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22189 On-board control for analytical elenents The invention concerns a
control reagent systemfor an analytical elenent, for exanple in the form
of atest strip and in particular a test strip for determ ning a

coagul ati on paraneter which allows a differentiation between functioning
anal ytical elenents and non-functioning analytical elenents. The invention
al so concerns correspondi ng anal ytical elenments and nethods for their
control. So-called carrier-bound tests are being used to an increasing
extent for the qualitative and quantitative analysis of conponents of a
liquid sanple in particular a body fluid from humans or aninals.

Anal ytical elenents (also referred to as test elenents)22ag® 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 tihe sanple. The reaction
of sanpie and reagent rd3ubpard sengrolfprsgalyiipalelemnentsy) ytical el ement that
can be evaluated visually or with the aid of an instrunment (usually by

reflectionyph r - lvs@hl 56} an Ahdlpficabele@eht, ks been
carried oﬁﬁﬁ%&%eoeéggéflg%?ggt{r&erfgﬁgfn%ﬁ?s di gl|cl)ose§tﬁ:%ffa Nuner.ous different
types of agxamipld inahe firamef testrstrijkanshim partieiard teststrin 1or dREFMINIRgAs ur i ng
principle (e.qg. .optical or ielegiroc LS Atidtidansk qassihsat pre used
and in theéqag‘glﬁH%‘FPﬁfé‘me o WP :“ﬁno“%e?r ff%rgﬁg%tl Wit ttl‘tv%glg%lrd to ?heﬂg‘ricraangenent
and at t acHiemaits ahd hba-fueatonimyaratyticsteldmenth e dnventipy alse sPn@r¥hent s are of

particul ar racti.cal inpottance. Thes i gnents that are al so
referred t‘EPrg“éP? Pg%’P"fl%@{elﬁmgntégg%ﬁ?e%ﬁlab%%ﬁggéggb()f an el ongate support
| ayer made of a plastic material on which one or nore test fields are
attached. JhealRdakptidrdaiundltesneat beingasphivlkagecdeasingeitentdor haaualifatiye i n t he
I nterior

B e
anal yti cal f8hfNBRLS dranhaalaciegidl cémetity {dwalefeyreidrio ahtsstelementpr 4tfar y
packagi ng. uspéréafl)ly %hIlS? \%Lerg Iate fzgsrt]tongarlccalég%i i %nHQd&ea ifh Fest field consisting of one or

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 theiused 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




comonly used in which a plurality of analytical elements are located in
the interior i 2 of a comon prinmary packading. The primary packagi ng
usually contains a desiccant. The interior of the primary packaging is
usual Iy substantially hernetically seal ed. Hence the storage conditions
are essentially determ ned by the envi onnental conditions in the primry
packagi ng during storage. Many anal ytical elenents contain reagents which
can be damaged by certain storage conditions e.g. tenperature, humdity
oxygen, light etc. which nmakes them unusable for carrying out a reliabl e
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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 cus{omer and that there is a risk that false

measurements are obtained when they are used.
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control before sale. Suitable shipping and storage conditions are

I ntensively exam ned before they are | aunched on the nmarket and are for
exanpl e described on the packaging or in the package insert. Neverthel es4,
it cannot be conpletely excluded that strips are damaged before the expiry
date during transport of the goods to"PHe customer or due to incorrect
storage by the customer and that there is a risk that false measurenents
are obtained when they are used. 3 Inproper transport and/or storage
conditions can be di scovered by neasurenments wusing liquid controls which
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the same samepitsbly bthet strips dmnthostwithehjshitbebloed saropleef d erentiinadasts
det erm ned MAJh t he neasurenent system Such on-board controls are
descri bed Fﬁplgﬁﬁnple in the patents US 5,504,011 (I TC, US 6,084,660
(Lifescan) and US 6, 060, 323 (Henpbsense). A common feature of the control
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test liquid. Systems with on-board controls require no control liquids but work with
the same sample liquid from which the parametér 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



forces to a site of exami nation within the analytical elenment. The sanple
~is divided by one or nore branches of the ‘capillary systemand conveyed
into one or nore side channels. Reagents are then |located in these side
channel s whi ch constitute the actual C. A conmon di sadvant age of these
on-board controls is that the test stflI'ps - in addition to the actual
measur enment channel for the patient sanple - require several (usually two)
addi ti onal channels. After being filled with the sanme patient bl ood,
measurenents are carried out in these additional channels which should give
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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.



sanpl e volunme but nevertheless reliably indicates the potential unusability
of test elenents especially as a result of i nproper storage or transport
*conditions. In particular damagi ng hum dity and/or tenperature stress on
the test elenments should be detected with the aid of the OBC according to
the, invention. Furthernore, the i ntefded OBC shoul d not react too early
in order to enable a | ong storage of the product at roomtenperature and
shoul d enabl e a good di scrimnation between intact and defective strips
with a high precision. This object is achieved by the subject matter of the
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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 c&nnection 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



inmpair the reliability of an analytical element. This property is referred
to as an on- board control property. For this purpose danagi ng

environnmental effects such as tenperature, humdity, |ight, oxygen etc.
are utilized to carry out a preferably, irreversible change in the said
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of the damaging effects. In this connection it is usually 1irrelevant to
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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.



sanmpl e can preferably result in an optically detectable and eval uable

_ measur enent signal or a signal that can be detected by el ectrochem stry.
Both variants are known to a person skilled in the art in nunerous

enbodi ments. The reagent systemfor onzboard control according to the

invention is preferably integrated inf6 t he reagent systemfor the

detection reaction. However, it is also conceivable and possible to

accomodat e reagent systens for the detection reaction and reagent systens

for the on-board control in spatlally separated zones on an anal yti cal
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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 thata
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.
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a measuring instrunment, for exanple a photometer or an el ectrochem cal
nmeasuring instrument. It is also possible to evaluate the on-board control
" without a measuring instrument but to evaluate the detection reaction wth
a neasuring instrument. The reagent formulations for the on-board control
and the detection field can be applie&‘to a support of an anal yti cal

el ement using any nethods known to a person skilled in the art. In this
connection the various reagents can be applied using the sane or different
met hods. Sonme of the possible nethods are for exanple: applicationin a

l'iquid forﬁ&c@ﬂﬂné%@%ﬁoﬂ@éh@g oF PheQdnalyit4l e&nsemppﬁbfuheamgient:saytstenﬂ as a
coatlng mass

ni fe coatjng, slot no coati d t he t
processes osﬂ@wnaboqrm@opfé@ n§Fyltsn Aq, Pre Fai’g’rir‘ﬁ?"rrﬁ‘?’?eng Aps e ??QF E{I n I ng.
al so POSS‘J}&E & 8 w%oafaemwsnﬁé ErRagy ﬂea@ahmaging@nﬁrdmsﬂtasemwate
t oget her w't 'S rst support on the act ual Scond suppg f t he

anal yt i calalel datested wihen the epsironmepial @ ngitiogs @Yet}i“r’i € megRIE GH2 lnti’he

on-board c bl
detect st 1grc)‘{e;l(li:l{reo} € ? glg&hgrp Fot Qxatﬂﬁe 2 @i\ﬁglsétdg on nec? %nefﬁrg?ieaﬁslﬁgdﬁelr 2t ogd to
§re

mean t hat swgebnéle&amfélumdmb’bech has prsulter! nlagngr camihay di tions

whi ch poullfa tet?c(lj to damage or inpairnent of the reagents for the actual
det ecti on ¥&%¢t5%n. In the case of anal ytical elenents which are intended
to be stored at roomtenperature in closed cans provided with desiccants
or provi deshrptisinglyot waafoand thps reagants whichi Jogtain N-exides o nitrgso exanpl e

under st 000, a5, CAOSH Gl Gl BROERIRGLAWHASdhInt enl QBRY: AR, 0T fol I

(e.qg. durl?'ldn??ans’po t t0 the custoner pane of ass in
sunli ght) polyalestpls, systeingreortaimingproteans ghyting isr eypehe rydecreég@mieb% after
removi ng test stri

remving ¢ eske AR g IBLEGHh YRl Skl A PRLDE O uN BRIGATDI nat [ ons

as -concurren 'evat ed tenmperature can
result in dadaiged eﬂfda:tstdmdmﬂgaﬂe dhanges obakast stnpoThfz#ﬂgrétdﬁat)n@m@»tCFSess finally

e el 2L 50 00 I S5 IR IEDEBBLAN GfdStechShom  These

can i ndeedf¥me I ons e various anal ytical
el ements. teft AP b9 @msdhlé pe¢fetablyteteetrachenkinalws optival iveetleeds. Indastitlygr $uch
damagi ng events for the

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



respective reagent system | 8 According to the invention a stress of the
anal ytical elenent or of the reagent system for the on-board control
‘results in a - preferably irreversible -- change in the reagent system of
the on-board control. This ensures that damagi ng environnental effects are
al so detected when the environnental c8nditions 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 damage can thus be reliably identified. Surprisingly it was

found that (6306 %&13"?59 &c@éﬁ‘%@ﬁa%d}h bl GheRlisEUNENEEG proBIRRRWAE Sccdrn

particular Tn conbination wth reducing agents _such_as sugars,

po |OI yal Cﬁhonasdesom@ibnee gpeinaisiiot gbsshwelginaeessagy {psithefuacton phthe BE educed
under the . |t LT ggﬁﬂt ofo, =Y ich an OBC
shoul d inJP%%@@D%Sﬂgégkgggoggggﬁﬁ%hgﬁ.‘neég?ﬁsggc anggs ofﬂghtest strip.
The deg (rj adaaxlmt;mp) amduot sf glfanasucesplubdity prabdems eesnr abaverhisamesat and nj t r oso
conmpounds Ggan be detec ' : i ' abl y

el ectroc h_eﬁch' @5 ™Ma¥ c?ﬁ?flggﬂo%e{hggalg F‘gﬁh"’%}{ 1%‘ ﬁc u %@%apﬂﬁggg{gi}%} used as
the reduci agtingditreagehhmaseaampy lepdtd inbemagehditasie themoatedmasscs of the
redox reaction can be adjusted by neans of the pH of the reagent. According

to the invention.t.he N-oxide resazurin : | cul arl
sui t abl ¢ mEpCE A PErep R Py BE PR Re b F e it R he 2TV
pref err ed. elddichémiftal dsecionhiof thesOBEdemeidnt o t he red resorufin (cf. fig. 1)
when stressed under conditions that could danage a test strip (el evated

tenmperatures, humdity.and |ight wh th '

bopoci al | yRiherirahph g e Rl SRR RREATH LORMBERSy i |
from the rgeagedhpitbe mtlraﬂio@nhby Heetrathamial fedectidrhef tecesease it t he
resazurin concentration,wt. ' t i R ' . .
Concent r at PORRORLeh- 190 Y e r AR AR baioh B Wi Folsfin AL RERet 2
measuring pdaatédfieihtr @ dilydrdrresorufin (<f. fig. 1).

If 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/AgClL

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



electrochem cal sensor. In the case of resazurin, glycine was surprisingly
found to be a very specific reducing agent. A conbination of suitable

- amounts of resazurin and glycine in an OBC reagent is particularly
preferred according to the invention. A mninumconcentration of ca. 0.01
g/l resazurin has turned out to be preffer red since detection of resazurin
Is practically very difficult below this concentration. The nmaxi mum anpunt
of 9 resazurin should not exceed 20 nmol /| since otherwi se solubility

probl ems can occur. As described above glycine is not absolutely necessary

for the fupeddien rQJctbu‘%u@]%mEﬂQﬂ kfﬁgaﬂﬁ@ﬁ@bﬂdnat apRENEEDHE ! rl%ln?gl of about

250 g/l has proven to be max! mim ano | yci'ne since so lity
probl ens cgeinst Agégel-t hi s amount and glycine may crystallize fromthe
solution which in turn can cause problens when coating the reagent nass

and may | Bhﬂ{g) ' ' ?,:h@ I U esazurin
and/ or thgﬂ&éégpﬂ I n %%Hﬁ!ntq} ?@Plﬁg ca?]tcs @t"‘g%é’%?‘? gﬁfdoléf{[ﬁéé:}{ﬁﬂ of

el ect r ocheht OBC prepaetphase. of t he OBC reaction. A quantification of
resazurin is preferred for |arge changes in concentration and can for

exanple b Jesazurin at a
potenti al Ein% aa{#@giqny& %%lylﬁ@%ﬂ fAB CX&%%pe%t%?ﬁ&gs%%q&ﬁ? térf tnhtge %resorufin that
i s forned dosipouedsigmdlinf partidar p-mtdmshymihnesraesa)mcnﬁlerrpr(efcfr.edfexgnplt)for:kf mai nl'y
resazurin }j ent in t. he re I S not

St ossed o1n Bl SESRheds ddctica e CEPA R mfT P AT Fhish Re SR ER e i ch
rezul ts i rpoasl,lb]laldgh?ge cfthee et stripamdehernditiomsltlatrcas dambgatestsufipeepent whose
reduction only S to.a conv I‘SIO of, 2.electrons. .T e cu rent or charge
oasur oo APATERES Sb ot HB 5 e 4RSS SRS S cea ioe A o
potenti al redg en?saﬁ aldéteaian a@argemwﬁgﬁlodhausesucalak ph&w&ddﬁmlﬁas ptsdired made

about the ext nt of th nper at ur e d/ o dit tress of the reagent.
Resor uf i n tH'efﬁ Btiogerag 57131‘113@6‘39?%‘ 19§ &PC%Vé T 496N of

resorufin doghpounds which can be used according to the invention are 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}.



resazurin because the reduction of resazurin to resorufin is irreversible.
A reductive detection in the described OBC systemonly requires that the
“reduction of resorufinis specifically detected but not the reduction of
resazurin which may be present in the eagent. This can for exanple be

acconpl i shed by using a specific reductd on potential which is preferably
in the range of -450 to -550 nV against Ag/AgCl. 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

test stri PrdreBheRs HROCHRhBCH the BigAAlaRdt din bBbikaslired dleorscenicallyn (referred
to as OBC- prepare) and the in situfgeneratgd dk&ﬁ%&p-resw inis

el ect roche@ﬂ@%qﬁrsb%eﬂﬁmp}l&%@tw P"e%&‘icﬂf Sn‘a‘tl et ’é%a( referred to
as OBC tesz; (foWRy 10b LeMEE)Bhd a SBéchd rhéhs@rhglphdse Tastif@fdri 1B \sebbiitds at
particul arly speci ]{I cally preferably at a potenti al -100 nV. aggtnst

of
Ag/ Agdl . THEOImY sersus Hg/Agl] EQuo) (PRErOSHIYeploTibe gpf theglsaendeng
cont rol | edyfyndatrei SRED Pbn tHdVereSHmPE RAYE Phase. In addition to the
r

parti cul ar?y preferre esazurin/resorufin system nitroso conpounds and
in particular p-nitrosoanilines are another preferred exanple for a class
of subst anthsinxbitidn isahamsetetiordiamens detaldyphe flleminggragplesarhichdi cate a

ible d f Rty skitihe (OFc ARG | oo
poSSi eIo 30R6. Al agbgrtl %%nagfép%ref&%?'iheq?ﬁéla&&agl éggﬁeulﬁ.gseﬁt G L oS

strips. I'tF 6soani es can for exanple be re Inde i ons

whi ch can sissoripsivegeagutasmgentasuiementchstocxinplel pesbrambiniingiedardt’s (such
as phenyl epedi am nes r I Gaedopptically
or el ect rogeﬁtgrﬁésaﬁlﬁg.)m Elpgée%?ﬁEﬁp?&giéoﬁlgg%{%%ﬁﬁ%%ﬁ\%ﬁ%ﬁsqgg% ‘%g{hﬁseéﬁ gccor di ng
to the i nvdmrtdoagulatien detsstrip beanpla alsSapply 206then@peds testa3gip s68n US 5, 122, 244

and US 5, 286, 362. conbi natieon of. th i I ed in
Chese 4 USPRAERRT © Whorsinsddas B oplicalOF leCtrd onoF AROAHALSOELRASEART L0 o
in a preci plutadeplipitiosnrchas cholestagl amd HPIShalGte8atrighicetideswhmfostiressed
Formed reagi |y M a0l f oot S 200 Yatitndilhs 1S, PF SRETE PP, ABEUELRY

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.



agents is particularly preferred. Short description of the figures Figure 1
shows the structural fornulae of resazurin 1 which is converted by
"reduction into resorufin 2 and by further reduction into di hydro-resorufin

3. Figure 2 shows absorption spectra (relative absorption A plotted versus
the wavelength X (in nm) of resazurif1 and resorufin 2. Fi gure 3 shows
the refl ectance spectra (relative reflectance R (in % plotted versus the
wavel ength )c (in nm) of the reagent fields of test el enments that have
been stressed to different extents (I unstressed, 2 slightly stressed, 3
strongly S}%ﬁﬁﬂ@ﬂ) Twbirédeft formifutonk b@mﬂﬁﬁgmﬁremrmmmmpmduct
(resorufin) a resazurl n- containing r ent film based on the increase
of the relative repPnhosssheentrolthat ap be H%G@@H Ya wavel ength of 620 nm
over the stress timet (in h). -11 Figure 5 shows the change of the signal
that can bgyypasured el ectrochenically during a first neasuring phase

| asting for seconds at -700 nV versus Ag/A ((:_)70&1la g rﬁbyn curves)
and a sec oFmrmxﬂamﬂongn s eontaiamg gy ding as s ‘é%ﬁ)?’&ﬂ@t t Cambgey, sus
Ag/ AgCl ;upper two curves) on the basis of the dependence of the

neasured o rge Qon the stress tinet (in h). The invention is
characterized in nore detail by the followi ng exanples which descripe the
advant agef and pr ofkemicels of the JBC accobdireg to t he| i rivenrenBALion; ng test
strips fof—ceaguatien—reasurements—as—anrgxamte (prpttront TTTe—{est or
PT test) 5??“#% clear to a person skille&ﬁ?ﬁ the art thath eigtatewents
nmade on t[iR[Jwasigsef The coagul at] on tGksians Gl exanpl e a|1§(g/ébpl y to
ot her typkes of test strip and A —jpartiecul or t ot-hoese uwuzgg’/ l.lIIU opt i cal
or el ectr bEBEA Eal determination of bl ood Xgflicose, || pi ds &

chol ester GQQW. HDC choresterol, (riglycergigas etc. or th95gdﬂtern1nation

of ot her ation paraneters than PT sug aq_aDTT ACT —ECT

anti-fact pHERESt ests and al so for | nmunol cU¥®Bal test =Ien%ﬁ?§§ypﬂ

particul a polyethylene glycol PEG 3,350 Sigma 1.33 g/dl
bovine serum albumin Sigma 0.4 g/dl
mega 8 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.



chromat ography test strips that can be evaluated optically and can be
applied to them -12 Exanple 1: Two reagent formulations containing
“different reducing agents for an on-board control that can be eval uated
optically Table 1 Formulation for an OBC containing glycine as a reducing
agent that can be evaluated optical I'y13dwem' cal sSour ceConcentrati on

Sucr oseSi gna3. 2 g/ dl Mow ol 4/86d ariant GrbHL. 3 g/dl Keltrol FKel co2.98
glm dycineSigml. 35 g/dl HEPES Si gna0. 33 ng/ m polyethylene glycol PEG
3, 350Si gmal. 33 g/ dl bovine serum al bum nSi gna0. 4 g/dl nega 8Si gna0. 67 ng/ m
FZS?EULi Sﬁm de Haen0.96 ng/mM ' HEPES:

- (2- hydr oxyet hyl ) - pi per azi no] - et hane sul fonic, acid The substances |isted
in tabl e 1Famalstionsir Ap e rarsaining gluepsaas ﬂsqd@elne@galtp}hﬁfcﬂan%m with NaOH.
The reaCt'eQrQlu'IPe%SoQgﬁ ned in this manner was coated onto a test strip
that can be measure % reflection photonetry as a reagent tape of 20 nm
width and ca. 10 umthickness. -13 Table 2 Fornulation for an OBC
cont ai ning glucose as a reducing agent that can be evaluated optically

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 --
CcAPS* - — - 1.11
bidistilled water 1.72 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 dioxide shurry® 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 425 425 4.25 4.25

140 g/ 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.

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

homogenized in a dissolver stirrer at a high stirring rate.



pH of the formulation7.591011 Chem cal Anbunt wei ghed out in g
pol yvi nyl pyrrolidone 7.097.097.097.09 solution' glucosel. 21, 21.21.2
- HEPESL. 25---- - - CHES--1.041. 04-- CAPS------ 1.11 bidistilled
water7.727.937.937.86 Keltrol F solutionl7.0417.0417.0417.04 BM propi of an
70 D5.695.695. 695. 69 titani um di oxi de ¥iurry55. 3255. 3255. 3255. 32
resazurin0. 280. 280. 280. 27 hexanol 0. 170. 170. 170. 17
nmet hoxy- 2- propanol 4. 254. 254. 254. 25 140 g/| pol yvi nyl pyrrolidone (PVP) is
?Zazgeaeg into water and restirred for about 30 min. 2HEPES:

- (2- hydr - ' - QRIS t1ACH FTEER ;
(cycl ohexyﬁ}y ngy{%tr%g%gfsﬁﬁégginc&%? 45‘1%&15%8 & fed thodium
3- (cycl oheyrewidaslutionpr opanesul fonic acid 56.8 g/l Keltrol is scattered
into water while stirring and restirred for several hours. In order to
ensure a g I ' i I ; d over ni ght
T com { CHpuPhEn R e B e PaReRA RbngieSudly TG HATC Do
scattered ébtaiaedih thiis manmer welsicbated pitord tag) stripithahean bemwpssyradi Ded in a

di ssol ver %hégtlro%rph%tton%et?)ir 9 lsel;’:lfi;gﬂrt Hb% d£3b Fim whdth and ca. 10 pm thickness.

The reaction rate of the OBC reaction i.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!

L high temperatures in closed cans / foils (e.g. during transport to the customer
or behind a pane of glass in sunlight), and
. 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:

. 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.

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

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



The pH of the reagent mass is in each case adjusted to the stated val ue

Wi th sodium hydroxide solution. The substances listed in table 2 are m xed
" honogeneously. The reaction nmass obtained in this nanner was coated onto a
test strip that can be neasured by refdection photonetry as a reagent tape
of 20 mmw dth and ca. 10 pmthickness.” 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 sensitive is
the OBC. Bhlermase spectnvirsef syessedaeagept formetationiwhach was mriepared ackegdingat i on

product af | r i or,dj t.o.table 1 from
exanple 1 tbﬁébtlﬁieﬁgéégj I%‘?l [L)lgbsq‘(srtg?l%l%%% S‘I’?Oféfy ié(?‘%rsgﬂ?(g%@gcytsgg B%Ia%‘feo?’"éd at room
t enper at urhainidity) ofswpercan sf thegesadiain wag tontetédinamtesorufinc also Egurger neabl e
foils, th radati o eaction shoul d ccur ar.only to.a very slight
ext ent ungé‘(riﬁ?enrgglg PseﬁgPQB‘é res(?&@? fRCSﬁEI.n @ﬁ%l@mas%'é?‘&) &501?%?"8?"% houl d in

parti cul araddiioact thewerafropdak i g asssispeorneof resdzfin@e28. 1 ghsstgiiper at ures in
closed cans / foils (e.g. during transport to the custonmer or behind a

f gl [ n, sunl i ght and _hum d, st orage (.cgps .that have not been
B?gge?I yg x%%’é’krgéf&% }ﬁtéq%meﬁﬁapggegazgﬂ eg?mgﬂgﬁ%tzbve foi?/ packagi ng) .

These requirenments were sinulated by the followi ng stress nodels: Storage
for sever dthewbakptiah spdd€iaishowh iisfigure 2nd resafbiri BOebliodyd)audsesandfisever al
5

days at 50C a | .evat.ed. (50 %175 % aqi.r, humdity.  Storage for several
Gays in anssEReSHRIEHED i BRnIBIE KDl Ph TR tceli dtest (b A aBbABPY  one. of
climate zasflechion PBGonldry)thé EorVeRsidh dfitpsazurl® ] into resorufin 2 which occurs

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).



The mass spectrum of a stressed reagent fornulation which was prepared
according to table 1 in exanple 1 shows that after stress (6 hours at 50C
and 75 %relative air humdity) a few percent of the resazurin was
converted into resorufin (cf. also figure 1). The main peak of the
resorufin spectrum (212. 20 nmass units)5rs present in addition to the main
peak of the mass spectrum of resazurin at 228.17 nmass units. Exanple 3:
Absorption spectra of resazurin and resorufin (fig. 2) The absorption
spectra shown in figure 2 of resazurin 1 (a blue dye) and resorufin 2 (a

red dye) 9flféVEhraH€e[m'tHe Rt 1144 BArfalid bé ﬁ:a@iﬂs&ét&k&i FiSuallp, qudthyu@tetvem (e g.
visual ly or | ection photonetry) the_conversi er_r ﬁg{tfyggzu“ n into

resorufin themkqdrcyecﬂmrsageméqnea)fﬂ%wﬁquSF@F%#&Pﬂféﬁ Yed as shovvn
in exanpl e42., 5@ el £Ghé QhesS PESId RcRbsednstressed and stressed test
strips Te ctgl i psrzmv(\)hﬁélséoﬁeagent ?H‘isn'e werlecprsepar ed based on the
formulation of table 1 fromexanple 1 were stressed for_ 0 ho

(unst r ess dikangfle 6uPeemulationiforaPE cgggulaiongestavith integgated PRG s ed cf curve
2 in figure 3) and angly stressed; cf. curve 3 in figure 3)
at 50C and 75 % ai re}%tr%ﬁé@f;ls%e change I n the correspondi ng refl ectance
spectra was neasured (fig. 3). Wth an increase in stress, an increase in
the refl ecTéibe® at a wavel ength of 620 nm is seen which is associated with

Gegradat; R BRbHG OF S8 spp o RE PEpRap AR, GufRiegRea GICTH 00 o (he

different mexgewss Test strips whose reagent fi | ms were prepared on the

basis of the fornmulation of table 1 from exanple 1 were stressed for
di fferent peri-ods—at50C—anrd—75+%ai

sinmpl e ref|l ecti oncﬂi‘i’&'%t er V\/nbs\euLEEﬁ;H:%;eE edwml ength
(()]; egggn??a_ﬁé}hgtéatr%g nclfugtglsdg{b?ll ?}%ﬁ@ ectgnce ga]g\?telro?hﬁgﬁg?ﬁr*ggs timgjt (in
h). -16 |thromboplastin (thTF)

Sucrose Sigma 32¢g/dl

mowiol 4/86 Clariant GmbH 13¢g/dl

Keltrol F Kelco 298 g /ml

Glycine Sigma 1.35g/dl

Polybrene Sigma 10 pg / mi

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 width of 4
mm and a thickness of ca. 90 um (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



The change in the test field can also be readily detected visually i.e. by

the user with the naked eye. The reagent zone of the unstressed test strip
"which is firstly blue changes its colour into pink as the stress period

i ncreases. Exanple 6: Formnulation for PT coagul ation test with integrated
OBC and el ectrochenical detection Tabl'e 3 Formulation for an anperonetric

prothronbin tinme test with integrated OBC reagents

Chem cal Sour ceConcentration relipidated reconbi nant hurman Dade Behri ng,

Mar burg72 ng / m thronboplastin (rhTF) SucroseSignme3.2 g / dl now ol

4/ 860 ar i asolvereditith @agent. AH AgilgOl ellectFixiel wligh 8l8o spryednds thk ymimerSi gmal. 35 g /

dl Pol ybreneSi gmalO m_ HEPESSI gnmap. 33 ng 1 m pol yet hyl ene gl ycol PEG
Si gmal. 33 %ecgogff W3S 3%(5‘/&38\7F§1éen§%§ﬁ%f%£bum nSi gne0.4 g / di mega 8Si gnm0. 67
ng / mM ResazurinRi edel de Haen0.96 ng / m El ectrozym THRoche

Di agnost i cixhniple®: [ElertrochizRicat detection of resazurin and the degradation product

[ 4- (2- hydroxyet hyl ) - pi per azi np],-.et hanesul f oni g .agid The tances |isted
intable 3 were horfﬁgfgﬁgBd%FeﬁP;”‘?§ aL WETets eﬁsse? &8 (‘:J'lviv‘lf?| ctrﬁtnl\?ax%lﬁl&s
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 Q7o and Qi) 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).



to-a pH of 7.4. The reaction nmass obtained in this manner was coated in a
width of 4 mmand a thickness of ca. 90 m(wet) or ca. 10 m(dry) on a
test strip that is to be neasured anperonetrically such that the whol e
area of the working el ectrode was -17 covered with reagent. An Ag/ AgCl
el ectrode which al so served as the coumter- el ectrode was used as a
reference el ectrode. Exanple 7: El ectrochem cal detection of resazurin and
t he 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. Wol e bl ood
was t hen agldrged anperonmetrically with these test strips. The fol | ow ng
potentials were applied in order to quantify resazurin and resorufin: -700
nVv vs. AglBfedts o strassag SOP0 andsts YatelstiveGRChpmigity en phamehsuremeanegfient | y
-100 nV vs. Ag/AgCI for 1.5 seconds (so-called OBC test phase);
subsequentﬂ? mgimeny vs. Ag/AgO for 90 seconds (for the actua
coagul at i gn measure ) der toquamiiTy th and 10BC
. m% Hsst (}2 q y Thecye Hi’iéﬁvﬁf‘ef(es

test” signals, the int egra der the current-tine
cal cul at ed—Figure—-5-—shows—-how-these—+ntegrals—{(referred_—to—as—gfee—and

Q o00) change wth an |ncr@aS|ng stress of |{the test strﬁ%ﬁ? Whereas there is
a maj or chamge |n_tne_ubb rgnars, the crouting time nepsared With

stressed tlest strips is alnost stable up o a very long stress period|(cf.
table 4). |- 18 Table 4 Ebfegcts of stress at 50C and 75122 el ative air
1

humdity gnthe neasurenent of clotiing tine Stress tipe (WyCottingitine

(s) 012.78 0.3312.38 1 13.14
2 12.52
4 13.53
6 13.26
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 [V

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 (Qzo0) and during a 1.5 second measuring



0.6612.72 113.14 212.52 413.53 613.26 1212.78 2413.16 3614. 00 This ensures
that the OBC indicates inproper storage of the test strips before fal se
clotting tines are generated. Exanple 8: Indication of the OBC with

el ectrochem cal detection when unpackaged strips are stored in climte
zone 1V The greatest risk of damagi ng t'est strips whose packaging is
defective or has not been closed again is in the case of custoners that
live in climate zone IV (hot and humd). For this climate zone a humdity
of 70 % and a tenperature of 30C have been described in the literature as

" ?ver age hqmasm;litelm)nﬂii trk.o*rggA%(_Jl'I(QqJ,oﬁefcﬁ ﬁl‘iﬂf@m shiple bR ritBCn¥nhd) blood

el ect rocheqica 2t ection indicate anges in t test strip due to

st or age un@p(r:1 ng%’%@gr%mid(?ﬂglfs tir%@}ﬂ@ bge'gﬁﬁﬁ%gwgﬁ‘ﬂ%rcﬂﬁgf Ml Jreasur ed

charge Q (in nAs) versus the stress timet (in h) the change in the

el ectrochepalakl y nmeasurabl e signal during a 3 second neasuring phase at

-700 nV vs. Ag/ AgCl (Qr00) and during a 1.5 second neasuring -19 phase at

-100 nM stffM&ﬂ&l‘G‘Qﬁdﬁﬂo?Grandi'ﬂﬂf%r@lﬂﬁwaﬁph@mwneon thesel¢ctooctmimivalbod  (N)
hat, had,been treated with Marcumar (M 1 and

%) én'?'aﬁl; eb‘i;’slq d#é’::%@%ﬁ%é@é% SAMPIOEALENIALY 0 o4 r el ative air humidity on
the el ectroggm fal on-bogyf (rRGE rol Tor different gpppimAsyRIErTars
N1 N2 M1 M2 N1 N2 M1 M2
58.42 | 573 517 56.8 | 2663 | 2512 | 2580 | 2735
58.62 | 579 56.0 58.0 | 2779 | 2551 | 2619 | 2748
62 62.0 62.3 63.6 | 2673 | 2567 | 2568 | 2728
62.21 | 614 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 1023 | 1043 | 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

O O N O

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.



t (h)Q@oo (nAs)Qa (nAs) N N2MLM2Ni N2MLMR

058. 4257. 351. 756. 82663251225802735 258. 6257. 956. 058. 02779255126192748

+ 66262. 062. 363. 62673256725682728 962. 2161. 461. 063. 82644246625352713

1265. 1663. 461. 765. 82637248824802723 2477.0776. 075. 678. 82608245524852722
4894. 5689. 084. 489. 22622249325262665 724®2. 3104. 3100. 1105. 22615245525452705
96119123. 7122. 1127. 52575246624792722 120151141. 8145. 0167. 22491243424672535
Thus "stressed" analytical elenents can be identified on the bases of
measur enent data which were obtained during the so-called OBC prepare
phase (cf. exanple 7) as well as during the so-called OBC test phase (cf.
exanpl e 7) rape ¢ghown in table 6, the clotting tines are also nmuch nore
stabl e under these conditions and hence stressed test strips can be
reliably dEfkcﬂsmﬁstrysstﬂtéO&B@nldéﬂb%erelﬁtwesﬁr haagdditybh ¢he RaGIefitMbf val ues

woul d have p y been generated. -20 Table 6 Effects of stress at 30C
and 70 %r%'P '1 hum dity on the neasurenent of clotting tinme Stress
time (h)d[otting ti ”§trb§s)tiﬁié{hj°° 21T 94 612728 gl%l&t%ng 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.



1212.27 2411.82 4811.88 7211.66 9611.63 12011. 67 Exanple 9: dycine as a
specific redox partner for resazurin If test elenents which contain the
* formul ation fromexanple 6 are stored for 48 hours at 25C, the ratio of
resazurin to resorufin changes becaus%?the former is converted into the

| atter due to the "OBC reaction"”. The 4ollowng table 7 shows that the
reaction rate of this reaction is influenced by the presence or absence of
glycine. An OBCis also possible in the absence of glycine; however, the
sensitivity of the OBC is considerably increased by the presence of
glycine. -21 Table 7 Relative amount of rsorufin (% in relation to the
total anoupf,eh resorufin and resazurin versus the stress period Stress
period (h)Resorufin percentage (% Reagent wi thout glyci neReagent with

gl yci ne 0RdafivEah6udr@ires@aifino@4 ) ilonedsion ®1thg 2otalamegnt of resorufin and

resazurin versus the stress period

Stress period (h) Resorufin percentage (%)
Reagent without glycine Reagent with glycine
0 5 10
0.5 6 16
1 7 21
3 8 27
6 8 41
9 10 52
18 12 72
24 14 89
48 24 89




482489 -22 Clains 1. Reagent system for the on-board control of analytical
el ements containing an organic N-oxide or a nitroso conpound. 2. Reagent

. systemas clainmed in claim characterized in that it undergoes a change
when stressed that can be detected optically or electrochemcally. 3.
Reagent systemas clained in claiml -&2-2, characterized in that it
contains a reducing agent. 4. Reagent systemas clained in claim3,
characterized in that the reducing agent is selected fromthe group
conpri sing sugars, polyal cohols, glycine, and cysteine-containing
proteins. 5. Reagent system as clai ahh@ claim4, characterized in that
the reducing agent is glycine or glucose. 6. Reagent systemas clained in
one of the clainms | to 5, characterized in that the Noxide is resazurin.
7. Reagentl.systRegas sgdtan fecthe ondrardontie of hzdlytical elemetts coftamang eni zed in
that the nitroso co ougd 'S @n opti%naléy substituted p-nitrosoaniline.
8. Use of a reddé lcg€%¥ APREEI5P BFPPH Gne of the clains | to 7 for the

on-board control of analytical elenments. 9. Analytical elenment containing
a reagent »yst eheafett spstetatae chimel inedait, dmranerizzd in deagénindsyseean f or an

on-board control as clained i.n, ane of .the ¢l aj. | to 7. ,10.. al yti cal
el ement as cl ai HeBss ‘ﬁh?ﬂ ngeﬁe&?h%tﬁép gﬁ flﬁﬁgftfgg P#I%ﬁéteﬁfﬁgc%ﬁr}l ‘@Qﬁ d control
is integrated into the reagent systemfor the detection reaction. 11.
Anal yti cal3. el ereagerasyatraiageRirhed ol ddim Poiol, chiractetizeddiatthativexhtainsthat t he
reagent system fqr .the detection reaction contains reagents for determning
coagul ati on par&fiB'as agent.

4. Reagent system as claimed in claim 3, characterized in that the reducing agent

is selected from the group comprising sugars, polyalcohols, glycine, and

cysteine-containing proteins.

5. Reagent system as claimed in claim 4, characterized in that the reducing agent

is glycine or glucose.

6. Reagent system as claimed in one of the claims 1 to 5, characterized in that the

N-oxide is resazurin.

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

nitroso compound is an optionally substituted p-nitrosoaniline.

8. Use of a reagent system as claimed in one of the claims 1 to 7 for the on-board

control of analytical elements.

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

reagent system for an on-board control as claimed in one of the claims 1 to 7.

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

control is integrated into the reagent system for the detection reaction.

11.  Analytical element as claimed in claim 9 or 10, characterized in that the
reagent system for the detection reaction contains reagents for determining

coagulation parameters.



- .23 12. Method for the control of analytical elenents as clained in claim
9 to 11, in which the reagent systemfor the on-board control is exam ned
optically or electrochemcally with the aid of a nmeasuring instrunent for
changes which <can indicate a stress of the analytical element. 13. Method
as claimed in claim12, characterizedZ3n that analytical elenents for

whi ch a stress has been detected are not released by the neasuring

i nstrument for nmeasurenent of a sanple liquid with the aid of a reagent
system for the detection reaction. 14. Method as clained in claim12 or

13, char acl?erl Zhﬁ&g'llﬁ fw %Hﬁolro?qgﬁ?ﬁ&l EiRmehfiGs o Rl dl‘ﬁlclaﬁﬂlaé:fd anigs well as

the reagents for on reaction are examned optically. 15. Method
as clained in thhﬂhle&etgennsf,stenhﬁ)ralm&m -beed dontrohiaexarhined eptjeallyorf or t he

control reactio nd t he xam ned
el ect r ocheni caleirl]‘?ijl d%emﬁ%]iyh‘ggﬁ& %{l gasug%éeﬁgslt&m ei{t?glc%gg%sﬁg@ggt erized
in that the re&gﬂﬁhﬁaﬁeﬁsﬁasofdmmhnbhzdebn&mﬂn are exam ned optically and
the reagents for the detection react i on are exam ned el ectrochenically.

17. Met ho ainmed in.claim12 charac erlz t reagents
for the gént r 34 ‘ilhnaé‘f F]BHn%‘fJ@n‘%%%g‘rﬁ% 8163%?8%%6 R aﬁlca’i]dte%%@ﬁeﬁ]fpeagent s
for the det ectyigdth b e@edsihanbesnalete e amedomtea!:edlbly)the measuring instrument

for measurement of a sample liquid with the aid of a reagent system for the

detection reaction.

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

examined optically.

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

electrochemically.

16.  Method as claimed in claim 12 or 13, characterized in that the reagents for the
control reaction are examined optically and the reagents for the detection

reaction are examined electrochemically.

17. Method as claimed in claim 12 or 13, characterized in that the reagents for the
contro! reaction are examined electrochemically and the reagents for the

detection reaction are examined optically.



