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CONTAI Nl NG A UREA DERI VATI VE DYE FOR DETECTI NG AN ANALYTE AND METHODS FOR
USI NG THEvBAMESKhel d of the Invention | NTRODUCTI ON The firgidussf/is4s3s
invention is anal yte detection, particularly reagent systens for use in 10
15 anal yt @Cﬁﬁ%lﬂ@N@@@@fW@fA UReEA DISREV 201V VE R ITASTEOTING
physi ol ogical fluids, e.g., blood or blood derived products, is of ever

i ncreasing i nportam’d‘éNMLHEIEyAEDsM&i'HﬂQDSAﬁ@&/UQIM@t’Hi&S@&M&Says find use
ina variety of applications, including clinical |aboratory testing, home
testing, etc.. where the results of such testing play a nent role in
di agnosi s and managenment in a variRtr@hudirsgrse condi ti mmgnl Mm s of

. interest include glucose, al cohol, fTormal dehyde, L- glut ycerol,
gal actosdicldby datledepiont ei ns, creatinine ket one body, ascoﬂbﬂ@WaC|d

| actic acid, |eucine, lic acid, uvic acid and uric acid, r0|ds
.etc. In respo@sfﬂfﬁ phihds gramionds @%ﬁiaﬁe@waléﬁa aéeaaa@te%éﬁt@alﬁ? o1l et y
of anal yte, g%t Gk H protocol s and devices for both clinical and home use.
have been J ope Many of the protocols and devices that have been
devel oped to date enploy a signal 20 25 producing systemto identify- the
presence of the analyte of interest in a physiological sanple, such as
bl ood. ckgrgungpf gic ntigR oduci ng systemthat finds use in the detection

of a arl ety O,C(na%tfefdg%gﬂgn ﬁr];ﬁl %ﬂ)l%gcﬁ ﬂﬁ%?'é]‘%vﬂbgﬁoﬁﬂogﬁig?\%ﬁ 2o ts 1s of

perOX|dase enzyire’ oxI di zes 't terest and

per oxi de evérﬂlﬂcﬂéyﬁﬁggﬁpomb@w tdéay’ §sdd‘t§i§l Aah G dtechiyn assbﬁseﬂmenae ina vauet}
enzyne-cat al yzed reaction with a dye substrate to produce a detectable

chr omogerdf @p}pirc@aen@ inghyding elimgal laborptaiydpstiigghene tﬂ%&a élcngvisye thenssulienér al | y
yield a VI %y tlI(}ﬁ é’lag% r%"r%rgllnent lwle dH dﬂ:ggos@ Sie fn%{le\l/c;e nt V&rfcﬁ (%’f ea h' ghl'y

sensitive er oxi de ng si gna prodUC|ng
systens. cbRIEYR:., ANERpKEs bf gmlyst&&m&ietghy@semhsucf&naﬁddhp@a Lﬂgma\m hye, dyes
are limted by their stability (e.g., to oxidation, in the solid
phasd S anahoerireaeloe, Bisa P EosD L. dﬁgon@@ﬁﬂmaﬁm%cwgihm,ang eidi i ve
dyes have_been devel oped. there gontinues to .1 her
devel Opﬂg?‘l e aﬁlgﬁm %(B%Ftl gnaéla 5 ac}éeaterqlds ez‘c Im Sg Jsgéo %:hés r(())é’\lnil? ons
t hat i ncliggerti@ifungl9rsdetdcyien, tarxaaegﬂfﬂam@rtevwsm@ﬁ pﬁﬂ@ho@g@dr@sicsé & thotip
oxi dation woul d be of great interest.

clinical and home use have been developcd

Many of the protocols and devices that have been developed to date employ a signal
20  producing system to identify the presence of the analyte of interest in a physiological sample,
such as blood. One type of signal producing system that finds use in the detection of a
variety of different analytes is one in which an oxidase or a peroxidase enzyme oxidizes the
analyte of interest and produces hydrogen peroxide. The hydrogen peroxide is then detected
by subsequent enzyme-catalyzed reaction with a dye substrate to produce a detectable
25  chromogenic product. Dyes useful in such signal producing systems generally yield a visible
color signal with high sensitivity.
A variety of highly sensitive dyes are commonly used in peroxide producing signal
producing systems. However, many highly sensitive dyes such as urea derivative dyes are

limited by their stability (e.g., to oxidation, light) in the solid phase and/or in solution.
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[ens

While compositions containing highly sensitive dyes have been developed, there
continues to be a need for the further development of such compositions. For example, solid
phase compositions that include highly sensitive urea derivative dyes and are resistant to

oxidation would be of great interest.
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*systens and hits 15 find use i

VI"OII1/")C9C Relevant Literature PCT/Li S(11/1 R 4s3 Patents of interest
include: TP 1118768; .TP 9019296; EP 38 205, EP 124 287 and EP 25| 297. See
al so, Yagwoetvedys (1986) . Bioehenr, Int 12:367-371. 5 SUMWRYSOF14E

| NVENTI ON Conposi tions, reagent test strips. anal yte detection systens and
kits of the sane, as well as nmethods for their use in the detection of an
analyte in a sanple, are provided. The subject conpositions are

characte&kﬂd@ﬂg@@@g a p05|t|vely charged porous matrix and a 10 urea
derivative dye on at..l east. one . ] n
preferred enb%d?eﬁjéc'rﬂfémte}‘?ét UFEE dg[{' @@teffjgel d@@ﬁ?@ﬁé@?@f@b #2%%‘0‘3 ur ea
deri vati ve)mye.sckRiGBRYgiy el g1 0RH Festhesi PRnis3 6t el subj ect conposi tions
further include at eas% one additional reagent nember of a peroxide
produti ng si gnal produm ng system e. g., an analyte oxidase and/or a

per oxi dase. The subject conpgsi 1 0 a,nal yte detection
I or-oHt de variety of analyte

in a sanple, |d & ahragki gn
t hereof. BRI E@%@g& %%HO\%%EE—{ Q[I(‘—J’T1t %%E ig:beCGSorgsyséncf%%gr})\?[(%S?cPfe aﬁér aphi cal
r epr esentatliag madhodsifer Weﬁbrsarrbtﬁadetecﬁon/@frmcamaly%)m@mmnmﬁe;lafel p1yv1da<a| Thbl e dye

substrates .(1 111M. after reacting w.th horseradish peroxi dase { [ m,
549 U ng)su‘a?rd CRYPPEIHERS HEICOXPEEHTHPY-IRY e Ifﬂaltvveh} PR OFALs n%fé“b?{% FIG

3 proyid t n peroxi de
concggt r gfe ?SQBQR%A&%% Eéﬁ%‘% Sg w(;%fg{]%%& %E%:ﬁ I{r?\é;/r}ﬁ*gfeg%%r anes. TOOS
25 4AP stkembpdinvwarLthe Q&Ia&mmﬂi% dveQs O BeddtiPES, chpided udeasietivitivenlyeoit miafly ng 5

nmv TOOS and 4AP respectively, | nmg/m HRP and 1% PVP (360K). The DA-67
strips woreereskanalpd) htszths SW@AOWOSlmomﬁgﬁlﬁhemmudqab}@mp(l%bhtv@nai n 0.5 M

T R

the saneand@sr MBkloxaBis¢ET lﬁl@ﬂfb]d‘cOdSOIﬁIB‘(Qlti’onES[@stlsm}ishal?ﬂiﬁé aekitvn Whte@s aﬁdlaity t e
in a sanple, are provided. The subject conpositions are characterized by

havi A§ aTipdaie inbF yletertpmete paleoasctrar analyisnen asupele, ek pvapixsolagiealon at
| east ong S;%'lrfé?‘. bPood%Q%ﬂ%% 1Hhere\/o\/@_ere in many preferred 2

BRIEF DESCRIPTION OF THE FIGURES

FIGS. 1 and 2 provide a graphical representation of the UV absorbance of various
20  conunercially available dye substrates (1 mM) after reacting with horseradish peroxidase (1

mg/mL; 549 U/mg) and hydrogen peroxide (50 pM) in pH 7.4 PBS buffer (0.02 M).

FIG. 3 provides a graphical representation of the effects of hydrogen peroxide
concentration on DA-67 and TOOS-4AP coated One-Touch® nylon membranes, TOOS-
25  4AP strips were coated with a 0.02 M PBS, pH 7.4 solution containing 5 mM TOOS and
4AP respectively, 1 mg/ml HRP and 1% PVP (360K). The DA-67 strips were coated with
2.5 mM DA-67, 1 mg/ml HRP, 1% PVP(360 K) in 0.5 M pH 8.0 phosphate buffer

DESCRIPTION OF THE SPECIFIC EMBODIMENTS

30 Compositions, reagent test strips, analyte detection systems and kits of the same, as
well as methods for their use in the detection of an analyte in a sample, are provided. The
subject compositions are characterized by having a positively charged porous matrix and a

urea derivative dye on at least one surface of the matrix, where in many preferred
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V1' O (11/9GS9G PCT/LS111/ 18-1s3 enbodi nents the urea derivative dye is a
negatively charged urea derivative dye. In many preferred enbodi nents, the
subj ect cwoposstosons ful -ther include at | east one additi ca@Al/tseagsat
menber of a peroxide producing signal producing system e.g., an analyte

oxi dase aeﬂgyoﬁﬁnéht@@ﬂéQ%é@@e?ﬁﬁatliwgyesﬁ an@‘garmﬁﬁm?ﬁﬁgeﬁ'@éhsderfgvﬁﬁ{re $lel lRShany

anal ~~te detection systens and Kits find’use in the detection of a w de
vari ety qfrefamed vmbesdlmena; terspbject csmqjmsﬂsnaﬁpﬁlyslrmltmlglac@lastsmnpﬁ@homlg :

bl ood or a fracti ereof. In further describing the subj ect i nv ntlon
the subj dEA2°ERED: P qIGhRSTar de B UEBE AR ORI R g opkiA

representzaioys pBRRIdsal oSl hingbkifdie, oI9S Lhave. déteeémya@teﬁﬁdanamem

and kits that include the subject compositions. fore the subject
i nventi orﬁndatselasdwdbmdhbmof hevide vmlet)softana]tyéasumdeampboshchbata phirgolopicelnt i on

isnot limted to the particul of. the inyention described

' bel ow, asRlG 4€i § i?@dcﬁ‘rat h@“ﬁaal?‘fi"i‘gbg}?‘ fg b s ping thesr b Bt HyaR minest j | |
fall wt t e ood
T 00 1 B AR L 3 A5
parti cul an whighotle mﬂpSSltxamruncsusecahd ispetenelad! ki tbet ihtlodl¢ iheGubjeatst ead t he
scope of the present invention wl| be established by the appended cI ai ns.
In this s8WP$ifiedti on and the appended clains, singular references include
the plwural, unless the context clearly dictates otherw se. Unl ess defined
ot herv~rise, all technical and 20 scientific terns used herein have the
same neani ng aefeeMmdlbed ndentsoBdick@ibed gutier ot ¢H thakyindéklobd tat tiee art to
which t1115 Il lverlt1011 bel ongs. COVPCOSI TI ONS AM D REAGENT TEST STRIPS As
sunmar i zdavealen és nathisnitadiodbe PaTHG W e dines aé@&ed@maégn fpwsrbed bff'lo\’!s@ in 25
det ec.t' ng, 6} t\f\f)éﬂe élgeg]ga%%%ﬁgalsem d %El?ﬁmély b%n a%g% smﬁ lg/ﬂﬂﬁye Eéo &P ih@:d ude

a posi tiv I’I X an erivative on east

one surf ae@)ﬁelﬁifed tch@msaitrié Kiso kd]béTﬁxﬁtLérs%ﬂ@lQﬁhtftﬁme‘inn1mg§ @liploydies EAMROSi tions
further include at | east one additional reagent nenber of a peroxide

D D A pconr s Wq:f Sy gﬂ@éfmtg%d o
co?rpom 'Ito it %@COpggéﬁPé%esa?PgEvfllgti‘odla\lv-[oj f%%ﬁgs e by ce%gge?ﬁen fleg (f%aléllsrl psy I'n

particular, the invention provides strips for assayl ng for a particular
anal yte in whole blood; e.g., glucose, alcohol, ]&ﬁ ycated proteins, etc. In
t he broadest slerﬁlyespetch‘écamgagemheta@@@n@ﬂ ﬂlapﬁ@s St e*ef&rap@@ﬁ inpludg e pharlged

Cara" Vil i gele BRI A s T e R Oy eThB BB o

ur ea der i ¢ahiile e usd dhdFBinthaCeBRANME McBnink A6 cSmattaly lm{d@ﬂwdrtg ofiy 5t em
present on said matrix fitrther includes an anal yte oxidi zing enzyne. The

above el endinty skilbinfbovartiie vheh thisseyanbee belangy eat er detail. Positively
Charged Porous ~llatrix The matrix that is enployed in the subject test
strips is an inert porous matrix which provides a support for the vaxious

nmenbers afoNdiRrsoenalp REREEGH MessYiRirgm described infiw, and has a positive
charge. The matrix is configured to provide a |ocation for application of a

physi ol ogi cal /‘sammal@dgabovcbItbfo%ile@hqu@tmrpmemommﬂcqwsuf@msgemu c

PLor i GRS R s Whieey Br Q8f0d ink el e PR PR BBl S o eting '

provi des &b&f £l bt mieii € asP aGBed Qrivhiie: GReIH £ Mast SACHRBS o Ofhe hPAB1S1 @nal
pr oduci ng syst emto take place. A nunmber of different positively charged

por ous mahaiycesbddaventhdenveten él&ﬂ@@@%l@pllmﬁﬁthﬁhlmh\dﬁ@ubaﬁr\mb y’ld@tld@d ection
et o BB Sl LA S S B i
descri bedyigiily of signal Sotudag sysein ARMARL TR 18nP&MprRitB Al aklify
30  compositions, such as are typically found in reagent test strips. In particular, the invention
provides strips for assaying for a particular analyte in whole blood, e.g., glucose, alcohol,
glycated proteins, ere. In the broadest sense, the reagent test strips include a positively

charged porous matrix and a peroxide producing signal producing system present on said
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5,869, 077; 5, 866, 322; 5, 834,001; 5,800,829; 5.800;828; 5,798, 113;

5,670, 38l ; 5,663,054; 5,459,080; 5,459,078; 5,441,894 and ~,? | 2,061; the
di scl osuree vobeaphi ch are herein incorporated by reference. PCTHOdiIsRSASI ons
and porosity of the test strip may vary greatly, where the matrix may or
tnay not n{iaNe vwwhiBRERSnh YnclidRe b @fda. defivBlive Wet n hko&hbRRmestsBakigRsl at 20
the sanple appl ication region and smaller pores at the detection region.
Posi t i velpyodvhmggrslemanbicahessadmabix pribpainetdpyanaiatje puidizingaizymehar ged
pol ymers, suc es can be prepared
by vari ous tea‘]llﬁiaag‘ée gle’?u%ﬁalesrloéﬁf”fgg'eg{%é‘%??&& %ﬁ%ar{%g“b iaé Y¥ionic surfactants
or polyners. The coating can be applied by dip coating, chem cal treatnent,
*photografting, plasma polynerization, etc. In yet other enbodi nents, the 25
menbr ane Fosinvble Ghuegat Bo oy Magans of bl ending one or nore positi ver

charged materi wi.t.h the form es of vely
“ char ged pol ymLe[%Q At hat Va‘?ﬁ“ggve%dﬁlﬂﬁﬁuﬁﬁcgﬁg? ?tépﬁlé)am %'F%PHWE‘ fé’fhl e),
pol ~~(al :%)}'A\ rk‘?%npot@%rm{é Dafdoul GRSl mh@xlgn@ram&uc%mt §RIeBT, ieRibed jnfia,
pol yl ysi anples of cationic surfactants 1 nclude those containihg’
primry, aséhaﬂwpmgm‘aerrdlacgmatﬁ]le maatyix andandiggredup provideen lwastem fak apmigaton oy 30

not be funpctionaljzed to pr r coval e t .or noncoval ent attachnment of
the vari aﬁwﬂe%@@n}pﬁe He @?@ﬂavé g?tsﬁwea HJ %vgp@ﬁgela%g@ﬂpmoqﬁlweébéa%r
det a i | t e r rane
ost b a5, bfhe SRR ABIROCIRL & sichouiRh ik 1 Snd B SUEC Ao IETY 2

pl asti c (eidflowpldoysti ytraed@wwnj,dsenffmuenp@b]yi@h&rﬂm the chbihidal {ehtti@k;09bhe
PCT/1JSI1]1/18-1s3 or netallic sheet or any other suitable material |cnoi~m

in the asignalgrogdyging gaten fp tﬁbmla%b%am@ﬁlt of differephosytaety dapgeg porous

5. 065, 760 0903 S S E g ey us TRy R P LA MR, R Bl
5, 780, 304jayqliffadn4adis I nlhdiAL Ppretsizcd6dih{@dsiobs Zﬂth,h@iEke Wherd fepisdantaés, 550;

3S1,591; 5,620,863; 5 5,605.S37; 5,563,042; 5,526, ; 5,515,170; 367 109;
5, 4535 36atces ducladpthoss deperibedin U5S Jscra Dps: &), %44416@875‘ 0P995.805767;

5, 059, 39 9 4.9 6 9 338 sures
of whi ch%agré(ﬁ‘e}f%l%ﬁg?%éor’%gr’(gﬁéé Bég%rgﬁ’gg@ng@ 5?9%31‘1 P%g%ggglsgé@?%tern 10
I n addi t i5p15910801 H.g5P0$8:t3 4l 804chdrsgeid, qwat tesdisodsites, ofmﬁclﬁatbhaetn t est
strips further include one or nore nenbers of a sjignal producing system
whi ch pr digerRsatgd iy eelercass- eTfm%@eilomwnddgb@%@ftthﬁ eHStE Bap MYy 29atlynah~t e,
whi ch de 0 er anal

resent Mene SuBliE RS ox BBP OE MR Cif TG OF- SRR Ao el b
menbeos olfe stah@aléalgdmhmm&gmlamg sﬁmﬂélqmr@’fﬁ tl@é@@wt@he@glm Bositivedyvelaegdd y or
non 15 covalently attached to, at least a portion of (i e., the detection
r egi on) mfén%wtqavépprqpﬁa@ﬂd%dlsw@rp@a@vﬁlatqhﬁsgedaﬁkyn}ehs Refyasawbealiaent s to
subst ant 'Ae}{ehy tl@Hy. QLICht 51119 StCIanJ %' a&tﬁ&gg VB‘?J QY] 'éé )§u011-r£95u§f'a9éqal
produci ng system’i s an ana ~ te oxi |gna producrng system

anal ~~t e coximgatsipncasibgiRalirfpdtadi o fPysyst diteicsatirpadan bteimgphacrb\gnapebaﬁtngwg t he
detectabl e signal 20 fromwhich the anal 5~te concentration in the sanple is
deri ved, chepicahtzgayment; ghaiggraftinggplpymapolymerization, ete. In yet other embodiments, the

25  membrane can be prepared by means of blending one or more positively charged material

with the membrane forming polymer. Examples of positively charged polymers are
polyamide, poly(vinyl pyridine), poly(vinyl imidazole), poly(allylamine), poly(vinyl
benzyldimethyl ammonium chloride). polylysine. Examples of cationic surfactants include
those containing primary, secondary and quaternary amino groups. The material may or may
30  not be functionalized to provide for covalent or noncovalent attachment of the various
members of the signal producing system, described in greater detail infia.
In many embodiments, the matrix is configured as a membrane test pad and is affixed

to a solid support, where the support may be a plastic (e.g., polystyrene, nylon or polyester)
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suitable enz}me to produce an oxidized fonn of the analyte and a
cowespondi ng or proportional anount of hydrogen peroxi de. The hydrogen

per oxi de w® pesvsenpl oyed, in turn, to generate the detectrbi/esprigegact from
one or nore indicator conpounds, where the anount of detectabl e product

pr oduced dpymdthlic shgnal apr @BeGulighls ysdt@ial khowr in theha. ©fgnrlest insmaby t hen
related to the anmount of analyte_ in the initial Sa”?%%g As such, the

anal yt e caRpSEmEHs sieghaleshiton Gentrayr s disslosed e dos 39 /20t t est

tri . l terd . g0 b .gnal
L LD ST oS e s e e

i ndi cat eds, p4my3R.; SU118 42905 08 N0, oL Ehel; bFded 281 3 50pB O SIET ; 3Y52DYSBENS

-include an 30 enzyne that oxidizes the analéte and produces a correspondi ng

amound of WD (PeHai 82 I Hier 5oy e T ECHOHtILmg Va0 32> RERIT:  hat
amount_or> XY o FREREht THEh S CRsl € SRRRETE $18 ABRONB3R 17 o

enzyne necessddd ke AeN6nes FWHidiLard dbiieinRbrpoliReEhaletdrbfebei ng assayed but
V' O U1/ 9CS9( 'PCI/USUL/ 18-tS3 i's general |y an oxi dase. As such, the enzyne
may be: glucose oxi dase (where the analyte is glucose); chol esterol oxidase
(where thse ar}%yt e .is_cholesterol); al cohol oxidase (where the analyte is

al cohol ) P8 AP &y dr ogenase (where the azzalyte is formal dehyde),
gl ut ggat e oxi dAsRA{MAGH Erel8itAEBI cPbER dipdrdus hditiRThE sidfdlest Ql-i?§ﬁﬁﬂ'er oxi dase
(where the anal S~te 5 is glycerdl), galactose oxidase (where the analyte is
gal act oséh¢lude ket oambreenorbaasta §ighdmeodurangaryateyt whick peodyksscadadettghiot ei n,

e.qg., fructgsam ne), a 3-hydroxybutyrate dehydro ase,(where the anal yte
PR AR 8 o R S v E AR T O
acid), | ac&h%%lfe%&aﬁ%f CRE getsE}ﬁ nl@n?e' a‘é-s:&}%g'sanﬂ(@%ﬂ ﬁle%tﬁrﬁjgzmét%&ﬁispﬁe%dase

(where the analyte 1s [eucine), malate oXi dase ere analyte 1s malic
aci d), pwrunatenaxbaasthf shetlerodeiddsyaral ytesdosiapydr egi, cowdéed)y, ormoat e

oxi dase {where the analyte is uric acid oxi dase), and.t like, her

oxi dilZi ngcoéﬁ{fi}ﬂié%“?“gP‘? fsét ]\Ri’%tﬁPPH@eOflaﬁhﬁw ﬁlerﬁjg?ec %Yeﬁtoé‘gﬁkﬁpqsﬁ’tvég’[e@ﬁfg&ﬁe
knonm to L Skifd 1n .t - S0, i
producin Ji@'zstq%gngélhé sdomidrlﬁ(h}ueggoogﬁhfgﬁ%)n%%% ﬁ%ggaﬁfﬁﬁg&%ﬁﬁﬁ%%ﬁ%ﬁﬂﬁl%f a
dye substmattrie.i nt o a detectabl e product in the presence of hydrogen

peroxi de. where the 15 amount of detectable product that. is produced by
this reaction ﬁ%ﬁ Hewp sradugig sysign ihan %@ﬂﬁ?xﬂﬁtlmﬂg@éyéw%%ﬁ%ﬁ% tois
present. i g LS : l: I OX| . Lt ea

Der oxi dasiiaoTe SRERNH FRA! B fnRSRREA L YRRl A it Ring RELG.TL Sk

r ecortisi nafdrhywlpclothecad ypeavaxdntiaten ai the sampleat daivedathegsalp@\s agdiped bxiadat i ve
activity and the |like. See e.qg., .O‘aﬁ%t al . {19@9) nal yti ca Chimca Acta,
233: 299- FPAblsENFHEC WO CHBLCIHOEN Ok Fe 4R ge Iy Ui de in the
presence Q. r - r . N a
predeterH?%%%mﬁgggﬁgﬁggﬁﬁﬁghggspﬁgHgg?ag%}ﬁﬁggbg%gﬁkﬁ€2§g%ggyéygggyhthe

i ndi cat ortuthy ¢o ghyspatb shestetecoratyleypraduca frvav edesrghdre dndi eorervmfouoads, tate tht whi ch

the sanple or the testing reagent sorbs strongly. The oxidjzed form of
the indi ARG ﬁégetsgalflﬁ@r%iaptd?le ,ceﬁiw{lq vg%m@a%géw%i o1 Be sieplnky
produgct t BV i t i J af.: t he
renbrtane. Mapr B EE3nburt e aRATRn il Gl tBlle A8 e e BT e o
an anal vtsgiah peodaainglsestiiys presalt ar td sabeet theistpshiedohedrcotly chlihaenatiagel vy,
by a col orl ess area devel opi nq color. Dye substrates that are usefitl in
the presdMdrogpastaadr hased siael pradicHe g PePH)Ede PIYdESIngStpbpOdecing os

i ncl ude af, J.east sonme of those disclosed in JP 1115768; JP 901 9296; EP 30
38 205, t2% 287 and EP 2517?97; the disclosures of which are herein

i ncor por at ed bys iRfi@taibove, Thehyllyer chiess:iidd Bastd sigeaiereducingesyste R include an
derivative, having a negative charge, where suitable negatively charged

_ur ea er i paYMg dhat oxidizeg dha abde BRTPAYCes acarprRpiiag aMgHBLYS hFrogeB ul f onat e

group. oGt WALl KS oY ERaRfnd MRS pBLS FAMSIEARIr b Jobliow ng

that is produced is proportional to the amount of analyte present in the sample. The specific

nature of this first enzyme necessarily depends on the nature of the analyte being assayed but
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PCTI USi 41/ 18. 4s3 wherein R, R~ taken together is a N, N-di-substituted

am noazyl; and 5 R~ is selected fromthe group consisting of carboxyal kyl,
al koxycanbonmyb¢sval kyl car bonyl , aryl sul fonyl, sulfoaryl andcgdrdooxssasyl. The
aryl groups of R~ and R2 nay be bonded via S to becone a phenot hi azi ne
derivati \irsagmnélymh octydeise. Whis silthi thereepyres emaly éd: fycdseexfdakd @vﬁangﬂfecamaﬂgrteas 4R \

Sel oot odt] ‘}CBFﬁ)ﬁgw mgzdkly%gg\wégﬁ?h%;ﬁ%% A A R
(C~-C8) - g@x 1cBht: Jo @&élhgﬁg&gg?@éhasea@h @Jdié}é_'nalg&%%ﬂﬁa‘kﬂéﬁ?dé}zy| al kyl ;

R3 is defin ove re |ndepen ent | el ected fromhydrogen,
(C~-C) - ghkmhate(o@rdaﬁ%(}vaiekeeﬁhy lapalgieyib L- glaﬂaimo(gydld) glylcélohgr"hda%l(t’\/her;e thahwxdgn,
- hydr oxyl . C~- koxyl ydr oxy Co)-al kyl . Alter natl ve t he
aryl or oEﬁa% [YEHoR gagaﬁepspzox eﬁo@ﬂé‘é}ﬁ vieds efﬂa%tasef>oazlrﬁtaa%1ﬁ@ﬁes 5 %éher

der| vat i f r | a, o
IR 7o Bl Rla @é%'tﬁd“ﬁ%bﬁ“ & RSN B ANE B U B

aryl groypbeefthdhnaisneish ketdre baat). Doadedatevdriidiie (whdre flieemaliteld abyorbibe

foll ow ng di phenyl anine formula. 7 V40 111/9W00 ~, N/T\ a~ 1,, C=O NHR

R PCT/ Ustitl/la®ata e3ideseiiiiicts e apdytede Fchaasids leppine gagdase tehere the analyte is

10- (car DRAUTRY MM AEASAERRDY bk aferfds Sh A TEL DA AN RESREMALRTh e {1 euco

10{cag bozmmr?tehy b o al) Dan lokidhsd wikirs (Hai ametybyis i Ao dixRhesydnd thaEke.

10- propi oni ¢ aci d phenot hi azine, and salts thereof. In a preferred

enbodi mefthenaxédiging gnepangsviax quém&y@ep%and other analytes of interest are known to those

10( car box ey ocC {di met hyl ar ni no) phenot hi azi ne, sodi um

SEIE R e S

salt. Bel onposition, the urea derivative dye

conponent of tiig sERAAPHSHEdiANsystentad Rclulle 8n enfy@sd HhhidfataliRs GRCAIPESIchig®n by

oxi dation, as conpared to the 10 solution state, especially the aqueous

sol ution asit‘/atsebstrA@ lgtsmandet@qt@l@m@fiu@dn ﬂmmmm phinsiregen Hsexede W\éldrqjhcler
cha

Lo oSS SRR Btk B b s PR P s g PR Do S PR AR | Ve

condi ti 0'&%h¥é&l€§én mbﬁhe Hﬁﬁsﬁﬂ@dsﬁ@ﬂlﬁ@ﬁ&@ﬁ(ﬂ bhBnfe @RendrARGEHroki@ade, ShElcPs are
storage stable include in th
suitable peroxidases include: hOlSCIadlsh peroxidase (HRP), soy peroxidase, recombinantly

produced peroxidase and synthetic analogs having peroxidative activity and the like. See
e.g., Cietal (1990) Analytica Chimica Acta, 233:299-302.

20 The dye substrates are oxidized by hydrogen peroxide in the presence of the
peroxidase to produce a product that absorbs light in a predetermined wavelength range, i.e.,
an indicator dye. Preferably the indicator dye absorbs strongly at a wavelength different
from that at which the sample or the testing reagent absorbs strongly. The oxidized form of
the indicator may be the colored, faintly-colored, or colorless final product that evidences a

25  change in color of the testing side of the membrane. That is to say, the testing reagent can
indicate the presence of an analyte in a sample by a colored area being bleached or,
alternatively, by a colorless area developing color.

Dye substrates that are useful in the present invention include urea derivative dyes.
Urea derivative dyes include at least some of those disclosed in JP 1118768; JP 9019296; EP

30 38205, EP 124 287 and EP 251297, the disclosures of which are herein incorporated by
reference. The dye substrate is generally a urea derivative, having a negative charge, where
suitable negatively charged urea derivatives include those bearing a carboxylate group or a

sulfonate group. Urea derviative dyes of interest are represented by the following formula:
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experinmental section, infra. Based on these findings, the subject
conpositions are stable at 15 tenperatures ranging from about at |east
about -80®O0tw/96HE, usually fi~om about -30C to 56C under hrafi/dstiyssangi ng
fromat |east about 0%to 80% usually from about 5% to 20% for periods of
time ranging fromat |east about six nonths to one and a half year, usually
from about nine nonths to one year. The sgﬂiqpt conpositions are nore
stabl e than conpositions that incl RIBMCRBUHRal or negatively changed
porous nmatrix, e.g., a hydrophilic 20 pol ysul fone nenbrane or cellul ose
filter paper,‘%m%gg the magnitude of this increased stability is at |east

about one hundglegt? {Rkf 10gbhRr SUDNERLJiLRBGRMed bEShoasHIl RS MaYy be fabricated

“enpl oyi ng any conveni ent protocol. One convenient protocol is to first

. derived sanples, and nore &@rticularl , in ~=hole

contabt at | edktissdlectedfonmphd gpowptdoosisivig efvertmxyalsyalicnxpmarmgyeous sol uti on
that incluydes all of 't nbers of the reagent conposition that are to be
25 assoc!ailtﬁ‘&“aﬂyh af“%‘“&é&ﬁéﬁ@%ﬁﬁar{dﬁélretﬁxﬁggﬁr eagent test strip except the
urea deri vat i vedyg (RN GALIRA mife dkd PAG fRkcbScLBRBASAL.p ¢ he
aqueous sol ution, malintained therein for a sufficient period of tinme and

t hen dri ettrivdiive typsof Gadwhieh is tdpsequied by yhedfellowmerfordulan an or gani c
solution, e.g., a 70% nethanol solution, that includes .the urea derivative
dye, 8 W-O 0119059G PCT. intained theRein for a sufficient

strip which has associ at edgtherew th|the copposi ti-onps produced. As stated
above, the aqueous solution w i i nbers of the conposition
to be associated with the test : eat test strip except the
urea 5 derivative dye and the organic sglution will include the urea
derivative dye nenber where all nenbep§§ére present in amounts sufficient
to provide for the desired amounts in thé&Reagent conposition that is
prodyged on the test pad, As such, the concentration of the anal yte oxi dase
typi cal | i 38688 hit ROTERAMenantly Qiedrddidin RR,ENH G18 Uhdry RFi§ H{]ﬂr@?&x‘ﬂ&%@ 05
to 0.10 MM Simlarly, the ‘peroxi'dase ranges in concentration from about
y10- 4 t 0 ©)BR&110,40y)-alkaoy] eyl sistitutedmah agtlalBylpOstimtdl H%latdy]; Rihiedefined

present. The concegntration of the urea derivative dye typically ranges from
Bbout 0, 20op a5 Ryend RUAF IgAeppRARPUB GEleeied Gomgytioeepy Gt Gtigh Eoigbnont s

t hat may T W i | @Yy g6\ ecv eagent
Lot St B et R TS, B P R R PRt
Tet r dhi ¢ C3@kkyl.crotein, sucrose, oxanmic acid. sodiumsalt, EDTA, nmaniitol
pol yners such as PVP and 15 PVBTA, arid the |ike. See the exanples section,
infra, for a nore detailed description of a representative nmethod for
preparing the subhagkly RSN orbEM ofR TamRR> M5 AR v ALY FEinPETECTI ON The
above descri bed conpositions, reagent test strips and signal producing

syst ens 2thehindingslerivativedyroasdyef wehectepregertibkbprledeliceingffomanat of t en t he
anount of, an mah~te in a sanple. A variet~~ of different anal ytes nmay be
detected using the subjegﬁ nmet hods, mh%?e representagsve anal ytes include

t hosepdescri bed above, e.g> a , r dehyde, L-glutamc
acid, glycerol, galactoseg, gllycatedproteips, creptinine, ketone body,
ascorbic acid, lactic aciB®Tgucine| mahc acid, pymRc acid, uric acid, and
steroids, etc. While in prinsiplegs t bjegct nmethods may be used to
determ ne the presence, and ofte conc%ﬁtrati n, of an analy~te in a
variety of different physiological saaoples, such as urine, tears, saliva,
and the like, they are particularly sujited for use in determning the
concentration of an analy~te in blood | ood fractions, e.g., blood

bl.ood. Am i npart ant
feat dPe of t hdngalneter FRPRGEENLdhe a3t 2rgues ok 1and %“ug}q%tforgfp%%&sgn

produci ng..S, t i-Rel i.yative dye provides for the

hi ghl y sgﬁ@%%%@%ﬁﬁé9§%¥kgﬁh%gﬁﬁ%&?%ggﬁqﬁébﬁgide. As such, hydrogen peroxide
may be detected at subnullinolar concentrations using the subject stable
dry reagent formats; e.g., test strips, ~.vhere by submllinolar
concentration is typically meant concentrations ranging fromO0.010 9




VI'O 111/91;9C PCT/US111/18.tS3 to 1 InlVI, usually fi~omabout 0.00 to 0.8
nmV Use of the subject signal producing systens that include a urea

deri vati vevodyeofsovi des for nore sensitive detection of hyetDysw/iBe3oxi de
as conpared to signal producing systens that include a dye substrate other

than a urea derivative dye, e.g.,R® R?
N- et hyl - N- ( 2- hydr oxy- 3- sul f opr opyl}) - 3-net hyl ani|l i ne, ~I 5 am noanti p~~ri ne
(see FIG 3). In the subject netheds, the sa and the signal producing

m xture, e.g., by applyin aNt-h R3, the reaction is
all owed to proceed for a sufficient Ed t to generate a signal
“indicative of the presence (and © a of analyte in the sanple,

and the resultant 10 signal is detected &rfd related to the presence (and
often the anmount) of analvte in the sar‘r‘prluem3 The subj ect methods are now

di scussed further in tez-ns of nethods in which a reagent test strip is
enpl oyed. In practicing the subj ect nmethods, the f rst step is to appl3~ a
quantity of t HexopHyaT eresgdeeiptisadyss dnqlede He(coberymethypmippraronyhd. t-est
strip is described supra. [The. f i ol ogi cal sample, e.g.,

bl ood, th%?@“éetgﬁ%‘i“%“é’gp l%egoﬁ%a:znfe g@%{gétn%ﬂﬁ?’]t%an % ME/)(I) but generally ranges

f rom aboutardokyrh@h@edinoctiSéall v 4 g niobiladime )diphel@VdminBe0apsgiotte dette
nature of the subject test strip, the blood sanple size that is applied to
the test Henpihiazig, e 2l dhearead] Jn & praferredremphyidigentnthgivzes derigailebbigtis 20t L to
40uL, usual fr about SyL tq 20yl ere .bl.opod i;s_t.he physi ol ogical
sanpi o BB LRV BE SR Db R P ap T PRy PR et G PR e 20
assayed W th tBQasdeliresd ndeichddie coMieisRichhBicheamdPRhiive MRYcohaRaan Jrams about
?0%to 6~% wusually fromabout 25%to 60% Follow ng application of the
sanpl e t cconfp@sitiostis Selplep, e. trhgistgrirtpldecdmnspasitianviyopxidationass compakedithéharenber s

fot i gnal duci temt d t ect abl duct that |
or et *i Aion iR EPepPUSARE il RUSHHETHR: &5 S AR M RE Ao st o
interest gy 8seMundd vdRold@mpRARLE and REmARBWBLAIAbnARHBGbAPLEvANOdEEe id - ©. |

the signal produced by the signal producing system is then determned and
rel ated teoldarhée.atho awltjeafconmpabijibns dm stonegeistabid. akepsengplagive AMALNOTE VDEFECTI ON

SYSTEMS 30, Anal | ~t e detect i t ful f ticing.the spbject
methods 1 Bde sbifetgunos e T AR T s P orBr et ot b hEh “Such
systems, &pphyshtl s%?ii&ﬁlinﬁ@r%isﬁd b$ tlr’é@@ﬁﬁcﬁﬂ%s{ thelBjebL&ImSshtloRs 8% HA9CAt bed

above and the signal produce y the signa . produci ng systemis defected
and rlél atteniptmtirtraapgies Booealiaunat lefst ebout R8O KoLt €. wiuabin &bsrabeui R0tG

sanpl e by_the 10 . V1' O (11/9hs) C~ PCT/ USI ||/ 18~53 autonuated inst . The
above d_esﬁ&ﬂ’é‘ﬁmr}%‘é‘b‘%’i%mﬁlgw@t%%‘)ﬁiaﬁ}?agﬂ%o?teq ¢ féf"? g@s‘fsélﬁ@y, ggﬂ‘d%oﬁgfo{“mﬁ{/‘)s f or
practici ng, })a%c@%mne%@%w Flohest 18R8MuPSd rhdhth 15-0nB2he Bthahdgéar, subid¢ 360;
4,900, b66; 4,935, 346; 5,059, 394;: 5, 3U4, 468; 5, 306, 623; 5,418, 142;

5, 426, 032frorB ,abdl nieanoths Beo2ar.5 THe 3uifd@ ;compea 00868t nfnrd 58hl 2igm
5,573,452; 5,780;304:.5 759, 255;. 5,84,,691; S, 846,486; 5,6902,73l: 5,.968, 836
and &, 97 2£BSOR T gle{ugs&r@gtré}forwﬁsa‘éwe@'r@% EPTPI TPt At ae@?da@xgm?c

r ef ergnc ey {duibAemeRbAink O c8lfiBse RS pdS:] ¥RLe ARaLYLAnARE BRI IRfhQR takes

i nto account the constant contribution of conpeting reactions to the

obser ved satghglis atdegp abdy ooahinbhed fadd t he i nstrunent accordingly. The

subj ect anal yte detection sistems inqk}ug@)_enz%{ne 'ﬁm.’runoass% s%/stems for 10
anal yte det er i Hat'PI5At 't &S HIHRS Bip¥ P8 ARDUICRTEH GHRIGHING 1B U FlEnt Hfqiperd.

formng apsd &&R:elmkﬁttﬁosoe@ltis ki atudss.a apB§§ttt1i1é’t%Lt3i3a9Eﬁﬁ%dofﬂﬁé QU5 wiBldd x and
dye f the e. g., an

a urea derivative on at | east one surface o matri X,

_enzyne- | i sgkecusi sointioo sloat et deasday t{cEhei8Bjrs wharacddeet emapariidngha apetodxi dase

and the strip plate further .includes an anal yte-specjfic antibody on at
[ east2oneAssRHEL R B0 el hd 15E fﬂiﬂ?f@f@&ﬂfé@%ﬂfl@&xw& uga EVI‘@H@@ g¥bj ect

. invention-gre Kihs fOfestQ il B dehisddd tﬁ@gqu%%;@d s%‘fﬁth&ﬁemﬂg?ine TiErek £03 20f

t he subject inventiion include a reagent test strip thaf I ncludes a peroxide
pr oduci ngsuffigedlpepoddiidinagng yiehehmied a§hd escpidnesy abevmentnte ahmbwadin one of
a neans 20 fqr obtaining said physjological sanple, e.g., a lnte for

sti cki ng ngﬂlﬁé(épt}ora e\8aric /ééqqgg{npl):;plutlon, that includes the uréa derivative dye,



means, and the |like, and an anal yte standard, e.g., an anal ~~te control
solution that contains a standardi zed concentration of analyte. In certain
enbodi nerWe,01p6eckits al so i ncl ude an aut omat ed i nst rumentPCTaAsSIdA8EB | bed
above, for detecting the anmount of product produced on the strip follow ng
sanpl e applidgiatd tereindor ehdfitiog fehied détigetad thuodtisd] wherebP thepee pemeetieand
25 often the anmount) of anal5~te in the sanple. Finally, the kits include
i nst r uct reRgeNifiest sWiEl Whichhes awppialed tharewidhthssiwemmosition i rederstler mi nat i on of
an anal yte CONSERRERLIQR Il SR OUER b RRRlsRo T AER el AP fuict | ons ey

be present on one oOr sert cont al ners
present icBmpbgtidi toshe @aﬂclath@uhuhkﬁe te@ﬂaafhﬂ"tlﬁ@ida@éﬁdt%t gnprém:e@ﬁﬂ@r greaf f ered by

“way of illustration and riot by way of |imtation. EXAlvlIPLES Exanple 1.

-

Scr eefi nglematm@ﬁlﬁeﬁ@d gl qrgaa\vgsqlatmre“ lby@clsdbélﬁ ate@sdeuwwe dyp @leql)bel wheB69G

PCTI L 80111 1e) kES Trtc]e Ss {;1 a?r?o UESIF}S ‘enét R (SR 1eéilcs%§l§ ed b Ofhe ~TEr€
pr epar ed ' G tHEF CWRTEP" Or Y I?/]3 ¢T3t N9 SZIIE?I

citrate/ @éa@éﬁ@onfﬂoéi&iéh@hatT@ﬁroﬁQ&@l%tth@ids%ﬁil ohs 618, Bt e6kcefiQAtH §MBe r anged
fromSnmMto 50mMM A I10nmg/ M HRP stock solution was al so prepared in 0.02M

PBS, pH Znalytsokitasoypi@jig/#iggPiion flhollbﬁxil\%.gstq hah n@sdspaal@dfrmyx afoxt (hgS tche
roper 5.V ockslutlon /n1 H ck Q i 0 d 0.02M
PEe bu 1 OB B ok e aReai DR gy ipreop T L g Al | cloa] L 200
~. | qf ”Pﬁvlt é}}bﬁlsﬂéﬁj?’%ﬁfja%ut‘@bb‘ﬁ% @‘09%11\11“@[?@1@91@%’['[‘Ph%cﬁfe@ﬁkz&i‘%h o@lﬂ?et@rea

weIIs fol lowed b5~ 20 ~I H?O? sol ution. The absorbance of the
sol ut i on deasativakige tﬁycaﬁycramgestﬁ@m qdjoat @.5rteddeM, afuadly ftonealooit 618 tddvindpnent
reached steady state glln | e s 2 mn.

10 D 'e )
Subst r at SABBCRUPARTE Hist PRy S@WP‘Hé{‘ ﬁgﬂ AP EismyIRleyed o Breppigithet h

(anm no) hepotntaz) NLmcRRdsHiLSA P8 hloride, Tris, PSSA, Tetranic 1307,
VATAKO' sl\l-%%car box;{}ﬁlélfﬁy zim nocalr bor?y 1)agnesﬁlmc Orl(%il rrrlgt hyl am/(;i Ioo)ntltlcl

henvl am me)telspmhnwmes@lan@é\aﬁdl\kodtdmyha INECZAyrdaroxipt, dobuterd ophap PIV)P- Brd
met hoxyam | i neAD

5| v' dét hyVE A ?ﬂéﬁhq Blss-opsA the exammtlfioieston ITHEADPSNIOr hYatailed dssGingion,of 2s - sul f

opyI ) ani II?PBAT&}\I]} ee%l}%/lfqdl\iof gr-e‘s)ﬁmfgo%? (S)%?T:Ste{%ﬁ' ﬁtﬁ SetAS\It_rlggN- et hyI N-(3-sul fopropy
) - 3-net hyl ani | n'eTODSN- et hyl - N- (2- hydr oxy- 3-sul fopropyl )-3- nmeth laniline,
sodi um sal t TOOS3, 5,5 -tetranet hyl benzi di ne,

di hydr ocMWﬁO@éﬁff\N@ZTﬁ@Eﬂlﬁ?@%ul f opi opyl ) -

3,3', s, " - tetr ampthyl Penel NNGTNREBR 1% ge AR 33a Ik NERARL N 83RLI- 6- su

I fon| c

aci dpABT $iNd exsdid mbthods stilldtepmoplyd prenbe df, aed bﬁthxaﬂielaimmmﬂﬁ’smi si{adytp i @t hyl -

(s’ -sul fopropyl) -am MAPS—CZB é(4-%l\|— P i;;lh_ﬁ -sulfo ropyl)-am
| no- >, 6 BIEPIABS BT gf@f@ﬁnbmawea\m@g ¢ Sifeet ‘E)P%i § Hie-syhigrignet hedBrbemPS. CAN

y:\;lrjl: |SI( ﬁe‘%ﬁ%ﬁlﬁg %yﬁ%k{ ?g{ ﬁ%%é?g ldgggltl? tf opr opylg)’ "g(cgses gﬂlcég(?h a%lll-d?lln nelc\i/llflggt "

L-glutamic acid, glycerol, galactose, glycated proteins, creatinine, ketone bod\ ascorbic acid,
lactic acid, leucine, malic acid, pyruvic acid, uric acid, and steroids, efc. While in principle,

25 the subject methods may be used to determine the presence, and often concentration, of an
analyte in a variety of different physiological samples, such as urine, tears, saliva, and the
like, they are particularly suited for use in determining the concentration of an analyte in
blood or blood fractions, e.g., blood derived samples, and more particularly, in whole blood.

An important feature of the subject methods is that use of the subject signal

30  producing systems that include a urea derivative dye provides for the highly sensitive
detection of hydrogen peroxide. As such, hydrogen peroxide may be detected at
submillimolar concentrations using the subject stable dry reagent formats, e.g., test strips,

where by submillimolar concentration is typically meant concentrations ranging from 0.010

9



Exanpl e 2. Preparation of Test Strips Coated with a Peroxide Producing

Si gnal Produci ng System I ncluding DA-G/. A One Touch Nylon nenbrane was
cut intowonipsvef'/a'' wide and 12'' long. and 1 > the nedaviesee/18681i p was
first coated with the A dip solution and then with the B dip solution

(i ngr edi ent midusuaie oty doudh0Sprc).8 ntd. iisetoiehef sabjeondigml pedihuehg spéttes each
coating, .the nenbrane was dried in _hot air oven for 10 mnutes at 5~C. The
coat ed niibighilegaycadqitietiyedy providey tor %Pﬁ%&%ﬂ@fﬁ@ﬂ@n oflmideoecnasraride mm

di anet er ~53
guarter ?sﬁ%@%’z{r@d tor%?%ﬁl ﬁgﬁﬂ% ﬁgfg gﬁ?{(% lléfln%lgéugag B%he%éﬁnﬂééégl so has
two stripasvadive aga gfulde:ﬂ@thsz lirpky-Bsafopidpyion- mamiylla@ﬂfﬁlem of holes. The

-menbrane was lamnated in the way that it conpletely covers the holes on

Mel i nex. aminogyidpyrare (8¥nffCe3spr eadi ng Porex (1 "x 12") was further |am nated
on top of rre @,@%ugéctalggﬁgﬁsvﬁle H(]jllr]} fEhdHe Q‘EMI p‘ln‘éduc-lll esyg\‘.hl% 1%clud1n§5aequ |y was

then cut into

f or mul at jepange afit @:ret@ﬁmmtm@taj @m@hmﬁtt&e QX d@;sg%@ﬁh% fHel el ReOb AR 6Bt
per oxi dasel ng/ nt [ Manni t ol 4%°ol y(vi n%/l pynol i done) VP

MV~. ~=366IKpyIEBTERetibY Bhalfoveaddo mcg@dj mspfftcsqmacmﬂrm tsmmgﬁneratewgnal
formul ati onDA- 6

Hydr ogon "PRPOYY be PSRN PTLTE HECHHLST BT BT G PG “GLVEIOBIERt on

stripg ceghads Wkhed habididizes AOpRLeRY (Hieofich t@@mgﬁ’l%?@faﬂ%@ﬂl tAERRNLARE Was
coated with a solution containing 2.5m vl DA-67, |ng/ RP and 1 % PVP

( M~~=360Th3 sulned nEheld 28 Gowdsydsed Birthaf neermsT blemetb oty lamdmlas reapet ts&t ud; to
Mel i nex suﬁ%port co ered with Porex and cut into testing strips as
descri bedPnS BRBIBFL 2. Ten gL vol umes of various concentrations of H?O-

sol utions Werﬁl}%@@d? Qtlﬁ%uk}&@t rﬁéthb@sstlfeefﬁ@ﬁ&&ﬂ %8h ){p%pls?lfaqluhhﬁ y®@jier formation
was nonitored using a refl ectoneter. To conpare the detection

sensi ti vphysicdbgiDa- sﬁﬁ’lpd&y@ ting teht sltth]atwlwie thindestoiip is descoihéd/supsed Thyanbant ofiz O-,
TOGS- 4AP, . a. One Touch rrbrane oated .with a solution
cont & ni A 5??‘3%1@115@2@6 S#Mbi%lg (gt (s Ried JRpta it iDERYBAONPWASBBIYI n 0. 02M
e e e L R B
tested. 2R sibecresiuhiis th\ﬁbl@ocﬂ)h@hlﬂedme that isgappéiedto the test strip may be relatively
small, ranging in size from about 2yl to 40uL, usually from about SpL to 20pL. Where
blood is the physiological sample, blood samples of a variety of different hematocrits may be
20  assayed with the subject methods, where the hematocrit may range from about 20% to 65%,
usually from about 25% to 60%.
Following application of the sample to the test strip, the sample is allowed to react
with the members of the signal producing system to produce a detectable product that is
present in an amount proportional to the initial amount of the analyte of interest present in
25  the sample. The amount of detectable product, i.e., the signal produced by the signal

producing system, is then determined and related to the amount of analyte in the initial

sample.

ANALYTE DETECTION SYSTEMS

30 Analyte detection systems useful for practicing the subject methods include a reagent
test strip and an automated instrument. In such systems, a physiological sample is applied to
the test strip as described above and the signal produced by the signal producing system is

detected and related to the presence (and often the amount) of analyte in the sample by the

10



13 WO (11/91 >s9C PCT/ L1S111/18-1s3 It is evident fromthe above results
and di scussion that the subject invention provides for the significant
stabi | i zavoomve®ea hi ghly sensitive urea derivative dye nedierSoofisas

hydr ogen peroxi de based signal producing systemusefiil for analvte

det ect i ogutoABtEUGRuhdIR. TUDRIESTe deBoiehtidiredttiph Qetadasn bad rdfMld SRsirdd ve
anal 5~te detection, as conpared to certain prior au conpositions and

net hods, inshigmentsriesprapaging eypang, aty suréhes descaibedingt fre PatehiaNonda/3dediat i ve
dyes; A2 S i £ tei 10 t,hes Py 1Y N R
Gyst 200 JERSROLE e Sl QAN SR LARLED 08 B8 Lo idsrs 7o,
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KITS
Also provided by the subject invention are kits for use in practicing the subject
methods. The kits of the subject invention include a reagent test strip that includes a
peroxide producing signal producing system, as described above, and at least one of a means
20  for obtaining said physiological sample, e.g., a lance for sticking a finger, a lance actuation
means, and the like, and an analyte standard, e.g., an analyte control solution that contains a
standardized concentration of analyte. In certain embodiments, the kits also include an
automated instrument, as described above, for detecting the amount of product produced on
the strip following sample application and relating the detected product to the presence (and
25  often the amount) of analyte in the sample. Finally, the kits include instructions for using the
subject kit components in the determination of an analyte concentration in a physiological
sample. These instructions may be present on one or more of the packaging, a label insert,

containers present in the kits, and the like.

30 The following examples are offered by way of illustration and not by way of
limitation.

EXAMPLES

Example 1.  Screening of Commercially Available Dye Substrates,
11



15 R RZNC ONHR3, wherein R , R talcen together is a N, N-di-substiWted
am noatyl and R3 is selected fi-omthe group consisting of carboxyallcyl,

al koxycarlwomybesval kyl car bonyl , aryl sul fonyl, sulfoaiyl andaardvengeEsyl . 20
5. The conposition according to Caim4, wherein said nea derivative dye is
sel ected fi - ONMi@rQieR s6RMSHSbf ViBicdk dpOENSdbedal RRrdlplepMal iy Bitldy Q&ter or
phenoxazi ne derivative dyes and di phenyl am ne derivative dyes. 6. The
conposi t iveaerds el direig or wakenip. 204 citrade/athanol meixBure. vithercen¢entratiansddrdye atocke 25

S d mar eogt e BB SHhRc &) g b e BpAN il T TR RpSRAT O
conposi t imNIPHNEH LPERN1SE SD/HREBS uteyAddht Sﬁl‘é{?_ﬁ%d beRGR My (HepRBEr Of a

per oxi de produci ng signal producing system 30 e conposition according
to d ai mvplunwhef dierstesdisdlugion) Khsg/nd ik Ristdélt sadwiain aneld$hi Bsnbdferits than

anal yte i dase. 15 19 < PCT/USIT. |/1 S.1 9, The conposition
accor di ngti cqgcasﬂmtw,o}[&ﬁ)&ﬁ’l-ﬂwgﬁﬁ&naﬁirsfei%@el‘for%@%a&?fﬁe&ha? PRGNt nmenber

i s a per QRLARSR wad fren BRG O MRRH i P RPE dbNOWLLHILG LB mMIEL,E) BolBadd

per oxi dasé is horseradi sh 5 peroxidase, 11. The conpostion according to any
of the priécedsnpameai e, soltmmneras tslaincbywearaee: pate irveledyfierithe color

10- (car boxynet hyl am nocar bonyl ) - 3, 7- bj s{ di net hyl am no) phenot hi azi ne or a
sal t ther‘é&goﬁ’@e‘i@?acﬁe&é‘iﬁ@‘g)fﬁtatf’é@tleﬁﬂrinﬂil'} or use in detecting the presence
or depenm ning the concentration of an analyte in a physiological sanple,
said strip conprisvlg a conposition according to any of Clains 1 to 11. 15
13. An anal yte det @kiSmbsaftereasur enent| swibesvigaeRrijsi ng: (a) a reagent
test stilip-(@eeei@inenh@abd)ar! 27 and (Phaagy swigppied i nstniment. 14. A
met hod f efs(dgdighindghdnbigiapiepoeinaeaor det erm ni ng the |concentration of an 20
anal yt e |IM(cabaam@h@mineadtbniipt,ffod conprilspags (a) appl p/i ng said

physi ol qgis¢iahetigampbriphavianheagigmisat est |strip according to Caim12; (b)

det ect i ngN-ahysNg-aydry-odubedpiys-sai d si d ABDSproduci ng system and (c)

rel ati ng netiogyaditeect ed _si gnal _to_the priesence or _conclentration of said

anal yze |iMetidbNgdufopbgydidohdgkealinsanpl €. ADBS A kit for use in determ ning

t he concentkaiLHonyddxy-anuiapapybkaiden a physgiokogi cal sample, said kit

Callpl’ If\f’étl@@-i\l-@-sulfopropyl)aniline ALPS
N-ethyl-N-(3-sutfopropyl)-3-methylaniline TOPS
N-ethyl-N-(2-hydroxy-3-sulfopropyl)-3- TOOS
methylaniline, sodium salt
3,3°.5,5 -tetramethylbenzidine, dihydrochloride TMBZ-HC]

N-(3-sulfopropyl)- 3,3°,5,5 -tetramethylbenzidine TMBZ-PS
2,2’ -azinobis(3-ethylbenzothiazolin-6-sulfonic acid) | ABTS

N-ethyl-N-(3-sulfopropyl)-3,5-dimethylaniline MAPS
bis(d-[N-ethyl-N-(3"-sulfopropyl)-amino-2,6- Bis-MAPS-C2
bis(4-[N-propyl-N-(3’-sulfopropyl)-amino-2,6- Bis-MAPS-C3
bis(4-[N-butyl-N-(3"-sulfopropyl)-amino-2,6- Bis-MAPS-C4
N,N-bis(2-liydroxy-3-sulfopropyl)tolidine SAT
N,N-bis(d-sulfobutyl)-3,5-dimethylaniline MADB
N-ethyl-N-(2-hydroxy-3-sulfopropyl)-3,5- MAOS

dimethylaniline

Example 2.  Preparation of Test Strips Coated with a Peroxide Producing Signal
Producing System Including DA-67.
A One Touch ® Nylon membrane was cut into strips of %~ wide and 12” long, and
15  the membrane strip was first coated with the A dip solution and then with the B dip solution
(ingredient and concentration specified in the following table). After each coating, the
membrane was dried in hot air oven for 10 minutes at 55°C. The coated membrane was

stuck to a 2” x12” Melinex support, which has a 5 mm diameter circular hole opening every
12
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nSnnnppppmqapmmrp&&Hﬁ&s} xr rmc"YI gb] X] ] ]c 1]n¢ga]1lca] ca] ca] c"al ca] c"a] cajc”ajcalc
Na] ca] c™ Ianm&o‘fm eatcalcalcalecatecateai Lahtﬂaj calcalcajectaltcatcalca
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>=HR| wql (_ng )’%_1 calcalcalcalcallcalcalcal cba]j[]»éa] calcalcalcalcalca] ca]cal c@a] ca]

ca] ca] ca]twffe] ca] ca] ca] ca] ca] ca] ca] ca] cajl jM kagjumiphosphate

>=HR| wgl [glgj X[ ] caJcaj cajcajcaul caJ cajcajfcpd cajcajcajcajcajcajcajcajcajcp]cal

cal] ca] ] dalcalcalcalcalcalcalcalcalcalca Vi K-1109%& () -1

310%& ()| glocy&' () 9 10(y&' ()- "B dip formulation

yY"' 10%& [(DATS TR K- - T 100/& 0O~

109& ()-s—LO%—H—-}OW&'—H—I—y;GQ@LH—s——%T 9

i K-, 211 %ELL‘“(‘_‘L-I 5100@’ ()-0310%&' () - $#109g rynetiiancl =

| L- 109&' ()-19%0%& ()-SH#H109%&R' ()- >I KA71010f ~<10%&k' () -

0% ()-8M 109%&' ()-37"109%& 5: 109%& 3g 109%& ()-/CW _A710s109%& ()-Y
10%&'8 E\amgg -Ipetectpyge] yd%qme(géielw%() 10(% - > 0

g0i K- 71 #10%& (1)0 #e]n?g{?sigl‘at(e)tﬁe\( éaglglﬁ‘} Q co%cllé)ev%og))nent on strips coated with stabilized
10

DA-67 dye, a One Touch ® Nylon membrane was coated with a solution containing 2.5mM
DA-67, Img/ml HRP and 1% PVP (MW=360K) in 0.5M pH 8.0 phosphate buffer. The
membrane was then stuck to Melinex support, covered with Porex and cut into testing strips
as described in example 2. Ten pL volumes of various concentrations of H,O; solutions
were dropped on the strips respectively, and the color formation was monitored using a
Macbeth reflectometer. To compare the detection sensitivity of DA-67 dye with that of the
most commonly used dye for HyO,, TOOS-4AP, a One Touch ® Nylon membrane was
coated with a solution containing SmM TOOS, 5SmM 4AP, lmg/ml HRP and 1% PVP
(MW=360K) in 0.02M PBS, pH 7.4. The membrane was then used to prepare test strips as
described in example 2 and tested with H,O, by the way DA-67 coated strips was tested.

20  The results were plotted in figure 3.
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10 10< 10@1@0((n)1pd31t2}h$@9&n(e}tho @ ggms(tblat 1ely on dye substrates other than urea

7109&' V+++dEnb 910

» 109%&' (§) 6%“‘( ARG &@P’)es 6@‘&“ §°Wﬁ%%ﬂ@l} lo,the art.

, b, - . dEMbCF"91010%&' ()-9@10%& () - $10%& ()-"10%& ()- @#109%&' ()-109& () -
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(29100 (L IO () RSEET A SEL RO el o il

88/ 974 :<1nd}cEn%Ef\to Bec‘l: eSO by reference. The citation of any publication is for its disclosure
prior to the filing date and should not be construed as an admission that the present invention

is not entitled to antedate such publication by virtue of prior invention.

Although the foregoing invention has been described in some detail by way of
15 illustration and example for purposes of clarity of understanding, it is readily apparent to
those of ordinary skill in the art in light of the teachings of this invention that certain changes
and modifications may be made thereto without departing from the spirit or scope of the

appended claims.
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15 R'R?NCONHR?,

wherein R' , R” taken together is a N, N-di-substituted aminoaryl and R? is selected
from the group consisting of carboxyalkyl, alkoxycarbonyl, alkylcarbonyl, arylsulfonyl,
sulfoaryl and carboxyaryl.

20 5. The composition according to Claim 4, wherein said urea derivative dye is
selected from group consisting of phenothiazine derivative dyes, phenoxazine derivative

dyes and diphenylamine derivative dyes.

6. The composition according to any of Claims 1 to 5, wherein urea derivative

25  dyeis a member of a peroxide producing signal producing system present on said matrix.

7. The composition according to Claim 6, wherein said composition further
comprises at least one additional reagent member of a peroxide producing signal producing
systeni.

30
8. The composition according to Claim 7, wherein said at least one additional

reagent member is an analyte oxidase.
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15.  Akit for use in determining the concentration of an analyte in a physiological
sample, said kit comprising:
(a) a reagent test strip according to Claim 12; and
30 (b) at least one of:
(1) a means for obtaining said physiological sample and

(ii) an analyte standard.
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