Sac-
charid ist.

Blutkomponenten-Analysenverfahren nach An-
spruch 12, dadurch gekennzeichnet, dass der
Biosensor ein Einschritt-Immunchromatographie-
Teststreifen ist.

Blutkomponenten-Analysenverfahren nach An-
spruch 12, dadurch gekennzeichnet, dass der
Biosensor ein Trockenanalyse-Element ist.

Revendications

Biocapteur qui est fait d’'une seule couche ou d’'une
pluralité de couches d’'un matériau poreux, ledit bio-
capteur ayant une partie de maintien de réactif pour
maintenir un réactif qui marque une cible d’analyse
dans le spécimen liquide, et analyser des compo-
sants dans le spécimen liquide en utilisant une chro-
matographie, dans lequel

un réactif de contraction de cellules qui contracte
des cellules osmotiquement est porté sur au moins
une partie d’'une région d’une partie d’application de
spécimen sur laquelle le spécimen liquide est appli-
qué a la partie de maintien de réactif, et

une couche de réaction est pourvue, sur laquelle les
cellules dans le spécimen liquide sont contractées
par le réactif de contraction de cellules, etles cellules
contractées sont développées vers le c6té chroma-
tographiquement en aval en méme temps que le
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spécimen liquide.

Biocapteur de la revendication 1 dans lequel un spé-
cimen liquide est du sang complet.

Biocapteur de la revendication 1 dans lequel un spé-
cimen liquide est une solutionincluant des bactéries.

Biocapteur de la revendication 1 dans lequel le réac-
tif de contraction de cellules est un sel inorganique.

Biocapteur de la revendication 1 dans lequel la con-
centration du réactif de contraction de cellules est
de 0,1-5,0 M.

Biocapteur de la revendication 1 dans lequel le réac-
tif de contraction de cellules est un acide aminé ou
un saccharide.

Biocapteur de la revendication 1 dans lequel un por-
teur qui porte le réactif de contraction de cellules est
séché naturellement ou séché par le biais d’'un sé-
chage a l'air.

Biocapteur de la revendication 1 dans lequel un por-
teur qui porte le réactif de contraction de cellules est
séché par lyophilisation.

Biocapteur de la revendication 1, dans lequel un por-
teur qui porte le réactif de contraction de cellules est
séché par un séchage a la chaleur.

Biocapteur de la revendication 1, dans lequel le bio-
capteur est une bandelette de testimmuno-chroma-
tographique a une étape.

Biocapteur de la revendication 1, dans lequel le bio-
capteur est un élément analytique sec.

Procédé d’analyse de composants sanguins utilisant
un biocapteur qui est fait d’'une seule couche ou
d’une pluralité de couches d’'un matériau poreux, le-
dit biocapteur ayant une partie de maintien de réactif
pour maintenir un réactif qui marque une cible d’ana-
lyse dans le spécimen liquide, et analyser des com-
posants dans le spécimen liquide en utilisant une
chromatographie, ou:

un réactif de contraction de cellules qui contrac-
te des cellules osmotiquement est porté sur au
moins une partie d’une région depuis une partie
d’application de spécimen sur laquelle le spéci-
men liquide est appliqué a la partie de maintien
de réactifs,

un spécimen sanguin est appliqué a la partie
d’application de spécimen, et le réactif de con-
traction de cellules est dissous de la région ou
le réactif de contraction de cellules est porte, par
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une pénétration du spécimen sanguin appliqué,
et

les cellules incluses dans le spécimen liquide
sont contractées par le réactif de contraction de
cellules dissous, les cellules contractées sont
développées sur une couche de réaction vers
le coté chromatographiquement en aval en mé-
me temps que le spécimen liquide, analysant
ainsi les composants dans le spécimen liquide.

Procédé d’analyse de composants sanguins de la
revendication 12 dans lequel un spécimen sanguin
devant étre ajouté est du sang complet.

Procédé d’analyse de composants sanguins de la
revendication 12 dans lequel le réactif de contraction
de cellules est un sel inorganique.

Procédé d’analyse de composants sanguins de la
revendication 12, dans lequel la concentration du
réactif de contraction de cellules est de 0,1 - 5,0 M.

Procédé d’analyse de composants sanguins de la
revendication 12, dans lequel le réactif de contrac-
tion de cellules est un acide aminé ou un saccharide.

Procédé d’analyse de composants sanguins de la
revendication 12, dans lequel le biocapteur est une
bandelette de test immuno-chromatographique a
une étape.

Procédé d’analyse de composants sanguins de la
revendication 12, dans lequel le biocapteur est un
élément analytique sec.
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