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Clarke, Moast &
COLOMBIA

SENORES
SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO

DIVISION DE NUEVAS CREACIONES

E.S.D.

REF: EXPEDIENTE No. 07.040.108 1
SOLICITANTE: BAYER HEALTHCARE LLC.

ASUNTO: SOLICITUD EXAMEN DE PATENTABILIDAD

DILIA RODRIGUEZ D ALEMAN identificada como aparece al pie de mi
firma, domiciliada en Bogota, en la Carrera 11 No. 86-53, piso 6,
obrando como apoderada de la sociedad solicitante, pido a usted que se
proceda a examinar si la invencién, cuya patente se tramita en el
expediente de la referencia, es patentable.

Adjunto al presente memorial el recibo No. 08-86,267 de 4 de noviembre
de 2008 por la suma de $420.000.00, con lo cual queda cubierta la tasa
oficial correspondiente a dicho estudio.

Sefior Superintendente,

DILIA RODRIGUEZ D @l

C.C. 41.654.882 de Bogota
T.P. 20824 deLlC.SF—

P-924/@
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Industria y Comercio
SUPERINTENDENCIA

DIVISION DE NUEVAS CREACIONES

RADICACION EXPEDIENTE No. 07-40108

EL EXTRACTO DE LA PRESENTE SOLICITUD DE PATENTE DE INVENCION

FUE PUBLICADO EN LA GACETA DE PROPIEDAD INDUSTRIAL No 594 DE

FECHA 31 DE JULIO DE 2008 EL TERMINO HABIL SENALADO POR LA LEY

EXPIRA EL 27 DE OCTUBRE DE 2008

NOTA: Dentro del plazo de los seis (6) meses siguientes a partir de la fecha de publicacién
en la gaceta de Propiedad Industrial, debera solicitar y cancelar el examen de
patentabilidad so pena de que la solicitud caiga en abandono, de acuerdo con lo
establecido en el Articulo 44 de la Decisiéon 486/2000.

SE PRESENTARON OPOSICIONES POR PARTE DE TERCEROS.
Sl NO X
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To: PCT ‘P(E

WRITTEN OPINION OF THE
see form PCT/ISAR20 INTERNATIONAL SEARCHING AUTHORITY

? (PCT Rule 43bis.1)

Date of mailing
{day/monthjear) see form PCTASAZ10 (second sheet)

Applicant's or agent's file reference

FOR FURTHER ACTION
see form PCTASA/L220 See paragraph 2 below
International application No. ’ International filing date (daymonthyear) Priority date (day/monthiear)
PCTAJS2005/036806 12.10.2005 12.10.2004

International Patent Classification (IPC) or both national classification and IPC

GO1N27/30, GO1N33/487, C12Q1/00

Applicant
BAYER HEALTHCARE LLC

1. This opinion contains indications relating to the following items:

Box No.!  Basis of the opinion

00 BoxNo. Il Priority

X BoxNo. Il Non-establishment of opinion with regard to novelty, inventive step and industrial applicability

O Box No. IV Lack of unity of invention

Box No.V  Reasoned statement under Rule 43bis.1(a)(i) with regard to novelty, inventive step or industrial
applicability; citations and explanations supporting such statement

1 Box No.VI  Certain documents cited

Box No. Vil Certain defects in the international application

X

Box No. VIl Certain observations on the international application

2. FURTHER ACTION

If a demand for international preliminary examination is made, this opinion will usually be considered to be a

written opinion of the International Preliminary Examining Authority (*IPEA"). However, this does not apply where
the applicant chooses an Authority other than this one to be the IPEA and the chosen IPEA has natifed the |
International Bureau under Rule 66.1bis(b) that written opinions of this International Searching Authority |
will not be so considered. |

If this opinion is, as provided above, considered to be a written opinion of the IPEA, the applicant is invited to
submit ta the IPEA a written reply together, where appropriate, with amendments, before the expiration of three

manthrs from the date of mailing of Farm PCTASA220Q ar befare the: expiration of 22 months from the priarity date,
whichever expires later.

Far further options, see Form PCTASAZ220.

h
1

3. For further details, see notes ta Form PCTASAZ20.

Name and mailing address of the ISA; Authorized Officer

‘,\*ml P"lnn,,,

& %

European Patent Office s %

Q)) D-80298 Munich Komenda, P _0)» :
%, y

T Tel. +49 89 2399 - 0 Tx: 523656 epmu d
Fax: +49 89 2399 - 4465 ' Telephone No. +49 89 2399-2777

Form (PCTASA/237) (Cover Sheet) (January 2004)
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING AUTHORITY PCTAS2005036806

Box No. | Basis of the opinion

1. With regard to the language, this opinion has been established on the basis of the international application in
the language in which it was filed, unless otherwise indicated under this item.

L) This opinion has been established on the basis of a translation from the original language into the following

language , which is the language of a translation furnished for the purposes of international search
(under Rules 12.3 and 23.1(b)).

2. With regard to any nucleotide and/or amino acid sequence disclosed in the international application and
necessary to the claimed invention, this opinion has been established on the basis of:

a. type of material;
O asequence listing
O table(s) related to the sequence listing

b. format of material:
0 in written format
LI in computer readable form

¢. time of filingfurnishing:
L) contained in the international application as filed.
O filed together with the international application in computer readable form.
O furnished subsequently to this Authority for the purposes of search.

. O In addition, in the case that more than one version or copy of a seanence listing and/or table relating thereto

has been filed or furnished, the required statements that the information in the subsequent or additional

copies is identical to that in the application as filed or does not go beyond the application as filed, as
appropriate, were furnished.

. Additional comments:

Form PCTASA/237 (January 2004)




Industria y Comercio
SUPERINTENDENCIA

REPUBLICA DE COLOMBIA
SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO

RESOLUCION
Por la cual se resuelve un recurso de reposicién

Rad. PCT/03-003729
sean nuevas, tengan nivel inventivo y sean susceptibles de aplicacion industrial”.

Por su parte, el articulo 18 de la Decisién 486 sefala: “Se considerara que una
invencion tiene nivel inventivo, si para una persona del oficio normalmente versada
en la materia técnica correspondiente, esa invencion no hubiese resultado obvia ni se
hubiese derivado de manera evidente del estado de la técnica.”

EL CASO EN ESTUDIO

Examinado nuevamente el expediente se advierte que el objeto de la solicitud se
refiere a “una composicion fungicida atil para el tratamiento de enfermedades
fungicas de cultivos, que consta de un aceite vegetal con poder secante elevado, asi
como un procedimiento de tratamiento de cultivos, utilizando una composicién segin
la invencién.” (ver folio 39)

Previo a argumentar las razones por las cuales manifiesta su inconformidad recuerda
el recurrente que el problema técnico que resuelve la presente invencion es
“suministrar una composicion fungicida que contiene iprodiona fungicidamente
efectiva libre de cualquier aceite mineral aunque manteniendo o incrementando la
capacidad de la sustancia activa para controlar hongos que'dafian las plantas.”

Considera el recurrente que “el documento (D1) (ES-8307448) no afecta el nivel
inventivo de la presente invencion por las siguientes razones: D1 se refiere a una
composicion basada en uso de iprodiona en asocio con algunos aceites. Se
mencionan algunos aceites vegetales. Un aceite emulsificante que es un acido graso
emulsionado también se utiliza en la composicién descrita de acuerdo con este
documento. Sin embargo, los aceites minerales son los aceites preferidos para ser
combinados con la iprodiona de acuerdo con la descripcion de dicho documento. La
eleccién de estos aceites se hace mediante una seleccién de acuerdo al respectivo
valor HLB de estos aceites y no teniendo en consideracién el poder secante o los
indices de yodo tal como se hace para la presente invencion...”

Tal como lo senala el recurrente el documento ES 8307448 (D1) divulga una
combinacion entre iprodiona y aceites de origen mineral y vegetal y aunque los
preferidos en esta publicacién son los aceites de origen mineral, también se sugiere
la combinacién del fungicida con aceites de origen vegetal; mas aln el ejemplo 4 de
la anterioridad citada es especifico en presentar la combinacion iprodiona con un
aceite vegetal (cacahuate).

Asi las cosas, si bien es cierto que el antecedente D1 no muestra especificamente
combinaciones de iprodiona con alguno de los aceites vegetales relacionados en la
reivindicacion 1 de la solicitud en estudio, ciertamente divulga la posibilidad de
combinar iprodiona con un aceite de origen vegetal y formular una composicién

Sede Centro: Carrera 13 No. 27-00 Pisos 2, 5,7y 10
Sede CAN: Tr. 40A No. 38-50 Conmutador: 3820840
] Fax: 382 26 95. Linea 9800-910 165
Web: www.sic.gov.co e-mail: info@sic.gov.co
Boaota D.C. - Colombia




WRITTEN OPINION OF THE International application No. B
INTERNATIONAL SEARCHING AUTHORITY PCTMUS2005/036806

Box No. Ill  Non-establishment of opinion with regard to novelty, inventive step and industrial
applicability

The questions whether the claimed invention appears to be novel, to involve an inventive step (to be non
obvious), or to be industrially applicable have not been examined in respect of;

O

the entire international application,

claims Nos. 2-13,14-20,22-26

because:

O

O

the said international application, or the said claims Nos.  relate to the following subject matter which
does not require an international preliminary examination (specify):

the description, claims or drawings (indicate particular elements below) or said claims Nos.  are so
unclear that no meaningful opinion could be formed (specify):

the claims, or said claims Nos. are so inadequately supported by the description that no meaningful opinion
could be formed.

no international search report has been established for the whole application or for said claims Nos.
2-13,14-20,22-26

the nucleotide andior amino acid sequence listing does not comply with the standard provided for in Annex
C of the Administrative Instructions in that:

the written form O has not been furnished
D0 does not comply with the standard
the computer readable form [0 has not been furnished
L] does not comply with the standard
the tables related to the nucleotide andior amino acid sequence listing, if in computer readable form only, do

not comply with the technical requirements provided for in Annex C-bis of the Administrative Instructions.

See separate sheet for further details

-Form PCTASA/237 (January 2004)
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5. Conclusion:

Los requisitos de patentabilidad de la presente solicitud se encuentran afectados asi:

N° Documento N° Reivindicaciones Requisito que afecta
afectadas
D1 US 5395356 1 Novedad

En cumplimiento del articulo 45 de la Decision 486 de la Comisién de la Comunidad
Andina, se le indica que gebe dar respuesta dentro del término de sesenta dias
contados a partir de la fe€ha de notificacién de la presente comunicaciéon. En caso
de no dar respuesta Al presente req'uerimiento, 0 si a pesar de la respuesta
subsistieran los impegdimentos para lajconcesion, se denegara la patente.

Notifiquese el presgnte oficio conform’e alo dispye,stb en el numeral 5.2, literal e), del
capitulo quinto de)/titulo primero de la Circular ghica N° 10 de 2001.

DORIS ELENA POLO CORDOBA
Jefe de Divisipn de Nuevas Creaciones

El anterior | requerimiento fue notificado por fijacibn en lista, de fecha

CONCEPTO TECNICO No. EXAMINADOR TECNICO
3219 Cédigo No. 202065




WRITTEN OPINION OF THE International application No. A’
INTERNATIONAL SEARCHING AUTHORITY PCTAUS2005/036806

(Y

Box No.V Reasoned statement under Rule '43bis.1(a)(i) with regard to novelty, inventive step or
industrial applicability; citations and explanations supporting such statement

1. Statement |

Novelty (N) Yes: Claims
No: Claims 1,14,21

Inventive step (1S) Yes: Claims
No: Claims 1,14,21

Industrial applicability (IA) Yes: Claims 1,14,21

No: Claims

2. Citations and explanations

see separate sheet

Box No. VIl Certain defects in the international application

The following defects in the form or contents of the international application have been noted:

see separate sheet

Box No. VIlI Certain observations on the international application

The following observations on the clarity of the claims, description, and drawings or on the question whether the
claims are fully supported by the description, are made:

see separate sheet

Form PCTASA/237 (Janvary 2004)
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De acuerdo a las observaciones hechas anteriormente en le numeral 3.1., para
efectos del examen, se toman las caracteristicas técnicas esenciales estructurales
de los elementos y la disposicién de las partes o componentes definidos en la
reivindicacion 1, no teniéndose en cuenta los parametros de operacién o funcionales
de la invencién.

La reivindicacion 1 ensefa: “Un sistema de correccién de presbicia que comprende:
un sistema para remover tejido de estroma corneal, el cual incluye medios para
remover tejido y el cual incluye un sistema de laser y medios de control para proveer
correccion de presbicia a un estro eal expuesto de un ojo; caracterizado
porque dichos medios de controjincluyen\medios directivos los cuales dirigen el
sistema de laser para formar upé regién de ablacion en dicho estroma corneal (...)”

4.1.2. Respecto al estado de la Técnica:

El documento US 5395366 (mencionado cgmo D1) ensefa un sistemay un método
para realizar una cirugja correctiva de pregbicia, que comprende:

Un sistema laser (12), el cual es un medio/para eliminar el tejido de estroma corneal.

Medios directivos (30), que dirigen el{/sistema laser para realizar la correccion
presbiopica.

Ver el resumen; ¢olumna 2, lineas 25—35; columna 12 lineas 7-18; y figura 3; en
folios 341, 342, 343 !

Figura 3 del documento D1 US 5395356

f?,;:g L-z L
Medios directivos (30) Mf" Sistemalaser (12)
—» mv{mm L i
p I8 3
il B e T A 4
! f a . :
[LASER —7 SEAPINE X 4
| I 7 HEARS & ,
F—————— ] ]
12 £
Vel G
OHTOR 25
S IR C KEASURENERT
LORTRSE SICRHL, 76 StEkat, 1

4.1.3. Al comparar elemento por elemento de la invencion, tal como esta
definida en la reivindicacién independiente 1, con las ensefianzas del documento
D1, se observa que todas las caracteristicas de dicha reivindicacion, fueron
anticipadas por el documento D1.  Por lo tanto, la reivindicacién 1, tal y como

esta reivindicada y sus dependientes, podrian verse afectadas por falta de
novedad.

Se observa que la reivindicacion indepdndiente1, esta formulada en un sentido
amplio y general, comprendiendo caracteristicas técnicas que se encuentran en el
estado de la técnica.
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‘V WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING
AUTHORITY (SEPARATE SHEET) PCT/US2005/036806
Section Ill:

1. Theindependent claims do meet the requirements of Article 6 PCT since they leave
the skilled reader in doubt as to which subject-matter protection is sought for. The
wording used for specifying the "thickness of the first layer" (claim 1) tries to define
the respective feature by the result to be achieved ("so that") in conjunction with the
application of a "read pulse” and the consequence of such application, rather than
simply indicating a value for the intended thickness of said layer.

2. The problem is compounded by the fact that the specification does not provide
sufficient disclosure for solving the above probiem. As far as can be understood from
the title of the application and from the description of figures 2 and 9, the presence of
a "diffusion barrier layer" appears to be essential for the claimed subject-matter.
However, the application leaves it unclear which of the various "first", "second"” or
"reagent” layers defines the diffusion barrier layer, how those various layers are
arranged relative to each other, how the diffusion barrier layer is obtained, which
material is used for such a layer or against which compound(s) the said layer
functions as a barrier.

3. Inorder to conduct a meaningful search, the main embodiment represented by the
following combination of features was selected:

"An electrochemical sensor strip, comprising

- a base;

- a first electrode on the base, where the first electrode comprises at least one first
layer including a reagent layer; and

- a second electrode on the base;

- the layer on the first electrode having a thickness of from 1 um to 30 um (see claims
8 and 9)."

- Since the above combination of features is clearly known in the art of glucose sensor
strips (see below), documents which additionally describe read pulse detection and
"diffusion barrier layers” have also been considered.

Form PCT/ISA/237 (Separate Sheet) (Sheet 1) (EPO-January 2004)
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WO 00/12478 PCT/GB95/02801-

-71-

CLAIMS:

What we claim is:-

1. A compound of the formula 1

A
— X -
Q
R3 |

wherein ring B is a monocyclic or bicyclic alkyl, aryl, aralkyl, heteroaryl or heteroaralkyl ring
comprising up to 12 ring atoms and containing one or more heteroatoms independently
chosen from N, O, and S; alternatively ring B may be biphenyl; ring B may optionally be
linked to ring A by a C1-4 alkyl or a C1-4 alkoxy chain linking the 2-position of ring B with a
carbon atom alpha to X2;

each R3 is independently selected from hydrogen, halogen, NO2, COOR wherein R is
hydrogen or C1-6alkyl, CN, CF3, C1-6 alkyl, -S-C1-6 alkyl, -SO-C1-6 alkyl, -SO2-C1-6
alkyl ,C1-6 alkoxy and up to C10 aryloxy, nis 1,2 or 3;

P is -(CHy)n- whereinn = 0, 1, 2: or P is an alkene or alkyne chain of up to six carbon
atoms; where X2 is C; P may be -Het-, -(CH[R6])n-Het-, -Het-(CH[R6]n-or
-Het-(CH[R6])n-Het-, wherein Het is selected from - CO-, -S-, SO-, -SO2-, -NR6-, or -O-
wherein nis 1 or 2; or P may be selected from -CO-N(R6)-, -N(R6)-CO-, -S02-N(R6)- and -
N(R6)-502-, and R6 is hydrogen, C1-6 alkyl, up to C10 aralkyl or up to C9 heteroalkyl;

Ring A is a 5-7 membered aliphatic ring and may optionally be mono- or di-
substituted by optionally substituted C1-6 alkyl or C1-6 alkoxy, each substituent being
independently selected from halogen, C1-6 alkyl or an oxo group.

X1 and X2 are independently selected from N and C, where a ring substituent on ring
A is an oxo group this is preferably adjacent a ring nitrogen atom;

Y is selected from -SO2- and -CO-;

Zis -CONHOH, Y is -CO- and Q is selected from -C(R6)(R7)-, -C(R6)(R7)-CH2-, -
N(R6)-, and -N(R6)-CH2- wherein R6 is as defined above, and solely in relation to Q as here
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING

AUTHORITY (SEPARATE SHEET) PCT/US2005/036806
Section V:

Reference is made to the following dpcuments:

D1: US-A-5312590
D2: EP-A-0 878 708
D3: EP-A-0741 186

Novelty (Article 33(2) PCT:
1. Due to the above, only the following opinion can be given.

2.  Document D1 describes an electrochemical sensor strip comprising all the features
as outlined above (Section 111, 3.) and in addition also describes the read pulse
detection (50 to 60 milliseconds, Example 2) and the provision of a diffusion barrier
layer (see figure 1 and corresponding description, in conjunction with column 4, lines
4-6). Document D1 is thus novelty destroying for such a subject-matter.

Similar considerations apply with respect to independent claims 14 and 21.

3. Document D2 describes an electrochemical sensor strip of the type defined above,
which strip has a thickness of 6 pm (column 3, lines 29, 30). The sensor of D1 would
thus be novelty destroying for claim 9.

Inventive step (Article 33(3) PCT:

1. Document D3 describes an electrochemical sensor strip of the type defined above,
where the duration of a read pulse is & seconds (page 5, lines 21-24). It does nat
appear to invalve an inventive step ta reduce the said duration to "less than &5

" seconds”, as presently recited in claim 4.- . L.

Industrial applicability (Article 33(4) PCT):

Form PCT/ISA/237 (Separate Sheet) (Sheet 2) (EPO-January 2004)
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Arylpiperazines of formula (I) useful as metalloproteinase inhibitors, especially as inhibitors of MMP 13.
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WRITTEN OPINION OF THE International application No.
INTERNATIONAL SEARCHING '
AUTHORITY (SEPARATE SHEET) PCT/US2005/036806

Industrial applicability is acknowledged.

Section Vii:

1. Contrary to the requirements of Rule 5.1(a)(ii) PCT, the relevant background art
disclosed in document D1 is not mentioned in the description, nor is this document
identified therein.

2.  The independent claims are not in the two-part form in accordance with Rule 6.3(b)
PCT, which in the present case would be appropriate, with those features known in
combination from the prior art (document D1) being placed in a preamble (Rule
6.3(b)(i) PCT) and with the remaining fgatures being included in a characterising part
(Rule 6.3(b)(ii) PCT).

3. The features of the device claims are not provided with reference signs placed in
parentheses (Rule 6.2(b) PCT).

Section VIII:

1.  Claims 4107, 12, 17 and 22 are unclear since they try fo define the subject-matter by
the result to be achieved.

Form PCT/ISA/237 (Separate Sheet) (Sheet 3) (EPO-January 2004)
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@ Numero de publicacion 2 241 073
GDint.Ct . GOIN 27/327

‘i ESPARA C12Q 1/00
GON 33/543

C12M 1/40

OFiCINA ESPANOLA DE
PATENTES Y MARCAS

® TRADUCCION DE PATENTE FUROPEA T3

@ Numero de solicitud europea: 98107765 .4

@ Fecha de presentacion : 29.04.1998

D Numero de publicacién de Ia solicitud: 0878708
@ Fecha de publicacion de la solicitud: 18.11.1998

@ Tilulo: Biosensor electroquimico con tapa.

(W Prioridad: 12.05.1997 US 854439 @ Titular/es: Bayer Corporation
100 Bayer Road

Pittsburgh, Pennsylvania 15205-9741, US

@ Fecha de publicacion de la mencion BOPI: @ inventorfes Charlton, Steven C.;
16.10.2005 Johnson, Larry D.;

Musho, Matthew K. y

Slomski, Dennis
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DESCRIPCION

Biosensor electroguimico con fagn.
Antecedentes de la invencidn

La presente invencion se relicie 2 un bioseusor
clectroguiimico que prede ubzane para L cuantits-
cacion de un componeate especiico tandie) de una
nuestra liquida y @ un procedinuento de tabacacion
de dicho biosensor. 1.0s bioscasores clectroguinucos
del tipo ohjeto de fa inveacion se dividgan en lax Pa-
tentes estadounidenses 5 120420 4 3 204,108, 1o
dispositivos divulgados cn cstis Patentes tienen una
base aislanie sobre la caal s¢ wnpomen anos clectno-
dos de carbodn, clectrodos que s cubvea con i ca-
pa reactiva que consisie en uo polimero hutedtilo cn
combinacion con una Gxidoreductasa copecilion para
el analito. [fay sormalmcate un clenkste separador
situado sobre ta base, clemento que so reconta para
abtener una picza cn forma gendrica de Uiy una picza
de cubierta, de fonna gue cuando La base, of clemento
separador y 1a picza de cubicria se s conjun
tamcale, S¢ crca un cspacio capilar g conticae los
elecirodos y fa capa reactiva, Adcnns de T dxidore-
ductasa, sc incluye v acepros de clectrones sobre la
capa reactiva o en otra capa dentro det espacio capifar,
Un polimero hidrolilo, por cleapto colalosa de carbo-
ximetileetulosa, se uttiza para Tacilar Lo cxtraccion
def fluido de prucha acuoso al istern dicd expacio ca-
pitar.

Lin la Patenle estadounidense S 141 808 se divulga
otro sensor en el cua fos electrados estan contenidos
dentro de un miersticio capilin, Dsta refurencra desen-
he ¢l procedimicnto prefereante de prepane ol sensor
acoplando la base y las placas de cubienta otdizan-
do una resina compuesta de partic obas sohidas, como

por cjemiplo particulas de vidno lipo, para ascporar
1a deseada separacicn catre ellas para de esta Lo
constituir ¢l intersticio. Tambien se desenbe la con-

formacion de os sensores o partir de un revestmnen
10 de plistico o vidrio, maniestandose gue “cmndo
se¢ ulilza un revestimiento de plastico. pucde consts
tir en moldeos de pree semiplo provistos de
separadores de Tormi de aristas pasa comscgir b se-
paracion controlada de fas parcdes que componen fas
cavidades capilares™

La presente invencidn sereficie i e sensor elec-
troquinico compuesty de dos partes: wa parte infe:
rior (base) que soporta la cstructves de clectrodo v
de los agentes reactivos quinncos gque e depositan de
acuerdo ¢on lo requerido ¥ una parte superior (Eapa)
que s¢ conbute para constitoir los dres Tados ke on es-
pacio capilar donde la base constitnye ¢l cuanto tado
trax su acoplamicato con  tapa y fa hase 1 abase y fa
tapa son laminados conjuntanicate, (e cjemplo, por
medio de una soldatusa séowa. Hl sensor se cmplea
haiiando ¢l extremo abicrio 3ol capalas enoume peqise
fia gota de fluido de pructi, cowo por clemplo sangre.
la cual es absorbida hacia ¢l watcoon det tbo capilar
de forma que cubra la enzima y o acepor de clectro-
nes sobre la superticie del elecrodo o o tonna de
realizacion preferenle, e electroda meorpor wna oxi-
doreductasa y vn aceptor de clectrones dntribindos co
una malriz polimdénico hudratable situada sobre su su-
perficie. Debido a la naturaleza hudratably de ba matas
polimérica, s¢ dispersa en ¢l fludo de procha wcvo-
so permiticado de csta lomma que 1a oudoroductasa,
que es glucosa oxidasa cuando el swemor osta disena-
do para determinar la concentracion de glucosa en fa

¥

30

0

40

sangre, que oxide ¢ analito v el aceptor de clectro-
nes para lanzar los electrones sobrantes del cleairodo
operalivo, creando de es@ Fomia ana corricite nea-
surable proporcionada i la concentracion del avalito
del fluido de pricba.

La construcc1on del sensor de dos prezas de Lo pre-
senle invencion no requIere una tapae enzamatica. Por
cjemplo, hay una catcgoria gencral de sensores que
delectan directamente en a superticic del clectrodo.
Lijemplos de seasores del tipo indicado serian aguc-
tos para defeetar of henmatocsito o un sensor para de-
tectar plomo en ta sangee. OQua clase de sensores son
aquelios que ticnen un agenee aglutinante o de adhe-
rencia sobre una superficic del clectrodo que inicia
uR reaccion quimica. Asi, un sensor con un agente
aglatinante capaz de liberar nna poreién detectable,
como por cjemplto protones. cuando ¢l analito sc fi-
ja al agente y nredir la modificacion del cambio de
ptl de acuerdo con la presente invencidn. Altemativa-
mente, ¢l sistema de onion pucde ser an par actigeno-
anticuerpo en ¢l gue ¢f anticuepo podvia impedir o
potenciar uga reaccion en fa superdicie del clectrodo.

T.a fabricacion de los s de la téenica an-
terior segiin lo antes deserito conlleva cf uso de una
parte cxtra, fa capa separadont, ¥ una seric de clapas
de tratamicnto que 1o se requicren en ¢l sensor de dos
partes (base y tapal co gue consisle I presente in-
vencion. Bl scosor de la presente invencion s¢ prepara
mediante un procedimiento directo gue conleva las
etapas definidas en {a reividicacion 1.

Sumario de la invencidn

{.a presenle invencion ¢s oo scosor electroquimi-
co para la deteecion de on anabio de una mucstra de
prueba de fluido que consiste en:

a) una placa de basc aishanie:
b) una capa de clectrodo sobre la placa de ba-
sery

o
-

una tapa de maicrial deformable que pro-
porciona un drca coucava Ci una porcicn
de 1a mismy, dejando al Gempo ona super-
ficic plana rodeando a porcion concava de
Gk fonua gue, cnando se aeoplis con 1a ba-
se. i tapa y o base lomnan i espeecio ca-
pl co ol cual o cozama cstii disponible
para contactar directamente con la nesira
de prucha de fluido gue es absorbida hacia
el intenior del espacio capitar (muestra de
prueha de uido) mediante accion capilar.

Tipicamente, ¢f electrodo estd en conexidn opera-
tiva con una cnzima que reacciona con of analito para
producir clectrones méviles.

Descripeion de la invencidn

La construccion del seosor al gue sc reficre fa pre:
sente invencion sc ilustm pwediante fa Fig. 1T sea-
sor 34 consta de una buse arslhne 36 sobre la cod
s¢ impresiony co seeuencn (geocralmente nrediante
técpicas de impresion de pantalla, uoa configuracion
de comductor eléetneo 38, una estructura de electro-
do (39 vy 40), una conliguracion aisltante (dieléctrica)
42 y linalmente una capa reactiva H. La (bacion de
la capa reactivi ¢s convertir fa glucoxa, u otro analito,
estoiquiométricamenic ca una especic quimica que s
mensurble clectroguimicamente, co Enninos de la
corriente que produce, mediante los componentes de
la configuracion de electrodo 1as dos partes 39 y 30
de la impresion de clectrodo proporcionan los elec-
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rodos operativos y de relerencia necesanos para ke
determinacion clectroquinica. [a unta de ¢lectrodo,
que ticne un grosor aproxmmada de 13 4 (000357,
tiprearneie contiene carbon electroquimmeanente ac-
tivo. Los componentes de 1a tinta conductora o una
mezela de carbon y plata, escogida para proporcionay
una viu de resisiencia quiniica higa cote Jos clectro-
dos y ¢l medidor con el cusl estan co conexaon ope-
rativa mediante su contacto con ka conliguracicn de
conductor sittada en cl extrenmo en forma de cola de
pescado del sensor 45, 1 grosor tipieo de Ta contigu-
facion enfera es de 6 g (000257, Ta funcion de la
cstructura dicléctrica es aistar Jos electrodos respecto
de 1a muestra de prucha excepto on s drca detinnda
cerca del centro de ta estructura de clectrodos 41 para
potenciar la neproductibilidad de la leeara dod seasor
Un 4rea definida os importante en este tipo de deter-
minacin clectroguimica porque la corricnic mudida
depende tanto de la concentracidn del analdo como
del drea del electrodo gue esid expuesti al anadito gue
conticne a mucstra de prucha. Una tiptea capa diclée-
trica estd constituida por poliuretane inodificado con
acrilato curado con rayos UV de un grosar aproxana-
dode 10 4 (0,0004™). 1.a tapa 46. que proporciona un
espucio concavo 48 conformado tpicamcnte median
(¢ ¢l embutido de una Limina plana del mateeial de
Tormable, estd perforado para proporcionir wia sabda
de aire SO, y st unida o ta base 36 co ona opera
ci6n de setlado, La tapa y fa ba an selluctas en-
(re si mediante soldadura sonica en la cuaf la bise v
fa tapa son prnmero alincadas ¥ & continuacion com-
prumdas mutvamente entre un anembro vibratono de
termwsellado o cuerno v una awrdazy hja. 12 cucmo
esta conligurado de manera que se produce ef con-
tacto unicamente con las zonas de la tapa planas. no
embutidas S¢ wtiliza energia vlirasomes procedente
de un enistal u otro transductor se utliza para excitr
vibra s en el cuerno mietalico. 17sta energia me-
cdnie ipa a medida que el calor de T juats de
plastico permite el aglutinamicnto de hos materislos
wrmoplasticos. Bl procedmuento se descethe comple-
tamente ¢n las Patentes estadounidenses 3 50513
3573139 3.502.041 v 4.313.774.

Materiales adecuados para la
prenden policarbonato, terelialato de polictileno s po-
linkros acrilicas y de vinilo dimensionalmente esta-
bles asi como mezetas de polimero coma par epemplo
pohicarbonatoftereftalato de polictileno y estructurs
de Hamina metdlica, como por cjemplo un laminado
de nailonfatuminio/cloruro de polivinilo. ta wmpa se
fabrica tipicamnle a partic de un matertal de Lanina
polimerico deformable, coma por gjemplo policarbo-
nuto o un tercftalato de polictiteno de cabidad conbu-
tible, terefialato de polictileno modificado ghcol o un
compuesto de Eiming metilica comw por cjeoplo via
estnctura de limina de alumino. La capa dhcléctnca
pucde fabncasse a partir de un polivretano maditicado
con acrilato que pucde curarse por luz UV o butiedad
© un polimero de vimio gue es termocurable

La presente invencion facidita el cmpleo de una G-
pa embutida (46, g, 1) por oposicion al emplkeo de
un separador como en los elemkentos de scosor de la
wienien anterior en bos cuales, ¢n lugar del embatido
en relieve, los dos ladas del espacio capilar se cons
tituyen @ partir de wn elemenio separador. 1l empleo
de la (apa embutida permtie evitar ¢l cmpleo de una
purie extra, esto s el sepurador. y voa sene de tapas
de watamyento. as clapas implicadas ¢n of montaye
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det separador que contiene ¢ sensor son:

preparar las completas estrucurs de clee-
VAL SC Ne-

trodo incluyendo 1a capa wes
cesitiv incluir en la tapa de
agente pany inducie i efecto de owcha de
la sangre en ol interior del espacio capilar;

afiadir una capa adicional que contenga un
agente para inducir ¢l cleeto de mecha de
la sangre en ¢l inlerior del espacio capilar;
esta capa puede ser obviada si se incluye
¢l agente en fa capa quimica:

. cortar por troquel un canal capilar ¢n ¢l
ntedor del material separador que ex (-
picamiente an laminado de despreadible/
adhesivo/material - separador/adhesiviyre-
cubnismcnto/ desprendihle:

iv. eclirar ¢l recubrimicnto desprendible de ua
lado del maicrial separador y fijar el sepa-
cador a la base: y

v. retirar ¢l recubrimicnto desprendible v en-
samiblir ka Gapa con ¢l otro lado del sepa-
rador,

[ presente invencion pernote fabricar un sensor
wiediante los siguientes ctapas:

imprimir unos clectrodos sobre el material
de hase vy, opcionalmente, aplicar la placa
neactva sobre los electrodos:

opcionalmente revestir v capa adhesiva
sobre la superfrene inferior de lo tapa;

cmbutir la parte superior y los lados del es-
pacio capibar dentro de Ja tapa: y

1. acoplar la capa a ls base y settartas entre si
medianie soldadura sénica.

Los sensores de ke prosente invencton pocden -
bricarse acoplando ui conjunto de tapas, csto o v
Lunina plana de mratenal de prezas semelaboradas de
tapa que teogan un pluralidad de ndentaciones conca-
viry canbutidias en st ierior, con un correspondicnte
conjunto de bases y a continuacion pertorando unos
scusores ndividuale: el conjuto cont te troguel
despucs de que la pieza senclaborada de upa y la
Fmtna def material de base hayin sido acopladas y
termosclladas.

La construccion de on sensor de acuerdo con la
presente invencion se electia de acuerdo con ¢l si-
fuiente cjemplo generak:

Ejemplo general

0 este cpemplo, se Fabrican un gran pumero de
Gapas de sensor a partic de una ldmina corollada de
policarbonato que ha sido desearollada para obteaer
una superficic plana. Fsta l&mina cs designada como
preza madriz semiclaborada de apa, pucsto gque cons-
tiirad a fuente de una multiphcidad de tapas.

Una solucion de revestimicnto bifuncional, con-
sistente ¢n w dispersion de poliuretano seuosa, s
extendida sobre un ade de la laming de policarbo-
nuta utilizando una hamra de alambre envollada o una
revestidora con troguel canwrado y secada al arre. Hsie
matcrial proporciona una supcrhcre huandificable en
el intenior de L tapa para poicaciar la capacidad del
espacio eapilar para ser lenado con ¢l fluido de proc-
ba. 11 grosor del revestinuetto sceado os de 0,0007”
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7 g 15 p). oscilando ef grosor del reves-
tenio himedo entre 000147 y 0,0057 (35 pra 125
a1 para un contenido solido tipico entre of 40% y ¢l
M. La capa hiluncional uene una cierta viscosudad
durante un corto periodo de ticmpo despuds del seca-
dor y coando 1a limmna es reerrollada se introduce un
recuhrimiento o capa de intercadamiento temporal cn
contacto con el revestimiento. Después de un periodo
du unas horas, la viscosidad inicial se prerde posibi-
Tandho gue 1 picza matriy semiclaborada de tapa de
pobicarbonate sea desenrollada sin perjudicar el reves-
dmicnte Matersales apropiados para el cecubrimicnto
son las poliotefinas o erelfiatato de polictileno.

Factapa siguiente del proceso consiste en embutir
las arcas concavas v perforar diversos agujeros en {a
lanusna de policarbonato para ¢l registro y scguimicn-
to antes de que las cintas hendidas de la pieza matriz
de tapa scan corolladas

Lo picza semiclaborada de hase, normalmente de
policarbomato, ey impresa con diversas tintas para (or-
anr los clectrodos ¥y a contimiacion recubicria por
cacina con una capa dicléerica on nna configura-
cin predeteminada disenada para dejar al descubier-
to una superhicie descada del clecirodo. El material bi-
funcional debe adherirse al material dieléetrico cuan-
do T tapa se acopla diccctamente con Ta capi diclé-
trica. Con el o de ensamblar la pieza semielaborada
de tagaa L hase, T cinta coatinua de Lo picza de tapa
es desenroliada hacreadola discurdr a través de un la-
moisdor especial donde es registrada y @ contin
combinixda con una tira de la pieza de mate
laborado de L base, Despuds de la soldadura somca la
ot colinga de laminado os enrollado para formar
uria bobina

Con et lin de separar sensores individuales a partir
de Fa oty Lumnada, se bace pasar ¢l uninado a tra-
ves del eguipo de perforacion en el cual los sensores
wdividuates son perforados desde en conjunto prepa-
ratono para ser suoados deotro de un paquete de v
stcalas do papel metabeo (“blisters™) para su almace-
mmente el procedimento preferente de cmpleo
de o sensores, estos son empaguetados en v disco
crcnly g bene dies comparumentos individuales
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dispuestos cadialmente. B disco estd hecho a parar
de un Lumnado de plasticolpapel metidlico de advine-
wao que ~¢ sella para aislar el sensor de la hamedad
anbiente v de fos demids sensores con una cubierta de
papel de aluminio de ruptura por presion, disco gque
st montado dentro de un instrumento especiadinente
diseiado Para recuperar ua sensor, una cuchills es m-
troducida hacia dentro atravesando de la lanuna meta-
hea de ruptura por presion hasta el interior de on com-
partimento akurgado individual situado ¢n el extremo
mas proximo al cje central del disco y a contmuacién
¢s desplazado radialmente hacia cl perimetro del blis-
ter. Al hacerlo, La cuchilla encaja con la parte trasera
{cota ke prescado) del sensor de ese compartiaicnto. ¥l
desplazamiento radial de la cuchilla empuaja la punta
det sensor salicndo a través de 1a 1amina metalica de
uptara por presion y a través de las pastes ded insta-
mento, de forma qoc ¢l morro del seasor queda com-
pletamente fucra del instrumento y listo para recibir
uia muestra de fluido de prucba, por cjemplo sangre
Yara esta ctapa, os esencial que la unidn etre la basc
v la tapa deb scasor soporte las fucrzas cfectivas g
neradas cuando ¢l scasor sale empujado @ presion a
fravés de Ia lamina metdlica. Fstc procedimicnto de
proporcionar un scosor listo para su uso se descaibe
du fornna mds acabada cn la Patenie estadounidense
SST5. M3,

120 uso, lu puata del sensor, que conticne by aber
tura al expacio capilar, ¢s puesta en comacto con uny
pequeda gota de fa muesiva de prueba de flusdo que
¢s nonnalmente sangre producida por un pincliazo co
<l dedo. La sangre ¢s ripidamente absorbida hacia el
intenior del espacio capilar donde se inicia la interac-
cidn con la cuziia y ¢l instrumeo ex ajustado para
iniciar su secuencia cronizada. [5s escacial que la san-
gre absorbida muy rdpidamente hacia ¢l otenor
del expacio capilar, con independencia de su onenta-
cidn espacial, con ¢l fin de que se inicie Ja seeuencia
cromizada, 1.as dimensiones del espacio capilar osci-
tan pormalmente catre 0,125 mm y 0.38 wmim (0,005
y 00157 de altura y 2.5 mm a 3,75 mn (0,17 y O [57)
de anchura facilitar ¢l arrastre de la sangee dentro
dul espacio capitar.

bl
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REIVINDICACIONES

. Un sensor clectroguinico para ta deteceion de
un amahiio de uniu muestra de prucha de fluido que
consiste en los siguientes elementos de abajo armba:

ab una placa de hase aislane:

b una capa de eleerodo sobre dicha placa de
buasc;

i tapa de maderial deformable que pro-
porciona un drea concava €n sy porcion
central de tal forma que puede, cuando se
acopla con la placa de base, la tapa v s
placa de base forman un espacto capitar ea
< cual fa capa de clectrodo esti disponible
para contactar con la muestra de prucha de
fluido gue es absorbida hacia ¢l mterior del
cspacio capilar mediante accion capilar, cn
el que la lapa y la base estan umidas entre
si mediante (éenicas de soldadara sémca.

<

2Kl sensor de la seiviadicacion 1 en ¢l que bay
una cag ctiva que |llC|llyC tsia enzine ue reac
ciona con el analito para producir clectrones maviles
sohre la capa de clectrodo.

3. Bl sensor de la reivindicacian 2 gue aene una
<apa de maierial dieléetrico configurado sobre fa capa
do clectrodo, de forar gue solanicnle una porcion de
L capa de electrado, segun lo predeterminado por la
<cothigneacton de {a capa dielécincanenle, esta dispo-
mble para un contacto directo con et fluido de procha

4 Ll sensor de la reivindicocion 3 en el que Lt tapa
evta configurada de torma que sus bordes se acoplan
con ks capa dielécinea.

S, 11 sensor de la reivindicacion 3 eo ¢l que la ca-
par drclelnics osta contigurada de forma gue deja una
porcion du fa ciapa de electrodo al descubterto para sa

14}

20

30

55

o

contacto directo con los bordes de fa tapa.

6.1 n de fa reivinklicacion 2 co el que i en-
zama de la capa reactiva esti combiada con un poti-
mero hidrélito.

7.4 sensor de fa reivindicacion 6 en ¢ que la capa
reactiva conticne tambica un aceptor de clectrones.

8. Hl sensor de la reivindicacon 7 en el gque ¢l
aceptor de electrones ¢s un femiciauro

9. El sensor de ld reivindicacion 6 en el que cf po-
limcero hidrdfito cs 6xido de polictileno,

10. ¥ seasor de una de las reavindicaciones 1 a 9
en ¢l que e drea cOneava se constituye grolando wa
Limina plana del naterial detormable

11. Un procedimicnto para la preparacion de un
sensor electroguimico que consiste en awoplar wna ba-
s quc soporta una estructura de cleetrodos sobre su
superticic conuna tapa de un matersal defonmable que
proporciona un espacio cdncavo para fornwar tres la-
dos de un espacio capilar, fapa y hase gue proporcio-
1 un Sensor eheclroquimica gne lictie un cspacio ci -
pitar que estd abicrto a b atiésfera con i cstrnctora
de clectrodo sobre la superticic de la basc y gue esia
expuesta al espacio capitar, en el gue sc hwee que b
tapa y la hasc s¢ adhicran entre s mediante soldadnra
sonica.

12, ¥ procedimicnto de Ta reivindicicion T en el
que la estructura de electrodo meorpors van oxidore-
ductasa y un aceplor de efectrones distribuaidos dentro
de una matnz de polinkro hidritable sobre su super-
ficic.

13,6 procedinnento de la servindicacion 1 eo ¢l
que |a matniz de polimero dratable esta consituda
por dxido de pofictileno.

14. 14 procedimiento de la revindicacion 12 cu
el que la oxidoreductasa o8 oxdasa de ghicosa v ¢l
aceptor de eleetronos s un ferrcianyro

ES 2241073 T3
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{57 ABSTRACT

A device for detecting chemical species in liquids hav-
ing one or more sensor elements is described. Each
sensor clement includes a test electrode coated with a
perfluorinated ion-exchange polymer film incorporat-
ing a redox mediator; an immobilized enzyme layer and,
over this, a semipermeable membrane. The invention
discloses the method whereby the test electrode is nor-
mally kept at a zero potential and then poised at a posi-
tive potential for a few milliseconds during which time
the test signal is evaluated. The invention formulates a
method for calibrating each measurement sample and
reference solution wells. These are symetrically ar-
ranged with respect 1o the sensor element so that the
center of the sample solution well and the center of the
reference solution well are equidistant to the sensor
element. Thus the diffusion of chemical species from the
sample and reference solutions occurs equally and can
be correlated. The invention additionally discloses a
method for selectively detecting a number of species in
a single sample drop through the provision of multi-sen-
sor elements. The technigue proposed in the invention is
particularly suitable for the determination of glucose
and cholesterol in biclogical fluids.
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AMPEROMETRIC SENSOR FOR SINGLE AND
MULTICOMPONENT ANALYSIS

BACKGROUND OF THE INVENTION

‘This invention relates to a method for the analysis of
chemicals in liquids. This is accomplished by means of a
dry chemistry test device made up of one or more selec-
tive amperometric sensor elements coated with specific
chemical reagent layers and an electronic apparatus that
provides a pulse measurement voltage to the sensors.

The anatysis of chemical species in liguids can be
carried out by wet chemistry or by dry chemistry sys-
tems. Wet chemistry analyses employ reagents in liquid
solution and are widely used in both manual and avto-
mated analytical methods. In dry chemistry systems, a
complete chemistry for a particular analysis is miniatur-
ized into 8 single test probe or device. No prior reconsti-
tution of r is required. The dry chemistry meth-
ods are often simpler in design, require less reagent
manipulation, give quicker results and are more stable.
These advantages coupled to the feasibility of using
small instrumentation favours more decentralized clini-
cal testing.

In a U.S. Pat. No. 4,042,335 issues to Clement on
Aug. 16, 1977, a multilayered test device for the analysis
of tiquids is described. The device includes a reaction
layer including a composition that is i ive in the
presence of a predetermined analyte to provide a diffus-
able detectable species, and a registration layer that is
permeable to the detectable species and within which
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and, over this, 2 membrane to prevent interfering spe-
cies from reacting at the measuring electrode. When an
appropriaie test potential is applied, the measuring elec-
trode provides a faradaic current proportional to the
concentration of the chemical species being determined.

As an example of prior art in this field, U.S. Pat. No.
3,539,455 issued to Clark in Nov. 1970 discloses an
amperometric dry chemistry device based on glucose
oxidase suitable for the determination of glucose.

The role of the redox mediator is to serve as an elec-
tron shuttle between the active center of the enzyme
and the electrode. Various redox mediators have been
used in enzyme electrodes. For example, an article pub-
lished in Clinica Chimica Acta in 1974 describes a range
of medi which include ferricyanide, quinones and
organic dyes. European patent application EP
0,136,362,A1 published on 04 Oct. 1985 describes an
amperometric test device for monitoring blood-glucose
levels comprising a measuring electrode and reference
electrode coated with a porous support carrying glo-
cose oxidasc and a redox mediator, and .over this, a
membrane 10 prevent interfering molecules from seact-
ing at the measuring electrode.

Higgins et. al. have described the use of ferrocenes as
a mediator for glucose oxidase-based enzyme sensor for
glucose in  European patent application EP
0,127,958,A2 published on Dec. 12, 1984; U.S. Pat. No.
4,545,382 dated Oct. 8, 1985; and U.S5. Pat. No.
4,711,245 dated Dec. 8, 1987. Another mediator system
employs organic metal coatings based on salts of tet-

the species can be d d by diffuse refl spec-
troscopy. The element can include other layers which
provide for radiation blocking and for uniform spread-
ing of the test sample.

Dry chemistry systems can be defined as disposable,
single-use devices or multi-use devices, depending on
whether the analytical reaction occurring in the reac-
tion layer is reversible.

Dry chemistry tests based on enzyme-catalysed reac-
tions have become widely used. By way of example are
dry chemistry test devices for the measurement of glu-
cose tn blood developed by Boehringer Mannheim Cor-
poration. The device is a flat strip that employs a reac-
tion layer consisting of glucose oxidase-peroxidase en-
zymes coupled to a redox mediator dye. The reaction
layer is supported in a inert film carrier matrix. The
blood sample is analysed by placing about 50 ul of
whole blood on the surface of the dry chemistry strip.
The plasma containing the glucose is separated from the
red blood cells by the carrier matrix. After about 1-3
minutes, the red blood cells are removed by washing or
wiping and the colour developed is measured by reflec-
tance spectroscopy. In a similar device developed by
Ames Division, Miles Laboratories Inc., a separate film
membrane is placed over the carrier matrix to separate
the red blood cells.

Electrochemical dry chemistry enzyme test devices
have been developed as an alternative to spectrophoto-
metric devices. These include amperometric and poten-
tiometric devices. Electrochemical systems have the
advantage that they can be used as disposable, single-
use devices as well as multiple -use devices in continu-
ous-flow and automated systems.

Amperometric dry chemistry enzyme test devices
include a sensing clement comprising a measuring or
working electrode and reference electrode. The elec-
trodes are cozted with an enzyme and optional mediator
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racyanoqunidimeth as first described by Cenas and
Kulys, Bioelectrochem Bionerg. 8(1981)103 Albery has
filed an application based on this work in Enropean
patent application EP 0,184,909,A2. Albery et. al. have
also shown that tetrathiafulvalene can act as a mediator
for glucose oxidase in the determination of glucose (
W.J. Albery, P.N. Bartlett and D.H. Craston, J. Elcc-
troanalytical Chemistry, 194(1985)223).

Although spectrophotometric and amperometric dry
chemistry test devices are gaining increasing usage,
present sy suffer from a of practical limita-
tions,

First, in the case of disposable single-use dry chemis-
try test devices, it is not possible to calibrate every
measurement. Presently the practice is only to calibrate
every batch by means of a two point calibration using
test devices representative of the batch. It is then as-
sumed that the calibration holds for the remaining de-
vices in the batch. The difficulty that arises is that there

is no way of knowirg if any of the r ining devices are
defective for whatever reason.
A further consi jon is that, b the measure-

ment of chemical species in blood is sensitive to the
blood matrix, it is necessary to use reference calibrators
that mimic the average human blood matrix as close as
possible. The need for calibration is even greater for
amperometric devices where changes in the electrode
response characteristics can occur for a number of rea-
sons.

Further, single use test devices, especially for blood-
glucose monitoring are often intended for home care
applications where the user is generally not highly
skilled or trained. Consequently, poor analytical results
may be obtained where the user technique is incorrect
or where the test devices have been badly handled or
stored in adverse conditions.

5,312,590
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present disposable, singl test devices
normally can determine only ope chemical species.
Thus, if several different analyte in a particular sample
have to be determined, muitiple samples have to be
obtained and a different sensor must be used used for
each analyte. This is time consuming, requires extra
ipulation and is expensive.

Third, in present systems because of the requirement
that all devices in a batch must be identical, the manu-
facturing and quality control process must be quite
stringent increasing the cost of production. Again this is
more difficult to achieve for dry chemistry devices
based on amperometric sensing.

Fourth, redox mediators that are commonly used in
amperometric glucose-oxidase based sensors bave in-
creased solubility in the active, oxidised form. Thus,
when the sensor is continuously poised at a positive
operating potential in multiple-use applications, loss of
mediator in the oxidised form occurs readily from the
electrode surface. This leads to a loss of sensitivity and
& limitation in the linear range with time.

Fifth, even though the use of a redox mediator ena-
bles the operating potential to be reduced by several
hundred millivolts, significant interference from clec-
troactive species such as ascorbic acid is stil found. For
some cases the mediator can actually enhance the signal
due to the interfering species. This leads to erroneous
results that can have serious clinical consequences.

Because of these problems, previous approaches to
enhancing the performance of amperometric dry chem-
istry enzyme test devices have not been entirely suc-
cessful.

Accordingly, it is an object of the present invention
to provide a general amperometric dry chemistry en-
zyme test device for measuring chemical species such as
glucose and cholesterol in liquids.

It is another object of the present invention to pro-
vide 2 method for measuring glucose concentrations in
liquids using the enzyme glucose oxidase.

It is a further object of the present invention to pro-
vide a method for measuring chemical species such as
glucose and cholesterol in liquids by providing a means
for calibrating the test device for each measurerment.

Yet another object of the invention is to provide a
roethod for measuring chemical species such as glucose
and cholesterol in liquids using a test device having
multiple sensors to simultancously mcasure more than
one chemical species.

Still, & further object of the present invention is to
provide a method for measuring chemical species such
as glucose and cholesterol in liquids using a selective
sensor clement comprising an ¢lectrode system coated
with an perfluorinated cation exchange polymer film
incorporating & redox mediator.

Yet another object of the present invention is to pro-
vide & method for measuring chemical species such as
glucose and cholesterol in liquids using a pulse detec-
tion mode to mi loss of the medi and enable
reactivation of the sensor electrode.

Stilt other objects of the invention will in part be
abvious, and will, in part, be apparent from the follow-
ing description. :

SUMMARY OF THE INVENTION

This invention relates to 3 method and apparatus for
measuring a wide range of chemica) species in liquids.
In its general embodiment it employs a flat test device
comprising & number of symmetrically arranged sensor

< d

10

20

25

a5

40

50

60

65

4

1 that enable multi-species determination from a
single saraple drop. Each scasor element is coated with
2 unique reaction layer that makes it responsive to spe-
cific chemical species. Additionally, all the seasor cle-
ments are coated with a single membrane which serves
the dual function of a diffusion barrier and filter. An
insulating layer is further coated over the membrane
with specific provision for wells where the sample and
reference solutions may be placed. According to the
preferred form of the invention, the sample well is cen-
trally located so that chemical species present in the
sample can diffuse equally to the various sensing ele-
ments. The reference solution wells are Jocated adjacent
to the specific sensing clement The center of the sample
solution well and the center of the reference solution
well are equidistant to the respective sensing element so
that the diffusion of chemical species from the sample
and reference solutions occurs equally.

According to one preferred form of the invention, the
sensing clement comprises a working electrode and
reference electrode. The working electrode can be
made of carbon paste, platinum or gold whereas the
reference electrode is made of silver coated with a sil-
ver chloride layer. The reference electrode can alterna-
tively be made of carbon, gold or platinum. The work-
ing electrode is coated with 2 reaction layer consting of
an enzyme specific 10 the chemical species being de-
tected. An optional redox mediator can be included in
the reaction layer to take the place of the naturally
occurring oxygen to transfer electrons from the enzyme
to the electrode.

In the case a mediator is used, it is preferable to have
it incorporated into an perfluorinated ion exchange
polymer film that is coated on the test electrode. The
ion exchange polymer is preferably a copolymer of
tetrafluorethylene and perfluoro [2-(fluorosuifonyle-
thoxy) propylvinyl ether manufactured by E.I. du Punt
Nemours & Co. Inc commonly referred to by its trade-
mark, Nafion. This polymer combines the hydrophobic
properties of its Teflon backbone with the superacidity
and selective permeability of sulfonic acid functional
groups. The key property of Nafion that is exploited in
this invention is the fact that the polymer is permeabie
to cations but is impermcable to anions and nonpolar
compounds. Thus it is able to exclude anionic interfer-
ences such as that of ascorbic acid and paracetamol.

Whereas various mediator compounds can be used in
accordance with the invention, the preferred form of
mediator is tetrathiafulvalene (2,2°-bi-1,3-dithiole ) or its
derivatives.

The tetrathiafulvalene (TF )- Nafion system provides
a unique mediator system whereby the selectivity of the
sensor element is enhanced and electrode fouling mini-
mised. Also, the stability of the sensing element is en-
hanced because of the ability of Nafion to selectively
bind positively charged, oxidised forms of TTF. The
TTF-Nafion matrix glso provides a medivm for ionic
conduction as well as electronic conduction which
further improves the performance of the sensor.

Another aspect of the present inveation therefore is a
method of using the TTF-ion exchange polymer as a
redox mediator system for enzyme reactions.

According to another form of the invention, the sens-
ing element can utilise a third electrode in addition to
the working and reference electrode. The purpose of
the third electrode is provide improved potential con-
trol where a potentostat is used.

Al
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The enzyme system used depends on the chemical
species that is to be detected. It can be selected from a
range of flavoproteins which include glucose oxidase
and haem-containing enzymes such as horseradish per-
oxidese. Horseradish peroxidase can be used in conjunc- 5
tion with other hydrogen peroxide generating enzymes
such as cholesterol oxidase.

Another aspect of the invention relates to the use of a
pulse detection mode whereby the test electrode is nor-
mally kept at zero potential. The test signal is then only
evaluated during the few miiliseconds that the electrode
is poised at the positive test potential. By doing this it is
possibie to minimize the loss of mediator, enhance the
electrocatalytic performance and increase the linear
range.

The invention also relates to a measurement appara-
tus comprising an c]ccuomc circuit for applying pre-
determined pulse p 1 1o each
element and a mulnplcxed currmt-lo-vohage converter ,,
that enables the monitoring of the current derived from
each sensing element in a specified sequence whereby
the sample and reference values can be differentiated. A
microprocessor is used to direct the actual sequence and
it also records the current in digital form and converts ¢
this into concentration units by comparison with values
obtained for the reference solutions either by 2 standard
addition method (where a single reference solution is
used) or by a two point calibration (where two refer-
ence solutions are used). 30

A presently preferred use and application of the in-
vention is the measurement of chemical species such as
glucose and chaolesterol in physiological fluids such as
bloogd and urine. In blood-glucose analysis a sample
drop as small as 10 ul can be used. The analysis is done 35
autc ically in a specifi under the control
of the microprocessor.

A key advantage of the invention is that by virtue of
the ability to calibrate each measurement it is feasible to
ensure a high level of accuracy. 40

In accordance with the invention a method of mea-
suring chemical species in liquids is provided. The
method includes steps of i) fabricating a dry chemistry
amperometric test device comprising one or more sen-
sor clements each coated with a redox mediator/ion
cxchange polymer film, enzyme and semipermeable
membrane ii) providing a pulse mode of detection and
iii) providing a means of calibrating every measure-
ment. The invention can be seen as a marked improve-
ment over exisling amperometric sensors for both single
use and multi-use applications. The sensor system has
particular application to the measurement of chemical
species such as glucose and cholesterol in biological
fluids. Further, the sysiem enables multi-species mea- o
surements using a single strip and a single sample drop
of less than 10 ul. The system can be used for home
monitoring as well as in the hospital and doctors clinic.

The nature of the invention is further illustrated in the
drawing in which:

FIG. 1 is & schematic diagram showing the glucose
sensor element.

FIG. 2 shows the current potential response of the
glucose sensor element shown in F1G. 1 in the absence
and presence of glucose. 65

FIG. 3 i a schematic diagram of the amperometric
dry chemistry test device for single species analysis
which can be used for glucose determination.
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FIG. 4 shows the response of the amperometric test
device shown in FIG. 3 for the sequentia) addition of
low, medium and high glucose standards.

FIG. 5 shows a calibration plot derived from the
response curves shown in FIG. 4.

FIG. 6 is a perspective exploded view (FIG. 6(a) and
plan views of the individual layers (FIGS. 6(b)-6(¢)
smperometric dry test strip for multi-species detection

FIG. 7. is a view of a flow cell (F1G. 7(g)) and its
associated test device (F1G. 7(4)) used for continuous-
flow analysis.

FIG. 8 shows a calibration plot (FIG. 8(a)) for suc-
cessive injections of varying concentrations of glucose
using the the flow cell of FIG. 7 and glucose enzyme
test device described in FIG. 3, using the flow injection
profiles shown in FIG. 8(b).

FIG. 9 is a block diagram of an electronic apparatus
according to onc embodiment of the system.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

EXAMPLE 1
Nafion-Tetrathiafulvalene Mediator System

A sensor clement according to one form of the inven-
tion that is selectively responsive to glucose is shown in
FIG. 1. The base of the sensor (1} is made of an inert
plastic such as teflon. The measuring (2), counter (3)
and reference (4) electrodes are embedded in the plastic
so that the surfaces of the electrodes are flush with the

plastic base. The measuring (2} and counter (3) elec-

trodes are made of graphite whereas the reference elec-
trode (4) is made of silver. The silver surface is coated
with silver chioride.

At least one of the working clectrode (2) and the
counter electrode (3} may be made by screen printing
carbon ink onto the base strip (1). At least one of the
working clectrode (2) and the counter electrode (3) may
be made by screen printing a metallo-organic liquid
onto the base strip (1), which in this case is made of glass
or ceramic, and thien fired. The working electrode (2)
may be made of gold or platinum, in the form of a mi-
croelectrode array formed on a substrate made of glass
or siticon. The microelectrode is prepared by photo-
lithographic technique.

The base electrodes are then coated with three dis-
tinct chemical layers: The first coating over the elec-
trodes (5) consists of a film of Nafion incorporating
tetrathiafulvalene (TTF). This is formed by droplet

50 evaporating 10 ul of a 5% by weight cthanolic Nafion

solution. The TTF is preferably incorporated into the
Nafion film in such a way as to ensure a uniform distri-
bution in the film.

A preferred approach is to immerse the Nafion jon
exchange polymer film costed electrode in an aqueous
solution of 1 mM TTFC1 for 10 minutes as described by
Henning et. al. (J. American Chemical Society,
104(1982)5862-5868). The Nafion film turned a golden
colour after immersion in the TTF tsolution due to the

60 incorporation of TTF according to the following

scheme:

ION
Nafion-SO;—H+ + TTF+ EXGHANGE » 600 o6 ~TTF

Further trestment of the TTF-Nafion electrode may
be done by potential cycling in an 1.0 M KBr solution

5,312,550
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which leads to the formation of zones of TTF-Br crys-
tals. Electrocrystatlisation can be similarly carried out
1o form TTF-1 and TTF-BF4crystals. These TTF crys-
tals grow three dimensionally and are electronically
conducting, thus facilitating electronic conduction
through the Nafion film. Thus the TTF-Nafion film is
unique as it provides electronic conduction as well as
fonic conduction.

The enzyme layer {(6) is next deposited by placing 10
1l 2% glucose oxidase (EC 1.1.3.4 Type II from Asper-
gillus Niger) made up in 0.1 M pH 7.4 sodium phosphate
buffer containing 0.01% w/v sodium azide over the
Nafion/TTF layer. The enzyme was dried overnight at
4° C. 5 ul of a freshly prepared 1:1 mixture of 10%
bovine serum albumin { Fraction V 96-99% Albumin)
and 2.5% gluteraldehyde was then placed aover the
dried enzyme layer covered by a 0.03 micron pore size
polycarbonate membrane (7). The enzyme may also be
a mixture of cholesterol oxidase, chloresterol esterase,
and horseradish peroxidase, so that the sensor is selec-
tive to total cholesterol. The membrane may also be
made of cellulose acetate, polyviny! alcohol, or poly-
urethane. The test device was allowed to dry overnight
at 4° C. The entire assembly was held in place by means
of the plastic cover (8).

In place of the polycarbonate membrane, a cellulose z

acetate or cellulose nitrate membrane can be employed.
1In this case the membrane is formed by dip coating the
sensor in a8 1% w/v solution of the cellulose acetate or
cellnlose nitrate in a acetone/cyclhexanone mixture.

The interaction between the TTF/Nafion mediator
and glucose oxidase was investigated by DC cyclic
voltammetry. FIG. 22 shows a typical cyclic voltam-
mogram obtained for the TTF/Nafion system in 2 phos-
phate buffer solution of pH 7.4 . On addition of 20 mM
glucose the cyclic voltammogram ( FIG. 2b) shows a
large anodic catalytic curreat due to the regeneration of
the reduced form of the mediator by the immobilized
glucose oxidase.

EXAMPLE 2
Pulse mode of detection

The glucose sensor shown in FIG. 1 was operated in
the pulse potential mode in which the working elec-
trode is pulsed between OV and + 150 mV with respect
to the silver-silver chloride reference electrode. The
duration at OV ranges between 300 and 500 millisec-
onds, whereas the duration at +150 mV ranges be-
tween 50 and 60 milliseconds.

At OV, the TTF in the Nafion filmm is in the reduced
form. The catalytic current response is thus only ob-
tained when the working electrode poised at +150
when the TTF is oxidised to TTF+. The test measure-
ment is made 10 milliseconds before the end of the
positive pulse to allow the working electrode capacita-
tive charging current to decay.

EXAMPLE 3
Two point calibration

FIG. 3 shows a schematic diagram of an amperomet-
ric dry chemistry test device for glucose measurement
that has specific provision for reference solution wells
in addition to the sample well that enables either a two
point or one point calibration. In this device only a
measuring (2), and reference (4) electrodes are em-
ployed.

The electrodes arc coated with the Nafion-TTF-
Glucose oxidase reaction reaction layer (11) and mem-
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brane layer (12) as described in Example 1. Next an
insulating layer (13 is placed over the membrane layer
with provision for sample (§4) and reference (15) wells.

The wells are symmetrically arranged in relation to
the electrodes so that the center point of each well is
eguidistant to the center point of the measuring clec-
trode (2). In an actual analysis, the reference and sample
solutions are measured by placing a drop of the solution
in the respective well while the pulse potential is ap-
plied to the working electrode. A specxf ic scqucnoe ns
followed: First the low reft
then the sample solution is mcasurcd and tllen the high
refe solution is

FIG. 4 shows the current response of the device
during an actual analysis and FIG. 5 gives a calibration
plot which shows the response to be linear.

It will be obvious from the above example that a one
point calibration can be performed using a single refer-
ence solution.

EXAMPLE 4
Multi-Species Detection

A dry chemistry test device for multi-species detec-
tion is shown in FIG. 6 which gives an exploded view
of the device. The device consists of four symmetrically
arranged sensor elements (16) that enable multi-species
determination from a single sample drop. Each sensor
clement is coated with a unique reaction layer (17) that
makes it responsive to specific chemical species. Addi-
tionally, all the sensor elements are coated with a single
membrane (18) which serves the dual function of a
diffusion barrier and filter. An insulating layer (19) is
further coated over the membrane with specific provi-
sion for wells where the sample (20) and reference solu-
tions (21) may be placed. The sample well is centrally
located so that chemical species present in the sample
can diffuse equally to the various sensing elements. The
reference solution wells are located adjacent to the
specific sensing element. The center of the sample solu-
tion well and the center of the reference solution well
are equidistant to the respective sensing element so that
the diffusion of chemical species from the sample and
reference solutions occurs equally.

EXAMPLE 5
Continuous-flow monitoring

In another form of the invention, the dry chemistry
device can be used for automated, continuous-flow
monitoring. For this purpose use is made of a flow cell
as described in FIC. 7.

In this flow cell, the dry chemistry test device (22)
employed. The inlet (23) is placed directly opposite the
central sample well (24} of the test device. The outlet
{25) determines the Ievel of the cell soJution reservoir
(26). The flow cell may have an inlet placed opposite a
sample well, the inlet having a diameter of 0.3 t0 0.5
millimeters and a distance from the sample well of 1 to
2 millimeters, and an outlet positioned to control the
levet of the solution in the cell reservoir. Although the
diameter of the inlet is variable, the preferred diameter
is 0.3 mm. The preferred distance between the inlet and
test device is | mm.

A key feature of the flow cell design is the fact that
the test device can be essily positioned and the fact that
there is no need 1o enclose the cell to prevent leakages
as in conventional designs.

<
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The fiow cell is usually operated in a flow-injection
mode where a discrete volume of the sample (usually
berween 10 to 100 microliters) is injected into the cell to
glve a transient pesk shaped response. The pesk height
is propomond to the concentration of the chemical
species being measured.

FIG. 8 shows the actual flow-injection profiles and
the corresponding calibration plot for successive injec-
tions of various concentrations of glucose standards. It
can be seen that the plot is linear up to glucose concen-
trations of 40 mM.

EXAMPLE 6
Instrumentation

The microprocessor-based instrumentation for the
control of the amperometric dry chemistry test devices
is described in F1G. 9. The instrumentation comprises a
potentiostat (27), sensitive current monitor (28), analog-
to-digital converter (29), digital-to-analog converter
{390) and microprocessor (31).

Pulse waveforms for the pulse mode of detection is
conveniently generated by the microprocessor software
through the digital-to-analog converter (30). The test
current can be sampled via the analog-todigital con-
verter (29).

What is claimed is:

1. An amperometric dry chemistry test apparatus
applicable to & broad range of chemical analyses, com-
prising:

2 dry-chemical test device including

a2 bottom layer of a non-conducting material having
at least two working electrode/reference elec-

5
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jayer and the electrodes, and an enzyme-contain-

ing layer overlaying the ion exchange film,

a third layer overlying the second layer comprising

a permeable membrane, and
a top insulating layer overlying the third layer with

separate wells for a sample and for a reference

standard therein, the top insulating layer having

a sample well for the sample drop and at least

one reference well adjacent each working elec-

trode/reference electrode pair, the distance from
the sample well to said adjacent working elec-
trode/reference electrode pair being substan-
tially the same as the distance from each said at
least one reference well to that same working
electrode/reference electrode pair; and
microprocessor-based measuring apparatus opera-
tively connected to the working electrode/refer-
ence electrode pairs.
3. The test app of claim 2, wh
each working electrode is made of a material selected
from the group consisting of carbon gold, and
platinum, and
each reference electrode is made of a material se-
lected from the group consisting of carbon, gold,
and platinum.

4. The test apparatus of claim 2, wherein each work-
ing electrode is made of a material selected from the
group consisting of gold and platinum, and each work-
ing electrode is a microelectrode array formed on a
substrate made of a material selected from the group
consisting of glass and silicon.

S. The test apparatus of claim 2, wherein the ion

trode pairs supported by the won-cond
material with a face of each clectrode exposed at
a surface of the bottom layer;

second layer overlying the bottom layer includ-
ing aperfluorinated ion exchange film incorpo-
rating a redoxmediator overlying the bottom
layer and the electrodes, and an enzyme-contain-
ing layer overlying the ion exchange film,

third layer overlying the second layer comprising
a perweable membrane, and

top insulating layer overlying the third layer with
separate wells for a sampie and for a reference
standard therein, the top insulating layer having
at least one sample well and at Jeast one refer-
ence well adjacent each working clectrode/rei-
erence clectrode pair, the distance from each of
said at least one sample well to said adjacent
working  electrode/reference electrode  pair
being substantially the same as the distance from
each said at least one reference well to that same
working electrode/reference clectrode pair; and

2 microprocessor-based measuring apparatus opera-

tively connected to the working eclectrode/refer-
ence electrode paixs.

2. An amperometric dry chemistry test apparatus
applicable to a broad range of chemical analyses,
wherein the apparatus is used to analyze several chemi-
cal species from a single samplc drop of Jess than 10
microliters volume, comprising:

a dry-chemistry test device including

a bottom layer of 8 non-conducting material having

»

[

40

45

h film ists of a Nafion film incorporating
tetrathiafulvalene.

6. The test apparatus of claim 2, wherein the mem-
brane is made of a material selected from the group
consisting of cellulose acetate, polyvinyl alcohol, and
polyurethane.

7. The test apparatus of claim 2, wherein the measur-
ing apparatus includes means for maintaining each
working electrode at O volts for 300 to 450 milliseconds
and then pulsing each working electrode 10 & test volt-
age for 60 to 60 millisecands, and for evaluating a test
current during the last 10 milliseconds of the pulse.

8. The test apparatus of ciaim 2, wherein the enzyme
is glucose oxidase, so that the sensing element is respon-
sive only to glucose.

9. The test apparatus of claim 2, wherein the enzyme
is a mixture of cholesterol oxidase, cholesterol esterase
and horseradish peroxidase, so that the sensor is selec-
tive to total cholesterol.

10. The test apparatus of claim 2, further including

a flow cell which receives the test device.

11. The test apparatus of claim 2, further including

at least two counter electrodes made of a material

selected from the group consisting of carbon, gold,
and platinum, cach counter electrode being sup-
ported by the bottom layer adjacent one of said
working electrode/reference electrode pairs.

12. The test apparatus of claim 11, wherein at least
one of the working and counter electrodes is made by
screen pnnlmg conductive carbon ink onto the non-
[ g bottom layer.

at least two working electrode/refe elec-
trode pairs supported by the non-conducting
material with a face of each electrode exposed at
a surface of the bottom layer,

a second layer overlying the bottom layer includ-
ing a perfluorinated ion exchange film incorpo-
rating a redox mediator overlying the bottom

13. The test apparatus of claim 11, wherein at least
one of the working and counter electrodes is made by
screen printing a metallo-organic liquid onto a substrate
made of a material selected from the group consisting of

glass or ceramic, and then fired.
“« s & 9 »
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IMPLEMENT AND DEVICE FOR ANAL
TECHNICAIL FIELD

[0001]  The present invention relates o a fechnology Tor
measurement of at least one ol the followings: a conceatra-
tion Jeved of a specific component in a specimen liguid (c.g.
a glucose concentration in a body luid such as blood), aod
a physical quantity comelating fo an amount of coexisting
compuncat in the specimen liquid.

BACKGROUND ART

[0002] For 2 purpese of measuring blowd sugar kvels
privatcly at home and elscwhere, palm-size, portable blood
sugar level lesters are used widely. When measuring the
blood sugar level with these handy-type blood sugar level
testens, o biosensar which serves as an enzyme reaction licld
must be attached to the level tester, and then the blood musi
be supplicd to the hiosensor.

[0003]  Blxod contains solid component (blood culls), and
it is knowe that the amount of blood cells influcnces the
measurement. i arder (o overcome this, some methods of
measurement include siops of measuring the percentage of
blood-cl] component {hematocrit value) in the blood, aod
correcuny the calenluted blood sugar level in accordance
with the hematocnt value

[0004] The hematoerit value can be measured, for
cxample, Iy using methods disclosed in the Japanese Patem
Laid-Opea Ne. [1-118794 and the Japaoese Patent Lawl-
Open No 2002 55004, In cach method, the hemastocrit value
1 muasured by correlation W i feve! of clectne conduc-
ity {resistance).

[0005] e method disclosed in the Japanese Patent | aud-
Open No. 11118794 uses 2 hematoerit value axasuring
clement w wesute ke hematoent value of blood. As snowa
in FIG. HOA and FIG. VOB, 2 hematocrit value mezsuriny,
clement 9 includes a substraie 90 formed with a pair of
clecttodes 91, 92 spaced from cach other on the same plane,
amd 2 tayer of wageot 93 covedag a pair of cads of the
clectrodus 94,92

[0006] Tn 4 fiquid phase such as Mo, ioas in the ligud
serw as a camer n electnc charee transfer, and therelore in
order 0 measure the kevel of cluctric conductivity of a iguid
phasc &t a high accuracy, approprate movement of the
carner s necessary between the clectrodes. bor this purposc,
as showa 0, a conceprual drawing in FIG. 11, clectric lines
of force butween efectrodes 95, 96 should desirably be
uniform ko order 1o provide uniform cleatric lines of foree,
it is necessary thul e measuring elecirodes 95, 96 are
opposad o cach other, and thal an arca of the opposed
surface (A2) in the clectrodes 98, 96must be greater than or
cqual to ap area of the section (A1) of a body of an object
figuid 97.

[0007]  Ikwwever, as clearly shown in G, 10A and FIG,
108, the clectmodes 91, 92 in the hematocrit measuring
clement 9 are spaced in the same plane, and therelore are not
oppused 10 vich other. This lewds 1 an clectric conductivity
measurcawnt based on 2 wwalizdcarricr moversent due to
non-unitorm cleetrc lines of foree. As a result, it s iepos-
siblu 10 accurately measare the clectnic conductivity, nor the
hematocnt value ducived therefrom.
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{0008) In the above method, the hematocrit value mea-
sieemicat is made using the lematoorit value measuning
clement 9, which is a separate implement from the bioscusar
implement which s Yor the measurement of Mood supar
fevel. This poses another problem of fnareased wost in
weasurement wicurred Iy the aeeds for two analyzing imple-
menls for 4 single measvrerment of the blood sugar kvel.
Sufl anviber problem is monnvegience, (.. the hematocrit
value measurcment using the hematocnit value measuning
clemeat 9 aad the blood sugar tevel measurcment using the
bivsasor must be made soparately by replacing the hema-
toent value msasuring clement 9 with the biosensor.

[0009] O the vther hand. in the acthod disclosed in the
Jupanuse Patent { aid-Open No. 2002-55069, a bloud ester
uses 2 hlood sampling probe having a double-wall consteuc-
tioa provided by an woner b and an outer tube, and cach
al the mner Tube and the outer ube has a tip serving as an
cleetiade For measurement of the electric conductivity of
blod.

10010} This method s primarity Jor a large apparaius such
as one having a sampliog probe. and is ot a technigue
apphicable 0 a combmation of a handy-type blood sugar
level tesier and a bioseosor

DISCLOSURE OF THE INVENTION

[0011] 1t is a0 objuct of the present invention to provide a
sumpic methed of raducng e influcnce of the hematocal
value, for accurate measuremeat of the concentration level.

{0012] A tirst aspect of the preseot invenlion provides ag
aralycin, miplement including 2 capillary for movement of
2 specimen hguad. The capaary bas an inoer sudface pro-
vidud with a first 2kl a sceond opposed cleetrades opposcd
w cach wiber

[0013]  the implomual aeeording o the prescat aspoct
ncludes, (o1 example, a subdrate, a cover covering the
shbsdrate, amnl a spaacr betweon the substrate aod the cover.
In this case, the capillary s lormed by the subsirate. the
wover ansd the spacer Surfaces ol the spacer forming the
capitlary an cloctneaily conductive and provide the tisst and
the second opposed cluctrxdes,

[0014] The spacer includes, for example, two blocks
uppused 10 cach otber. In (his case cach block is preferably
tormed entircly of an ckectneally conductive matenal. Each
block s formed of an ckeetncally insulating fesia containing,
an clectrnieally conductive polymer or an cleatrically con-
ductive tlfer. or of a metal,

|0015]  Altcrmatively however, cach block may incfude an
clectneally insulating part and an clectneally conductive
part, and the cleatrically comductive parts of the pair of
spacers serve as the first and the second electrodes. ‘The
spacer may be a smgle member having a slil. In this case, (he
lisst andd the second electrodes are pravided in mutually
oppusing surlaces in the stit

[0816] Liach bluck has, for example, a rectangular cross
secton delined hy an upper surface, a bower surface and two
side surtaces, wath the upper surfaces and the kower sudaoces
buieg adbesive In this case, the cover is boaded o the
subsirate via the two blocks. In athee words, the spacer may
serve as an adhesive tayer for the cover W be bonded 1o the
substratc
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{0017] “¥he firstaand thu seonnd : pirasd eloctnndos are for
measurenient of cg 2 dichetne oo stant, g esistsiee value
of a physicai quaraily correliiue o elecineal conductivity
of the spevimen tiquid

{0018] The analyzing implement acourhing to the prescot
aspect proforably (urther Jacludes » Lt end 2 second
cleamdes for measurement of 4 physcal quantity eorrelat-
g 1o conecatfation - & sfwain componeat of (he specimen
frgqurd.

(0019] “I'he analyzamg wplomeat accanding (o the prosent
aspect nctudes, for example. 4 find thimugh a fourth feads
formed vn the substzate, o this case, the capltary 15 tarmed
by the substrate, the cover ail the spacer Surfaces of the
spacer lormiag the capillary are electnivally conductive and
provide the first and the second apposed cleatrodes. The
spacer is bondud Lo the substrate via an insulating layer, for
cxample. The st and the sccomd oppused dlectrodes are
clectrically connected 10 the third and the foudh leads
respectively, via throsgh foles {ormed i the nsulanng
layer. On the other hand, the fist sad the second clectrodes
are fomed on 1he substiate, and are clearically coanceted o
the Birst and the second eais s comlruction atlows
individual measurcrncnts, i.e. the measurcant of the physi-
cal quantity cornclating 1o ¢ g, dieoctric coefliccat axing the
lirst and the seeond opposcd clectrodies and the measurement
of the physical quantity corsclating ta conceotration of a
specific compuonuat using the fiest 2l the seeond electrodes.

[0020] Tbe hirst and the scond oppasca clecttodes can
alse be used i the anasuoment of 4 aspondiag cusrent
value correlating 1o concentration al a specilic component in
the specimen bguud. fn s casc, the liest and the secomd
opposcd clectrodos may 2 usd 0 a measwrement of a
physical quantily cone.atig to diciiric cocllicient, rosis-
lapes value of clectiie eondectiviry af e specimen liquid.

[0021] A sccond waxpect 0l the present ivention provides
an analyzine C.vice which uses wa saelyoag aoplement, for
MCAsUUL ol G Ieentralen of 3 spuotic component in the
speeimen liguid. The anaiysing wpleurent includes. a cap-
ilary for movennt of the specimon bquad: 3 first and a
second opposcd Ceandes vpposed o cich other in an innee
surface of the cap:lary for smeasurenieal of a first physical
quantity corrclating ta dicleeine constant, resistaoce value
or glectric conductivity of the specimen hguid; and a first
and a swond clecinudes lor muasyrement of a second
physical quantty corclating W comceniration of a specific
componen( in Uk specimen liguid. Fhe analyring deviee
iocludes: DO volage applying means lor applying a DC
vollage between the fird and the seoond clectrodes; AC
voltage applying mcans lor applymg an AC valtage between
the: first and the scoond oppased eluctrotus: finst measuriog
means for aasunig the lirst physical quantity; second
measuring, means for mcasuriag the seeond physical yuan-
tity; and caleulating vroas for caleulatiog a concentration
Tevel of a spocilic component s the specimen liquid based
on the first phvsical quantity measured by the fird measuring
means.

[0022] ‘The analvang doviee according 1o the prosent
aspect prefurably lurther wcludes switcling means for
sclecting botween a liedt stae i which the AC vollage
applymg scans and the “est maasunng scaas are chectn-
cally conncated @ the fird and (s sund opposad clee-
trodes and a sceond Sate i which the 1C voltage applyiog
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means and fhe scoond measuring, means are cledtricatly
conneeted o the first and the seoond clectrodes.

[6023] A thuird aspedt of the prosent inveation provides an
analyzing device which uses an analys mplement, for
mcasurement of copcentration of a specilic component in the
specimen liquid ‘The analyzing implement includes: a cap-
illary for movement of the specimen liguid: a first and a
second opposed clectrodus opposcd Lo cach othier 1o an toncr
surface of the capillary. The first and the sccond opprsed
electrodes serve in measurcment of a find physical quaniity
correlating to diclectric constant, resisiaace value or clectriv
conductivity of the specimen liguid, as well as i measums-
ment in a sceond physical quastity correlating 1o concen-
tration of a specilic component i the spoctmen liguid. The
analyzing device includes: DC voltage applying means for
applying a DC voltage hetween the first and the seeond
clectrodes: AC voltage applying means fur applying an AC
voltage between the first and the second opposed chectrode:
first measuring means for measuring the fiest physical quan-
tity; sceond measuring means for measuring the sccond
physical quantity; and calculatiog means for calelating a
concentration level of a specilic composent in the specimen
tiquid based oa the linst phiysical guantity measured by the
firs) measuring @uans.

{0024] The apalyzing device according to the prescat
aspuct prefershly further includes switching means foc
sclecting between a fisst state in which the AC vollage
applying means and the fiest 1ncasuriog means are clecta-
cally conaccted to the first and the sceond appased clec-
trodes and a sweond state in which the DC voltage applying
mcans and the sccond measuring means are cloctrically
conoxcled o the fiest and the secomd electrodes.

[0025]  According ko the scoomd and the third aspects of the
present ipveation, peeferably, (e caloulating means calcu-
{ates the coneentration fevel o the speciltic componcat in the
specimen liquid whilc (aking intw accouat the sacoud phiys:
cal quantity measured by i sceond moasynng means

BRILEF DESCRIPITON OFF THE DRAWINGS
{0026] 116, 1 is an overall perspective view showing a
bivsensor according W a first embadiment of the present
ovention.

{0027] FIG. 2 is an cxploded perspechive view of the
biosensor in FIG. 1

{0028] FIG. 3 s a soenonal view takea m tines I in
FIG. 1.

10029] ¥1G. 4 is a plan view of the bioscnsor as attached
10 an asalyzing device according o the first embodiment,
and a block diagram of the analyzing device.

[0030] KIG. 5 is a circuit diagram for descnbing a resis-
tance vatue measuring cirenit.

{0031]  FIG. 6 & a flowchan foe describing a concentration
fevel measuring operation.

[0032] FIG. 7 is an exploded peespective view of a
bioscosor acconhng 1o a second cmbodiment of the present
invention

{0033] FIG. 8 is an exploded porspective view of a
bioscosor according to a third cmbodiment of the present
iovention
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[0034] ¥IG. 9 is a plan view of the busernsor as attacled
to an analyzing device accordmg 1o the thid cobocdiment,
and a block diagram of the analyzing device

{0035] FIG. 10A is an overal) perspociive view showing
a conventional hematocnt measunng clemcat, and FIG. 108
is a seclional view laken in tines XB-XB 1 FIG. {0A

{0036] FIG. 11 is a porspective view fur doseribing an
electric conductivily measuring system whea! for the ligeid
phase.

BEST MODE FOR CARRYING OUT FIL
INVLNITON

[0037] Now, a first mode of cmbudincat of the preseot
invention will be describud with refereacy to FIGL 1 through
FIG. 6.

[0038] A hicsensor | shown 1o FIGL 1 amt FIG 2 i Tor
a measurcment of a bood gliarse level, and is usud as
attached 10 an anatyzing device § 19 be detiilal Faer with
reference o FIG. 4. Phe buseasae includes a subsirate 20,
a cover 40 laminaicd theecon, and 3 spacer 30 in botwegn
‘These members 20, 30 and W form o capallary 10 {he
capillary 10 introduces the blood {row an opeo cod 11,
alfows the blood (0 muve and say witiaa, under the prin-
ciple of capillarity. The capitary 10 has another open cid 12
in order lo release gas from within the capillary 10 when
introducing the blood into the capallary 10,

[0039] ‘It spacer 30 ocludes a par of blovks 21, 32
apposed 1o cach other. These blocks 31, 32 serve as clec-
trocdes for applying an AC vollage W To Dload when
measoring a rusistance valoe of the blood e biocks 332
have apper surfacos i, 2o, fowee surdacos 31h 320 and
twao side sorfaces Mo, 32¢ and 314, 32 copectively Bach
block bas a rectangular section, and the whele biock
clectrically conductive. Therelorc, the clectrodus o5 appiy
ing AC voltage 1o the blood are opposad ta cacit other The
blacks 31, 32 can be forned of an cleuvincally vonluctive
polymer, a resin containing an eledirically Conductive filker,
or a metal.

[0040) The upper surtaces 31, 320 and the Tawer surfaces
31h,32h of the hlocks 31, 32 are adhesive. The adhesiveness
of the upper surfaces 31a, 324 and the lower surfaces b,
32h is used (0 bonrd the cover ) onta the substrate 20,

{0041] The subsirate 20 s rectangulac The substrate 20
bas an upper surface 200 formed with a fiest theough tounth
Teads 21-24, cach extending longiludiaally of the substraic
20. Further, the vpper surface 20a of 1he substrate 20 s
provided with a first and a sceond clectrodes 25, 26 and 2
ccactor 27. The reactor 27 is solid for cxample. and bridpss
the first and the seond cloctrodes 25, 26 Hw reacion 27
includes, for vxample, an oxidation-reduction cazyese and
an clectron transfer material. The axadation-raductan
cazyme is provided by glucose oxidase ar glucoss ikehydro-
geaasc tor examply, whercas the cleciron vanster matenal s
provided by potassium ferricyanide for vxample.

[0042] ‘Ihe fing znd the sovond ‘wds 21022 ae for
applicalion of a voltage belween the st and the sceond
clectrodes 25, 26. 1t find fead 21 o funncd mte 2ratty with
the first electrode 28, and the second fead 22~ Turmed
integraily with the scoond chcirods, 26
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[0043]) ‘The third and the fourth deads 23, 24 are for
application of a voltage between Bk fwo blicks 31, 32, The
therd lead 23 is electrically connecwsd 1 the block 31, amd
the Jourth kad 24 is clearrically cannectal 1o (he block 32,

[0044] The blocks 31, 32 are bimded 1o the substrate 26,
via snsulating layers 28, 29 ruspectively. The insulating layer
28 covers the finst through the lourth leads 21-24 whereas
the insutating fayer 29 covers the finst, the third and the
founit leads 21, 22, 23

{0045] The insuluting fayers 280 29 are formed with
through holes 28z, 29a. The blocks 31, 32 ar¢ conoecled to
the thied fead 23 or the fourth icad 24 via the through holes
282, 29. 1t should b poivd bowever, that electrical con-
nuction berween the blocks 31,32 and the eclevant third lcad
23 or founh fcad 24 may be established any other way,
without heing limited by the usc of the through holes 284,
294,

[0046] Aconrding to the hinscasor 1. captllarity allows the
bloud 10 come in lrom the open end 11 of the capillary 10
and move oward the open end 12 of the capillary 10. During
(his gaovement, the bluod suves the cactor 27. The intro-
duction of the hlood continues unlil the bload reaches the
apen end 12, 1.¢. until the bloaod has filled (he capillary 19.
As 1 resull, 3 hguid-phase reaction system is ostablished
insede the capillary 10.

{0047] As sbown ju FIG. 4. ap aoalyzing ckviee §
includes a DC power sworce 50, an cleciric curnent value
muasuring division 51, a detecting division 52, a resistance
value measuriag division 83, an AC power sovree 54, a2
storing, division 55, a controlling division 56, a calculatiog
division 57 and a display division S8,

[0048)  The DO power source S applics a DC voltage
butwean the finst and the second clectrodes 25, 26 via cods
2w, 2240 of the st and the scand keads 21, 22, The 1DC
power source S0 1s clectacally connected with the ends 21u,
22 when the bivscason 1 s attached ta the anatyzing ceviee
5 he BC power source S8 can be provided by a dry battery
ar a echargeabke hatiery.

{0049]  Ihe cleetric current value muasuring division 51
mcasures a vatue of respondiag current when the DC voltage
is applicd between the first and the seennd cleetrodes 25, 26.

[00S0] I detecting division 52 deiccts, afier the biosco-
sor B is attached 1o the analyzing dovice S, if the bload has
huen supplicd wside the capitlary 10.The deteating division
52 checks whether ar oot an clectric current value deteaied
by the clectric current value measuning division 51 excoeds
a predeicrmioed  threshold vatue, thereby  determimng
whether or not the blood has heen ntroduced

[0051]  The wsistane: value measuring division 53 moa-
sures a ressstance value of the blood {ibe fiquid-phasc
reaction system) held in the capillary 10, Resistance values
ot bload conrglate with the amouat of wmzed component,
i purcentage of blood cells (hematocrit value) in the bloed.
‘Thercluore, by measuring a resistance value of the blood, a
humatocnit valve can be caleulated and a level of influence
Trom the homatocrit value can be estimated. The resistance
value measuring division 53 wcludes 3 mwasudng circuit
3¢ shown in FIG. 8. The measuring citcun 53a conslitutes
2 Whealstone bridpe circutt together wilh the blacks 31, 32
and ather members. The awasuring circuit 53¢ includes
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three resisters R1-R3 and a halance detector 1), The ces
K1, R2 are vanable resitors. Bioad held in the capillary 10
is represeoted by o resistor R4 in the figure. The meassniog
vircu it 534 contrals resistance values of the variable resis

1. R2 s that there is oo current flowing through the
hasance detector 1, and 2 measurement is made tor a blood
resistanve value on the basis of the controlled eesislance
values of ihe R1, R2 20d a keown valuc of the
Specitivatly, the blood sesistance value 4 is given by the
lolkowing formula, where rsistance values of the resistors
R1 through R4 are represented by 11 through rd espectively.

ors.

rdmr nr 32

[0052]  Altematively, circuits different from the measring
cireut 83a in FIG. 5 may be constructed [or measurement
of hleod diclectric conslant or clectric conductivity, for
alculation of hematoenit vahues or estimation of the kevel of
wfucnce from the hematocrit values.

{0033] ‘The AC power source 54 applics an AC vollage
Leiween the blocks 31, 32 and 1o the mcasuring circuit 530,
The application of the AC voltage between the twa blocks
31, 32 = made vis (he cods 23a, 24a of the 1hird and the
fourth luads 23, 24,

{0054 ‘The skoring division 58 stores a controf program for
controlling the DC power source 50, the AC power source
54 and so on, calibration curve data used in caleulatiog
blood glucose levels, a caleulation program for caleulating
the plucese kevels, a resistance calculation program for
valvulating the sesistance vatue ™, cormrection data for the
calculated value 1o be corneeted on 1he basis of the given
revstamce value 14, and a correction peogram for comecting
the caleotated value. The calibration curve data or the
vorrection dala is stared i the form of fookup table which
tndicates 3 relationship between, lor e ple, the value of
responding, curment and the glucose level or between the
ressslance value ¢4 and the comectad value. The storing
diveson 58 s provided by @ ROM or a RAM.

[0085] The controlling division 56 is provided hy a CPU
{or ¢xample. and controls veltage application from the DC
power source S0 and the AC powor source 54, as well as
aperation of the divisions §2, 53 and 58.

[0056] The caleulating division 57 calevlates a blood
glucose fevel based on the responding cureent value mea-
sueed by the clectric cumreat value measuring division S1,
and corredts the caloulated value, oo the basis of the resis-
tance valee mcasured by the resistance value moassring
divesion 53.

{0057] ‘The display division 58 displays the glucose level
and other information, and is provided by a liquid crystal
display for vxample.

{0058] Herciaalier, description will cover how a blood
sugar level is measured by the biosensar | and the analyzing,
devies 8, with reference (o FIG. 1 through FIG. 8 a5 wel)
as a Nowchart in FIG. 6.

{0059]  When mcasuring the blood sugar level, first, the
hisensor 1 s atlached 10 an analyzing deviee § (S1), and
hlood is mimduced into the capillary 10 (S2).

{0060] Mcanwhik:, the controlling division §6 applics a
N voliage between the finst and the seaond clectrodes 25,
26 (S3). At this time, the clectnic curvent value meassring

(]
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division 51 measurus a value of responding, current (S4). The
measureaient of the respanding current value is made por
0.05-0.2 secands for example. The detecting division 52
mnnitors the responding curremt values measured at the
vloetrc curreat value measuriag division S1, and checks il
the respondiag cumment value is not smailer than a threshold
value (SS).

[0061] When ihe detecting division 52 soes that the
responding curreal vatue is aot smaller than the threshofd
value (§5: YES), the deteating division 52 determines thal
the bload has been introduced into the capillary 10. On the
other hand, it the detecting division 52 sees that the cespond-
ing current value is not greater than the threshold vatue {S5:
NO). the duseting divisioa S2 coatinues the check o Step
SS. However, if the detectiog division 52 continues 10 see
the responding current value being smaller than the (hresh-
old valuc after a lapse of a predetermined duration of time
(55: NO), then (he program may ¢XCCule an Croer processing
outin

[0062] Whea hlood is introduced into the capiftary 10, a
liquid-phase reaction system is established as described
warlicr. lo this liquid-phase reaction sysiwm, the ghicose is
oxidized while ik edectron transter material is reduced. The
clectron teansler material s then oxidized when 3 DO
voliage 1s applied, and 2 quantity of clectrons released per a
unit of ime can be measused as a responding cusrent value

{0063]  When the detecting division 52 bas dotcrmuocd that
the responding current value is ot smaller than the thresh
old value ($5: YES), then the controlling division 56 checks
it a predetormined amount of time (e.g. 5-M seoonds) has
passed since he ime when the responding corment exceeded
the thiesbold value ($6). This chedk i Siep $6 Is repeated
until the controlling division 56 sues that the predetermined
amount of (imy has passed ($6: YES).

10064] When the contrulling division 56 sces that the
predutermined amount of time has passed (S6: YES), the
electriv current vatue muoasuring division 81 measures the
respandiap current value (57). aad the measured responding,
current value s converted o & vollage value (S8)

0065] Mcanwhile, in paratiel to the application of the DC
voltage, the controlling division 56 applics 4p AC voltage
baween the blocks 33 and 32 (89) while allowing the
resistance value measuring division 53 10 messure @ blood
resistance value (S10). The measurement of the resstance
value is made after the detecting division 52 has deteeted
intruduction of the blood into the capitlary 10.

10066] Tho caleulating division 57 caleulates a gluoose
conceatration fevet (81} with refervnce to the calibration
curve data stored in the storing division 55 and based on the
vollage valus given by the convension in Step S8. Then, the
calarlaling division 57 corrects the calculated value, based
un the resk : value i by the resis value
measuring division §3. The correction of the caleulated
value is made by referring to the correction daia stored in the
storing division 55. The vorreeted value is displayed o the
display division 58,

T0067] I he display division may display, in addition o ihe
correcied valug, a bematocrii value which cap be caiculaied
fram the pre<correction caleulation or from the eesistance
value. Aficrnatively, hoth of the pro-comrection value and th
hematocrit vatue may be displayed.
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[0068]  According 1o (he prescat embodimient, a OC voli-
age can be applicd to the brosersor | orbetween the finst and
the second electrodes 25, 26, whereas an AC vollage can bx
applicd between the blocks 31, 32, Therefore. it is possible
tu measure a responding currcot valug which is tecesary tor
calculating the gluoose level and a resislance value which is
necessary for cartecting the caleulaiod value, with a single
bioscnsor 1. 'This provides a cost advantage in measurement,
(o the ¢xient that there is no nced for separate preparation of
an analyziag implement for measuring glucose fevel and an
analyzing implement for measuring hematocrit value (rosts-
tance value). Funher, this provides ao improved oporabilily
1o the cxtent that there is no need for replacing an analyzing,
implement necessary lor glucose fevel measurement with an
analyzing implement necessary for hematocril value mea-
surement ip order fo allow meassrement of a hematocrit
value.

[0069] ‘the hiosensor 1 uses the blocks 31, 32 as clec-
trodes for measuring a rosistance valve. According to the
described construction, the object of measurement, ic. the
liquid-phase reaction system (the capillary 10) bas an arca ol
the section which is generally cqual 10 an arca of the
opposed sutlace in the blocks {clectrodes) 31, 32, making
possibie to make uniform distribution of the cluctric fines of
foroc. This makes possible to measure a value of resistance
in the liquid-phase reaction system (blood) at a high accu-
racy, leading (0 accurate measurcment of a blood sugar level
regardless of the humatocrit value.

[6070]  According 1o the biosensor 1, application of a DU
voltage between the first and the seeond clectrodes 25, 26
and application of an AC voltage between the blecks 31, 32
can be made separately and simultancously. Therefore,
according to the hoscnsor 1. the amount of tife aecessary
for measurement is oot long cven if a2 measarement is made
for a resistancz value 1 addition to a responding current

{0071] Next, a sceond embodiment of the present inven-
tiwon will be described with reference o FIG, 7.1t shoud be
noted that in FIG, 7. clements identical with those used in
th biosensor acenrding 10 the first embodinient are given
the same alpha-numenic codes, and ther descrsption will aot
de repeated hereinafter.

10072] A bioscasor 1" shown in FIG. 7 includus a spacor
30" (two blocks 31, 32 which has a difficival construction
fram the one uscd i the biosensor 1 zccording o the flirst
cmbodiment (See FIG. 1 aod FIG. 2).

{0073] The blocks 31", 32 include insulating members
3A, 32A cach having a reclangular cross section. e
insulatiog members 3TA, 32A have surfaces tormed with
conductive layers 318, 328 respoctively.

[0874] The conductive layers 31B, 328 respectively have:
first regions 31Be, 32Bc which cover side surfaces 31Ac,
32Ac of the insulating members 31A, 32A; and sccond
regions 318D, 32Rb which continue frum the fist regions
31Bc, 328c and cover fower surfaces 31Ab, 32Ab of the
insulaling members 31A, 32A_"Ihe fird eegions 31Bc, 32Bc
are opposed 1o each other, aad serve as a paic of opposad
clectrodes for measurement of blood resistance valucs. (he
secankt regions 313b, 32Bb are connected i the third and
the fourth lead 23, 24 respectively, and are used together
with the third and the fourth leads 23, 24, to apply a voltage
hetween the oppesed eloctrodes (the tirst regions 318,
32ik).
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[0075] “The bioseasur 1 can be attached 16 the analyang
dovice 5 shown in FIG. 4, ancd by itzaoduc g bload @to the
capllary, mewurawnty can b made kor o espoading
carrent value winch s necessary fos glucone fevel caleuls-
tion aud a resistance value which s necessary tor correction
of the calewlated value Further, since cluctrodes lir mea-
suriag (he resistance value are opposed (o cach other, a0d aa
ama of the opposcd surfuce 15 gonveatly cqual to an area of
the cross section of the Bguid-phase reachion sysiem, aceu-
rate measurement of the resistanes value s possible

[0076]  Next, a third canbodimeat of the prescat invenlion
will he desaribed with referciwe o FIHCL B aod FIG. 9.1
should he poted that in FIG. 8 aad FIC. 9, clemenis
idvntical with those wsul in thy hioscusor of the analyzing
device according, e the firt cmbodimeat are geven the same
slpha-pumeric codes, and (heir deseriplion will mat be
cepeated horeinafier.

[0077] 1na bioscnsor (" <hawn in FIG. 8, the first aod the
second leads 21, 22 used Tor the application of DC vallage
(o (be first and the seoond elecinode 28, 26 are abso used for
the application ol AC vollage 1o the blocks 31, 32,

{0078]  Coreespondingly, an analvang device §° shown in
FIG. 9 includes a swiching divisin 39 for selection
whether the fisst and (he seound feads 2122 are cloetrically
conneeted o the DO power souree $4 or 1o the AC power
sonece 54, The switcting dwvision 39 has a switch 59a, <o
that the controlting divisione 56 controls the switch 5%
thurehy seloctiog diflerent stades o voltlaee application ta the
liquid-phase system

[0079] Whee meastiring o respuading curreal vatee, the
switeh $9a establishus connection with the cleetric current
value nuasuriog division S based on the wontrol by the
controlling diviston 56, [hes aflows the THC power sounce 50
to appty a DC vollage 4 e liguid-phase system in the
capiliary 10, aod a scspuhing curreat value (s owasueed by
the clecine corrent value mvasiring division 81 On the

uther haod. when imvasune:, 4 esistance value, the switct
§Y9g establishus cornation w.it e coaslames value o
sunng division 53, vased o the conteol by the aontrolting
division 56 Tiris alluows the AC power source 540 apply an
AC voltape 10 the bguid-phase system o the cynilary 10,
and a resistance valee s measured by the resistanae vaiue
moasuring division S,

[0080]  According tn the peeseat invention, the hlocks
{opposed cloctrodes) may he used for bath measurements;
the measurement of a resistanes valve of the specimen hquid
andd the measereaent of a esponding cnrrent value In this
case, portions representing the it aod the sceond clee-
trodes 25, 26 in the bioscnsor an. covered by an clectically
insulating layer.

[0081] The present invention can also provide an analyz-
ing wnph anly lor g nw 1ol 2 resislance value
of a specimen igmd (¢.g bumatocnt value of blood). Such
an implement i simply the bicecasor m FIG. 8 Jess the
ceaction division

[0082] The present tvention s nol Limited (o the embodi-
meats s far deseribed For cxample, the spacer may include
onty one member provided with a stit for formation of a
capillary. The applation of an AC voflage between the
blacks may b ade from ol faces of the blacks,
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L An analysing tmplement including & capatlary for
mavement of 2 specimen liguid,

wherein the capillary bas 4 inaecr surlace providud with
a fiest and & seeond opposed clectrodes opposed 1o cach
uther,
2. The analyring implement acconding 1o claim |, com-
pnsing u substrate, a cover covering the substrate, and a
spacer between the subsirale and 1he cover,

wherein the capiflary is furmed by the substrate, the cover
and the spacer,

surfaces of the spacer forming the capillary bong clec-
trically conductive and providing the first and the
second apposed electrodes,
3. The analyzing implement aceording to claim 2, wherein
the spacer includes two blucks opposed 1o cach other,

the two blucks being furmed entirely of an clectrically
conductive malerial

4. The apalyzing implement according (0 claim 3, wherein
Ihe two blocks are formed of an clecinically insulatiog resin
containing an electrically conductive polymer of an cleciri-
cally conductive fillce

S. The analyzing implement according to claim 3. whercin
cach of the two blocks has a rectangular cross scction
defined by an upper surface, a lower surfaoe amd 1wo side
surfaces,

the upper surfaces and the jower surfaces heing adhesive,
the cover bong hoided to the substrate via the two
blacks.

6. 1 wnalyzing inplement scawding to clamn 1, wherein
the first and the seconid oppead cledrudes are for measure-
ment of a divlectric constanl, 4 resistance value o a pliy
quantity correlating to clecinica conductivity of the speci-
e higuend

7. The analyzing implement according (o chum 6, Turlha
comprising 2 lirst and a scaund electrodes for measyrement
of a physical gquactity corrclaling o conecatrzbon ol a
spectfic compogent of the spucimen Tiqud.

8. 1he analyzing implemcnt according to clam 7. turther
comprising a finst fead clectrically connucted w the first
apposed electrade and w the fisst electrode, and a scoond
lead connected o the second opposed clectrode and o the
second electrode

9. the analyzing implement acconding to claim 8, com-
prising a substrale, a cover awering the substraic, a spaccr
haaween the substrate and the cover, aml a fird through 2
fourth tvads formed on the subsirate, whorein

the capillary being Jormued by the subsirale, the cover and
the spacer,

surfaces of the spacer forminyg (he capitiary beine clec-
trically condudtive aod providing the first aod e
second oppased cleetrodes,

the spacer beiny bondad (o the substrate via a0 insolatng
layur,

the first and the sceond clectrodes boing, formed on the
substrate and cleetrically comected to the finst and the
second leads respuctivety,
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th lirsy andd the second opposed electrodes boing clectei-
wally conneeted e the third and the fourth leads cespee-
tvely, vis through holes formed in the insulating layer.

W 1w analyzing implement according to claim 1,
wheran the tiest and the second opposed electrodes serve in
measoremient of 4 responding cusrenl value correlating (o
conceatration ol 3 specilic component in the specimen
figud,

1 dhe analyzing implement according to claim 10,
compristig 3 suhstrate. a cover covering the substrate, a
spacer hetween the subsirate and the cover, and a first and a
socond icads Torroud oo the substrate, whercin

(he capiftury being fonmed by (he substrale, the cover and
the spacer,

surfaces of the spacer forming the capillary being elec-
trically vondeative aad providing the first and (he
sceond opposid cleetrodes,

the spacer being bonded 1o the subsirale via an josulating
tayer,

the lirst and the second opposed elecirodes buing electei-

<ally connected Lo the first and the sceond leads respoc-

tvely, vea througb boles Jormed in the insulating layer.

12. An anatyzing device which uses ag analyziag impls-

mont, for meassrement of concentration of a speaitic com-
poncat in the specioea liquid,

the analyzing implement including: a capillary for move-
munt of the specimen liquid; a ficst and a scoond
apposed clectrodes apposed to cach other in an inner
surface of the capillary for measurcment of a tiest
physical quantity onrrelating to diclectric constant,
resistance value or glectric conductivity of the speei-
men hiquia, 3nd a tist and a second clectrodes for
icasvrenient of 3 seonad physical quantity correlating
1o concemtration ol a specilic componeat in the speci-
men ligmd;

the analy/ing device comprising:

DC valtape @pplying medas for applying a DC vollage
ixdwoen e fisst and the secoad electrodes;

AC voltase applying means for applying an AC voltage
twien the fiest and the scoond opposed cloctrodes;

first muasunag means for measuring the first physical
Juanlty,

second meiseritig means for incasuning the second physt-
val quantity, and

cakeulating means lor caleulating a concentration level of
a specitic component in the specimen fiquid based on
the first physical quantity measured by the first mea-
Suring, micans.

13 "It apalyzing device according to claim 12, whercin
the caleulating imcans calevlales the concentration level of
the speaitic component ia the specimen liquid whilc taking
into account the sceond physical quantity measured by the
wcand measunag meaos.

14 1o aaatyzing device acconding o claim 12, furthor
comprising switching means {or selecting between a Lirst
state in whieh the AC voltage applying means and the first
muasunng means are cheetrically conaccled fo (he lirst and
the wawiad opposed cluctrodes and a second state in which
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DESCRIPCION

Procedimiento v aparato para redicie e polarizacion ¢n «-usores anperonéi cicos.

L presente invenadon se refiere, ot genersd,oan Bloscnsor vomas particularmente, @ an procedimicid o

y aparato nuevos y mejorados para codueir B polirizacion o sensores anperowietricos.

Antecedentes de la invencién

La deternminacion cuantibativa de analites en los (Inidos corporales es de grao smportaneic en ol
diagnostico y snantenimicnto de deterusinadas soormadidades fisiologicas. Por gjemplo, ol lactatio, co-
lesterod y bilirrubina deben sev supervisados on crerlos individnes. 1n particular, la determinacion e
glucosa en los finidos corporals os de gran inportancia cn los individuos diabéiicos, quienes deben e
cucntemente comprobar of nivel de ghicosa o sus tuides corporales como medio de regular faingesta de
glucosa en la dieta. Aunque b presente diseripeion da <liri,gi<|:t hacia la delermivacion de la glucosa,
debe entenderse que ¢l procedimicnio y aparato do G prosente invencion pueden ser utilizados para 1o
determinacion de ofros analitos tras ta schoccion de la enizima apropiada. Bl dwpusllwo de diagmastico
ideal para la deteccion de glucoss en los (Quidos debe see sienple, de Torma que no reguiera mcalto 1 V||
de capacilacion Wenica por parte del aperario gque administra el andglisi :
son administrados por el propio paciente, la que npl roun énfasis ad
disponer de un andlisis que sea facil de llevae a cabo. Adicionatmente, dicho dispositive debe estar ha-
sado en clementos que sou to suficientemcnte extables para amoldarse a situaciones de almacenamiconto
prolongados.

Fn muchos casos, los analisis
mid el necesidad dee

los |)l<vu‘dunwnl<x~z para la deterninacion de o concentracion de analitos en Huidos |>u-xhu brasisrse
en la reaceidn (‘l((ll‘()(]lll[lll(d entre ¢l analito y una cuvitna especitica paca ol analito y i mediador e
mautenga la enzima en su estado de oxidacion inicsal, Fotre las cnziimas redox apropiadas se incluyen s
oxidasa, dvhidmgonns.u. catalasa y [)f‘r‘()\'i(l:h':l. Par ejemplo, en ol caso en el que fa glucosa ex el analito,

la reaccion o la glucosa oxidasa y oxigroo s copreseuta por Ja ccuacion {A).

slucos oxidasa (G
glucoss O i . » tlionotactons | 11,0,

(Al

o liberudo, en presencia de ona peroxidisa, ori-

ubsio de color os proporcional a nivel de bteoe

S un andlisis colorimétrico, el perdxido de iddrop
gitia un cambio de color en un indicador rocdox, cuave
en el Huido de andlisis. Aunque los analisis coloriantricos poeden realizarse de forma semi coantitativa
rediante ¢l uso de tablas de color para b ccanpuracion del camibio de color del indicador redox con ol
cainbio de color obtenido usando Ouidos de analings con una concentracion conocida de ghucosa, v =
pueden hacer més altamente cnantitatives moediands o loetara det resultado con un instrumento ospes

trofotomdtrico, los resaltados 1o =on wencrahiuente Canoxietos 1 se obticnen Lan capidamente come los
abtenidos usando un biosensar. Fn g jorms atdizada cn la presente mcthoria, o) Wrmino bioseisor «
indica para referirse a un dispositivo analitico gue ee pongde aloctivamente sofos analitos en e et ra
apropiada y convierle su concentracion on una vt clecirica por medio de una combinacion de ana
senal de reconocimiento biologico v im transdactor tisicsgpuinsico. Ademias de snomayor precision, un
biosensor ¢s an strunento que gencra uni sl el sicn dircctatnente, Tacilitando de dichis forma wn
diseno simpliticado. o principio, todo lo que necsilis hacor ol biosensor es medie el Liempo y leer 1a
de un bajo coste material dado que nna delgada capa

cormtente. Ademis, un biosersor ofrece i vents
de producio quitnico se deposita sobre los electrados, por 1o gque e despendicia poco material.

Con referencia a la couacion anterior (A), un cloctrodo apropiado pucde medir a formacion de HaO,
debido & la introduceion de electrones dentro del Quido de anadisis, segin la ccnacion 8:

1.0, Gy 210 20

)

Poteriormente, ¢ flujo de clectrones s convertida en Ja senal eléetrica que s¢ correlaciona directa-
mente con la concentracion de ghneosi.

et i imnestra

En da ctapa inicial de §a rencaion representada por Ja ecaacian (A), fa glicosa presente
de ensayo convierte ¢ centre dinodestide thavin wirnina (FAD) oxidado de la enzimia en su fortna redn-
cida (FADIE). Dado que dichos centros redox estdn esencialmente aistados léctricamente dentro de la
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(Y caleubar of nivel de analito corregido G resolviendo la «euacion (1):

o M A

pendiente

[4h]

en lu que Tty pendicnte sou la coordenada en origen y pendiente de ia, y Afi), i) es un ténnino de

carreccione de evrar proporcional ala polanizacion de foude catentada com
Tat pendicote Ti-=pia
Aiyig) - ( - i T -1
pendicnte | pendiente iy yesiy 1o
(2)

oo fa gque sy pepdiente de iy

oo it eitun uivel bajo de avadito,

[ i enoun nivel allo de aalito, y

k it alvel de ascala seleccionado

Breve descripcion de los dibujos

Lat presente invencion, conjrntamente con tos objctos y ventajas inencionados anleriormente, asi como
alros objefos ¥ ventajas, s comprendera mejor a parLiv de Ja deseripeion detallada siguiente de las fornas
de realizacion preferentas de la invencion dlustrada cu bos dibujos, en los que:

la Pigura 1 es ui grafico que ilustra o potencial y L corriente con relacion al tieinpo segin ol proce
dimicnto dee la invencion:

la ligari 2 e reprosentacion on fonna de diagrioma de Blogques de an digpositivo para deteruninar
oo valores G analito cnpleados para realizar of procedimicnuto de la invencion; y

fa Figara 3 e an diagrzana de lujo que ilustra fas etapas secuencialos realizadas por o] procesador de
fa bigara 2 segun e procecinento de la invencion.

Descripcion de la invencién
La prescote invetvioy o an procedindiento que reduce la polarizacion de fondo debida o as itupu-

rezas oxidablis ¢nan sensor arpetotuetrico sado para medir ananalito especifico, coma por cjemplo
ra sioes almaceuado dirante wn

ueosin, et saigre, ba corriende de tondo de dicho ~cusor se inerements
largo peric de ficupo o bajo cutres (calor, bumedad, ote) debide a s presencia incrementaeda de un
wedindor reducido oot ras inpureras redicidas presentes cu ol sensor, por ciemplo estabilizadores de
voackivos que wagan sguivalentes reductores. Por gamplo, cu .an
N Amperomerico basado en ferricianuro, la polarizacion de fondo esta relacionada con la presencin
de ferractomra (proasentc de o reduccion del femicianero) praxino a la superticie det electrodo, Fste
ferrocianiro a anolado, en oposicion al lerrocianure produacido durante of o det sensor {lerrocianiro
de untevis sportaciont s vaelve a o [ annro para redncir la polarizacion de fondo caasadi, y
de dicha lorma extender Ly vica on almacén dod secusor. Tara conseguir este objelivo, ¢l procedimicnto
ntiliza wi cufoque electroquimico. La polarizacion de fondo s reduce adicionatimente cuando la ~olucién
electraguim algoritinica.

cnzirtig Lalen cotno ghdanmato, y (e

ar [

ki CON LA COTreecion

~ AT

Coti veterencia a ln Pigara £, ¢l procedimiento de fa proseente invencion implica aplicar en primer lugar
un impulse de potencial positivo (lumado of impulso de “quemado”™) que precede al perdil noral del
potencial darante of uso del sensor. {sto se realiza normalinente mediante la aplicacion de un potencial
positivo dee L1 w0 0.9 voltios (preferentements de €,3 a 0,7 voltion) entre los electrodos de trabajo y de
referencia del sensor durante vu periodo de 1 a 15 segrmudos (preferentanente de 5 a 10 segundos). El
impulso de quemado oxida of ferroctanuro inicial (u otras impurezas oxidables), de forma que of seusor
preda cingnezar o analisis con ~in fondo. Noroalmente, of fondo no estd perfectamente ausente diclo goe
solamiente una parte o las impurezas oxidables se oxidan por of imputso de quemado. bsto o5 porque
la capa quanica cabre los ciecbrodos de teabisjo y de referencia, Bl lerrocianaro icial existe en la capa
quitnica dado que procede del terocianuro. Cuando el hido mucstra se aplica y la capa quimica s
rehidratas, of lerrocianaro proximo al clectrode de trabajo sc reoxida. El resto det terrocianuro se ditunde
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denteo del fhdido doomnestra y se wezcla con la glucosa. Dicha parte del leecracianure ioicial no pucden
ser reoXidida it alectar ata glacosa, 19 ferrocianuro inicial esta proxima ad electrodo durante un tiempo
oy corto b pocas segundos) unta vez que se aplica el finido de ranestr ded snalisis. La razon de lo
sulerior ex qie fox producios quiinicos (enzina y ferricianueo, cled se depositan comno una delgada capa
sobre los electrdos de (rabajo y de referencia. La téenica de quenado se aprovecha de lo anterior, dado
e una cantivcad sigoificativa del ferrocianuro inicial pucde ~er quemada sin uoa reduccidon apreciable
e b concendracion de analito en el fluide de muestra del analisis, (i tmayor parte del cial no se pone en
contacto direclg cou e elictrodo. Los experimentos han denostrado que fa polarizacion de fondo de un
sensor extrosndo s pruede reducir un 40% con la aplicacion apropiada de ion ilnpulso de quemado.

La polarizacion de fondo se piuede reducir adicionalimente nudianie ol uso de un algoritimo de co-
rreccion del clecto de fondo que trabaja en conjuncion con ol mpulso de guemado. 1 algorvitmo csta
basado o1 lia toma de dos lecturas de corriente. La primera lectura (i ) = toima durante el impulso de
queniado ¥ la sewimndda (i) al Hinal del tiempo de lectura, ex decir of Genpo transaigrido desde ol momnento
eu ol e se aplica of segundo impualso de polencial hasta el iomento ot aue se nide L corriente iq. 191
tietpro de foctaira ex 1 - (oo como se mnestra en {a Ffgiea L Posteriormente, se caleala ba ooncentracion
del analito n partir de bas dos lecturas de corrienie, 1) ¢ Ensayos en box sensores han mosirado que
el algoritmo de correccion del efecto de fondo es capaz de eliminar, ac meuos, el R0% de la polarizacién
de fondo mestante y. como resultado, se podrd mejorar {a estabilidad del sensor paea anpliac de foria
significativa la vida en alimacenamicnto.

Ui sensor amperomdtrico de glicosa del tipo il en la prictica de la presente inveneion se construye
coma sigues doe clectiodos de carbono se imprimen sobre un snatvato do ponero. A continuacion se de-
postta una capa de compooentes quitnicos sobte Jos cloctrodos v s doj «var. Una composicion guimica
preferente og 5 gl de nonedio que contiene 55 1inM de terrocianuwo (sal po 3,5 inidades de glucoxa
Y% de poli{éxide de etileno), 0,40% de cretoior comn tensoactive y 83 miM de an Lampen
e tosludar cond 7.2 de pll. Durante of andlisis de glucosa se aplica an perfil de polencial que consta de tees
perindos o tiempo comsecutivos al sensor.  Dichos periodos de Licnipo s seenencialiniente: o tiempo
de quetnado {normalmute 0,4 voltios durante 10 segundos); periodo de returdo (circuiteo abierto durante
15 segundos) y Licmpo de lectura (0,4 voltios, 5 segundos). I tiempeo exacto del peniodo de retardo
no es etitico pero oscila nrormalmente eotre 10y 40 segundos. bste penodo de relavdo da un tiempo
stficiente i la resceion para producir una cantidad de ferrocianuro suficicnie v pertnitic que la corriente
resultante doe la reoxidacian ded ferrocianure se pueda mediv sin dificuivad, Dichos periodos de tiempo se
Hustran en la Figara 1 que representa el potencial y la corviente con respucto al tieupo. Las medidas
de la corriente x toman al linal del periodo de quemado (i) v o Licurpo de bectisea (i) tras Jo cual
caleuli i concentracian de glicosa correspondiente usando Ls «enacion 1. Las constantes de {a ectacion,
por sjeuplo pendientes y coordenadas en origen son valores prodetarminideos.

lisin o1 i cual L phacosss os ol analito

I o dlisensson siguieale se refiere a una muestra de fluido de
que s desen detectar ¢ fmplica un sensor en el cual el ferricianure ¢« ol iediador Sin eabargo, la
diseuson o gaabmente aplicable a sistemnas para la detenninacion de ofros analitos y en los cnales las
expecies oxidables son distitdas al ferrocianiro,

La técnica de quentado, ex decir la aplicacion de un impuiso de potencial positivo a. electrodo para
oxidar al menos taa parte del mediador y de volverlo a sa fortna oxickisds < ilnstra on la Figuea 1 Bn la
Figura 1 oen fi cial e sepresentan los perfiles de potencial y corviente. L lamporizacion ex como sigie

Lp - ~ detexta fa mnestra y comienza el periodo de gquemado. La muesira se detecta mediante la
insereion det sensor dentro del instrumento lo que origina fa aplicacion inmediata de un potencial de
0.1 vollios. La cortiente ¢ cotuprucha continuamente para ver si se mide an wnbral superior a. ambral
predeterminado {por ciemplo 250 nA). Cuando se detecta una corriente mayor gnue el valor nmbral, la
nutestra ha sido detectadia y comienza el perfodo de tietnpo de quencudo,

ty - final did Licpo de quanade y medida de la corriente i,. Ta fougitud del periodo de quemado,
Ly -ka, o novtadmente de 5 a 10 segundos. B polencial s de 01 voltios en (4 pero cambia a un cir-
cuito abierto o a un potencial que reduce sustancialmente la corriente para minimizar .a velocidad de la
reacaion clectroquisnica en el clectrodo de trabajo para un periodo de retardo establecido Lras el periodo
de gquemado.

o - final ded periodo de retardo. La longitud del periodo de aspera, 1 - Gy, o8 normalmen(e de 10 a
10 segundon. Se aplica en Lz un polencial de 0,4 voltios.
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Eiste gjenplo explica latorma cnoque o algoritino corrige b polarizacion de iondo:

Se alinacenaron ocho seusores w o leniperabara por debajo de 2200 C durante dos sermanas y olros
ocho sensores se estresaron o W0 C darante cralro semanas. Jos 16 sensores s o wron usando sangre
entera que tenfa una concentracion de glineosa de 106 mg/dl. Los valores de los patdnictros se determi-
naron a partic de sensores <in estresacs bas lecturas de ghcosa, G xe caleularon de la manera siguiente:

ion de fondo: ecuacion 1 con kL

AL sio algoritino de correceion de polariza
B3 corveccidm parcial: ceuacion {eon k- 0.8,

Se caleuld la polavizacion eu tantos por cictlo usando la ceuacion 4 v los reanltados se incluyen la
Tabla 1.

.. G-100
Polyrizacion  ————x100%
1000

TABLA 1

Polarizacion a 100 ny

algoritmo sin correccion
quemado parcial (k . 0,8)
2207, 2 senatas 389 Y%

61.7% 15.0%

S C, 1 senanas

Lo la IFignrs, 2 s representa un dispositivo capaz de poner en priactica la invescion. Con referencia a
la Pigura 2, se roestra ana representaciou en forma de dizgrama de bloques de un dispositivo para deter-
minar con precision valores de analito desggudos como en su totalicad mediante el mbnero de referencia
10 y dispucsto segis tos principros de- ia presente invencido. 19 dispositive 10 incluye o microprocesador
12 conjuntamente con un dispositivo de memoria 1L B microprocesadon 12 esta programacdo de forma
apropiada paera levar 4 cubo er procediodento de la ivveocion en ke fonina ilustradae en ta Figara 3. Di-
versos digpositivos dispouibles cotnerdialnwentc, como pue cjanplo of micrecontrolador DSH000 tabricado
por Dalias Semiconductor s puede utilizar cono of microprocesador (2 v b memona i1, La imemaoria 14
purde ser inclisida dentro del microprocessdor 17 0 ser suministrada por separado en la forma ilustrada
on la Figurs 2.

Los dates digitales ded procesador 12 s aplican 4 un convertidor digital-analogico ([ A) 16, Bl cou-
vertidor D/A 16 convierte los datos digitales en npa sefial analogica. Un amplificador '® acoplado al
comvertidor D/A 16 ampiifica L seiad anafogicn. Baselida de b scnm avaldggics amplificada del amplifi-
eador 13 3¢ aptica al sensor 20

Bl sensor 20 estd acoplado « un ampliticador 22, La senal detectada amnpliticada se aplica 2 un con-
vertidor analégico-digital (A7 D) 29 que convierte la senal detectada analogica aniplificada en una senal
digital. La senal digital se aplicz 2 ao nderoprocesador 12,

Diversos dispositivos comercialmente disponibles pueden ser ntilizados como convertidor 1M/ A 16, los
amplificadores 18 y 20 y of convertidor A/D 24, Por ¢jemplo, un dispositive tipo PM-752F41°S, fabri-
cado por PMI puede utilizarse como convertidor 1D/A 16, Kl dispositive ainplificador operacional tipo
THOTAAC fabricado y veudido por Lincar Technology se puede utilizae como amplificadores 18 y 220 Un
dispositivo Lipo MAX 135 CWI fabricado v vendido por Maxum s puede utilizar como of convertidor

A/D 2.

Con referencia tandnén ada FFigura 3, s muestran las otapas secuenciales para una determinacion
exacta de analitos de la fnveucion. oictalinente, el microprocesador 12 aplica un imputso de quemado,
por ciemplo un potencial de 0,1 voltios, al sensor 20 en la forma indicada on ol blogue 300, A con-
tinuacion, ol microprocasador realiza una comprobacion para identificar una mnestra correspondiente

Y

an

ki

fl

0

ES 2 162 613 T3

a an vador de corriente ambrs

defectacda por ol sensor, en la forma indicada en o blogue de decision
302, Cuando se detecta uha moestra en el blague 502, se identitica no intervalo de Lienigeo de quenida
predeterminado, como por vjemplo 10 scgandos, cu o blogue de dedision 304, A continuacion s nide
la corriente iy en la Jorma indicada cu ol Mogue 306 v se aplica un cireailo abictto ab sensor 20, ety
forma indicada en el Blogue 3080 A continuacion se i 4 un intervato de Liempo de osperi o de
retardo establecido predeterininada, coro por cjemplo quinee {15) segundos en ol bloque de decisian 510,
Despudz del retardo establecido se aplica un Smpulso o potencial de foctura de 0,4 volios al sensor 20,
en la lorma indicada en el bloque 3120 A contanacion se identiflica gn intervido de tiempo de octara
predetertuinado para el iinpulseo de bectra, conw por cjemplo de 5 segundos, en ol blogue de dvision 3101
v la corviente iz es medida en la form indicada en o Dlogue 316, A cordiiacion, el inicroprocesisdor 12
obtiene los pardinctros alinacenados para an sensor 20 particular inchayendo It pendicnte i g, 1210
Sy v k, ent da torma indicada en ol blogue 3200 14 término de correccidn delta (i, i2) se calonta atilivanido
los pardimetros almacenados v medidos, corriente de quemado iy y corriente de lect iz, onn o forma

i
indicada en el blogue 322, A continnacion, se calenla o) valor del analito, como por cjemiplo G lectura
de la glucosa G, ulilizando ta corricute de loctira i2 y ol ténmino de correecion caledado delta Gy, iy}
multtipticado por el a b scleccionado, en la forina indicada en ol bloque 324

ar de e
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CALCULAR TERMINO
CORRECCTON

CELTA(I1, I1)

= INT/PEND.

( (PEND,*I1-51412)/
PEND*I1-10-61%12-10)-1)

322

CALCULAR LECTIRA

GLUCCSA :

G {12-INT) /FEND.

-K*DELTA(I1,I1)
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