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(57) ABSTRACT 

A method of measuring an analyte, comprising a step of 
measuring a detectable substance by using a reaction system 
including a formation reaction of the detectable substance 
based on a chemical reaction of the analyte contained in a 
sample, Wherein a layered inorganic compound is caused to 
exist in the reaction system including the formation reaction 
of the detectable substance, Whereby high-sensitivity mea 
surement is made possible, the detectable substance can be 
stabilized to improve accuracy of the measurement, a rate of 
a chemical reaction is increased to enable quick measure 
ment, and high-sensitivity measurement is made possible 
even in a reaction system Which forms an insoluble sub 
stance. Also, it can be provided an analytical testing piece 
for measuring an analyte, by measuring a detectable sub 
stance by using a reaction system including a formation 
reaction of the detectable substance based on a chemical 
reaction of the analyte contained in a sample Wherein the 
testing piece comprises at least one test portion having a 
detection portion for detecting the detectable substance and 
contains a layered inorganic compound at least in the test 
portion, Whereby diffusion and elution of a dyestuff or the 
like is prevented, more sensitive and accurate simple analy 
sis is made possible, and easy handling is possible. 
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METHOD FOR MEASURING SUBSTANCE AND 
TESTING PIECE 

FIELD OF THE INVENTION 

[0001] The present invention relates to a method for 
measuring an analyte such as a biological component or 
environmental substance by using a reaction system Which 
forms a detectable substance such as a dyestuff based on the 
chemical reaction of the analyte contained in a sample and 
measuring the detectable substance, and to a testing piece for 
use in the method. 

BACKGROUND OF THE INVENTION 

[0002] Methods of detecting and determining an analyte 
Which is contained in a sample, for example, a bio-compo 
nent in the body ?uid such as urine and blood, a trace 
amount of a substance eXistent in food, medicine, or natural 
environment, an industrial chemical substance, a trace 
amount of a substance contained in Waste, or the like include 
ones for measuring a detectable substance such as a dyestuff 
formed by a reaction system in Which the analyte is 
involved. 

[0003] One of the methods is, for eXample, a method 
comprising subjecting hydrogen peroXide formed by the 
chemical reaction of the analyte and a reactive color coupler 
(dyestuff precursor) to an oxidation-reduction reaction in the 
presence of peroxidase (POD) and determining the formed 
dyestuff compound by colorimetry. This method is fre 
quently used in clinical diagnosis and the like because of its 
simplicity. Another one of the methods is a method of 
measuring an analyte based on an electrochemical reaction 
for reducing/oxidizing With an electrode the oXidiZed/re 
duced form of an electron carrier (mediator) formed by an 
oxidation-reduction reaction betWeen the electron carrier 
and the analyte caused by an enZyme or the like. 

[0004] HoWever, in the above conventional methods, as 
measurement sensitivity is not sufficiently high When the 
amount of the analyte is very small, a highly accurate 
measurement result cannot be obtained. Therefore, the 
development of a highly accurate measuring method having 
improved measurement sensitivity has been desired. 

[0005] Further, since measurement takes long as a reaction 
takes time, or it takes time for a detection reaction to reach 
a termination, a rating method for carrying out quantitative 
determination from a reaction rate has such a problem that 
the accuracy of quantitative determination is loW. To cope 
With this, to increase the reaction rate, the reaction system is 
heated, or the concentration of a reagent for the reaction is 
increased. HoWever, in the method for heating the reaction 
system, a heat source is required for heating and analysis is 
thereby complicated. When the formed substance is ther 
mally instable, detection is difficult and this means cannot be 
employed. The method for increasing the concentration of 
the reagent is not practical because it leads to a rise in the 
background of detection and an increase in the cost of 
analysis. There is also a method for adding a catalyst to 
increase the reaction rate. HoWever, since there are many 
detection reactions for Which preferred catalysts are 
unknoWn yet, this method is not practical as Well. As 
described above, most of the conventional methods are still 
unsatisfactory and a novel method Which enables quick 
measurement by increasing the reaction rate more simply 
has been eagerly desired. 
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[0006] When a reaction Which forms a substance insoluble 
in a reaction solvent is included in the reaction system Which 
forms a detectable substance, there is such inconvenience as 
enumerated beloW and called in question. 

[0007] (1) In measurement in Which optical detection is 
carried out using a liquid reagent, for eXample, in a batch 
type automatic biochemical test apparatus, When a dyestuff 
formed by a reaction is insoluble in a solvent, it separates out 
and adheres to the Wall of a measurement cell to shield 
incident light or transmitted light or cause the pollution of a 
dispensing noZZle, and abnormality in absorption coeffi 
cient, diffusion or light-shielding by agglomeration, thereby 
making measurement dif?cult. 

[0008] (2) Similarly, in measurement in Which optical 
detection is carried out using a liquid reagent, When an 
insoluble by-product is formed, it adheres to the Wall of a 
measurement cell to shield incident light or transmitted light 
or cause the pollution of a dispensing noZZle, and diffusion 
or light shielding by agglomeration, thereby making mea 
surement dif?cult. 

[0009] (3) In measurement in Which a dyestuff formed by 
a reaction caused by dropping onto or in?ltrating a sample 
to be measured into a testing piece is optically detected, 
When the formed dyestuff is insoluble in a sample solvent, 
the dyestuff deposits on the substrate of the testing piece 
nonuniformly, or the agglomeration of the dyestuff occurs, 
thereby deteriorating measurement accuracy. 

[0010] (4) In electrode measurement using a liquid 
reagent, for eXample, in a batch type automatic biochemical 
test apparatus, When an insoluble by-product is formed, the 
pollution of an electrode is caused by covering the surface 
of the electrode With the insoluble deposit, thereby reducing 
biochemical response and deteriorating measurement accu 
racy. 

[0011] The difference betWeen the Words “insoluble” and 
“hardly soluble” indicates a difference in the degree of 
insolubility in a solvent. In the present invention, the Word 
“insoluble” may be interchanged by “hardly soluble” in the 
folloWing description. 

[0012] Particularly, When the formed detectable substance 
is insoluble in a reaction solvent, reaction rate may be 
reduced, or measurement sensitivity may be loWered 
because the reaction system Which forms the detectable 
substance is not uniform and the reaction does not proceed 
quickly in the prior art method. For eXample, in the reaction 
system using an enZyme, the reaction product may deposit 
near the enZyme or impede the reaction. 

[0013] Therefore, a measuring method using a reaction 
Which forms a by-product insoluble in a reaction solvent in 
Which the reaction is carried out has rarely been employed. 
Accordingly, it has been necessary to select a reaction Which 
does not form an insoluble product as a detection system or 
to develop a neW detection reaction system by synthetic 
chemical means so that the product becomes soluble in a 
reaction solvent. HoWever, these circumstances have limited 
a reaction system used. MeanWhile, much time and labor 
have been required for the research and development of a 
reaction system Which forms only a soluble substance. 
Further, it has been necessary to add a surfactant for solu 
biliZing, emulsifying or dispersing the product. HoWever, 
the addition of a surfactant is disadvantageous from the vieW 
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point of measurement cost and may produce an adverse 
effect such as interruption of a reaction. Therefore, it cannot 
be said that it is a perfect solution. Then, a novel method 
Which solves this problem easily and enables measurement 
in the presence of an insoluble product has been ardently 
desired. 

[0014] The method of measuring an analyte using a reac 
tion system Which forms hydrogen peroxide as described 
above is an important measuring method as there are many 
reactions Which form hydrogen peroxide as a substance 
produced by oxidation. HoWever, accurate measurement has 
not alWays been easy in the prior art methods for the 
folloWing reasons. That is, in these measuring methods, the 
amount or concentration of a detectable substance such as a 

dyestuff compound must have a quantitative correlation With 
a speci?c substance such as hydrogen peroxide in some 
cases. HoWever, an oxidation-reduction system in colorim 
etry is affected by the strong oxidiZing activity of excessive 
hydrogen peroxide or the strong reducing activity of ascor 
bic acid or the like contained in a biological sample, and the 
above detectable substance such as a dyestuff compound 
decomposes, Whereby a measurement error may be pro 
duced. 

[0015] For example, in these measuring methods, When an 
excessive amount of hydrogen peroxide is temporarily 
formed from an analyte such as glucose by an oxidase such 
as glucose oxidase, a reaction betWeen the formed dyestuff 
and hydrogen peroxide occurs in addition to a reaction 
betWeen a dyestuff precursor and hydrogen peroxide. As a 
result, the formed dyestuff is decomposed by hydrogen 
peroxide as soon as it is formed and discolored. 

[0016] When an enZyme such as peroxidase for producing 
active oxygen species such as a superoxide having high 
reactivity from hydrogen peroxide, or transition metal ions 
and a complex thereof exerting a similar function are 
existent in a sample, the active oxygen species react With the 
formed dyestuff, decomposes and discolors it. This interfer 
ence has affected measurement adversely. When a reaction 
Which forms a detectable substance such as a dyestuff is 
carried out While it is exposed to the air, the formed dyestuff 
may be oxidiZed by oxygen contained in the air or oxygen 
dissolved in a reaction solution, decomposed and discolored. 

[0017] Therefore, various attempts have been made such 
as the research of a dyestuff precursor Which provides a 
stable substance Which is hardly decomposed and the addi 
tion of various stabiliZers but these are still unsatisfactory. 

[0018] Reducing substances such as ascorbic acid, uric 
acid and bilirubin contained in a biological sample have a 
great in?uence on an oxidation-reduction reaction. Particu 
larly, hoW to measure an analyte accurately in the presence 
of ascorbic acid has been a signi?cant theme in the ?eld of 
clinical analysis for long time. Various interference suppres 
sion means such as selective decomposition With an enZyme, 
decomposition by the addition of periodic acid, oxidation 
decomposition With iron-ethylene diamine tetraacetate che 
late, and selective separation With a semipermeable mem 
brane have been tried in addition to the research of the 
above-described dyestuff precursor and the like (see Yoshi 
hide Ohta, Yutaka OgaWa, Rinsho Kensa, 34 (4), 502-504 
(1990); Japanese Patent Publication No. 1-41223(1989); 
Japanese Patent Publication No. 2-4861(1990); Japanese 
Patent Publication No. 4-18630(1992); Japanese Patent 
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Application Laid-open No. 5-95797(1993); and Japanese 
Patent Application Laid-open No. 7-155196(1995)). 

[0019] There are further methods of measuring a speci?c 
analyte by forming a dyestuff (for example, an aZo dyestuff) 
having quantitative relationship With the speci?c analyte by 
various knoWn reactions other than the oxidation-reduction 
reaction (for example, condensation reactions such as an 
acid-base reaction and the coupling reaction of a diaZonium 
salt, a complex forming reaction and the like) and optically 
determining the formed dyestuff. These methods are impor 
tant measuring methods detailed in Bunseki Kagaku Binran 
(ed. by the Japan Society for Analytical Chemistry), for 
example. HoWever, some of the thus formed dyestuffs may 
be an instable compound Which is decomposed by oxygen in 
the atmosphere, an oxidiZing or reducing substance con 
tained in a sample, hydrogen ions or bases contained in the 
sample, light or the like. To measure this substance, for 
example, quick operation is required, or operation must be 
carried out in an atmosphere substituted by nitrogen or light 
shaded environment. OtherWise, an error may be given to 
measurement. 

[0020] Methods using an electron carrier (mediator) 
include one in Which an analyte is measured With high 
sensitivity by carrying out an enZyme reaction for a prede 
termined time to oxidiZe/reduce the electron carrier during 
that time, thereby accumulating the oxidiZed/reduced form 
of the electron carrier, and reducing/oxidiZing the accumu 
lated oxidiZed/reduced form of the electron carrier With an 
electrode after the predetermined time to produce great 
electrochemical response. Conventionally, the accumulated 
oxidiZed/reduced form of the electron carrier has been 
subjected to a decomposition reaction such as reduction/ 
oxidation by a reducing substance or oxidiZing substance 
Which is coexistent With the accumulated oxidiZed/reduced 
form of the electron carrier, Whereby an error may be given 
to measurement. 

[0021] When the detectable substance is stable Without 
being decomposed, the quantitative relationship is ensured 
at the time of measurement and a more excellent S/B ratio 
(signal-to-background ratio) can be obtained by carrying out 
time integration, Whereby the accuracy of analysis can be 
improved and sensitivity can be increased. Therefore, to 
develop a reaction system Which forms a detectable sub 
stance Which is stable and can be-measured easily, many 
efforts have been made so far. Various reagents Which have 
been developed so far as reaction substances Which form 
such a stable detectable substance are listed in many hand 
books, Bunseki Kagaku Binran, for example. 

[0022] HoWever, the research of a reaction system Which 
forms such a stable substance takes much time and labor, 
and efforts are still being made to search for a reaction 
system Which forms a detectable substance Which is alWays 
stable and can be measured easily. Therefore, even in 
currently used measurement methods, there are many cases 
Where an instable substance Which is decomposed by pH, 
moisture content, coexistent substance such as an oxidiZing/ 
reducing substance, light or the like must be measured as the 
detectable substance. 

[0023] An analytical testing piece, used to examine and 
analyZe a component contained in a liquid sample such as 
urine, for measuring an analyte by measuring a detectable 
substance such as a formed dyestuff based on the chemical 






























































