On-board control for analytical elements The invention concerns a control
reagent systemfor an analytical elenent, for exanple in the formof a test
strip and in particular a test strip for determning a coagulation
paraneter which allows a differentiation between functioning anal yti cal

el ements and non-functioning anal ytical elenents. The invention also
concerns correspondi ng anal ytical elenents and nethods for their control.
So-cal l ed carrier-bound tests are being used to an increasing extent for the
gqualitative and quantitative analysis of conponents of a liquid sanple in
particular a body fluid fromhumans or aninmals. Analytical elenments (also
referred to as test elenents) are wused for this where at | east one reagent
is enbedded in a test field consisting of one or nore layers, which is
brought into contact with the sanple. The reaction of sanple and reagent
results in a change in theOmibabhydt ¢auitol dremehyticileitmadn be eval uated visual ly
or with the aid of an instrunment (usually by reflection photonetry or
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i npor t ance. These(fnal iQ%L elemgnta tﬁgt re, also referred to as test
strips ar e“SESRRTILE pRARERLDERE S AN H“%‘%ﬁ@%i&egﬁBB%P | ayer nmade of a
plastic material on which one or nore test fields are attached. The
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which they are stored unti.l use i.e. until the re renmoved by, the user and
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more layers, which is brought into contact with the sample. The reaction of sample

and reagent results in a change in the analytical element that can be evaluated visually

or with the aid of an instrument (usually by reflection photometry or electro-

chemically). After a test has been carried out the used analytical element is disposed

of.

Numerous different types of analytical element are known which differ in their
measuring principle (e.g. optical or electrochemical) and the reagents that are used
and in their construction and in particular with regard to the arrangement and
attachment of the test layers. Strip-shaped analytical elements are of particular
practical importance. These analytical elements that are also referred to as test strips
are essentially composed of an elongate support layer made of a plastic material on

which one or more test fields are attached.

The analytical elements are packaged in primary packaging in the interior of which
they are stored until use i.e. until they are removed by the user and a test has been
carried out with subsequent disposal. The analytical elements may be packaged
individually in their own primary packaging. Analytical element packaging units are

commonly used in which a plurality of analytical elements are located in the interior



-2-.0of a common primary packaging. The primary packagi ng usually contains a
desiccant. The interior of the primary packaging is usually substantially
hernetically sealed. Hence the storage conditions are essentially

determ ned by the environnental conditions in the primary packagi ng during
storage. Many anal ytical elenents contaRkn reagents which can be danmaged by
certain storage conditions e.g. tenperature, humdity, oxygen, light etc.
whi ch nakes them unusable for carrying out a reliable test. Hence in order
to avoid damage it is necessary to store the analytical elenment packagi ng
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The use of an analytical element with a damaged reagent can lead to a false test result
which may result in a serious misinterpretation of for example the state of health of a
person. Hence in the past various attempts have been made to reduce the risk of

using analytical elements with storage damage.

For example test reagents have been developed that are relatively insensitive to
external effects. The aim of another development is to use elaborate primary
packaging to minimize external effects on the reagents of the analytical elements.
Both solutions are associated with substantially increased manufacturing costs. For
( safety reasons a relatively short shelf life is stated. As a result analytical elements can
no longer be used after the shelf life date has expired although it is not possible to
check whether in fact there have been conditions which could have resulted in

damage to the reagents.

Test strips for diagnostic blood examinations are subject to an extensive quality
control before sale. Suitable shipping and storage conditions are intensively examined
before they are launched on the market and are for example described on the
packaging or in the package insert. Nevertheless, it cannot be completely excluded
that strips are damaged before the expiry date during transport of the goods to the
customer or due to incorrect storage by the customer and that there is a risk that false

measurements are obtained when they are used.



packagi ng or in the package insert. Nevertheless, it cannot be conpletely
excluded that strips are danaged before the expiry date during transport of
the goods to the customer or due to incorrect storage by the customer and
that there is a risk that false neasurenents are obtained when they are
used. 3- Inproper transport and/or stordge conditions can be di scovered by
measurenments wusing liquid controls which are distributed as additional

syst em conmponents besides the instrunment and strips for nost so-called
point of care systems (PoC systems) that are used decentrally (i.e. outside
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t aken up i G A anal ytical elenent through a capillary channel and is
transported by capillary forces to a site of examnation wthin the
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capillary SYotl toxevmg qul&loljg\{g gr%tel dhe QA strlp hid %oes not require an additional
test liquid. Systems with on-board controls require no control liquids but work with
the same sample liquid from which the parameter to be determined is determined

with the measurement system.

Such on-board controls are described for example in the patents US 5,504,011 (ITC),
US 6,084,660 (Lifescan) and US 6,060,323 (Hemosense). A common feature of the
control systems disclosed in the said documents is that a blood sample is taken up
into an analytical element through a capillary channel and is transported by capillary
forces to a site of examination within the analytical element. The sample is divided by
one or more branches of the capillary system and conveyed into one or more side

channels. Reagents are then located in these side channels which constitute the actual
OBC.

A common disadvantage of these on-board controls is that the test strips - in
addition to the actual measurement channel for the patient sample — require several
(usually two) additional channels. After being filled with the same patient blood,
measurements are carried out in these additional channels which should give
information about the integrity of the strip. This concept results in high
manufacturing costs since the individual channels have to be separately provided

with different reagents. Furthermore, such control systems require comparatively



channel s. Reagents are then |located in these side channels which constitute
the actual OBC. A comon di sadvantage of these on-board controls is that
the test strips - in addition to the actual neasurenent channel for the
patient sanple - require several (usually two) additional channels. After
being filled with the sane patient bloed- neasurenents are carried out in

t hese additional channels which should give information about the integrity
of the strip. This concept results in high manufacturing costs since the

i ndi vi dual channels have to be separately provided wth different reagents.

Furt her mor Qo8 UERpIRABIURLs sSR! IBRRIdRAUL e £ M ALk ¥RleNt cihnnbiideasanpl e
vol unmes since, in addltlon to the actual neasurenent channel, at |east one

and usual | yoreaed useebreyen eyt epnteolsharnds by & bofilird with pasaplgi kaige anpl e.
Large samlg %@x‘rd!ﬁﬁ%% AeGe a?@éf ;erql ﬁ?h&ﬂa@d&%‘i&d&%@ﬁer@ b%%‘@”t age where

patients therselves ave 0 re obtain the sa . for exanple in
so-cal | ed Hbsmselyeshiavota wgulerslbe iasn 115? sempleie. foasxarnple spbézzlledélome patients

whi ch have &8nggﬁﬁ%&%e&gﬁ} in th }é\ﬁg EP&QH&% 'OPPat}@z]Ity\gﬁléﬁ h%eetotrﬁgm?ﬁj 1!11@1 tion of

bl ood sanpl es turi'ng even nore painful the
mor e bl ood mmrpcbagulatlonefqhw edce tho celbaction of blobd sarhplanky penctoeg thessin r ol

systens suf. gt |l e has to
autonatica“%é&néﬂg g%%I#%?oﬁgé%%pgﬁgoﬁﬁﬁne b ndgf&ﬁﬁr hgﬁ¥aﬁgpls known
from DE- A 11981t3ha15rl@ ohfatard cordvad spstérhesuffsr ﬁpm diffoulttfdlimemachangms swkiecat or

el ement s Caﬂﬁelé’?m?feth[%gst}fﬂnb%ah? 1§;p?h?t?&”ﬁrﬁo?évetah%ha[nn‘%f’s%ﬁq{ll”@ i ch shoul d

i ndi cat e danege enen or exanple EXCessi ve tenperatures or
air humdity, light or the effects of oxygen. The object of the invention
vwas(to develtapkranwofmemndak-dh tWritlrol° thytstrevarsibieahoistuesor teotpetrave t he sai d

i sadvant age RISVl 19 IROHEIS WAL DRAGARE AnaidhoBAP! @

vol ume but nevert hele y indic nusabi y of test

el enent s esipdatl daynags tcatels'eduht-nt@fori elxpmpbéxy estavsingengerdtn@sspeirt conditi ons.
I n

humidity, light or the effects of oxygen.

The object of the invention was to develop an on-board control system which does
not have the said disadvantages especially with regard to manufacturing costs and
sample volume but nevertheless reliably indicates the potential unusability of test
elements especially as a result of improper storage or transport conditions. In
particular damaging humidity and/or temperature stress on the test elements should
be detected with the aid of the OBC according to the invention. Furthermore, the
intended OBC should not react too early in order to enable a long storage of the
product at room temperature and should enable a good discrimination between

intact and defective strips with a high precision.
This object is achieved by the subject matter of the invention.

The invention concerns a control reagent system as claimed in claim 1, its use as
claimed in claim 8, a corresponding analytical element as claimed in claim 9 and a
method for controlling analytical elements as claimed in claim 12. Advantageous

embodiments of the invention are a subject matter of the subclaims.

The invention is further elucidated by the following detailed description, the figures

and examples.



particul ar damagi ng hum dity and/ or tenperature stress on the test elenents
should be detected with the aid of the OBC according to the invention.
Furthernmore, the intended OBC should not react too early in order to enable
a long storage of the product at roomtenperature and shoul d enabl e a good
di scrim nation between intact and defegtive strips wth a high precision.
This object is achieved by the subject matter of the invention. The

i nvention concerns a control reagent systemas clained in claiml, its use
as clained in clai m 8, a corresponding anal yti cal el enent as clainmed in
claim9 and.a neth trollin n ments as.c din
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i nstrument Hag@ntl’gaﬁﬁﬂlé.l ng the patient sanple. The reagent system accordi ng
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impair the reliability of an analytical element. This property is referred to as an on-

board control property. For this purpose damaging environmental effects such as
temperature, humidity, light, oxygen etc. are utilized to carry out a preferably
irreversible change in the said substance or with the said substance which enables a
subsequent detection of the damaging effects. In this connection it is usually
irrelevant to determine the exact type of damaging effects; it is usually sufficient to

establish the fact that a damaging effect has taken place.

The reagent system for on-board control can contain other auxiliary substances in
addition to the substance which has the actual on-board control function. These may
be buffer substances, fillers, film formers and such like which are known to a person
skilled in the art in numerous embodiments in connection with reagent formulations

for analytical test elements.

In the sense of the invention analytical elements (also referred to as test elements,
analytical test elements, test strips, test chips, test devices) are preferably suitable for
determining analytes or other parameters in liquid samples and especially in liquid
samples of human origin such as blood, serum, plasma, urine and such like.
Analytical elements in the sense of the invention always contain a reagent or reagent
system on a support material which generates a detectable signal that is dependent on

the analyte to be examined in the sample or on the property of the sample to be



tenperature, humdity, light, oxygen etc. are utilized to carry out a
preferably irreversible change in the said substance or with the said

subst ance whi ch enabl es a subsequent detection of the damaging effects. In
this connection it is usually irrelevant to determ ne the exact type of
damagi ng effects; it is usually sufficiént to establish the fact that a
damagi ng effect has taken place. The reagent system for on-board control can
contain other auxiliary substances in addition to the substance which has
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conceivable and possible to accommodate reagent systems for the detection reaction

and reagent systems for the on-board control in spatially separated zones on an

analytical element.

For the preferred case that the reagent system for the on-board control is integrated
into the reagent system for the detection reaction care must be taken that the reagents

do not negatively affect one another.

The reagent system for the on-board control and the reagent system for the detection
{ reaction can be based on the same or on different detection principles. Thus
according to the invention it is possible to optically or electrochemically evaluate the
on-board control. It is also possible to optically or electrochemically detect the actual
detection reaction. It is particularly preferred to electrochemically detect the on-
board control as well as the detection reaction. In this connection an optical
detection can be carried out visually or by means of an apparatus with the aid of a
photometer in which case any methods familiar to a person skilled in the art such as
reflection measurement, absorption measurement, transmission measurement,
luminescence measurement and such like can be used. In turn for the electrochemical
detection methods such as potentiometry, amperometry, coulometry, chrono-

amperometry and such like are suitable.



a person skilled in the art in nunmerous enbodi nents. The reagent system for
on-board control according to the invention is preferably integrated into
the reagent systemfor the detection reaction. However, it is also

concei vabl e and possi bl e to accommobdate reagent systens for the detection
reaction and reagent systens for the efi-board control in spatially
separated zones on an analytical elenent. For the preferred case that the
reagent system for the on-board control is integrated into the reagent
system for the detection reaction care nust be taken that the reagents do
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such as ink-jet printing, screen printing, dispersing etc. It is also possible to mount
reagents already applied to a first support together with this first support on the
actual second support of the analytical element and to join them e.g. by gluing,

welding etc.

The on-board control according to the invention should be able to reliably detect
stressed test elements. In this connection stress is understood to mean that test
elements have been exposed to environmental conditions which could lead to
damage or impairment of the reagents for the actual detection reaction. In the case of
analytical elements which are intended to be stored at room temperature in closed
cans provided with desiccants or provided with moisture-impermeable foils, stress is
for example understood as exposure to high temperatures in the closed cans or foils
(e.g. during transport to the customer or behind a pane of glass in sunlight) or damp
storage (in the case of improperly closed cans after removing test strips or defective
foil packaging). Of course combinations of stress events such as concurrent humidity
or elevated temperature can result in damage. In this case it is only important that a
stress finally results in an impairment or failure of the detection reagent system.
These can indeed be different specific conditions for the various analytical elements.
A person skilled in the art knows how he can identify such damaging events for the

respective reagent system.



instrunment but to evaluate the detection reaction wth a measuring
instrunment. The reagent formulations for the on-board control and the
detection field can be applied to a support of an analytical elenent using
any nmet hods known to a person skilled in the art. In this connection the
vari ous reagents can be applied using tBRe sane or different nethods. Sone
of the possible nethods are for exanple: application in a liquid formand
subsequent drying on or into a support; application as a coating mass by
knife coating, slot nozzle coating and the like; printing processes such as
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test strip by suitable, preferably electrochemical or optical methods. In particular if

sugars are used as the reducing agents, the redox properties and hence the kinetics of

the redox reaction can be adjusted by means of the pH of the reagent.

According to the invention the N-oxide resazurin has turned out to be a particularly

suitable molecule for the described indicator reaction and is thus preferred.

The blue resazurin is reduced to the red resorufin (cf. fig. 1) when stressed under
conditions that could damage a test strip (elevated temperatures, humidity and light)
where the reduction takes place especially in the presence of a suitable redox partner,
preferably those from the reagent formulation. The change i.e. the decrease in the
resazurin concentration with a simultaneous increase in the resorufin concentration
can be determined visually by an optical detector in a measuring instrument or by an

electrochemical sensor.

In the case of resazurin, glycine was surprisingly found to be a very specific reducing
agent. A combination of suitable amounts of resazurin and glycine in an OBC reagent
is particularly preferred according to the invention. A minimum concentration of ca.
0.01 g/l resazurin has turned out to be preferred since detection of resazurin is

practically very difficult below this concentration. The maximum amount of



According to the invention a stress of the analytical elenent or of the
reagent system for the on-board control results in a - preferably
dirreversible - change in the reagent system of the on-board control. This
ensures that damagi ng environnental effects are also detected when the
environmental conditions have in the neantine changed into favourable
conditions. For exanple a single damaging tenperature elevation or a single
brief effect of humdity which has resulted in danage can thus be reliably
identified. Surprisingly it was found that reagents which contain N oxides

or nitroso conmpound in parficul ar,in conpbi nati W th reduci ng agents
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particul arl suitable nolecule for the descrjhed indicator reaction and is
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can be determ ned visually hy an optical detector in a neasuring instrunent

|
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surpri si ngl yqf@udndrcher BeliRydt8Ir¥scr R (dfi g igduci ng agent. A combination of
sui tabl e amounts of resazurin and glycine in an OBC reagent

[f mainly resazurin is present in the OBC reagent (and hence the reagent is not
stressed or hardly stressed) a 4-electron transition is provoked which results in a
higher current than when mainly resorufin is present whose reduction only leads to a
conversion of 2 electrons. The current or charge measured at a predetermined
potential and in particular at a preferred potential of -700 mV against Ag/AgCl thus
allows deductions to be made about the extent of the temperature and/or humidity

stress of the reagent.

‘ Resorufin cannot be quantified by electrochemical (re)oxidation of resorufin to
. resazurin because the reduction of resazurin to resorufin is irreversible. A reductive
detection in the described OBC system only requires that the reduction of resorufin is
specifically detected but not the reduction of resazurin which may be present in the
reagent. This can for example be accomplished by using a specific reduction potential

which is preferably in the range of -450 to -550 mV against Ag/AgCl.

It was surprisingly found that the quantification of resorufin in the described OBC
system can be achieved especially well when in a first step the resorufin present in the
test strip is converted electrochemically into dihydro-resorufin (referred to as OBC-
prepare) and the in situ generated dihydro-resorufin is electrochemically oxidized

back to resorufin in a second step (referred to as OBC test in the following). This



is particularly preferred according to the invention. A m ninum
concentration of ca. 0.01 g/l resazurin has turned out to be preferred
.since detection of resazurin is practically very difficult below this
concentration. The maxi mum anmount of -9- resazurin should not exceed 20
mol /|1 since otherw se solubility probll@ss can occur. As described above
glycine is not absolutely necessary for the function of the OBC containing
resazurin; a concentration of about 250 g/l has proven to be the naxi num
anount of glycine since solubility problens occur above this amount and
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gquantified for the electrochem cal detection of the OBC reaction. A
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and can for exanpl'e be carri'e el &ct rochen ca tio t he
resazurin ahe @BCpaemane phiseof -700 nV agai nst Ag/AgCl. At this potential the
resorufin that is formed is reduced further to dihydro-resorufin (cf. fig.
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t he reduct icompofindeshizchcambehsedracomdingeao phiemeaitidnare described in US

5,206,147, US 5,334,508, US 5,122,244 and US 5,286,362. A combination of the

nitroso compounds disclosed in these 4 US patents with heteropoly acids, in

particular heteropoly acids in a precipitated form according to US 5,240,860 which

when stressed formed readily visible heteropoly blue in the presence of reducing

agents is particularly preferred.
Short description of the figures

Figure 1 shows the structural formulae of resazurin 1 which is converted by reduction

( into resorufin 2 and by further reduction into dihydro-resorufin 3.

Figure 2 shows absorption spectra (relative absorption A plotted versus the

wavelength A (in nm)) of resazurin 1 and resorufin 2.

Figure 3 shows the reflectance spectra (relative reflectance R (in %) plotted versus the
wavelength A (in nm)) of the reagent fields of test elements that have been stressed to

different extents (1 unstressed, 2 slightly stressed, 3 strongly stressed).

Figure 4 shows the increase in degradation product (resorufin) in a resazurin-
containing reagent film based on the increase of the relative reflectance R (in %)

(measured at a wavelength of 620 nm) over the stress time t (in h).



reagent. This can for exanple be acconplished by using a specific reduction
potential which is preferably in the range of -450 to -550 nV agai nst
Ag/Agd . It was surprisingly found that the quantification of resorufin in
the described OBC system can be achi eved especially well when in a first
step the resorufin present in the testlktrip is converted el ectrochemcally
into dihydro-resorufin (referred to as OBC- prepare) and the in situ
generated di hydro-resorufin is electrochem cally oxidized back to resorufin
in a second step (referred to as OBC test in the following). This -10-
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converted bg/luccsd,llqildmuch as cholesterol and HDL cholesterol, triglycerides etc., for the
determination of other coagulation parameters than PT such as aPTT, ACT, ECT,
anti-factor Xa tests and also for immunological test elements, in particular
chromatography test strips that can be evaluated optically and can be applied to

them.



into resorufin 2 and by further reduction into dihydro-resorufin 3. Figure 2
shows absorption spectra (relative absorption A plotted versus the

wavel ength a, (in nn)) of resazurin 1 and resorufin 2. Figure 3 shows the
refl ectance spectra (relative reflectance R (in % plotted versus the

wavel ength ?, (in nm) of the reagent fiZelds of test elenents that have been
stressed to different extents (1 unstressed, 2 slightly stressed, 3
strongly stressed). Figure 4 shows the increase in degradation product
(resorufin) in a resazurin- containing reagent filmbased on the increase of
the rel ati vigihgfit f»cwaqeagan{ foRmiatiochSesstdiresy altffe@en\e@y&{cﬁigggfgeneffo@;o nm over
the stress tinet (in h).” -11- Figure 5 shows the change of the signal that
can be neasured el e@ﬂrhf@h‘éﬁ?%mlltklatcéabﬁﬁ@a vated ppticilyasuri ng phase Iasting
for 3 seconds at -700 nmV versus Ag/Agd (Qr00) (lower two curves) and a
second neasfyyhg phase lasting for 1.5 seconds at -100 nV versus Ag/ AgCl
(QL00) (upper two curves) on the basis of the dependence of the neasured
charge Q onqunmlgtqnefgsamQEélcor(tmnmg)glycmeaswnvréummgﬁgengtb@h@addm@al@e@ in nore
detail by t | ow ng exanpl es which describe the advantages and
properties e OBC according to the invention using test strips for
coagul ati on rreasurerrents as an exanple (prothronbin tinme test or PT test).
It is cleaf to a pe@hemlcgkl lled in|the artSome t he state@ﬂmmstrnédm on the
basi s of the CGaQUIﬁLIUII test—stri P cxaup —a-so appl —t6 B type of
test strip a S dn particular to those useé%or the optical glz i
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and HDL ch act orol tr | a1l \lCerideS et o ' for the det-erm n:!i‘_Lnn of ot her
coabul ation Kf}gpgﬁ;t ers than PT such as aPT:F&%?CT ECT anpl gfggﬂor Xa tests
and al so fpGlycimeunol ogi cal test elegments, iSgrRarticulay chy egidography test
strips that_can_]be_eMaLual_ed_apLj_caJ_l_)Land_can_be applled to them -12-

HEPES Sigma 0.33 mg/ml
polyethylene glycol PEG 3,350 Sigma 1.33 g/dl
bovine serum albumin Sigma 0.4 g/d}
mega § Sigma 0.67 mg/ml
Resazurin Riedel de Haen 0.96 mg/ml

'HEPES: [4-(2-hydroxyethyl)-piperazino]-ethane sulfonic acid

The substances listed in table 1 are mixed homogeneously and adjusted to a pH of 7.4
with NaOH. The reaction mass obtained in this manner was coated onto a test strip
that can be measured by reflection photometry as a reagent tape of 20 mm width and

ca. 10 pm thickness.



Exanple 1: Two reagent formnul ations containing different reducing agents for
an on-board control that can be evaluated optically Table 1 Formulation for
-an OBC containing glycine as a reduci ng agent that can be eval uated
optically Chem cals Source Concentration Sucrose Sigma 3.2 g/dl  Mw ol
4/86 Clariant GibH 1.3 g/dl Keltrol FI1Belco 2.98 g/m dycine Sigm 1.35
g/dl  HEPES Sigma 0.33 ng/m pol yet hyl ene glycol PEG 3,350 Sigma 1.33 g/dl
bovi ne serum al bumn Sigma 0.4 g/dl mega 8 Sigma 0.67 ng/m  Resazurin

Ri edel de Haen 0.96 ng/m ' HEPES: [4-(2-hydroxyethyl)-piperazino]-ethane
sul fonic aqhgkyne substances listed in table 1 are m xed honpbgeneously and
adjusted to a pHof 7.4 wth NaOH The reaction nass obtained in this
manner was FoemubdioorforarmOB&stonsdining gludvat ascanedbangegsuitka cagbeef | ecti on

phot onetry as qFaeaggﬂf tape of 20 nmwi dth and ca. 10 pmthickness. - 13-
Tabl e 2 Forrhul'art88™t6r an OBC containing gl ucose as a reduci ng agent that
can be evaluated optically pH of the formulation 7.5 9 10 11 Chem cal
Anmount wei ghed out in g polyvinylpyrrolidone 7.09 7.09 7.09 7.09

pH of the formulation 7.5 9 10 11
Chemical Amount weighed out in g
polyvinylpyrrolidone 7.09 7.09 7.09 7.09
solution'
( glucose 1.2 1,2 1.2 1.2
HEPES® 1.25 - - -
CHES’ - 1.04 1.04 -
CAPS* - - - 1.11
bidistilled water 7.72 793 7.93 7.86
Keltrol F solution’ 17.04 17.04 17.04 17.04
BM propiofan 70 D 5.69 5.69 5.69 5.69
titanium dioxide slurry® 55.32 55.32 55.32 55.32
resazurin 0.28 0.28 0.28 0.27
hexanol 0.17 0.17 0.17 0.17
methoxy-2-propanol 4.25 4.25 4.25 4.25

'40 g/l polyvinylpyrrolidone (PVP) is scattered into water and restirred for about

30 min.

*HEPES: [4-(2-hydroxyethyl)-piperazino]-ethanesulfonic acid

*CHES: 2-(cyclohexylamino)-ethanesulfonic acid

*CAPS: 3-(cyclohexylamino)-1-propanesulfonic acid

°6.8 g/l Keltrol is scattered into water while stirring and restirred for several hours. In
order to ensure a complete swelling, the preparation is allowed to stand overnight at
room temperature before further use.

815 g titanium dioxide is scattered into 38 ml water while stirring and then

homogenized in a dissolver stirrer at a high stirring rate.



solution] glucose 1.2 1,2 1.2 1.2 HEPES2 1.25 -- -- -- CHES -- 1.04 1.04 --
CAPS -- -- -- 1.11 bidistilled water 7.72 7.93 7.93 7.86 Keltrol F solution
17.04 17.04 17.04 17.04 BM propiofan 70 D 5.69 5.69 5.69 5.69 titanium

di oxide slurry 55.32 55.32 55.32 55.32 resazurin 0.28 0.28 0.28 0.27
hexanol 0.17 0.17 0.17 0.17 met hoxy- 2-pdopanol 4.25 4.25 4.25 4.25 140 g/l
pol yvi nyl pyrrolidone (PVP) is scattered into water and restirred for about
30 mn. 2HEPES: [4-(2-hydroxyethyl)-piperazino]-ethanesul fonic acid 3CHES:
2- (cycl ohexyl am no) -ethanesul fonic acid 4CAPS:

3- (cycl ohexyea/H BPthe keddeRPHAKI T QOh 6as@Glfhsfel tS 1Y shatk®l 41hOWith SoSiGd t er ed
into water while stirring and restirred foor several hours. In order to

ensure a chﬁﬁé@@?%ﬂMHQQ-ng, the preparation is allowed to stand overni ght at
roomtenperature before further use. 615 g titaniumdioxide is scattered

into 38 M Matapstihties Bsted id fabRD. A8 GhikERomPLTRSEN. Z8d riddtidn Hasol ver stirrer
at a high stirring rate. - 14 The pH of the reagent nass is jn each case

adj ust ed t cbidipedinghisgnyne;avagcodied priontestisiin bat erd beoneasuend byThe subst ances

listed in tahlgog gﬁbﬁarﬁét}‘)%’s mggw@mg,wba mn] WEdtheRatch Ofp IRSEick Rt ai ned in
this manner was coated onto a test strip that can be neasured by

The reaction rate of the OBC reaction 1.e. the conversion of resazurin into resorufin
which depends on the environmental conditions can be adjusted by the pH. The

more alkaline the pH the more rapid is this conversion and hence the more sensitive
( is the OBC.

Example 2: Mass spectroscopic determination of the degradation product after stress

in the reagent formulation according to table 1 from example 1

In the case of test strips that are intended to be stored at room temperature in closed
cans provided with desiccant or moisture-impermeable foils, the degradation
reaction should not occur or only to a very slight extent under these storage

conditions.
The on-board control should in particular detect the following as incorrect storage!

° high temperatures in closed cans / foils (e.g. during transport to the customer
or behind a pane of glass in sunlight), and
L humid storage (cans that have not been properly closed after removing test

strips or defective foil packaging).

These requirements were simulated by the following stress models:

L Storage for several weeks at 50°C in closed cans.

° Storage for hours and several days at 50°C and elevated (50 % / 75 %) air
humidity.

L Storage for several days in an open or defective packaging under

environmental conditions of climate zone 4 (30°C, 70 % air humidity).



reflection photonetry as a reagent tape of 20 mmw dth and ca. 10 pm

t hi ckness. The reaction rate of the OBC reaction i.e. the conversion of
‘resazurin into resorufin which depends on the environnmental conditions can
be adjusted by the pH The nore alkaline the pHthe nore rapid is this
conversion and hence the nore sensitivéS-is the OBC. Exanple 2: Mass
spectroscopi c determ nati on of the degradation product after stress in the
reagent fornulation according to table 1 fromexanple 1 In the case of test
strips that are intended to be stored at roomtenperature in closed cans
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when a reagent formulation is stressed as shown in example 2.

Example 4: Reflection spectra of unstressed and stressed test strips

Test strips whose reagent films were prepared based on the formulation of table 1
from example 1 were stressed for 0 hours (unstressed; cf. curve 1 in figure 3), 6 hours
(slightly stressed; cf. curve 2 in figure 3) and 12 hours (strongly stressed; cf. curve 3 in
figure 3) at 50°C and 75 % air humidity. The change in the corresponding reflectance
spectra was measured (fig. 3). With an increase in stress, an increase in the reflectance
at a wavelength of 620 nm is seen which is associated with a decrease in the amount

of resazurin.

Example 5: Optical detection of the degradation product resorufin in test strips that

were stressed to different extents

Test strips whose reagent films were prepared on the basis of the formulation of table
1 from example 1 were stressed for different periods at 50°C and 75 % air humidity
and then measured in a simple reflection photometer whose LED operated with light

at a wavelength of 620 nm.

Fig. 4 shows the increase in the degradation product (recognizable by the increase in

reflectance R) over the stress time t (in h).



addition to the main peak of the mass spectrum of resazurin at 228.17 nass
units. Exanple 3: Absorption spectra of resazurin and resorufin (fig. 2)
The absorption spectra shown in figure 2 of resazurin | (a blue dye) and
resorufin 2 (a red dye) showthat in principle it is possible to optically
detect (e.g. visually or by reflectionfphotonetry) the conversion of
resazurin 1 into resorufin 2 which occurs when a reagent fornmulation is
stressed as shown in exanple 2. Exanple 4: Reflection spectra of unstressed
and stressed test strips Test strips whose reagent filns were prepared based

on the formyeathhREe @fthé 8t Beld carf £166THEXAID) Getdct¥BViSuaT 1 @S5 LM e fugdr Witlhour s
(unstressed; cf. curve 1 in figure 3), 6 hours (slightly stressed; cf.
curve 2 in the gaked o35 Hhedreagenharnecof the wrytigrspd Sost gsiperhicho s firgtliWee 3 in  figure
3) at 50C %Qngé itcdlohur ![H{H‘p%ﬁ %-thgﬁ?esﬂié’ﬂﬁgﬁinlcﬂa&e@e correspondi ng refl ectance
spectra was neasured (fig. 3). Wth an increase in stress, an increase in
the reflectance_ at a wavel ength_of 620 nmis seen which is associated with
a decr ease iximmetafotmulatiop tpra BT ¢pagulationtesvatisintegpsated 9BGardct i on of the
degradati on product J&f&kH&hﬂakﬁﬁ&ﬁQh strips that were stressed to
different extents Test strips ose reagent filnms were prepared on the basis
of the fornulation of table 1 fromexanple | were stressed for different
periods at B &nd 75 %air humdity and then neasured in a sinple
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nm Fig. 4 ows the increase int egradati on product” (recogni zabl e by
t he increasweagents ref|l ectance R) over the stress tinet (in h). - 16 The
chamge_in tP? tesF*LieId can al so belreadiIytd?FectedLvisuaLIy i;e;kby t he
which i s filrotly bRiE™ianges 119 ol SUNFRLo pirk as CREHFEEE perifbd
ic]g(c::r :ﬁges- ik recorh®inant! k8N D8 Behrtlg, 80aBuat | on tedtngyhh 1 ntegrat ed

thromboplastin (thTF)

Sucrose Sigma 32¢g/dl

mowiol 4/86 Clariant GmbH 13¢g/dl

Keltrol F Kelco 2.98 g/ ml

Glycine Sigma 1.35g/4dl

Polybrene Sigma 10 pg/ ml

HEPES' Sigma 0.33 mg/ ml

polyethylene glycol PEG Sigma 1.33¢g/dl

( 3,350

bovine serum albumin Sigma 04g/dl

mega 8 Sigma 0.67 mg/ ml

Resazurin Riedel de Haen 0.96 mg / ml

Electrozym TH Roche Diagnostics 1.2 mg/ml

"HEPES: [4-(2-hydroxyethyl)-piperazino]-ethanesulfonic acid

The substances listed in table 3 were homogeneously mixed and adjusted with NaOH
to a pH of 7.4. The reaction mass obtained in this manner was coated in a width of 4
mm and a thickness of ca. 90 pm (wet) or ca. 10 pm (dry) on a test strip that is to be

measured amperometrically such that the whole area of the working electrode was



el ectrochem cal detection Table 3 Formulation for an anperonetric
prothronbin tinme test with integrated OBC reagents Chem cal Source
Concentration relipidated reconbi nant human Dade Behring, Marburg 72 ng /

m  thromboplastin (rhTF) Sucrose Sigma 3.2 g / dIl nmow ol 4/86 Cariant
GH 1.3 g/ dl  Keltrol F Kelco 2.98-d7- M Qycine Sigma 1.35 g / dI

Pol ybrene Sigma 10 g / m  HEPES Signa 0.33 ng / m  pol yethyl ene glycol PEG
Sigma 1.33 g / dl 3,350 bovine serumal bunmin Signa 0.4 g/ dl nega 8 Sigma
0.67 mgy / mM Resazurin R edel de Haen 0.96 tng / m Electrozym TH Roche

Di agnosti Cgoderéd Wﬂh/rez_fgent. 'AREEERSCl electrode which also served as the counter- _ _
[ 4- (2- hydr oxyet hyl ) - piper azi no] et hanesul foni ¢ acid The substances listed in

tabl e 3 werckctiofbyenesdss y refeseace demraddj usted with NaOH to a pH of 7.4. The
reaction nmass obtained in this manner was coated in a width of 4 mmand a

thi ckness G fdle ROEFAWBomifhl defectidl oPFRs A arfiithe dE@%Hat%rf -FIQ)_th?‘t is to be

measur ed anperonetrically such that the whole area of "the working el ectrode
was -17- covered wi trpsorefyintest srippdanyere stlesset to difergritenteatsso served as the
counter- electrode was used as a reference el ectrode.

The test strips prepared according to example 6 were stressed for different periods at
50°C and 75 % air humidity. Whole blood was then measured amperometrically with

these test strips.
The following potentials were applied in order to quantify resazurin and resorufin:

-700 mV vs. Ag/AgCl for 3 seconds (so-called OBC prepare phase); subsequently
-100 mV vs. Ag/AgCl for 1.5 seconds (so-called OBC test phase); subsequently
+200 mV vs. Ag/AgCl for 90 seconds (for the actual coagulation measurement).

In order to quantify the “OBC prepare” and “OBC test” signals, the integrals under
the current-time curves were calculated. Figure 5 shows how these integrals (referred

to as Qygo and Q¢p) change with an increasing stress of the test strips.

Whereas there is a major change in the OBC signals, the clotting time measured with

stressed test strips is almost stable up to a very long stress period (cf. table 4).



Exanple 7: El ectrochem cal detection of resazurin and the degradation
product resorufin in test strips that were stressed to different extents
-The test strips prepared according to exanple 6 were stressed for different
periods at 50C and 75 % air humdity. Wole bl ood was then neasured
amperonetrically with these test stri-pg8.- The following potentials were
applied in order to quantify resazurin and resorufin: -700 nmV vs. Ag/AgC
for 3 seconds (so-called OBC prepare phase); subsequently -100 nV vs.

Ag/ AgCl for 1.5 seconds (so-called OBC test phase); subsequently +200 nV
vs. Ag/ AgC for 90 seconds (for the actual coagul ation neasurenment). In
order to g Lhy the "OBC prepare” and "OBC test" signals, the integrals
under the current-time curves were calculated. Figure 5 shows how t hese
integral s (Effécts ofress at 86°C400 78174 relativk adhlmngility 61 i meuiremennef St ress
of the test strips. Wiereas there is a major change in the OBC signals, the
clotting tisiftigddBeed with stressed test strips is alnost stable up to a

b e o T IRV b 1 e A
tinme (h) Clettinrg—time—{s)—0-12.78 0-33 1238 06612721 1314 2|12 52
4 13.53 6[13.26 12 12.78 1278
0.33 12.38
0.66 1272
| 1 13.14
| 2 12.52
4 1353
6 1326
12 12.78
24 13.16
36 14.00

This ensures that the OBC indicates improper storage of the test strips before false

clotting times are generated.

Example 8: Indication of the OBC with electrochemical detection when unpackaged

strips are stored in climate zone IV

The greatest risk of damaging test strips whose packaging is defective or has not been
closed again is in the case of customers that live in climate zone IV (hot and humid).
For this climate zone a humidity of 70 % and a temperature of 30°C have been

described in the literature as “average climate conditions”.

Table 5 shows that the OBC with electrochemical detection indicates changes in the

test strip due to storage under these conditions.

Table 5 shows on the basis of the measured charge Q (in nAs) versus the stress time t
(in h) the change in the electrochemically measurable signal during a 3 second

measuring phase at -700 mV vs. Ag/AgCl (Qyq0) and during a 1.5 second measuring



24 13.16 36 14.00 This ensures that the OBC indicates inproper storage of
the test strips before false clotting tinmes are generated. Exanple 8:
.I'ndication of the OBC with el ectrochem cal detection when unpackaged strips
are stored in climate zone |V The greatest risk of danmaging test strips
whose packaging is defective or has notl9deen closed again is in the case of
custoners that live in climte zone IV (hot and humd). For this climte
zone a hunidity of 70 % and a tenperature of 30C have been described in the
literature as "average climate conditions”". Table 5 shows that the OBC with

el ectrochem; @s%lat dejoasM AN ALNHCE 2QRS) %haﬂﬂ%tkﬁnf)ﬂa@nat&&% (ridrhdaPbidléd t o
st orage un i tIQns shows on. the basis of the peasured

se con Tabl e
charge Q (?N Rlogd, rom, O%ersé@élh?ﬁig%ﬁ“ttrea(“i%wﬁl)‘Mq{éu‘éhra%élPﬂdt Zhe
electrochenlcally neasurable signal during a 3 second neasuring phase at
-700 NV vs A £9C (Q o00) and during a 1.5 second neasuring -19- phase at
-100 mMMvs. Ag/Agd (Q oo) for different sanple materials (normal blood (N)
1 and 2; bIEfGumitsfofanstosnat $0tGand 18 ds relative agadhiedidityt dn tier denterchelical and 2) .

Table 5 Effects qf a es 0C and 70 W relative air humdity on the
el ectrocher‘?Pgléﬂm'8 H“HSL ‘ﬁgaf‘i”glsa'f‘B 'BP?eF fnt sanple materials t (h) Qoo

380 2735 | 208 o 570 56,0 Ba 02770 2551|2610 2748 W A2 0 623 b3 6
2673 2567 2568 2728N D 62.1H2 61. M61.0 B2 8|26M4 246& 2535 M?ILB M2
0 58.42 57.3 51.7 56.8 2663 2512 2580 2735
2 58.62 57.9 56.0 58.0 2779 2551 2619 2748
6 62 62.0 62.3 63.6 2673 2567 2568 2728
9 62.21 61.4 61.0 63.8 2644 2466 2535 2713
12 65.16 63.4 61.7 65.8 2637 2488 2480 2723
24 77.07 76.0 75.6 78.8 2608 2455 2485 2722
48 94.56 89.0 84.4 89.2 2622 2493 2526 2665
72 102.3 104.3 100.1 105.2 | 2615 2455 2545 2705
96 119 123.7 | 1221 127.5 2575 2466 2479 2722

120 151 141.8 | 1450 | 167.2 2491 2434 2467 2535

Thus “stressed” analytical elements can be identified on the bases of measurement
data which were obtained during the so-called OBC prepare phase (cf. example 7) as
well as during the so-called OBC test phase (cf. example 7).

As shown in table 6, the clotting times are also much more stable under these
conditions and hence stressed test strips can be reliably detected by the OBC before

false coagulation measurement values would have possibly been generated.



12 65.16 63.4 61.7 65.8 2637 2488 2480 2723 24 77.07 76.0 75.6 78.8 2608
2455 2485 2722 48 94.56 89.0 84.4 89.2 2622 2493 2526 2665 72 102.3 104.3
-100.1 105.2 2615 2455 2545 2705 96 119 123.7 122.1 127.5 2575 2466 2479
2722 120 151 141.8 145.0 167.2 2491 2434 2467 2535 Thus "stressed"

anal ytical elements can be identified-8A-the bases of neasurenment data

whi ch were obtained during the so-called OBC prepare phase (cf. exanple 7)
as well as during the so-called OBC test phase (cf. exanple 7). As shown in
table 6, the clotting tinmes are also nmuch nore stabl e under these
conditions and hence stressed test strips can be reliably detected by the
OBC before 14yl g coagul ati on neasurenent val ues woul d have possibly been
generated. -20- Table 6 Effects of stress at 30C and 70 %relative air

hum di ty orEffdees ofcstmass ahB0RC ahd 76 1% trelatiye himBiditysm themegshyeribntéfl ng ti ne
(s)- 0 11.66 .2 11.94 6 12.28 9 12.14 12 12.27 24 11.82 48 11.88 72
11.66 96 FIOEBSUMR) 11 67

Stress time (h) Clotting time (s)

0 11.66

2 11.94

6 12.28

9 12.14

( 12 12.27
24 11.82

48 11.88

72 11.66

96 11.63

120 11.67

Example 9: Glycine as a specific redox partner for resazurin

If test elements which contain the formulation from example 6 are stored for 48
hours at 25°C, the ratio of resazurin to resorufin changes because the former is
converted into the latter due to the “OBC reaction”. The following table 7 shows that
the reaction rate of this reaction is influenced by the presence or absence of glycine.
An OBC is also possible in the absence of glycine; however, the sensitivity of the OBC

is considerably increased by the presence of glycine.



Example 9: dycine as a specific redox partner for resazurin If test

el ements which contain the fornulation fromexanple 6 are stored for 48
hours at 25C, the ratio of resazurin to resorufin changes because the forner
is converted into the latter due to the "OBC reaction". The follow ng table
7 shows that the reaction rate of thi-2lreaction is influenced by the
presence or absence of glycine. An OBCis also possible in the absence of
gl ycine; however, the sensitivity of the OBC is considerably increased by
the presence of glycine. -21 - Table 7 Relative amobunt of resorufin (% in
relation to the total anobunt of resorufin and resazurin versus the stress
peri od Stre%ﬁ)l%)gri od (h) Resorufin percentage (% Reagent w thout gl ycine
Reagent with glycine 05 10 0.56 16 17 21 3827 68 41 9 10 52 18
12 72 24 RelSve fifoddt Hres@dfinq %) ibreldtionfoahoftotal amaganbf sasidin hed t he
on-board control of analytical elenments containing an organic N-oxide or a
ni troso corfStAFHEIn versusdiestress peghnt systemas clained in claim1,

characteriged iS[t]retsglﬁ‘Brij)& (Mnder goes 4 Resorufin percentage (%)
Reagent without glycine Reagent with glycine

0 5 10

0.5 6 16

1 7 21

(' 3 3 27
6 8 4]

9 10 52

18 12 72

24 14 89

48 24 89




change when stressed that can be detected optically or electrochemcally. 3.
Use of a reagent systemas clained in claiml| or 2, characterized in that it
.contains a reducing agent. 4. Use of a reagent systemas clainmed in claim
3, characterized in that the reducing agent is selected fromthe group
conpri sing sugars, polyal cohols, glycing- and cysteine-containing proteins.
5. Use of a reagent systemas clained in claim4, characterized in that the
reducing agent is glycine or glucose. 6. Use of a reagent system as cl ai ned
in one of the clains | to 5, characterized in that the N-oxide is
resazurin. 7. Use of a reagent syste s claimed in one of clainms | to 5,
characterized in that the nitroso cgﬁﬁ' hd is an optionally substituted
p-nitrosoaniline. 8 Analytical elenent containing a reagent systemfor a
detection reaction and a reagent systemfor an:on-board control according
to any onejof tU& ¢flatesent sysem/for the ofrbRbildoRRd] oflagiTRidal @Smehtgcomaining Cl ai m
8, characterized in that the on-board control is integrated into the
reagent system s ganifeN9xide Of 2 piropeermroypd. 10, Anal ytical el ement as clai ned
inclaim8 or 9, characterized in that the reagent -23- systemfor the
detection reaction contains reagents for determ ning coagul ation

par anet er s2. 11. Useifhortagent systesn asoriaimed irodflaiank charaaserized firethahit sndesgask ai ned i n
claim8 to 10, in whi.ch . the ent t f t he onsboard control is
exani ned opt i ca‘fhf’yge y¥hen sressed %ﬁth E%g?[@“ﬁﬁ%ﬁﬁ(yr? egf’tﬁocgfmgaﬁ%asuri ng
instrunment for changes which can |ndicate a stress of the anal ytical
elenent. 12. Method as claimed in ch cterized in that analytica
el ements for wh¥rPladeagepisysien g3 c'@ 'aéé&e@agacf*@raﬁmlzqdeﬂr‘éﬁaéétocorag? MShe
measuri ng |nstréwmﬁangﬁﬁntneasurenent of a sanmple liquid with the aid of a
reagent system for the detection

4. Use of a reagent system as claimed in.claim 3, characterized in that the reducing
agent is selected from the group comprising sugars, po)yalcohols, glycine, and

cysteine-containing proteins.

5. Use of a reagent system as claimed in claiin 4, characterized in that the reducing

agent is glycine or glucose.

6. Use of a reagent system as claimed in one of the claims 1 to S, characterized in that

the N-oxide is resazurin.

7. Use of a reagent system as claimed in one of claims 1 to 5, characterized in that the

nitroso compound is an optionally substituted p-nitrosoaniline.

8. Analytical element containing a reagent system for a detection reaction and a

reagent system for an on-board control according to any one of the claims 1 to 7.

9. Analytical element as claimed in claim 8, characterized in that the on-board control

is integrated into the reagent system for the detection reaction.

10. Analytical element as claimed in claim 8 or 9, characterized in that the reagent



reaction. 13. Method as clained in claim1l or 12, characterized in that the
reagents for the control reaction as well as the reagents for the detection
reaction are examned optically. 14. Method as clainmed in claim1l or 12,
characterized in that the reagents for the control reaction and the
reagents for the detection reaction ar&3¥xam ned electrochemcally. 15.

Met hod as clainmed in claim1l1l or 12, characterized in that the reagents for
the control reaction are exam ned optically and the reagents for the
detection reaction are exam ned el ectrochemcally. 16. Method as clainmed in

claimll or hehaeh e a&&tlbﬁ‘ rbAtfbn CORaihE QS frO8etdfining @Bidultioh€acti on

are exam ned eI eCtrochemcally and the reagents for the detection reaction
are exam ned opthacameleys.

11.  Method for the control of analytical elements as claimed in claim 8 to 10, in which
the reagent system for the on-board control is examined optically or
electrochemically with the aid of a measuring instrument for changes which can

indicate a stress of the analytical element.

12.  Method as claimed in claim 11, characterized in that analytical elements for which
a stress has been detected are not released by the measuring instrument for
measurement of a sample liquid with the aid of a reagent system for the detection

reaction.

13, Method as claimed in claim 11 or 12, characterized in that the reagents for the
control reaction as well as the reagents for the detection reaction are examined

optically.

14, Method as claimed in claim 11 or 12, characterized in that the reagents for the
control reaction and the reagents for the detection reaction are examined

electrochemically.

15.  Method as claimed in claim 11 or 12, characterized in that the reagents for the
control reaction are examined optically and the reagents for the detection reaction

arc cxamined electrochemically.

16. Melhod as claimed in claim 11 or 12, characterized in that the reagents for the
control reaction are examined electrochemically and the reagents for the detection

reaction are examined optically.





