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1, Process ‘or the determination of an enzyme from an
isoenzyme mixture in a liquid sample by inhdbition of the
disturhing isocenzymes and determinacion of the non-
inhibited eniyme, wherein the isoenzyme mixture is
contacted with one or more substances which are anhle to
inhibit the disturbing isoenzymes, the gample containing
the inhibiting substance(s) is transferred to a small-
pored reaction medium as hereinbefore defined and the
disturbirg enzyme is there inhibited and the
determination of the non-inhibited enzyme is ca.ried out
in thg resulting liquid, wherein the .isturbing enzyne is
not sepiérated from the enzyne.

2. Process according to claim 1, wherein the isoenzyme
mixture is contacted, in the presence of a large-~pored
material as hereinbefore defined wherein crie or more
substances which are able to inhibit the disturbing
isoenzymes are pnart of, or are within said large-pored
material.
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8. Test carrier €~ the rapid determination of an
énzyma from an isoenzyme mixture in a liquid sarp’e by
inhibition of the dis%“.cbing isoenzymes and determination
of the non-inhihited enzyme, said test carrier containing
a sample application regien and an evaluatica regica, as
well as several test layers, wherein, in the sample
application region, a large-porad material as
hereinbefore defined contains one or more substances
which are able to inhibit the disturbing isoenzymes, a
small-pored reaction medium as herzinbefore defined is in
direct contact thersto making paossible a liquid transport
from the large-pored material and in the evaluation
region are arrangad one or more layers which contain the
vubstances necessary for the determination of the non-
inhibited enzyme by means of a characteristic signal and
which are in contact with t'ie small-pored reaction medium
riaking possible a liquid transfer or which can be brought

into such & contact with this,
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COMPLETE SPECIFICATION FOR THE INVENTION ENTITLED:

Process and test carrier for the defermination of an enzyme from an isoenzyme

mixture

The following statement is a full description of this invention, including the best method

of performing it known to me/us:-
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The present invention is concerned with a process
for the determination of an enzyme from an isoenzyme
mixture in a liquid sample by inhibition of the
disturbing isoenzymes and determination of the non-
inhibited enzyme.

The present inventicn also provides a test carrier
for the rapid determination of an enzyme from an iso-
enzyme mixture in a liquid sample by inhibitiun of the
disturbing isoenzymes and determination of the non-
inhibited enzyme, which test carrier contains a sample
application region and evaluation region, as well as
several test layers.

Furthermore, the present invention is concerned
with the use of a test carrier for the determination of
an enzyme from an isdenzyme mixture in a liquid sample.

The determination of enzyme activities is an

important field in medical diagnosis. Thus, for example,

the determination of the activity of particular enzymes
in body fluids, such as blood, serum, plasma, urine,
liquor, saliva or duodenal juice, serves fo. ‘he assess-
ment of whether a disease is present or not. &xamples
therefor include lactate dehydrogenase (LDH), creatine
kinase (CK) and amylase. Alsd determinations of liquid
component materials which are themselves not enzymes

are often carried out by means of reactions in which
finally an enzyme activity is also measured which

represents a measure for the concentration of the
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component material to be determined. Such substances can
be determined by a combination of chemical and enzymatic
reactions or by enzymatic reactions alone. Immunological
determinations also often involve ah enzyme activity
determination. Examples therefor include, for example,
the so-called enzyme immuno assays (EIA) in which
enzymes are used for labelling substances and the
measured activity of which finally represents a measure
for the substance concentration to be determined.
Alkaline phosphatase, galactosidase and peroxidase are
often used as labelling enzymes.

A problem in the case of enzyme determinations

are false or non-informative measurements due to falsify-

~ing isoenzymes. Isoenzymes are to be understood ta be

enzymes which react with the same substrate to give the
same product but which display a different primary
structure (amino acid séquence) and/or a different
conformation. Such enzymes can originate from the same
or different source but they can also be of different
origin.

For the recognition of diseases of organs, use is
often made of the knowledge‘thét organ-specific
enzymes from different organs pass into body fluids.

In the case of diseases of an organ, the organ-specific
enzymes usually occurring in body fluids, for exaﬁple
blood, plasma, serum, urine, liquor, saliva or duodenal

juice, can be present in concentrations different from
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the normal measurement. However, isoenzymes frequently
falsify a clear diagnostic assessment. Thus, for
example, there exist isoenzymes bf thé muscle (M) and
heart (H) type of lactate dehydrogenase (LDH) of which
only the H4 type permits an assessment regarding‘the
course of a heart infarct. In the case of creatine
kinase (CK), isoenzymes of the muscle (MM); brain (BB)
and heart (MB) type are known but only the CK-MB variant
is relevant for heart diagnosis. a-Amylase exists as
the pancreatic (P) and salivary (S) type, P-a-amylase
being important for the diagnosis of the pancreas.
Immune tests frequently do not permit the use of
per se suitable labelling enzymea for the investigation
of undiluted samples because endogenic enzymes, i.e.
eﬁzymes present in the sample liquid to be investigated,
display an isoenzymatic activity. Thus, in blood
samples endogenic alkaline phosphatase and peroxidase
activities exist which do not permit the‘use of corres-
ponding lsoenzymatic labelling enzymes. Also for B-

galactosidase from Escherichia coli, which is often

used as a labelling enzyme, there is an isoenzyme in
body fluids which disturbs especially in the case of the
use of substrates with a low pK value.

For the detection of an enzyme from the isoenzyme
mixture, there are partiqular reaction mixtursy which,
to a certain extent, are successful. In published

European Patent Application No. 0,150,309, it is
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suggested, for the determination of pancreatic amylase
in the presénce of salivary amylase, to precipitate
the salivary isoenzyme by means of antibodies and to
separate off or to remove the salivary isoenzyme from
the sample by means of fixed antibodies. In both
cases, a separation step is necessary, which complicates
the analysis. The expenditure of time for the deter-
mination of pancreatic amylase in the presence of
salivary amylase according to this process amounts to
about half an hour, especially because of the time-
consuming incubation of the sample with the inhibiting
antibodies.

Clinical Chemistry, 28, 1525-1527/1982 describes
a process in which, for the determination of pancreatic
amylase in the presence of salivary amylase, the
disturbing salivary enzyme is inactivated by means of
an‘inhibitor isolated from wheat germs. This admittedlv
permits a measurement in homogeneous solution but, for
solutions with high amylase activity, a dilution is
recommended before the determination. Furthermore, the
selectivity is unsatisfactory. Also in the case of the
optimum inhibitor concentration, about 13% of the
activity of the salivary enzyme is retained, whereas
the activity of the pancreatic enzyme is reduced to
absut 8l%. The expenditure of time for carrying out
the process described in this cited literature reference

ig about 10 to 15 minutes, 5 minutes of which are
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employed for the inhibition of the salivary enzyme.

Federal Republic of Germany Patent Specification
No. 35 00 526 describes monoclonal antibodies which,
in homogenesuus solution, inhibit salivary amylase and
leave pancreatic amylase unaffected. For carrying out
the process for the determination of pancreatic amylase
in the presence of salivary awmylase, the sample liquid
is incubated with the antibody inhibiting the salivary
enzyme and thereafter the remaining amylase activity is
measured. The period of the incubation for the
inhibition of the disturbing isoenzymes is from 15 to
30 minutes.

In published Federal Republic of Germany Patent
Specification No. 35 25 926, it is described that, for
the determination of pancreatic amylase in the presence
of sallvary amylase, after inhibition of the salivary
isoenzyme‘by‘monoclonal antibodies, the necessary
incubation time for the inhibition can be substantially
redﬁced when, for the inhibition of the salivary amylase,
two antibodies are used, the first of which alone
achieves an inhibition of less than 93% and the second
antibody admittedly binds to the enzyme but only
achieves an inhipition of less than 5%. The incubation
time for inhibiting salivary amylase can thus be
shortened to about 5 minutes.

The above-mentioned literature references

exclusively describe wet tests which are those processes
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in which the sample is brought into contact with

sc utions or suspensions of the required reagents in a
cuvette, a test tube or an appropriate liquid container.
The precisely measured addition of reagents to the
sample to be investigated and further possibly
necessary steps require trained investigation personnel
and are, therefore, personnel- and time-intensive
because of the operations necessary during the deter-
mination procedure. In contradistinction thereto,
carrier-bound tests contain all the reagents necessary
for carrying out a process on a solid carrier so
arranged that, after application of the sample to be
investigated to the carrier, no further manipulations
by the investigating personnel on the sample liquid

are necessary., Clinical Chemistry, 31, 1000/1985 gives
an example for a carrier-bound isoenzyme test. A thin
film .lement 1s there described with which creatine
kinase B can be determined in the presence of creatine
kinase M. The process depends upon the inhibition of
the disturbing isoenzyme creatine kinase M by approp-
riate antibodies and measurement of the remaining
creatine kinase activity which is to be associated with
the creatine kinase B. The reagents needad for the
detertiination process are present on the test carrier
and come into contact with the liquid sample after
application thereof to the test carrier. The creatine

kinase isoenzyme test requires an incubation time of
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7 minutes for inhibiting the disturbing isoenzyme and
cannot bé carried out with whole blood.

Ar optimised version of this carrier-bound iso-
enzyme test is described in Clinical Chemistry, 32,
1130/1986. By optimisation of the conéentratiohs of
the reagents needed for the determination process, it
is possible to reduce the incubation time for inhibiting
the disturbing isoenzyme to 3.5 minutes. In all, for
the determination of the enzyme of inteiest, more chan
5 minutes are needed.

As the prior art .hows, processes are known for
the determination of an enzyme from an isocenzyme mixture
in a liquid sawple inhibiting the disturbing isoenzymes
and determining the non-inhibited enzyme. However, they
suffer from disadvahtages since, in part, they require
a geparation of a sample component, for example of the
disturbing iéoeuzyme,‘and are not applicable to
undiluted samples with a high amylaSe activity or for
whole blood. A general disadvantage of the processes
of the prior art is that, for the inhibition of the
disturbing isoenzyme, considerable incubation times are
necessary before the actual determination reaction can
be carried out. Hitherto, no isoenzyme test has been
known which 18 concludeu in less than 5 minutes. How-
ever, precisely for modern medical diagnosis, it 1is an
aim to carry out determinations as quickly as possible,

be it in order to make the urgently necessary decilsions
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for the treatment of emargency cases or in order to
diagnose a patient within a physician's consulténc;
period so as to be able to initiate the appropriate
therapy.

Therefore, it is an object of the preéent
invention to provide a possibility for determining an
enzyme from an isoenzyme mixture as quickly as possiblé
but in any case in less than 5 minutes. The determin-
ation should not require any separate separation step
for the isoenzyme and should be capable of teing
carried out as universally as possible with undiluted
liquid samples, especially body fluids, such as urine,
saliva, liquor, duodenal juice and preferably also
blood plasma, blood serum and whole blood. Whole blood,
plasma and serum samples should provide comparable
results., Furthermore, the isoenzyme determination
should be éapable of being carried out with the smallest
possible amounts of sample.

Thus, according to the present invention, there
is provided a process for che determination of én
enzyme frcom an isocenzyme mixture in a liquid sample by
inhibition of the disturbing iSOenzymeé aﬁd determin=
ation of the non-inhibited enzyme, wherein the iso-
enzyme mixture i1s contacted with one or more substances
which are able to inhibit the disturbing isoenzymes, |
the sample containing the inhibiting substance(s) is

transferred to a small-pored reaction medium and the
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~disturbing enzyme is there inhibited and the determin-

ation of the non-inhibited enzyme is caryied out in
the resulting liquid.

Furthermore, the present invention provides a
test carrier for the rapid determinétion of an‘enzyme
from an isoenzyme mixture in a liquid sample by
inhibition of the disturbing isoenzymés and determin-
ation of the non-inhibited enzyme, said test carrier
containing a sample application region and an
evaluation region, as well as several test layers,
wherein, in the sample apolication region, a large-
pored material contains one or moxre substances which
are able to inhibit the disturbing isoenzymes, a small~

pored reaction mediuvm is in direct contact thereto

‘making possible a liquld transport from the large-pored

matarial and in the evaluation region are arranged one
cr wore layers which contain the substances necessary
for the deterwination of the non-inhibited enzyme by
means of a charactexistic signal and which are in
contact with the small-pored feaction medium making
possible a liquid transfer or which can be brought into
such a contact with this. o

The object of the present invention is especilally
solved by the use of an above-described test carrier
for the determination of an enzyme from an isocenzyme

mixture in a liquid samplas.
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The present invention depends essentially on the
fact that we have, surprisingly, found that a very
rapid determination of an enzyme from an isoenzyme
mixture in a liquid sample is possible by inhibition
of disturbing isoenzymes and determination of the non-
inhibited enzyme when a liquid sample (by which is also
to be understoo' & ii.,uid derived from the sample) is
mixed with the substdnce(s) directed against the
disturbing 1soenzymes and the liquid containing this
substance or these substances is then transferred into
a small-pored reaction medium where the inhibition of
the disturbing isoenzymes essentially takes place.

The inhibition is concluded within a very short period
of time of the order of less than one wminute. Subse-
quently, the determination of the nan-inhibited enzyme
can take place in known manner.

As liquid sample, there can, in principle, be
used any liquid containing the enzyme to be determined
in an isoanzyme mixture. Preferred are body fluids,
such as blood, plasma, serum, urine, liquor, saliva or
duodenal jutce, blood, plasma and serum belng quite
especially preferved. When using whole blood, in most
cases it 1s recommended to remove cellular blood
components, especially erythrocytes, before contacting
the sample with substances directed against disturbing
isoenzymes. When body £luids are to be invegtigated,
they do not have to be diluted for carrying out the

process according to the present invention.
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By inhibition is to be underétood the complete
inhibitiecr of an enzyme activity. According to tlie
present invention, by a complete inhibition is to be
understood an inhibition of more than 90% and prelast:
ably of more than 95%, This means the isoenzyme to be
inhibited must, after inkibition, display less than
10% and preferably less than 5% of residual activity.

For the process according to the present
invention, all substances can be used for inhibiting
isoenzymes which [ulfil the above-mentioned conditions
and'which, furthermore, do not substantially influence
the activity of the enzyme to be determined. The cross-
reactivity of substaices inhibiting ~he disturbing iso-
enzymes with the enzymé to be determined should
advantageously be less than 5%, Furthermore, the
inhibiting substances to be used for the process accord-
ing to the present invention should not negatively
influence the determination of the non-inhibited enzyme.

In principle, for the précess according to the
present inention, all inhibiting substances can be
used which fulfil the above-given conditions. Antibodies
against the disturbing isocnzymea having proved to be
especlally useful. Monoclonal antibodies have a quite
specific inhibiting action. Such antibodies have already
been described or the production thereof is known. For
the determination process according to the present

invention, antibodies as such or the corresponding
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fragments thereof displaying inhibiting properties can
be used. Therzfore, the term "antibodies' is here
also o be understcod to include such fragments.

From published Federal Republic of Germany Patent
Specification No. 35 Q0 526 are known monoclonal antiw~
bodies which specifically inhibit salivary a-amylase.
Such antibodies have been deposited at the NCACC
(National Collection of Animal Cell Cultures, Porton
Down, GB) under the uumbers (99D12) 84122003 and
(89E2) 84122004. Such antibodies can be advantageously
used for deterwining pancreatic a-amylase in the
presence of salivary a-amylase by the process according
to the present invention. The same applies to the
combination of two antibodies against salivary «a-amylase
described in published Federal Republic of Germany
Paizent Specification No. 35 25 926. Such antibodies
have been depesited at the NCACC (Nationzl Collection
of Ariimal Cwell Cultures, Porton Down, GB) under the
mumbers (99D12) 84122003 and (89E2) 84122004, as well
as 84111301 and 84111302. Especially the combination
of the monoclonal antibodies directed against salivary
a-amylase with the deposit numbers 84122003 and 84111301
or 34122004 and 84111301 has proved to be outstandingly
useful for the process according to the present
invention for the determination of pancreatic o-amylase
ln the pr sence of salivary a-amylase.

For the process according to the present invention,
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it is necessary that the isoenzyme mixture is contacted
with inhibiting substances direct against the disturb-
ing isoenzymes. This is to be understood to mean that
the substances are added to the isoenzyme mixture or
vice versa. It is advantageous when ihe isoenzyme
mixture ie added to the inhibiting substance aund takes
this up in such a manner that a nomogeneous medium is
formed. Homogeneous medium means that fhe substance is
present in intimate admixture with the isoenzyme
mixture. After contacting by the isoenzyme mixture,
the substance is advantageously dissolved in the liquid
of the sample.

The inhibition of the¢ disturbing isoenzyme can,

in part, already take place during the contacting of
the isoenzyme mixture with the inhibiting stbstance.
In order to achieve a rapid and complete inhibition,
the sample containing the inhibiting substance must,
however, be transferred as quickly as possible into a
small~pored reaction medium where the inhibition takes
place quickly and completely. Advantageously, the
sample is introduced into the small-pored reaction
medium within lesy than one minute, preferably within
a few seconds, after contacting with the inhibiting
substance. Disturbing enzymes are there inhibited in
a very short time, as a rule in one minute i less.

The determination of the remaining enzyme activity,

which corresponds to the activity of the enzyme to be
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determined, c¢an then take placé by addition of the
necessary reagents within the small-pored reaction
medium cx che sample can be removed from the small-
pored reaction medium and investigated outside of this
material for the enzyme to be determined. The deter-
mination of the non-inhib’ted enzyme takes place by

means of known substrates according to known methods.

‘For the determination of pancreatic a-amylase, there

ran, for example, be correspondingly carried out the

processes described, for example, in published Federal

‘Republic of Germany Patent Specifications Nos. 35 00 526

and 35 25 926, published European Patent Specification
No. 0 150 309 and Fresenius, Z. Anal. Chem., 324, 304 -
305/1986. o

The process according to the present invention
can be carried out especially quickly and advantage-
ously in carrier-bound form. Carrier-bound means that
all the reagents and materials necessary for carrying
out the process are arrangéd on an, inert‘carriér‘and
preferably an inert synthetic material. The carrier-
bound carrying out of the process makes possible a very
rapid determination of the desired enzyme even with
very small amounts of sample.

For the process accordirg to th¢ present invention,
especially in carrier-bound form, the substanc: inhibit-
ing disturbing isvenzymes is so applied to a large-pored

material that it is dissolved off in the wiase of contacr
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with the liquid sample.v The isoenzyme mixture is
applied to this so-loaded large-pored material and the
inhibiting substance is dissolved off. By means of
physical forces, for example gravity or capillary
forces but preferably by capillary forces, the liquid
containing the inhibiting substance is then transferred
into the small-pored reaction medium. This can take
place indirectly via another material but advantageously
directly by a contact between large- and small-pcred
material making possible a direct liquid transport.
Large-pored materials in the meaning of the
present invention are, in principle, all materials which
have such a large surface area that an amount of
inhibiting substance sufficient for the process accord-
ing to the present invention can be applied and this
can rapidly be dissolved off in the case of contact with
liquid and which makes possible a rapid passirg through
of liquid. The dissolving off of the inhibitor from the
large-pored material and the liquid transport in the
small-pored reaction medium must not represent a
velocity-determining step of the determination process.
There are preferably used fleece or fabrics of monofilar
or multifilar woven type of swellable or non-swellable
mzaterial. Because of their smaller liquid retention
capacity, which is very important especially in the
case of the investigation of small amounts of sample,

non-swellable materials are especially preferably used.
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By liquid retention capacity is understood that amount
of liquid which cannot be sucked out of the large-
pored material by the suction force of the small-pored
maferial and remains there. Preferably, the liquid
retention capacity should be less than 207% and espec-
ially preferably‘less‘than 10% of the sample volume
used. Appropriate large-pored materials are preferably
made of polyester. Nylon fabrics or mixed fabrics of
nylon and polyester can also be‘used. Especially pre-
ferred are large-pored mateéials with an air passage,
referred to the pore size, of more than 2000 1./m? sec.
We have found that below this air passage limit,‘thé
sampla passage through the large-pored material no
longer takes place quickly enough as is necessary
according to the present invention but rather that the
liquid transport through this material and from this
material becomes the speed-determining step. The large-
pored material is preferably a fabric with a thickness
of from 70 to 140 pm. and an air passage of from 2000 to
10000 1./m? sec. and especially those fabrics with a
thickness of from 85 to 105 pm. and from 4000 to 7000
1./m? sec. air passage. Single filament endless fleece
of comparable thickness and pore width can also be used.
The small-pored reaction medium in the meaning of

the present invention is a material the surface of which

is wettable by the liquid sample to be investigated and

which possesses pores smaller than 25 pm., preferably
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with a size of from 0.5 to 25 pym. and especially
preferably of from 1 to 10 pm. The lower limit of the
pore size is determined by the viscosity of the
undiluted isuo0le > mples, especially those of blood,

5 plasma or serum. If this lower limit is gone below,
the complete take-up of the sample into the small-pored
reaction medium becomes the rate-determining step of
the determination process. Since, as we have found,

v el the inhibition of disturbing enzymes takes place sub-

ﬁ:f( 10 stantially more quickly within the small-pored reaction
medium than on the outer surface of the reaction wedium
or without such a small-pored material, the sample
liquid must be able to penetrate as quickly as possible
into the small pores. The pore upper limit is given by

15 the fact that, above this pore size, because of the
smaller capillary forces, the take-up speed of the
sample is also so low that materials with pores above
this limit no longer permit the achievement of the
object according to the present invention.

s 20 For the process according to the present invention,
the absorbent capacity of the small~pored reaction
medium should be £rom 5 to 100 ul./cmz. The thickness
of the material can be from 80 to 1000 pm.

For the preferred case that the determination of

25  the non-inhibited enzynme is not to take place in the
small-pored medium but »-ther in another reaction

medium, compressable materials are especilally
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advantageous as small-pored reaction medium. The ligquid
to be investigated for its residual agtivity can then
easily be transferred from the small-pored reaction
medium into another material by pressing the latter on
to the former so that, by means of this pressure; a
contact is produced making possible a liquid transport.
The liquid transport is essentially brought about by
physical forces, such as gravity and/or capillary
forces.

Not only for the large-pored material but also
for the small-pored material which are used in fhe
process according to the present invention, it is
important that it does not enter into any bondings,
either of an adsorptive or of a chemical nature, with
sample component haterials. In this connection, by
sample component materials are understood not only the
substances originally contained in the sample to be
investigated but also substances and reagents which get
into the sample during the determination process.
Undesired bindings can giVe‘rise to falsified measﬁre-
ment results. Materials which, as such, would, in this
sense, enter into bindings with sample component
materials, can possibly be so treated that they lose
the undesired property of non-~specific binding of sample
component materials. Materisls treated in this manner
can then also be used for the process according to the

present invention as small-pored or large-pored materials.
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Measures for the suppression of undesired non-specific
bindings of sample component materials to solid
materials are well known from the‘prior art. For
example, the undesired non-specific binding of sample
proteins to the test carrier materials can be overcome
by treating these materials with albumin.

Advantageously preferred as‘small-pored reaction
media are fabrics, fleece, membranes and films which
possess the above-given properties.

Materials which can be used for the small-pored
reaction medium are membranes, the surfaces of which
are possibly so modified that no undesired binding of
sample component materials takes place in the above-
mentioned sense. Such materials, which are commercially
available, include, for example, Loprodyne(g of Pall,
Glengrove, New York, U.S.A. and hydrophilic Durapore®
of Millipore, Bedford, U.S.A. Cellulose and cellulose
derivative membranes saturated by means of inert
proteins, fbr example albumin, can also be used.
C:llulose derivatives include, for example, cellulose
esters, cellulose ethers and nitrocellulose. Nylon
membranes treated against non-specific binding can also
be used as small-pored reaction media in the process
according to the presént invention.

Also advantageously u-~able are films which are
porous possibly because of the pfesence of correspondidg

component materials, for example kieselguhr. Such so-
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called open films are described, for example, in
published European Patent Specification No. 0,016,387.

Fleece based on viscose staple fibre, glaswy
fibres or synthetic materials, such as nylon, polyester
and polyethylene, can also be advantageously used.

Especially preferred as small-pored reaction
medium are membranes with pores of from 3 to 7 um. and
especially of about 5 pm., and glass fibre fleece with
pores of from 1 to 10 pm. and especially of from 1 to
5 pm.

For the carrying out of the process according to
the present invention in carrier-bound form, it has
proved to be especially advantageous when the pore size
ratio of the large-pored material to the small-pored
reaction medium is from 2 to 2000, preferably from 5 to
500 and quite especially preferably from 10 to 100.

For carrying out the process according to the
present invention in carrier-bound form, a test carrier
can be used which contains a sample application region
and an evaluation region, as well as several test layers.
Test carriers are frequently formed as longitudinal test
strips. However, tast carriers are also known which are
made as quadratic or rectangular platelets. Test
carriers consist essentially of test layers, i.e.
materials which contain the reagents necessary for the
tesﬁ to be carried out. However, as in the present case,

test layers can participate in the construction of the
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test carrier which carry no reagents but rather which,
£or example, on the basis of their material structure,
transport the liquid to be investigated from one test
layer to another which, as reaction medium, quasi like
a reaction vessel, takes up substances reacting with
orte another or which acts as a filter for certain
sample component materials.

Test carriers in general and especially also
according to the present invention can be divided wup
into a sample application region and an evaluation
region. The sample application region is the zone of
the test carrier to which the sample is applied. The
evaluation region is the zone where, as a result of the
investigation, a signal is meagured which 1s a measure
for the parameter to be determined. The sample
application region and the evaluation region are mostly
not identical but rather, as also in the case of the
present invention, are connected with one anothexr by a
medium making possible a liquid transport.

The test carrier according to the present
invention ceontains, in the sample application region,
large-pored material of the previously described type
which containg one or more substancey as were previously
mentioned and which are able to inhibit isoenzymes
which disturb the deltermination of an enzyme from an
isoenzyme mixture. $ubsequent thereto, a small-pored

material of the previously described type, which serves
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as 2 reaction medium, is so arranged that it is in
contact with the large-pored material making possible
a liquid tranéport tberefrom. The small-pored
material connects the sample application region and
the evaluation region of the test carrier according to
the present invention and thus, besides its function
as a redction medium for inhibiting disturbing iso-
enzymes, also serves for the transport of the liquid
sample to be investigated from the sample application
region into the evaluation region.

The evaluation region of the test carrier accord-
ing to the present invention contains one or more
signal-forming layers. The signal-foxrming layers con-
tain the reagents necessary for the determination of
the non-inhibited enzyme and are so arranged that they
are in contact with the small-pored reaction medium
making possible a liquid transfer or can be brought into
such a contact therewith. Preferably, not only with
the contact between Lhe signal-forming layers and the
small-pored reaction medium but also with the contact
between the small-pored reaction medium and the large-
pored inhibitor carrier is, in each case, meant a
lasminar contact so that a contact surface which 1s as
large as possible is produced.

In the case of contact of the liquid to be
investigated with the detecticn reagents of the signal-

forming layers, a deteéectable gignal is produced which
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represents a measure for the amount of the nonQinhibited
enzvite. The present invintion is concerned especially
with those cases in which, as detectable signal, a
characieristic colour change is produced, a colour
formation thereby also being regarded as a colour

change (from c¢olourless to coloured). As reagents for
the determination of the non-inhibited enzyme from an
isoenzyme mixture, there zan be used those previously
mentioned for the determination process.

If the reagents necessary for the signal-forming
reaction are‘cohpatible‘with one another and do not have
a negative influence, for example with regard to their
Stability, then the reagents can be present together in
one layer. However, it can possibiy be necessary
spatially to separaﬁe the determination reagents and to
provide them on several léyers¢ In this case, there
are then seveﬁal signal-forming layers which only in
total contain all of the reagents necessary for the
determination reaction. -

One embodiment of a preferred test carrier accord-
ing to the present invention contains these signal-
forming layers so arranged that they either stand full-
facedly in contact with otie another or can so be brought
into contact with one another. Such a contact must have
the result that liquid can pass over from one layer into
the othex.

If the reagents necessary for the determination
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reaction are contained in several signal-forming layers,
all must be in contact with the small-pcred reaction
medium making possible a liquid traunsfer or can be
brought into such a contact therewith. In a preferred
emhodiment of the test carrier according to the present
invention, only one of several layers each containing
parts of the determination reagents is in direct
contact with the small-pored material or can be brought
into direct contact therewith. The other layers con-
taining the remainder of the reagents necessary for the
determination reaction are above this previously-
mentioned layer in indirect contact with the small-
pored reaction medium or can be brought into such an
indirect contact therewith. Indirect contact here
means that these layers have no direct contact making
possible a liquid trangfer but rather liquid can only
pass over via a layer lying therebetween.

A signal-forming layer of the test carrier
according to the present inveutlon consists of a
material which carries all or a part of the reagents
necessary for the determination of the non-inhibited
enzyme. This reagent carrier material can, in
principle, he gselected from all materials usually
employed for this purpose. They can be, for exampie,
absorbent ¢. :wellable, porous or non-porous materials
or there can algo be used those which, in the case of

contact with the liquid to be investigated, dissolve
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therein. By way of example, there may be mentioned
cellulose, filter paper, synthetic material or glass
fibre fleece, polyvinyl esters and polyamide films,
as well as films of, for example, xanthan gum.
Absorbent, swellable and/or porous materials are pre-
ferred which ensure a goed liquid transfer from the
small-pored reaction medium into the signal-forming
layer(s).

The signal ptoduced in the signal-forming layerx
or layers can, in the case of a colour change, be
determined not only visually but also photometrically,

a reflection-photometric measurement of the s.gnal

produced being especially preferred,

When the test carrier according to the present
invention is to be used for the determinatlon of an
enzyme from an isoenzyme mixture in blood, it
advéntageously has, in the sample application regiom,
a layer for the separation of cellular components from
blood. Porous layers such as are known, for example,
from published European Patent Specification No.
0,045,476 are especlally advantageously used. The
separation layev is so arranged in the test carrier
according to the present inventilon that the sampie to
be investigated Eirst contacts the large-pored layer
after passage through this separation layer.

The advantage of the present ilnvention is, in

parti- slar, to be geen in the fact that it 1s possible
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for the first time to determine an enzyme from an iso-

enzy..e mixture in less than 5 minutes and preferably

even in less than 3 minutes. This is, in particular,
a~hieved in that disturbing isoenzymes are inhibited
very quickly, preferably iw one minute cr less, in the
small-pored reaction medium used according to the
present invention. Furthermore, for an enzyme determin-
ation according to the present invention, n- separate
separation step is necessary for disturbing isoenzymes.

In general, undiluted liquid samples, especially body

fluids, can be investigated and it is especially

advantageously to be stressed that blood and plasma or
serum samples provide comparable regults. Finally.
especially in thu case of the use of test carriers
according to the present invention, amounts of sample
of 30 ul. or less suffice f-r the determination of the
desired enzyme.

The present inventiuwn will now be explailned in
more detail in the following, with reference to the
embodiments illustrated schematically in the accompany-
ing dvuwings, in which:

Flg. 1, 2 and 3 show cross-sections through different
embodiments of test carriers according to the
present invention; and

Flg. 4 shows a side view of a preferred embodiment of
a test carrier ancording to the present

invention.
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Fig. 1 shows in cross-section a test carrier in
which all the test layers are in contact‘making possible
a liquid transfer, the test layers being held together
by a frame (8). The frame (8) éan‘consist of the wmost
varied materials. It only heas to fulfil the task of
holding the test layers together. There can be used,
for example, a melt adhesive strip or also a paperboard
frame, such as is known, for example, from photographic
diapositives.

The sample application region consists of layers
(1) and (2). (1) is a layer for the separation of
cellular components from blood, esp2cially of erythro-
cytes. This blood cell separation layer makes it
possible to carry out the process according to the
present invention for the determination o. an enzyme
from an iscenzyme mixture in whole blood without

previously having to remove the blood cells separately.

‘As material for the blood cell separation layer, there

can, in principle, be used all materials known for this
purpose. However, it is especially preferred to use
glass fibre fleece, such as are described in published
European Patent Specification‘No. 0,045,476. 1If whole
blood samples are not to be investigated vith the test
carrier according to the present invention but rather
vnly samples which do not require the removal of
celilular components, then a separation layer is also

nok necessary. In order to ensure a uniform wetting of
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the test layers of the test carrier over the whole of
cheixr surface, it‘is, however, recommended to arrange
over the remaininyg test layers a layer (1) which is
able to spread the applied sample‘liquid even when no
cellular sample components are to be separated off.
Appropriate materials for such spreading layers are
known from the prior art. A glass fibre fleece accord-
ing to published Europeran Patent Specification No.
0,045,476 brings about not only a separation of cellular
blood components but also a uniform wetting of the
underlying test layers over the whole of their surface.
(2) is a laywer of large-pored material which contains

the substance inhibiting the disturbing isoenzymes and

(3) is the small-pored reaction medium in which the

disturbing isoenzymes are inhibited. (4) is a signal-

forming layer which contains the reagents necessary for

the determination of tﬁe non-inhibited enzyme and
represents the evaluation region of the test carrier.
When using the test carrier of Fig. 1 for the
Jdetermination of an enzyme in an igoenzyme nixture, the
liquid sample to be investigated is applied to the
laiyer (1) where a uniform distribution on the whole of
the surface of the test layer takes place. When the
sample to be investigated is whole blood, layer (1) is
a material which, furthermore, is able to sépaiate off
celluiar blood components. The liquid passes due to

gravity and on the basis of capillary forces intc the
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large-pored layer (2), where it dissolves off the
substance inhibiting the disturbing iscenzyme. The
liquid mixed with this substance is sucked up very
quickly into the small-pored reaction medium (3).

For a quantitative determination of the sample, it is
necessary that the liquid retention capacity of the
layer (2) is as small as possible. 1In layer (3) there
takes place the inhibition of the isoenzymes disturbing
the determination of the desired enzyme before the
liquid reaches the signal-forming layer and there
produces a signal which represents a measure for the
amount of enzyme to be determined in the sample. A
colour change in the signal-forming layer is preferably
caused by the =nzyme to be determined. This colour
change can be measured on the side of the layer &
remote from the sample application side visually or
photometrically and especially preferably reflecticn
photometrically.

Fig. 2 differs from Fig. 1 in that the illustrated
¢mbodiment of the test carrier according to the present
invention does not contain all of the re:zgents necessary
for the determination of the enzyme to be measured in a
single signal-forming layer. On the contrary, the
reagents are here divided on layers (5) and (6) which
together represent the evaluation region., Thus,
reagents which are “ncompatible with one another can be

spatially separsted irom one another in an advantageous
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manner. The liquid to be investigated takes up, upon
its passage through the layer (5), theireagents
necessary for a reaction with reagents of layer (6) or
the first reaction steps of a reaction sequence take
place in layer (5) with the reagents there present, the
reaction sequence then being completed with the reagents
present in the layer (6).

In Fig. 3, the evaluation region is formed like a
flap, layers (5) and (6) containing the reagents
necessary for the determination reaction in spatially
separated form. For a better handling, layer (6) is
applied to a transparent film (7) which is inert for
the determination reaction and is connected with the
frame (8) by means of a movable hinge-like element (9).
With the help of the flap-like arrangement of the
layers (5) and (6), it is possible to start a chrono-
logically precisely defined determination reaction.

I1f, after sample application, the liquid has penetrated
through to the layer (5) and has dissolved the reagents
there present or if it has entered with the reagents
nresent therein into the first reaction step of a
reaction sequence consisting of several reaction steps,
then, at a definite point of time, by closing the flap,
the layer (6) is brought into contact with the layer (5)
and the liquid passes over into this layer. The
determination reaction is brought to completion and can

be observed visually or photometrically over a definite,
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known period of time through tte transparent film (7).

Fig. 4 shows a preferred embodiment of a test
carrier in strip form. On a stiff base film (10) are
fixed the test layers necessary for the determination
with melt adhesive strips (11) and (20). In sample
application region (18) are arranged, under a covering
mesh (12) of synthetic material, preferably polyester,

a fleece for separating off cellular components from
blood (13), preferably a glass fibre fleece, and a large-
pored inhibitor carrier (14). A small-pored reaction
medium (15) is in contact with the inhibitor carrier
(14), making possible a liquid transfer, and extends,
lying on the base film (10), from the sample application
region (18) into evaluation region (19). Signal-forming
layers (16) and (17) are so fixed with a melt adhesive
strip (20) on to the stiff base £ilm (10) that they are
present in the evaluation region but do not contact the
small-pored reaction medium (15).

For carrying out the process according to the
present invention by means of the test carrier of Fig. 4,
a liquid sample, for example whole blood, is applied to
the covering mesh (12). The liquid sample passes
through the covering mesh into layer (13) where, in the
case of the use of whole blood as sample, cellular
blood components are held back. On the basis of gravity
and of capillary forces, the sample passes into the

inhibitor carrier (14) where the substance inhibiting
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the disturbing isoenzyme is dissolved off. The sample
with the inhibitor is sucked very quickly into the
small-pored reaction medium (15), where the inhibition
takes place very quickly. Due to capillary forces,

the s-mple in the small-pored reaction medium is’trans-
ported from the sample application regilon (18) into

the evaluation region (19). After conclusicn of the
inhibition of disturbing isoenzymes, the layers (16)
and (17) provided for the determination of the non-
inhibited enzyme are so pressed on to the small-pored
reaction medium (15) that the reagents present in these
layers come into contact with the liquid to be investi-
gated. A colour cliange occurring in layer (17) as a
neasure for the amount of enzyme in the sample to be
determined can be measured visually or photometrically
and preferably reflection photometrically in this layer
from the side lying opposite the base film (10).

It is self-evident that the dimensions of the
test carrier and especially the dimensions of the
individual test layers must be addpted to the sample
volumes to be investigated.

The following Examples are given for the purpose
of illustrating the present invention. Nevertheless the
examples should not represent a restriction of the matter

of present invention:

Example 1.

Comparison of various test carriers with different

material combinations for inhibitor carrier and

small-pored reaction medium.
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A) Production of the test carrier.

Four test carriers according to Fig. 4 are
produced in which the inhibitor carrier (14) in the
case of model 1 consists of polyester fabric multi 14
normal with a pore size of 100 pm. (Schweizer Seiden-
gazefabrik, Thal, Switzerland), in the case of model 2
also of polyester fabric multi 14 normal with a pore
size of.lOO pm. (Schweizer Seidengazefabrik, Thal,
Switzerland), in the case of model 3 of long fibre paper
with a surface weight of about 17 g./m2 and a pore size
of from about 50 - 300 pm. (Schdller & HOsch, Federal
Republic of Germany) and in the case of model 4 of a
nylon membrane with a pore size of 1.2 pym. (Pall,
Glengrove, New York, U.S.A.), these materials being,
in each case, impregnated with an aqueous solution which
contalns the following components:

100 mM phosphate buffer (pH 7.0)

50 mM sodium chloride

1 wt.% crotein C (Croda, Cheshire, Great Britain) and
so many mg./ml. of anti-salivary amylase antibody ot
the deposit numbers 84122004 and 84111301 in the ratio
of 5:1 that there is provided an amount of about 10 to
12 pg. of ant:ibody/cm2 of fabric.

The small-pored reaction medium (15) consists, in
model 1, of a glass fibre fleece of the firm Binzer
(Hatzfeld, Federal Republic of Germany) with a pore

size of about 1 to ! pm., in model 2 of a nylon membrane
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with a pore size of 0.45 pm. (Pall, Glengrove, New
York, U.S.A.), in model 3 of a glass fibre fleece_of
the firm Binzer (Hatzfeld, Federal Republic ofIGermany)
with a pore size of about 1 to 5 pym. and in model 4
also of a glass fibre fleece of the firm Binzer .
(Hatzfeld, Federal Republic of Germany), with a pore
size of about 1 to 5 um.

In the case of all of the models, the signal-

forming layer (16) consists of ¢ polyamide fabric

.(NYZOHC, Zircher Beuteltuchfabrik, Zurich, Switzerland)

which was impregnated with the following aqueous

solution:

5.8 g./litre 2-metﬁoxy—4~morpholinobenzenediazonium
chloride x zinc chloride and

20% by weight methanol,

s¢ that there was provided an amount of about 15.5 pg./

cm2 of diazonium salt.

Layer (17) is a reagent film on a film of
synthetic material, The film is so produced that a
solution of:

3 g. Keltrol F (Kelco, Dreieich, Federal Republic of
Geymany) _

15.5 g. sudium phosphate for phoSphate_buffer (pH 7.0)

0.6 g. sodium chloride

1 MU a-glucosidase and

25 g. indoxymaltoheptaoside (Boehringer Mannheim GmbH,

Mannheim, Federzl Republic of Germany)
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in 1 litre of water is coated at a temperature of from
0 to 4°C. on to a polycarbonate film of the firm Lonza,
Weyl, Federal Republic of Germany, so that there is
obtained an amount of 6 U/cm2 of enzyme and 140 pg./cmz
of indicator.

As erythrocyte separation fleece (13), for all
four models, there is used a glass fibre fleece of the
firm Binzer (Hatzfeld, Federal Republic of Germany)
with a pore size of 5 - 25 um. A polyester mesh (12)
(Jixcher Beuteltuchfabrik, Ziirich, Switzerland) is also
used for all fcur models. The polyester mesh (12) and
the erythrocyte separation fleece (13) are cut up into
6 X 6 mm.-sized pieces, the inhibitor carrier (14) into
6 x 7 mm.-sized pieces, the small-pored reaction medium
(15) into 16 x 6 mm.-sized pieces and the signal-
formation layers (16) and (17) into 13 x 6 mm.-sized
pieces, arranged as shown in Fig. 4 and fixed with melt
adhesive strips on to a stiff polystyrene film with a
gize of 100 x 6 mm. as base layer (10).

B) Carrying out of the determination process.

Blood and serum samples from a4 donor contain 42 U/
litre of pancreatic a-amylase. The samples are made up
with salivary amylase to a total of 8500 U/litre
salivary a-amylase. In each case, 30 pl. of sample are
applied to the covering mesh (12) of the individual
carriers of models 1 to 4. The test carrlers are

investigated in a reflection photometer of the type
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Reflotron<:)of the firm Boehringer Mannheim GmbH,

Mannheim, Federal Republic of Germany.

is, in all, 170 seconds.

The test time

1 Minute after sample

application, the layers (17) and (16) are pressed on

to the reaction medium and the determination reaction
of the non-inhibited amylase portion is thus started.
The colour formation is monitored reflection photo-
metrically at 567 nm. The followiﬁg results are
obtained:
Table 1
.modél . salivary measurement , divergence " nature
i a-amylase value (variation of
| used in U/L! in U/1. coefficient) ;| sample
1 8500 | 235 2.9 serum |
1 ss00 | 231 3.5 | blood |
2 8500 520 25.4 serum
2 8500 - - blood
3 8500 270 3.7 . ser.m
3 8500 225 4.8 } blood
4 8500 375 13.8 | serum
4 8500 - - } blood

J

The results show that only model 1 enables a very

good inhibition of the salivary a-amylo~e to be

achieved within a short period of time (more than 97%),

a good agreement of the measurement results being

obtained for serum and bleod.

In model 2, the pores of
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the small-pored reaction medium are clearly so small
that the sample can only penetrate in very slowly and
the inhibition of the salivary a-amylase has not taken
place completely within the test time. With model 3,
the inhibition of the salivary o-amylase is good.
However, the results for serum and blood samples differ
from one another by more than 16%. This is clearly dus
to the liquid retention capacity of about 30% of the
lorg fibre paper used as large-pored material. In the
case of the investigation of same volumes of bloaed and
serum, it is to be taken into account that, in the case

of blood, depending upon the haewocrit value, only up

to one half of the liquid sample volume used is available

for the investigation. In the case of very small
volumes, sucii as were here investigated, the liquid
retention capacity of the individual layer materials
then plays a great part. In the case of model 4, the
small pore size of the inhibitor carrier (15) results
in the sample passing only slowly into the small-pored
weaction medium and the inhibition does not take place
completely during the test time. Especially in the
case of blood, only a small amount of liquid passes
into the small-pored reaction medium so that the liquid
1s already dried in during the measurement time and
cannot be measured.

ExamE].e 21
Tegt carrier for the gpecific detection of pancreatic

a-amylage.




- e A it

b0
edoe
(XA X}
[ L)

10

15

20

25

-39~

A test carrier is produced according to Fig. 4.
The inhibitor carrier (14) is & polyester fabric
multi 14 normal (Schweizer Seidengazefabrik; Thal,
Switzerland) which is impregnated with the following
aqueous solution:

100 mM phosphate buffer (pH 7.0)
50 mM sodium chloride
1% by weight crotein C (Croda, Cheshire, Great Bricain)
2 mg./ml. anti-salivavy ¢-amylase antibody with the
deposit numbers 84122004 and 84111301 in the
ratio of 5:1 so that there is provided an
amount of about 10 to 12 pg. of antibody/cmz.

As small-pored reaction medium (15), there is
used a glasg fibre fleece of the firm Binzer (Hatzfeld,
Federal Republic of Germany) with a pore size of about
1 to 5 pm.

The signal-forming layers (16) and (17), the
covering mesh (12) and the erythrocyte separation fleece
(13) correspond to those described in Example 1.

The individual layers are cut up as described in
Example 1 and stuck with melt adhesive strips on to a
100 x 6 mm.-glzed polystyrene £1ilm to give a test
carrler according to Fig. 4.

To the covering mesh (12) are applied 30 pl. Qf
gerunm and the test strips evaluated in a ReElotron<>
device of the firm Boehringer Mannheim GmbH, Mannheim,

Federal Republic of Germany, at a measurement wavelength
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of 567 nm. One minute after sample application, the
signal-forming layers (16) and (17) are pressad on to
the small-pored reaction medium (15). The measurement

is ended after, in all, 170 seconds from sample

application. The following results ave ol :l+w.:d:
Table 2
a-amylase activity used = measurement i Variatioﬁ !
: , 1 value for | coefficient
, pancreatic | salivary | pancreatic | in %
isoenzyme | 1soenzyme x-amylase
in U/1. in U/1. in U/ml.
43 8366 106 3.1
326 483 334 3.5
I 1260 25 1208 3.7
l.

The measurement values found for pancreatic
x-amylase agree very well with the amylase activities
used. In the flrst example, a very large excess of
salivary iscenzyme of up to 99% could be inhibited so
that tha pancreatic value found under these circumstances

represeaented an outstandingly good result.



Example 3:

Inhibition efficiency of salivary amylase: comparison.to wet
chemistry

A serum which contained 4250 U/1. salivary amylase was
measured comparing the method of the present invention to the
commercizl available wet chemistry method PNP-Pancreas Amylase
{Roehringer Mannheim, FRG) which employs analogous inhibiting
antibodies. The test carrier wag produced as described in
axample 2. Meusurement was performed as usual after different
incubation times with the antibodies on the test strip.
Incubation times from 5§ sec. to

120 sec. wera chosen.,

The PNP-Pancreas Aiiylase method was performed according to the
instruciion of the manufacturer with the exception of

preincubation time, which was varied from 30 to 180 seconds.

The resulting data are summarized in tha table:

Table 3
T T i '
|residual activity residual activity
Irnoubation  |by the methed of I-hibivicn|wet chemistry Inhibition
time in sec.|the invention in U/1.|in % method in U/1. in %
5 211 95.0 n.d.* n.d. *
30 134 96.9 383 ~90.8
60 122 97.1 207 95.1
129 106 97.5 n.d.* n.a.*%
180 n.d.* n.d.* 142 9¢.7

The method of invention quarantees inhibition of 95 % after

5 sec, ¢f incubation time, and inhibits > 97 % after 1 minute.
The wet chemistry method needs about five to ten times longer
(60 sec. and > 180 sec.) to show equal inhibition efficiency.

*n.d. means "not determined".
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THE CLAIMS DEFINING THE INVENTION ARE AS FCLLOWS:

1. Process for the determination of an enzyme from an
isoenzyme mixture in a liquid sample by inhibition of the
disturbing igoenzymes and determination of the non-
inhibited enzyme, wherein the isoenzyme mixture is
contacted with one or mwre substances which are able to
inhibit the disturbing iscenzymes, the sample containing
the inhibiting substance(s) is transfexred to a small-
pored reaction medium as hereinbefore defined and the
disturbing enzyme is there inhibited and the
determination of the non-inhibited enzyme is carried out
in the resulting liquid, wherein the disturbing enzyme is
not separated from the enzyme.

2, Process according to claim 1, wheresin the isoenzyme
mixture is contacted, in the presence ~f a large-pored
material as hereinbefore defined whereilr| one or more
substances which are able to inhibit the disturbing
lsoenzymes are part of, or are within said large-pored
material.

3. P Jcess according to claim 2, wherein the large-
pored material is in direct contact with the small-pored
reaction medium and the sample containing the inhibiting
substance(s) is sucked from the large-~pored material into
the small-pored reaction medium.

4. Process according to any of the preceding claims,
wherein the small~pored reaction medium preponderantly
possesses pores whi¢h are smaller than 25um.

5. Process according to any of the preceding claims,

wherein antibodies are used as substances which are able
to inhibit the disturbing isoenzymes.

722009, wpftdisk81,48942.1,42
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6. Process according to any of the preceding claims,
wherein, for the determination of pancreatic a-amylase
from a mixture of pancre¢atic and salivary a-amylase, an
antibody or a combinatibn of antibodies i1s used which
inhibits the salivary a-amylase.

7. Procaeses according to claim 1 for the determination
of an enzyme from an isoenzyme mixture, substantially as
hereinbefore described and exemplified.

8. Test carrier for the rapid determination of an
enzyme from an isoenzyme mixture in a liquid sample by
inhibiticn of the disturbing isocenzymes and determination
of the non-inhibited enzyme, said test carrier containing
a sample application region and an evaluation regioh, as
well as several test layers, wherein, in the sample
application region, a large-pored material as
hereinbefore defined contains one or more substances
which are able to inhibit the disturbing isocenzymes, a
small-poy ’ reaction medium as hereinbefore defined is in
direct c¢ - ot thereto making possible a liquid transport
from the large pored material and in the evaluation
region are arranged one or more layers which contain the
substances necessary for the determination of the non-
inhibited enzyme by means of a characteristic signal and
which are in contact with the small-pored reaction medium
making possible a liquid transfer or which can be brought
into such a contact with this.

9, Test carrier according to claim 8, wherein the ratio
of the pnre size of large-pored material to small-pored
reaction medium is greater than 2. |

10. Test carrier according to claim 8 or 9, wherein, in
the sample application region, a layer for the separation
of cellular components from blood is so arranged that the
sample to be investigated first contacts the large~pored

920610,wp(tdisk81,48942.1,43
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layer after passing through this layer.

11. Test cerrier according to claim 8 for the rapid

determination of an enzyme from an isoenzyme mixture in a
5 1liquid sample, substantially as hereinbefore described

and exemplified and with reference to the accompanying

drawings.

10
NDated this 9th day of June 1992

BOEHRINGER MANNHEIM
By their Patent Attorneys
15 DAVIEG COLLISON CAVE
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