-3- Process and diagnostic agent for the detection of redox agents The

i nv'enti bn concerns processes and di agnostic agents whi ch depend upon redox
reactions which contain 5 iodates for the avoidance of disturbances- by
agcorbic acid. In clinical and pharmaceutical chem stry, bi.o- chem stry and
foodstuff chem stry, redox systens are of great inportance for

determ nation nethods -of sub- 10 stratgs and enzynmes. For such

determ nati on nethods, there exist the nost varied photonetric processes.
However, of espe_ial_Lqportagpe are so-call rapi d di_agnostics. They are
agents in which aFRSEERq8REC3AgNOS bz, fhet deke infilns
in doy 15 form The agents are bredgbhk ggggtgontact with the
i nvestigation fluid, the resultant TO ' e assessed visually or with

refl ection photoneters ghe natgrials to be investigated i.n_the above-
mentioned fields of chRFcAPVERELQEi Songegns pragesses andodiagneatiarfs,
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known that in thgeggse of the detection of glucose with rapid diagnostics,
whi ch depend upon the basis of the reaction of GOD POD

In clinical and pharmaceutical chemistry, bio-

- e

chemistry and foodstuff chemistry, redox systems are
of great importance for determination methods of sub-

10 strates and enzymes. For such determination methods,
there exist the most varied photometric processes.
However, of especial importance are so-called rapid
diagnostics. They are agents in which all reagents
are present in abéorbent carriers or in films in dry

15 form. The agents are brought into contact with the
investigation fluid, the resultant'coloﬁr can be
assessed visually or with reflection photometers.

The materials to be investigated in the above-
mentioned fields of chemical analysis, e.g. urine,

.20 blood,.foodstuffs,.medicinal preparations and the like,
are frequently characterised by a more or less large
content of reducing agents, the commonest of which is
ascorbic acid. It is clear that redox reactions can
be sensitively disturbed by strong reducing agents,

25 such.és ascorbic acid. It is known that in the case
of the deteétion of glucose with rapid diagnostics,

which depend upon the basis of the reaction of'GODbPOD



-4- redox indicators, falsely negative findings can be brought about by
ascorbit acid. The H202 resulting from glucose with the help of GOD

(gl ucose oxi dase)* acts, namely, w th POD (peroxidase) on the ascorbic*5
aeid instead of on the indicator with oxidation and is thus renoved from
the determnation. It is further known that rapid diagnostics for the
detection of blood in urine also react falgely negative in the presence of
ascorbic acid. The 10 ascorbic acid here presumably reduces the col oured

material formed b he haenogl obi n-cat al ysed oxi dati on. As exanple for
fal sely positive %(?% PP o d Y ReRtive Findings icareds he

determ nati on of DPH wi th the help t he reductlon of
tetrazol i um sal ts %JI ve colTt ecfﬁ“i?r’#ﬁfa de' cﬂgﬁll'{goemﬁ? tdngets in
t he sanme manner S nent ecause

especi al inportance a:%l % t?\ r{-'%(aaex't.i‘reﬁl'}ltp t%ﬁgpz(gs]‘t‘ﬂflpﬁfm?é‘} r}educi ng
agents, espec- i-&ddds asrg;,{ég_ip itk Y g?tﬁltrg)ﬂ?\éese tRer q:tfhor d rtb .been

Iacklng to remove this fromthe investl s or

non- di st ur beds pr RESE ShSHRARHch tHe® 1hidilcatizio “art?lcgéaa%taf% ‘é?&"‘“ 25

- oxidation with iodine solution and renpval of the excess 1odine wt
t hi osul phat e is thus removed from the determination.

It is further known that rapid diagnostics for
the detection of blood in urine also react falsely
negative in the presence of ascorbic acid. The

10 ascorbic acid here presumably reduces the coloured
material formed by the haemoglobin-catalysed
oxidation.

As example for falsely positive findings due to
ascorbic acid is to be mentioned the determination of

15 NADH or NADPH with the help of the reduction of
tetrazolium salts to give coloured formazanes.
Ascorbic acid here acts in the same manner and increases
the measurement signal.

Because of the especial importance and of the

20 extent of the disturbances by reducing agents, espec-
ially ascorbic acid, attempts have, therefore, not beén
lacking to remove this from the investigation fluids or
to develop non-disturbed processes and agents.

The following processes are known:

25 ~ oxidation with iodine sblution and removal of the

excess iodine with thiosulphate



-5- - oxidation with manganese dioxide and filtering off of the unconsuned
oxidatison agent - oxidation with alkaline H[err] - treatnent of the sanple
solution with anicon 5 exchangers. All these processes require a ™~

| aborious treat- nent of the sanple solution, furthernore, especially in
the case of rapid diagnostics, an integrated sol- ution of the problemis
very expensive. Test papers 10 are al sg.known in which urine nust first
be chronmat o- graphed through a zone with ani on exchanger (DE-AS 15 98 008)

in order then to be_a Lo react undist- urbed.in th ase of further
running to the aEtﬁﬁJa%%R%hPu %n@?n?§§F§ewﬁﬁﬁx98ﬁ ar h%ﬁgéﬁriBﬂle re 15

co cially availa%l%Pfor L%pos dgngi akgctose. hey have a conplicated
construction and, (ue 16 tf RECE sa?& r&ﬁ§t88F3 hy time, the analysis

time is considerably:ingrkeas L.n S Wi th previously known rapid
d%Eﬁgg %qth.€?R%?$5% Blo

tests. 20 urt pOSSi or 2t Be renoval of ascorbic acid

fromfluids or the tr-gbehbaitcBee thkl Bahp1al s8Ruehiofl agRAShhgopgent s depends
upon the addition of ascorbate oxidase in optical tests and rapid

di agnosti cs (BDE- ASexehdngez4s)l. 25 : Al t hough this process is usable
especially in :

All these processes require a laborious treat-
ment of the sample solution, furthermore, especially
in the case of rapid diagnostics, an integrated sol-
ution of the problem is very expensive. Test papers

10 are also known in which urine must first be chromato-
graphed through a zone with anion exchanger (DE-AS
15 98 008) in order then to be able to react undist-
urbed in the case of further running to the actual
reagent zone. Tests with ion exchanger zones are

15 commercially available for glucose and galactose.
They have a complicated construction and, due to the
necessary chromatography time, the analysis time is
considerably increased in comparison with previously
known rapid tests.

20 A further possibility for the removal of
ascorbic acid from fluids or the interference elimin-
ation of diagnostic agents depends upon the addition
of ascorbate oxidase in optical tests and rapid
diagnostics (DE-AS 26 25 834).

25 Although this process is usable especially in

the case of small ascorbic acid concentrations, the

problem as a whole cannot be regarded as solved,



the case of small ascorbic acid concentrations, the problemas a whole
canhot be regarded as sal ved, -6- nanely, for the follow ng reasons: -
Ascor bate oxi dase*reacts only with ascorbic acid itself but not with«
met abol ites, such as the gl ucuronide and the sul phate, as well as other 5

“reduci ng agents. - The oxidation of ascorbic acid by ascorbate oxidase is
relatively slow so that, in the case of -6est fluids which can contain nore
than 100 ng. ascorbic acid/dl., uneconomcally |arge anobunts of ascorbate

10 Oridase Mishehg,Uzed thol Ro3gblahn $8388nsthe enzyme ascorbate
oxidase is relatively'rapidly destroye y aggressi ve reagents. Thus e.g.

t he cunol hydr oper axtdebdeadoikd daskl kB8Rl SRV £i&N ed in
m crocapsul es (USP 15 4 128 417?. Surgrisinng?§%?nE§é°%§ﬁ§b§égafound

t hat one can devel gpsplECBESEROBNYiEhagBeabbEi 888 SucRSRASCERL! Y rapid
di agnostics, which are not disturbed by ascorbic acid and its netabolites

even when these arglpcasenidenadf theekalphaty,| 8580QedNDSt StMbeN tO the
known fornul ations or to the test systemto be investigated one
addi ti onal | ySadds redacéngl agemts.be regarded as surpri'sing that iodate
admttedly oxidises the ascorbic acid sufficiently
- The oxidation of ascorbic acid by ascorbate oxidase
is relatively slow so that, in the case of test
fluids which can contain more than 100 mg. ascorbic
acid/dl., uneconomically large amounts of ascorbate
10 oxidase must be used.
- In certain cases, the enzyme ascorbate bxidase is
relatively rapidly destroyed by aggressive reagents.

Thus e.g. the cumol hydroperoxide used in a urine-

blood test must be enclosed in microcapsules (USP
15 4 129 417).

Surprisingly, it has now been found that one can
develop processes and diagnostic agents, especially
rapid diagnostics, which are not disturbed by ascorbic
acid and its metabolites even when these are present in

20 relatively large amounts when to the known formulations
or to the test system to be investigated one additionally
adds iodate. It must be regarded as surprising that
iodate admittedly oxidises the ascorbic acid sufficiently
quickly but not the substrates important in clinical

25 chemistry, furthermore many of the redox indicators

usual in analysis and their particular coloured reaction

products, as well as conventional adjuvants. Thus, for



qui ckl'y but not the substrates inportant in clinical 25 chem stry,
furthernore many of the redox indicators usual in analysis and their
particul ar col oured feaction products, as well as conventional adjuvants.
Thus, for -7- exanple, under the usual analysis conditions (pH5 - 9)
and wnthln t he usual analysis tines, there are not attacked by iodate: -
substrates: 5 carbohydrates (glucose, gal@ctose and the like), cholesterol,
glycerol (fromtriglycerides), uric acid, NADH and NADPH etc. -substrate

oxi dases: gl ucose oxi dase, gal act ose oxi dase, chol esterol oxidase
gl ycerol oxi daseS*amPLescunder th?hﬂ?%%}o?%aiﬁﬁhél%P?é?%&ﬁ?%aﬁ?@e% - 9)

tolidi 3, 3! t et th b d het I
(3o bi o benz o™ HPHERTBLERE 1 HOh ERGLYH] S PRt RS TR | on 15

products of tetrgé?ééﬂg%$€% §§€ .- peroxldases_ hor seradi sh per oxi dase,

haenogl obi n (bl 00 atyl sem carbazi des which are described as
stabilisers 20 _of, Qgtﬁg{égn |nd|cators (DE-OS 27 16 060). That this
property of i odate IS surprising and

S carbohydrates (glucose, galactose and the like),
cholesterol, glycerol (from triglycerides), uric acid,
NADH and NADPH etc.
~substrate oxidases:
glucose oxidase, galactose oxidase, cholesterol oxidase, .

10 glycerol oxidase, uricase etc.
~ indicators:
benzidine derivatives (o-tolidine, 3,3',5,5'-tetramethyl-
benzidine), heterocyclic azines {azino-bis-benzo-
thiazolone-sulphonic acid), formazanes as reduction
15 produdts of tetrazolium salts etc.
~ peroxidases:
horseradish peroxidase, haemoglobin (blood)
~ adjuvants:
aryl semicarbazides which are described as stabilisers
20 of oxidation indicators (DE-0S 27 16 060).

That this property of iodate is surprising and
cannot be deduced, perhaps from the oxidation potential,
is shown by a comparison with other halogen compounds.
Accofding to Cotton-wilkinson "Anoréanische Chemie"

25 Weinheim, 1970, 2nd edition, p. 532, their standard

potentials amount to:



cannot be deduced, perhaps fromthe oxidation potential, is shown by a
corpartson w th other hal ogen conpounds. According to Cotton-W1Ikinson

" Anor gani sche Chemni e" 25 Wi nhei m. 1970, 2nd edition, p. 532, theif
standard potential s anmount to: -8- - iodate + 0.26V - periodate + 0.39V
-iodine + 0.54V - bromate + 0.61V 5 -chlorate + 0.63V Wereas now periodate
and free iodine, besides ascorbic acid,_gxidise nost indicators, especially
benzi di ne derivatives, bromate and chlorate, in spite of their higher

oxi dation potential,_are not able to 10 oxidise ascorbic acid and thus
are conpl etely uSel®et¢ot PhebVesired purpose. Hitherto, it was al so
assumed of iodates_that .they onl xi di se ascorbic acid in acetic acid
soﬁﬁfion [R Indbv?%gfoffg%Fde'%%?l. Soc. Ital. Biol. sperm 20, 390-393
(1945), C A 40,_61310,41948)d 4,15 The rapid di agnostics according
to the invention, praciically not destroyed by ascorbic acid, are sinple to
produce in that ong.ggdnixes gngjpdate with the formulations of per 'se known
tests. Such tests are e.g.: - test papers for the detecti-on of blood in
urine wth 2 _cRIgaEE DYslr@per oxi des and o-tolidine (DE-OS 2235 152,

Whereas now periodate and free iodine, besides
ascorbic acid, oxidise most indicators, especially
benzidine derivatives, bromate and chlorate, in spite
of their higher oxidation potential, are not able to

10 oxidise ascorbic acid and thus are completely useless
for the desired purpose. Hitherto, it was also assumed
of iodates that they only oxiéise ascorbic acid in acetic
acid solution [R. Indovina, D. Elia, Boll. Soc. Ital.
Biol. sperm. 20, 390-393 (1945), C.A. 40, 6110 (1946)].

15 The rapid diagnostics according to the invention,
practically not destroyed ﬁy ascorbic acid, are simple
to produce in that one admixes an iodate with the
formulations of per se known tests. Such tests are e.d.:
- test papers for the detection of blood in urine with

20 organic hydroperoxides and o-tolidine (DE-O0S 2235 152,

DE-OS 26 40 211, DE-O0S 12 42 905) and tetramethyl-
benzidine (DE-0S 24 60 903, DE-0S 27 16 060).

- test papers for the detection of glucose in urine
with GOD, POD and o-tolidine (DE-OS 24 15 257, DE-AS

25 11 21 847, OE-PS 19 88 96), 3,3%,5,5'~tetramethyl-

benzidine (DE-0S 24 60 903), substituted amino-
carbazoles_}DE—OS 22 05 733, DE~OS 23 38 932) and



DE- OS 26 40 211, DE-OS 12 42 905) and tetranethyl- benzidine (DE-CS 24 60
908, DE-OS 27 16 060). .- test papers for the detection of glucose in urine

with GOD, POD and o-tolidine (DE-OS 24 15 257, DE-AS 25 11 21 847, OPS
19 88 96), 3,3 ,5,5 -tetranethyl- benzidine (DE-OS 24 60 903), substituted
am no- carbazoles (DE-OS 22 05 733, DE-OS 23 38 932) and -9-

het erocyclic azines (DE-OS 16 48 840) - -pest papers for the detection of
gal actose in urine with gal actose-0OD, POD and o-tolidine (USP 3, 362, 886) -

tglefiu PSFﬁ%S( D' 3. DEReEREyRILR BRteh (BRCOE %ég%ét 8? Tat ton of gl ucose in
: GOD, P

3, g*QSMEF-tetrane?ﬁeﬁbehgbggﬁggfggﬁegsgéggggﬁéa gf B%S%rs f%Fl?ﬁe

det ermination of NADhog aNéQE"oséQ?D, pbf 489 egﬁaga?s(g 5pc8z¥BEsadb)

tetrazoliumsalts and diaphorase i nce’ nost

above-nentioned tegbstap8pedk’ b8daPvbrb8 3GH8LHELES! W ERNSpedpE£E- S0!ubIe
i odat es are advant ageously used. There come into question %5 practically

all water-sobubl e salidasek,i bdDcandi 8-vblbdiner gaspc3podo pegaNi c cations
I nsofar as these in turn do not disturb the anal ytical process. These are,
in particul ar, thetebkafilmst fibrsthésdeherhinatiensyftglucose in blood
with GOD, POD, o~tolidine (DE-OS 15 98 153) and
3,3',5,5'-tetramethylbenzidine (DE-0S 24 60 903)
- test papers for the determination of NADH or NADH-
10 forming substrates or enzymes with tetrazolium salts
and diaphorase (e.g. DE-0S 24 52 283).

Since most of the above-mentioned tests are
carriéd out in aqueous solutions, water-soluble iodates
are advantageously used. There come into question

15 practically all water-soluble salts of iodic acid with
inorganic and organic cations insofar as these in turn
do not disturb the analytical process. These are, in
particular, the alkali metal salts which are easy to
handle and, in part, are commercially available,

20 furthermore the alkaline earth metal salts, ammonium
salts or the salts of simple amines, such as e.d.
piperidine, piperazine and the like.

Only in special cases are certain modifications
of the conventional formulations necessary:

25 - In the case of the industrial production of test

papers, amongst other things, relatively long impreg-

nation times are necessary. In these long times,



handl € and, in part, are commercially available, 20 furthernore the

al kalime earth netal salts, ammniumsalts or the salts of sinple am nes,
such as e.g. piperidi‘ne, piperazine and the like. Only in special caSes are
certain nodifications of the conventional formulations necessary: 25 - In
the case of the industrial production of test papers, anongst other things,
relatively long inpreg- nation tines are +lgsessary. In these |long tines,
-10- under certain circunstances, it can already result in a partial

oxi dation of the | NGk Kertiled dio bt SHAP O+ (I GRS Ay by Tt uted

an1nocarbazo|es accordin n these cases,

edient to bring gboytyf-Gailt &8 ERAdAlo 5 R f?i‘dél’?:éﬁoxt he magqrg 5 in
tha one first |npregnates the test paper with all other reagents and

thereafter post-inE&gnatapie CaHe gadivicH @iﬁd@:ﬁﬁ@a@ranarm&awlwt

u

whi ch does not dissol ve the other 10 formul ati on conponents.

Or gano- sol ubl e | odaicsordihg fty DRCOPI22 oPIaAIT.Narmh aiEsd Wadexjatias iss
well as salts of iodid acid with |ong-chained am nes. - In cases where, due
to the use of5i odatexpelizdit ittoy kpricly eboier i eenterimn spatiled sephmarieaml |y
known 15 measures of stability inprovenent, such as successive

i mpregnati on from &ff fhemeagantantiay Yhadsidrey fiingt impregnates the
test paper with all other reagents and thereafter
post-impregnates a corresponding iodate from an
organic solvent which does not dissolve the other

10 formulation components. Organo-soluble iodates are,
for example, quaternary ammonium iodates, as well as
salts of iodid acid with long-chained amines.

- In cases where, due to the use of iodate, stability
problems arise, there can be used generally known

15 measﬁres of stability improvement, such as successive
imprégnation from different solvents, possibly with
the addition of suitable separation agents, such as
e.g. polymers. The use of iodate in rapid diagnostics
is only expedient within the following pH limits:

20 - In the case of pH values below about 4.5, there
increasingly results free iodine in the case of the
reduction of iodate by ascorbic acid which, as already
said, oxidises many indicators. Furthermore, iodate
in an acidic medium possesses an oxidation potential

25 of 41.20V (Cotton-Wilkinson, see above) and is,
therefore, no longer compatible with most indicators

and other formulation components.



the addition of suitable separation agents, such as e.g. polyners. The use
ofs fodate in rapid diagnostjcs is only expedient within the follow ng pH
limts: 20 - Im the case of pH val ues bel ow about 4.5, there increasingly
results free iodine in the case of the reduction of iodate by ascorbic acid
whi ch, as already said, oxidises many indicators. Furthernore, iodate in an
aci di ¢ medi um possesses an oxi dation potentiLal 25 of +1.20V
(Cotton-W I kinson, see above) and is, therefore, no |longer conpatible with
nost 1 ndicators and,ot her _fqrnulation conponents. - ove pH.7.- 8, the
oxi dati on of - ascdor BROVEc Pl gy'igdaF SHe%d lpﬁcP§a§FﬁBéglglﬁ&éP b¥ that,
for_. an effective interference elinpination el atively | arge, anpunts :of
ioaéfe are necessafﬁ%aﬁﬁic cggﬁsléggrggsghgiy ﬁ%?ﬁ?ﬁgsﬁpggFFfrgﬁrtﬁgs and
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2 to 20 nol ar excessS, referre anoun ascorbrc aci ccurring in

the investigated fLidnesSoaCeohlibellre AKLABLNY, OlnilR 83AOIBRE 51 O MuSt

take place practic- ally before the actu etection reaction, for rapidly

For more ol oul v Presaedr gy B D e chdee. the
oxi dation of 15 atabibieyapirdbibmws down in the case of high pH in
The iodates are expediently used in 2 to 20 molar
excess, referred to the amounts of ascorbic acid
occurring in the investigated fluids. Since the
10 oxidation of the ascorbic acid must take place practic-
ally before the actual detection reaction, for rapidly
proceeding detection reactions one requires a larger
excess of iodate than for more slowly proceeding ones.
Since, as already mentioned above, the oxidation of
15 ascorbic acid slows down in the case of high pH, in
these cases a larger excess must also be used. The
corréct amount of iodate is, in ewvery case, easy to
determine by simple serial experiments.
In comparison with known disturbance-free or low
20 disturbance rapid diagnostics, the rapid diagnostics
according to the invention display the following
advantages:
- Their handling corresponds completely to the previous,
in some cases long since usual rapid diagnoatics.
25 ~ Their production is simple and corresponds substant-

jally to the usual methods of fabrication.



these cases a Iarger excess nust al so be used The correct anmount of iodate
i S |n'every case, easy.to determne by sinple serial experiments. In
conparison with known disturbance-free or low 20  di sturbance rapid~
di~agnostics, the rapid diagnostics according to the invention display the
foll ow ng advantages: - Their handling corresponds conpletely to the
previous, in sone cases |long since usuaklzapid diagnostics. 25 - Their
production is sinple and corresponds substant- ially to the usual nethods

of fabrication. _ c'%éér' %%¥¢tgl£§£$%tﬁcggggfé¢qgo AQQ contain

ascor bat e oxi dase, ree o eérence
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produce e use ate s se not

i ncor por at ion int Oofaﬁéeéféﬁéﬂéé'éfmﬁ&émﬁ gabéﬁgaéfl P%@&'ded
directly to the solution to be investigated and the solution thereby freed

from the disturbi ngubstastigl Bgansd e fpriteLl favvesiblat €8l prodienn 10
manner photonetrically or with usual rapid tests. How ever, it is to be

noted that i% such a sTheituse,of ebddaté hits pdBt satmst oxmiﬂa@en&cs #He Whi ch
react wth iodate, can no |onger be carried out. There are, for exanple, in
t he case of urintncorporation into rapid diagnostics. Thus, e.gq.
iodate can be added directly to the solution to be
investigated and the solution thereby freed from the
disturbing reducing agents further investigated in known
10 manner photometrically or with usual rapid tests. How-
ever, it is to be‘noted that in such a solution, tests,
the substrates or reagents of which react with iodate,
can no longer be carried out.
There are, for example, in the case of urine
15 investigation with multiple tests, the tests for
nitrite and bile colouring materials (urobilinogen and
‘bilirubin). These materials are oxidised by iodate in
the acidic medium of the test paper even before their
detection. Furthermore, the aromatic amines used for
20 the usual nitrite tests are oxidised to strongly
coloured compounds.
Whether a particular test.is disturbed by the
addition of iodate can easily be tested for in that
one compares standards with and without iodate addition.
25 In certain cases, e.g. in the case of analysis
processes which operate at pH 5 - 6, where ascorbic

acid is oxidised very rapidly by iodate, it can be



15 i nvestigation with nultiple tests, the tests for nitrite and bile
colourtng materials (urobilinogen and bilirubin). These materials arg
oxi di sed by iodate in the acidic nmediumof the test paper even before their
detection. Furthernore, the aromatic am nes used for 20 the usual nitrite
tests are oxidised to strongly col oured conpounds. \Wether a particular
test is disturbed by the addition of ioddf3 can easily be tested for in

t hat one conpares standards with and without iodate addition. 25 In
certain cases, e. ' f lysi roces i per. at pH5
- 6, where ascoHﬁﬁy%¥§%#¥%ﬁ%§§3?§%§Q%§¥§°?§%Fd%§ %@iigggégpgigrgggrbe
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t hereof and so substantia to sinpli e course of the“anal ysis. Thus,

e.g. in the case simdliEyandly zourede o2 the bhalyadate eansheedy. added to
t he conventional weakly acidic deproteinis- ation agents, such as e.g.

uranyl acetate, wher elaseonE theaahalysisbsfaserahl,y thet ébbBateneancbeni nat ed
test solution. The diagnostic agents are preferably rapid tests 10 in
whi ch t he red&gentadigst dm ithel cpnrenitiedalnweakiyaheddientiepabtedniisrsol ubl e
in the test systemor is incorporated into a filmswellable in the test
system ation agents, such as e.g. uranyl acetate, whereby
one obtains a substantially interference-eliminated
test solution.
The diagnostic agents are preferably rapid tests
10 in which the reagent system is impregnated into an
absorbent carrier insoluble in the test system or is
incorporated into a film swellable in the test system
which is possibly fixed to a solid carrier, for example
a synthetic resin foil. The reaction is then determined,
15 after moistening with the test system, by the coloration
'arising.

However, the diagnostic agénts can also be
soluble in the test system and be present, for example,
as solution, lyophilisate or reagent tablet or be

20 incorporated into a film soluble in the test system
which, in turn, is present on or in a solid carrier.
The reagents are then mixed with the test system, as
well as possibly further solvents and the reaction
determined photometrically in a cuveﬁte.

25 By test system there is thereby understood the
sample to be investigated, possibly with the addition

of suitable solvents. By reagent system is understood



which is possibly fixed to a solid carrier, for exanple a synthetic resin
fail. Jhe reaction is then determned, 15 after noistening with the test
system by the coloration arising. However, the diagnostic agents cah al so
be soluble in the test system and be present, for exanple, as solution,

| yophilisate or reagent tablet or be 20 i ncorporated into a filmsoluble
in the test systemwhich, in turn, is prgsent on or in a solid carrier. The
reagents are then mxed with the test system as well as possibly further
solvents and the reaction determ ned photonetrically in a cuvette. 25

By test system tHhe &ums ofh&hehipageddpdsoseachd ngawpith thepsammiesendat ed,
possibly with the addition of suitable solvents. By reagent systemis

under st ood - pAl ofber RAdpveRs S fEFRaRs PBEELENgWRIEEANEhAJERED| ¢ and
al | other adjuvants, s¥§h as huffer, metthg agent ,iLscositéfrEgulatrng
material s, stabiVlisSoRd N gERORLating geteripdsei fGaRiAFINIAEIGBEE as
possibly 5 solvent% et The invention.is to beéiurther gégiained in the

fol |l owi ng Exaongg it 6&?,°H5%89e??¢?$ﬁftﬁﬁng t 85t K&*® Fosure. Exanpl e
1 10 Test5pap§51g%5t%hgtggtection of blood (erythrocytes)

The invention is to be further explained in the
following Examples without, however, limiting it to
the disclosure. |
Example 1

10 Test paper for the detection of blood (erythrocytes)
in urine.

Filter paper (Schleicher & Schiill No. 23 SL) is
successively impregnated with the following solutions
and dried at 40°C.:

15 Solution 1
1.2 molar citrate buffer of pH 5.25 35.0 ml.

e?hylgnediaminetetraacetic acid, 0.1 g.
disodium salt
diéctyl sodiﬁm sulphosuccinate 0.5 g.
20 2,5-dimethylhexane-2, 5-dihydroperoxide 1.6 g.
(about 70%) o o
phosphoric acid trimorpholide : 12.7 g.
sodium iodate .0.5 g.
ethanol : 30.0 ml.
25 dist. water , " ad 100.0 ml.
Solution 2 |
- 3,3',5,5'-tetramethylbenzidine | 0.3 g.

phenanthridine _ 0.2 g.



in urine. Filter paper (Schleicher & Schull No. 23 SL) is successively
i npregnited with the follow ng solutions-and dried at 40[err]C.: 15

Solution 1 1.2 notar citrate buffer of pH 5.25 35.0 m . -
ethyl enedi am netetraacetic acid, 0.1 go disodium salt di"oct yl
sodi um sul phosucci nat e 0.5 g. 20

2, 5-di net hyl hexane- 2, 5-di hydroperoxide _35_1.6 g. (about 70% phosphoric
acid trinorpholide 12.7 g. sodiumiodate

0.5 g. ethanaol 30,0 m. 25 dist. water
ad 100.0 i . sol utTRIERY) semicaxbazide et hyl benzi di ne 0.02 g. 0.3 g.

phehant hri di ne . 0.2 g. hen
seni car bazi de t°luene/methan°l (604 4. tol uenel metarig Oy-(%G‘JibO)

ad 100.0 m. Wth this here can he detect t esen e of 5
ery./mB even in the presence 5? paper ?dgl gfb#% eIn

ghe igsﬁ ggcgpbggghﬁfﬁgﬁié, thgﬁﬁ;a ﬁp?igﬂ?égc |on | 4%36 Vvi%si b sgpagt?enz
concentraticns(ﬁ 2D mp0 dHborbic acid/dl. In the case of an analogous
test paper which, instead of the iodate, contains
3. 104 U ascorbate oxidase, the positive reaction is.
still visible up to a concentration of 30 - 50 mg.
ascorbic acid/dl., in the case of a paper without
10 additions only up to about 10 mg. ascorbic acid/dl.
If the test paper according to the invention is heated
for 3 days to 60°C., then it retains its sensitivity.
The paper with ascorbate oxidase reacts, after this
stressing, only like the paper without additives.
15 Example 1 |
Test paper for the semi-quantitative determination of
glucose in urine
Filter paper (Schleicher & Schull 597 NF-Ind.)

is successively impregnated with solutions of the

20 following composition and in each case dried at 50°.:

Solution 1
glucose oxidase (71 U/mg.) 1.2 g.
peroxidase (66 U/mg.) 0.2 qg.
1.2N citrate buffer, pH 5 50.0 ml.
25 g;i?-dimethylamipopiopyl)-GTchloro—B- 2.1 gq.
minocarbazole dihydrochloride - :
tartrazine 0.12 g.
laurol sarcosine | ' 1.1 g.

water dist. ' ad 100.0 ml.



ascqr.bic, acid/dl., in the case of a paper w thout 10 additions only up to
about 10 ng. ascorbic acid/dl. If the test paper according to the invention
is heated for 3 ddys to 60[err]C., then it retains .its sensitivity. The
paper with ascorbate oxidase reacts, after this stressing, only like the
paper w thout additives. 15 Exanple 1 Test paper for the

sem -quantitative determ nation of glucesé-n urine Filter paper
(Schl ei cher & Schull 597 NF-1nd.) is successively inpregnated with

sol utions of the gfutifd |oW ng conposition and in each case dried at
S50[err]C.: Solution 1 glucose oxidase (71 U ng.) 1.2 g.
per oxidase (66 Utgtyamethylammonium iodate 0.2 g. 1.2Ncitrat g buffer,
pH 5 ' 50.0 m. 25

9- ([ err]-di net hyletharadr opyl ) - 6- chl or o- 3- 2 1 amdnaosar.lbamil.e

di hydrochl oride tartrazine 0.12 g.

| aur ol sarcosi ne A test paper is producedl.ih ¢hewshpe diayt which

ad 100.0 ni. -16- Solution 2 tetramet hyl ammoni um i odat e
1.4 g. ethand. 1is only impregnated with Solutienide.0 ml. A test paper is

produced in the sane mqy.mhich
rines are prepared with 100, 300 and 1000 mg.

‘glucose/dl. into which, in each case, are weighed O,
50, 100 and 200 mg. ascorbic acid/al.

The test papers are dipped in and placed on an

10 absorbent substrate. One minute.after the dipping in,

their reaction colours are compared,'whereby that of
the urine without ascorbic acid is chosen as inner
standard. From the following Tabie, it follows that
the disturbance by ascorbic acid is overcome by the

15 addition of iodate.

indication expressed in mg. glucose/dl

iodate 0 50 100 200 mg.
ascorbic acid/dl.

- 100 neg. nég. neg.

+ 100 100 100 100
20 - 300 100 neg. neg.
+ 300 300 300 300
- 1000 ‘300 100 neg.

+ 1000 1000 1000 1000




5 is only inpregnated with Solution 1. Wines are prepared with 100, 300
and’ 1000 ng. glucose/dl. into which, in each case, are wei ghed 0, 50, 100
and 200 ng. ascorbic acid/dl. The test papers are dipped in and placed on
an- 10 absorbent substrate. One minute after the dipping in, their
reaction colours are conpared, whereby that of the urine mﬁthout ascorbic
acid is chosen as inner standard. From +3§-followi ng Table, it follows that
t he di sturbance by ascorbic acid is overcone by the 15 addi ti on of

| odat e. |nd|cat|%&3§§? ed in ng. glucose/dl iodate 0 50 100
200 ng. ascorbic aci %ﬁ 100 neg. neg neg. +

100\_~ 100 16Qst riggrzqh 0 neg.
¥ 300 300 F%6 e fgtection B40 HluC%%%oln urigﬁ

f
neg. + 1000 100@1lte¥09Qper (ScﬂQQQcher %s?ﬁﬁéiipg@? NE@ paper or

t he detection of glucose in urine Filter paper I cher 597 NF)
If ggFreg?gted wimpreaghalted ofthf at B81LekbaRIth@MBSS L bWRRGO comﬁ8g1@Ebﬁd
a err

5 and dried at 50°%.:

glucose oxidase (71 U/ml.) 0.38 q.
peroxidase (66 U/ml.) 0.02 q.
potassium iodate 2.00 g.
tartrazine 0.08 g.
10 o-tolidine - 0.42 qg.
ethanol 33.0 ml.
water dist. ad 100.0 ml.

With this test paper, urines with 50 mg. glucose/

dl., into which have been weighed 0, 50, 100 and 200 mh.
15 ascorbic acid/dl., give practically the same green
reaction colour.

An analogous paper without iodate gives a
positive reaction only in the ascorbix acid-free urine.
Example 4

20 Test film for the defermination'of small glucose
contents in blood or serum
components

polyvinyl acetate propionate dispersion 45.0
(Propiofan 70 D) _ -v 9g-

25 1.85% solution of sodium alginate in 35.0
0.5M phosphate buffer of pH 5.5 -9 g

sodium nonyl sulphate dlssolved in 0.75
5.0 ml., water * g-



"glucoée oxidase (71 Unl.) | o 0.38 g. peroxidase (66 Um.)

0.02 g* potassiumiodate . 2.00 g. tartrazine

0.08 g. 10 o-telidine . 0.42 g. eth=nol .
38.0 M. water dist. ad 100.0 mM. Wth fhis test
paper, urines with 50 ng. glucose/ dl., into which have been wei ghed 0, 50,

100 and 200 mh. 15 ascorbic acid/dl., _gigee practically the sanme green
reaction col our. An anal ogous paper mﬁthout i odate gives a positive

reaction only in e ascorbl err e urj.ne. ng Test film
for the deternin??r s 53 gg%s 1893% SS
conponents pol yv r?foxé' at i’“gn te d| s £%0 4. firof an 70
D) 25 1. 85% solyutyi,0 fy [ | : 0 5M phosphat e
buffer of pH 5. 513%3@ &rf%n q-'%I(1 :@%gtl% %ng'ﬁveglsml%gd 0068599 5.0

m . water -18-gl'ucose oxré%se (71 Ung.) ) dissolved in ( 0.2 g.
per oxi dase (66 Ugdiilim iodate 10 M. water ( 0.25 g. 1.0 g.

The components are well mixed up, coated in a
layer thickness of 200p on to a substrate of synthetic
resin and.driedpfor 35 minutes at 60°C.

A film is produced in the same way without iodate.

10 Sera with 20 mg. glucose/dl. and 0, 2.5 or 5.0 mg.
ascorbic acid/dl., are dropped thereon, after 1 minute
wiped off and, after a further 2 minutes, the color-~
ation is measured on a commercially available remission

| photometer (Reflomat ® )} with the use of a linear 0 -

15 100 scale:

test film serum

with 0 2.5 5.0 hg. ascorbic acid/dl.

without iodate 47 43 35
with iodate 46 45 45

20 Example 5
Test paper for the detection of NADH
Filter paper (Schleicher & Schull 23 SL) is
impregnated with a solution of the following composition
and dried at 50°C.:
25 iodo-nitro-triphenyltetrazolium chloride 0.2 g.
sodium iodate 0.5 g.

nonyl phenoi polyglycol ether 0.2 g.



3 3 5 5 -tetranethylben2|d|ne dlssolved 0 68 g. in5mnm. acetone 5
sodlun1|odate . 1.0 g. The conponents are
wel I m xed up, coated in a layer thickness of 200[err] on to a subst rate of
synthetic resin and dried for 35 minutes at 60[err]C. A filmis produced in
the sane way w thout iodate. 10 Sera with 20 ng. glucose/dl. and O,
2.5 or 5.0 ng. ascorbic acid/dl., are dropp®d thereon, after 1 m nute w ped
off and, after a further 2 mnutes, the color- ation is nmeasured on a

comercial ly avaaiﬁg%gsca eé§%qgﬁﬁ$ ?oneter (Ref | omat ) vmtrbtéga&se of

alinear 0 - 15 n1serun1mnth

5.0_ny. ascor bi £E) 43. 35 w
46 45 420’2%5%%h?1%#ﬁ£%]1b%t paSper for the detection o @NA%IQIFFi | ter
paper (Schlei chepafesclpbt, 23 SL) is inpr egnat ed with a solaitiem, ®fmthe

foll ow ng conposition and dried at 50[err].: 25
i odo-ni tro-triphenyl teAredaLl;pr&hlﬁs cteroduced i &hd. s&ﬁ@lmlwp@&t
0.5 g. nonyl phenol polyglycol ether 2 Q. -19-

5 iodate.

With agqueous solutions of NADH, both papers react
with the same red coloration. If one adds ascorbic acid
to the NADH solutions, then the papers without iodate
react more strongly.

10 Example 6
Determination of glucose in serum
Solutions
Deproteinisation solution 1:
0.16% uranyl acetate in 0.9% common salt solution
15 Deproteinisation solution 2:
0.16% uranyl acetate and 0.05% sodium iodate in 0.9%
common salt solution -
Reagent solution:
POD 0.8 U/ml., GOD 10 U/ml., azino-bis-benzthiazolone
20 sulphonic acid, NH, salt 1.0 mg./ml. in phosphate
buffer pH 7 (100 mmole/l.)
Sample 1l:
serum with 100 mg. glucose/dl.
Sample 2:
25 Serum with 100 mg. glucose/dl. and 20 mg. ascorbic
acid/dl.



di aphorase (32 U ng.) 0.05 g. 0.15 M phosphate
buffer *pH 7 40.0 M. water dist.

ad 100.0 m. A test paper was produced in the sane way without 5 | edat e.
W+t h aqueous sol utions of NADH, both papers react with the same red
.coloration. If one adds ascorbic acid to the NADH sol utions, then the
papers w thout iodate react nore stronglysqlO Exanpl e 6 Determ nation of
gl ucose in serum Sol uti ons Deproteinisation solution 1: 0.16% uranyl
acetate in O. 9@6$ mon %aJt solution 15 Deprotei ni sation sol ution 2:

0. 16% ur anyl ace ERA2EAY 0. 05% sodi um i odate in 0.9% common salt sol ution

Reagent sol utio l%;g é§1) DRNIY LVn1 , azino-bi s-benzthi azol one 20
sul phoni ¢ aci d, Qhﬁgqggltéiy rm{% I'h p d%%hate buffer pH 7 (100

mol e/l .) Sanpl 00 ng. glucose/dl. Sanple 2: 25 Serum
with 100 ng. glﬁ% Se fﬁﬂg&{%kging. ascorbic acid/dl.

Pipette according to the following scheme (ml.)

5 and centrifuge:

deproteinisation solution 1 l1.00 1.00 - -
deproteinisation solution 2 - - 1.00 1.00
sample 1 _ 0.1l0 - 0.10 -
sample 2 -  0.10 - 0.10

10 gives supernatant No. 1.1 1.2 2.1 2.2
Analysis

Pipette according to the following scheme (ml.),
incubate for 30 minutes at 25°c.. measure extinction at

436 nm (d = 1 cm. ).

15 blank super- 1.1 1.2 2.1 2.2
natant
standard

dist. water 0.1 - - - - -

standard - 0.1 - - - -
supernatant - - 0.1 0.1 0.1 0.1
reagent 5.0 5.0 5.0 5.0 5.0 5.0

20 solution
E 0.115 0.425 0.424 0.366 0.426 0.423

E-E (blank) - = 0.310  0.309 0.251 0.311 0.308




- 20- Standard 9.1 ny. qucose/lOO n1 wat er EEprotelnlsatlon Plpette
accordlhg to the follow ng scheme (yM.) 5 and centrifuge: deproteinisation

solution 1 1.00 1.00 - deproteinisation solution 2 - -
1.00 1.00 sanple 1 0.10 - 0.10 - sanple 2
- 0.10 - 0.10 10 gi ves super nat ant  No. 1.1 1.2 2.1

2.2 Analysis Pipette according to the fol I|&4img schene (m.), incubate for
30 mnutes at 25 C., neasure extinction at 436 nm(d =1 cm). 15

bl ank super - ReéhIE 1.2 2.1 2.2 natant standard dist. water
0.1 - standard - s 0.1 -
supernat ant - Calculated accoddihg tddCl= 100.E (sa&up]ler)ef&gdrﬁtandard)S 0
5.0 5.0 5.0 5.0 5.0 20 solution E .115  0.425
0.424 0.366 0.426__0.423 E-E (bl ank) - 0.310 0.309 0.251
0.311 0.308 -21-

supernatant : - 1.1 1.2 2.1 2.2

ascorbic acid in sample - + - +

5 iodate in deproteinisation _ & +
solution
result (mg./dl.) 99.7 89.0 100.3 99.4

Thus, the disturbance in sample 2 brought about by
‘ascorbic acid is completely removed by iodate.
10 Example 7
Determination of L~-glutamic acid
Solutions
-Reagen£ solutioh l:
1.2 ml. Triton X 100
15 30U diaphofase
10 mg. NAD
60 mg. iodo-nitro-triphenyltetrazolium chloride in
100 ml. 0.1 M potassium phosphate/triethanolamine
buffer pH 8.6
20 Reagent solution 2:
90,000 U glutamate dehydrogenase in 100 ml. water
Sample 1l: '
100 mg. L-glutamic acid in 100 ml. water
Sample 2:
25 100 mg. L-glutamic acid and 40 mg. ascorbic acid in

100 ml. wéter



Result Calculated accordlng to C = 100 E (sanple)/E (standard) supernatant
1.1 12 2.1 2,2 ascorbic acid in.sanple

+ 5 iodate in dEprotelnlsatlon + + solutlon +esul t
(mg./dl.)" 99.7 89.0 100.3 99.4 Thus, the disturbancg in
sanpl e 2 brought about by ascorbic acid is conpletely renoved by iodate. 10
Exanple 7 Determ nation of L-glutamc aci-®1ggt uti ons Reagent solution 1:
1.2 m. Triton X 100 15 30 U di aphorase 10 ng. NAD 60 ng.

i odo-nitro- trlphqugipetrs%zlqjﬁltgg chloride in 100 nl. 0.1 M potassi um
phosphat e/ tri et hanol am ne buffer pH 8.6 20 Reagent solution 2: 90,000 U
gl ukamat e dehydr c@enags idodidh Hodatdl ¢h Ik .1wat@@ NU. L-glutam c acid
“in 100 mM. water Sanple 2: 25 100 ny. L-glutanic acid and 40 ny. ascorbic
acid in 100 m . \Sampile preparation

Pipette according to the following scheme (ml.)

5 and leave to stand for 15 minutes at room temperature:

sample 1 | - 1.0 1.0 - -
sample 2 - - 1.0 1.0
Nalo, soln. - l.0 - 1.0
dist. water 1.0 - 1.0 -

10 gives mixture No. 1.1 1.2 2.1 2.2
Analysis:

Pipette according to the following scheme (ml.),
after 2 minutes measure initial extinction El at
492 nm (d = 1 cm.), start with reagent solution 2,

15 after 15 minutes measure end extinction E2.



| odate solution: 200 ng. sodiumiodate in 100 m . water Sanple preparation
Pi petté& according to the follow ng.schene (nm.) 5 and | eave to stand for

15 m nutes at roemtenperature: sanple 1 1.0 .10 _=-
-~sanple 2 - - 1.0 1.0 Nal 3 sol n. - -
1.0 - 1.0 dist. water 1.0 - 1.0 - 10

gi ves m xture No. 1.1 1.2 2.1 =22- 2.2 Analysis: Pipette

according to the followi ng scheme (m.), after 2 mnutes neasure initia
extinction El at 492 nm(d =1 cm), start with reagent solution 2, 15

after 15 m nut eS TEASUT e end extinction B2 22T xtureptank T 1
1.2 2.1 2.2 reagent solution 1 1. omixture 1.0 1.0
1.0 dist. water 2.0 1.8blank 1.8 1,1 1.8 1,2 1.8 5,1 mxtgre

- 0.2 . o2 A - 0,058 0058

0. 053 creep geg4én%eagent solution 2 0.03 0. 03 0. 03

0. 03 0.03 E2 g 0. 0B20 0.43800 0.43290 crekpo 0.5D30

solution 1

dist. water 2.0 1.8 1.8 1.8 1.8
5 mixture - 0.2 0.2 0.2 0.2

El 0.058 0.058 0.053 creep 0.041
reagent
solution 2 0.03 0.03 0.03 0.03 0.03
E2 K ~ 0.062 0.490 0.499 creep 0.503

10 E2-El (AE) 0.004  0.432 0.446 - 0.454
AE -~ AE (blank) - 0.428 0.442 - 0.452
Result

calculated according to C = 224 . (AE - AE (blank))

mixture No. - 1. 1.2 2.1 2.2

15 ascorbic acid in sample - - + +

iodate treatment - + - +

result (mg./dl.) 95,9 99.0 not 101.2
readable

The creep of the extinction caused by ascorbic
acid (slow reduction of the tetrazolium salt), which
20 prevents an exact measurement, can be prevented by
pre-incubation of the sample solution with iodate

‘without the excess iodate disturbing the anaiysis.



10 E2-E ([err]) 0.004  0.432 0.446 - 0.454 [err]E -
[ efT] E* (bl ank) - 0. 428 0.442 . - 0.452 Result calcul ated
according to C =224 . (Alerr] - AR (blank)) m xture No. -

1 1.2 2.1 2.2 15 ascorbic acid in sanple IImm"m,“"wm"ml
+ + i odate treatnent ' - + -

(ng./dl.) 95.9 99.0 not -2881.2 readabl e The‘crkep" of® t He
extinction caused by ascorbic acid (slow reduction of the tetrazolium.
salt), which 20 prevents an exact neasurenent, can be prevented by
pre-incubation of the sanple solution wctaIMSdate wi thout the excess iodate
di st wr bi ng the anal ysi s. CLAIMS 1. Process for the detection of redox

reactions by the intredueklsan et dnkeARtebeIBANbESYEHEY kBEALIohE8ShySYyStem
characterised in that an iodate soluble in the 5 test systemis

addi ti onal Iy i nthedyaesdodic@ioanBENh. raBbokh reateatPeyeten0iABoCKCEEEL
referred to the highest anmpbunt of disturbing ascorbic acid present in the
test system andyshemt,othhrackentigetiainathbtvahutodatd sofub2e in Phacess
according to claim1, characterised in 10 that the pH val ue of the test
systemis ifBcre&eet bysthm dddaddiviohallly intiordneedenn spsamouns.

Process accordiug to claim2, characterised in .
ich corresponds to an excess, referred to the highest

amount of disturbing ascorbic acid present in the test
system, and the total mixture has a pH value of 5 - 9.
2. Process according to claim 1, characterised in

10 that the pH value of the test system is increased by
the addition of the redox reagent system. '
3. Process according to claim 2, characterised in
that the pH value is increased from 5 - 6 to 7 - 9.
4. Diagnostic agent for the detection of redox

15 reactions containing a redox reagent system, character-
ised in that an iodate soluble in the test system is
additionally present in an amount which corresponds
to an excess, referred to the highest amount of
disturbing ascorbic acid present in the test system,

20 and the reagent system contains a buffer which together
with the test system, gives a pH value of 5 ~ 9,
5. Diagnostic agent acéording to claim 4, character-
ised in that 0.5 - 2 qg. 6f iodate is present per 100 ml.
of test system.

25 6. Diagnostic test system according to one of claims
4 - 5, characterised in that the redox reagent system

consists of an oxidation indicator, a hydroperoxide,



that_ thg .pH value is increased from5 - 6 to 7 - 9.4, Di agnostic agent

for .the detection of redox 15 . reactions containing a re

system character* ised in that an iodate soluble in the ?Bﬁ[!gmﬂ“l!wu!!l
additionally present in an anount which corresponds to an ex S,L [
to the highest amount of disturbing ascorbhg acid present in the test
~system 20 and the reagent system contaifiS a buffer which together with
the test system gives a pH value of 5 - 9. 5. Di agnosti ¢ agent
accordi ng to cl aianpéroxtideset and ceowsrentivhal @djuvaptg. of iodate is
present per 100 nl. of test system 25 6. _ Diagnostic test system
accbedi ng to one7ef cl Rimgnostis agRataecepirddngi fot pae PReClad®R reagent
system consi sts of an oxidation indicator, a hydroperoxide, -24- ‘a

per oxi dase and cénvefti Sharagépgigedsiny that Eﬁ&gﬁ&é?#crS@SﬁPta§¥8FGan to
one of clains 4 - 5, characterised in that the redox reg ent system
consists of a recGOREASHS REi GafSAUCkipRyiRAiGakgEn 2 & 5&%%9“33&'

possibly an %l ectarsor‘l)e(j&r ralseg)'cssibly an electron carrier.




