ANALYTI Q\L “ELEMENT AND | MMUNOASSAY USI NG A 4- HYDROXY TP %Q o
4-AL§CMYARYEACETANIDE AS STABI LI ZER Thi s invention:Fe?a es fﬁﬁ
anal ytical elenents and nethods for using themto detect specific binding
ligands-in fluid sanples. In particular, it relates to the stabilization of
per axi dase-| abel ed i mmunoreactants in suep-anal ytical elenents. '
There is a continui ng(ﬁneed i n_medi cal Iﬁractice and researc and in

FMM

h
anal ytical and di agn H@I?logb%"@s’“f 454N YSING B 4rHYDBOXY i nat i ons
of chemical and- bi ol ogi cal O%UpALKRORXARYLAGETMMIDE AS STARUIZER vari ous 1 ui ds,

such as biol ogical fluids..For_ ex , esen ej nones,
drugs, viruses, m croorggh}%n%?v%rg?ng%ﬁ%éfg% és?ér%ﬁ%g%ﬁgé?ibéﬂgg?g?%i ned
rapi dly and acng atetlyodsrfef fesiny cchems o ctietethgspetsfdadbindangent .

A wi de vari ety |yt i ; #ﬁ@f aver, ed;in cades
to detect the lnlo ae@%u%é.tg%éé&sr% e err%’t h?&geﬁ%gfﬁg%%ﬁb :hil: gﬁ%gsgg%i g%l e and
in sone instafdis stapibbration elRAER¥RsqslakeledsinmpRapeackdntise in
kit form Mostipfsiseieham®l POrSal eddedhtvhat are known in the art as

"specific bi 'I:ldi ng reactions” between r? srtlJbst.ance éo, be dgt ecied (identified
herein as a "specific bi HETY 1§ ArPIGINIRGATRY e L6 tespondi ng
"receptor” whigdadetagridésrescaranctandv i afelyt jeall spécdiagabbyicMst
T mmunoassay s GO S BV | EO0H o (IRt G Ge bR ERGhEHE, )"
haptens, but otherical eand soi khoyicdk usibstsaneesi whikh habeé oprayent in

oS et on RIS Y S, P 4 HAALAL B ptaseebte Ve

speci fi c anti GERNRR HORE RFeSRNTY R PEPEREYS corprBReResn dREIBor m of
irmunoas_say KROWAL 68 2 mEOFPEEdAh V) n;‘i@liﬂ:ﬁlotn'.-c.e_z and steroids must be

' - determined rapidly and accurately for effective
research, diagnosis and treatmeht.

A wide variety of énalytical methods have
been developed in recent decades to detect the noted
substances. The methods have become highly reliable
and in some instances, suitable for automation, as well
as suitable for use in kit form. Most of such methods
rely on what are known in the art as "specific binding
reactions” between a substance to be detected
(identified herein as a "specific binding ligand" or
"ligand"”) and a corresponding "receptor" which
recognizes and reacts with the ligand specifically.

Most well known spjé’&;ific binding reactions are between
immunoreactants (in "immunoassays"), such as antibodies
‘with antigens or antibodies with haptens, but others

- are also known (such-as avidin with biotin).

In general, immunocassays can provide a
qualitative or quantitative determination (of both) of
the presence or absence (or quantity) of a specific
antigen, antibody or antigen-—-antibody complex. In one
form of immunoassay known as a "competitive binding
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-2- imunoassay", a | abeled analog of the ligand to be determ ned is placed
in canpetition with a fixed amount of an appropriate antibody which can
react with both the ligand and the |igand anal og. The | abel on the anal og
can be appropriately detected in its "free" or conplexed (that is, reacted)
form Such detection wll then tell the +&er how nuch ligand is in the

sanpl e bei ng t,est ed. " I.n an, al ternati ' format known
as a "sandwi cHTURAA GRS 2y BriaBRiRFd AT a‘gs%s/:%%g& i%%% lﬁé cont act ed
with two or nuleterecamdrisnylenddsi mhtaipdt i e witsh | & ghidedt ampanbr ent
epitopic sites, e.r r,l | Y. oL | I@@@# d the
other is eit h?a’rf ign}%maﬁ)ﬁcﬁ%?e%aoﬂnesagr}s/%#@%u%kgf%t%ﬂ gfr%éé(t capa Fgogg bei ng

i mrobi | i zed t ldveedrigarise avbue o‘tfig_argiarﬁﬂalsoqji r eehe ylapeboeRiBR@l to the
amount of -boungd QYIP|&h HEONMLS A A, ik dMeed Woh I BESPEPFSe” or

| mmunoassays have been traditionally carried out in solytion,,or ip S_est

devi ces wher e OMRlexed e(thato e iTFaTRA) ABn fFUrh tFRE e ¥il
partici pating therd h@lassme Jder aiwtd Widhlljamenis andhdesampse for

| Mmunoassays ?Je described in nunerous publications, including

US- A- 4, 258, 00PE 08 ASEFD, 381, WD 82/2601, EP-A-0 051 183 and EP-A-0 066
648. I n the i Mureoasslyescmerivtedinnuinoassdre Toymamnakyownads

el erent s usi ng RS Al AR) o NEnRlALLYC Olo 4L, PEREX dase s

hi ghl'y inportant 'since any ange 1n-ts concentration cri y affects
assay sensiti iilgand iswintayad wikh 4Relroxeeee areteRicoR 80 beeRlased as

an el ectron ! kANREPHRALHo hSRINR] Ld1e dpt forknel GpRLoploductign vhen
e '

the enzyne | abel reacts with its substrate. ,
4' - hydr oxyaceORd [HeREREGRCES VeIR: GHhh aRPreRreatehyi 13kelted apdpbRepeen
observed that drherStiabiditieOfinisb eI 2d dsea | §PPId | Subsssatdpnor is

capable of being immobilized thereon. The amount of
ligand is directly proportional to the amount of bound
complex among the ligand and the two receptors.

Immunoassays have been traditionally carried
out in solution, or in test devices where fluids are
removed in some fashion from the reagents participating
in the assay. Dry analytical elements and their use
for immunoassays are described in numerous
publications, including US-A-4,258,001, US-A-4,670,381,
WO 82/2601, EP-A-0 051 183 and EP-A-0 066 648.

In the immunoassays carried out in the dry
analytical elements using peroxidase as the label, the
stability of the peroxidase is highly important since
any change in its concentration critically affects
assay sensitivity. In such assays, 4'-
hydroxyacetanilide has been used as an electron
transfer agent to enhance the rate of signal production
when the enzyme label reacts with its substrate.

While 4'-hydroxyacetanilide effectively
enhances assay sensitivity, it has been observed that
the stability of the pe;pxidase label is less than

s



-3- desired,i.-n dry analytical elenents. There is a need to have an el enent
whi ch=denonstrates the sensitivity provided by 4'-hydroxyacetanilide, but
whi ch has i nproved enzyne stability. The problens noted with
previous dry anal ytical elenents and i munoassays are overconme with an
anal ytical element for the deternination ©i~a specific binding ligand, the

el ement conpri YeMdred in dry A WUTSPERGISHEFONGrhédl is a need0B86 Of
nore additional zones which are in fluid contact with the ﬁorous spr eadi ng

zone, & e FHANSN R G FSIPRRTIART i T He YohEs:

a peroxi dase- | phelvddddnBinor eagidrdxyedetian Sl ichkpalher ofhisqtechdscal |y
reacting with %‘{t hr%rveo azrs#)eci ftieag:'qi'ﬁdi ng |ligand of interest or its
receptor, or P art b ' nor eact ant whi ch i s capabl e of
specifically reacting w tTtheeigrdudrleanse rspssd fwikloiprewnigows gényl of i nterest

or its receptO%néi ical(ﬁlﬁﬂéd?%(%ﬁﬂnﬁﬂmﬁﬁggégéégigféi3§@%8$ﬂ%i&iéﬂrther

contains in at | east one e zones, ‘a per oxli e stabilrzer having the
structure(l): an [a@alytical element for the determimation of a

specific binding ligand, the element comprising:

a porous spreading zone, and

one or more additional zones which are in
fluid contact with the porous spreading zone,

the element containing in at least one of the
zones:

a peroxidase-labeled immunoreactant which is
capable of specifically .reacting with either of a
specific binding ligand of interest or its receptor, or

an unlabeled immunoreactant which is capable
of specifically reacting with either the specific
binding ligand of interest or. its receptor, and

g H the. element characterized wherein it further

contains in at least one of the zones, a peroxidase
stabilizer having the structure(I):

o]
RY-N-C-R?
Yl Yz
R R4



structure (I1): [err] . structure (111): [err]
or stxucture (IV): [Jerr] ' wherein R err] is hydrogen, alkyl of 1
to 4 carbon atons, al koxyalkyl of 1 to 4 carbon atons, hydroxyalkyl aof 1 to
4 carbon atons, am noal kyl of 1 to 4 carbon atons, haloalkyl of 1 to 4
carbdn atons, R2 is hydrogen, alkyt4of 1 to 4 carbon atons,
al koxyal kyl of 1 to 4 carbon atons, hydroxyal kyl of 1 to 4 carbon atons,
am noal kyl of 1 to 4 carbon atons, haloal kyl of 1 to 4 carbon atons, or
al kenyl of 2 to 5 carbon si@ture (II)R3 js hydrogen or alkyl of 1 to 4
car bon o

[l

R!-N-Cc-R?

wherein R! is hydrogen, alkyl of 1 to 4 carbon atoms,
alkoxyalkyl of 1 to 4 carbon atoms, hydroxyalkyl of 1
to 4 carbon atoms, aminoalkyl of 1 to 4 carbon atoms,
haloalkyl of 1 to 4 carbon atoms,

RZ is hydrogen, alkyl of 1 to 4 carbon atoms,
alkoxyalkyl of 1 to 4 carbon atoms, hydroxyalkyl of 1
to 4 carbon atoms, aminoalkyl of 1 to 4 carbon atoms,
haloalkyl of 1 to 4 carbon atoms, or alkenyl of 2 to §
carbon atoms,

R3 is hydrogen or alkyl of 1 to 4 carbon

atoms,



atons, - - 5- R4 and R5 are

i ndependent-I'y hydrogen or an el ectron withdraw ng group having a Hammett
signa val ue of at least 0.01, and Y[err] and Y[err] are

i ndependent |y hydrogen, alkyl of 1 to 4 carbon atonms, or an electron-

wi t hdrawi ng group having a Hammett sigma_yalue of at |east 0.01,

provided that in structure (1), at |east one of err] and Rlerr] is an

el ectron withdraw ng gr oBp hadiﬁg arpaindepesdgni lyahydrooen aedt 0.01
Thi's i nventi ong pl 8P Bh ¥ FREr8wiREN§Polip" nh¥E nGehe HAMRRILIOR iQmad valase fi C
bi ndi ng |igand conpri si ng: Al contacting a fluid sanple suspected of
cont ai ni ng t heoEpaki 1easki AdPhg BRPHand with the anal ytical el ement

descri bed above, t oybr hAg gRoHtea i hERREAHEAR 191 hije-ogengacilady if or m of
t he peroxi dase-| abel ed i mmunor eact ant fron1thie2%acted.f rm_of. t he

per oxi dase- | ab®f el FAmAnGRERERaAEOMENJOT 3N B FE0 G TE TS t he
unreacted or rgasepdnbeinyoh HARmpetoxidmsevhanel ed armleastad.dit, as a
measure of the specific bindi | Lgapd.of _int . esent
i nvention provides a higﬂfgvégggi#ﬁe éﬁdsggggﬁﬁ?%eéI&ér3§i&§§§J¥2Be f or
use i n the dryofindfyandaRSelenent el@htsonl withdrieyingeguoubohaydtng i ni ng
any of a w de H?&ﬁ&EX gggﬁgeggihg Biendinghisgagdpy but particularly for the
determination of rgands”at |ow concentrations. The advantage of enzyne
stability i-s obtained byThhgoipy¥eatiag alger B¥PYASEssamEtnog for sttk%'l%cture
(1), (1), (IldacO&rmfh¥EiBAt 8¢ abgpecitie bhadehgmngandy ddn@rdalialg:
sensitivity can be achieved in a refgrrgg enboglnent 2%:u%4ng?the
peroxi dase st abi | i Z2r | n"CPREAEF&RENE LZAHLE SAMPIFORVIPECHTA % in a wash
sol ution whi chcostappingdthe spectifeeebindinigndivhnd mithoadesay to ef fect
analytical element described above,

to bring about a separation of the unreacted form
.0f the peroxidase-labeled immunoreactant from the
reacted form of the peroxidase-labeled immunoreactant,
and

B. detecting either the unreacted or reacted
form of the peroxidase-labeled immunoreactant as a
measure of the specific binding ligand of interest.

The present invention provides a highly

sensitive and stabilized peroxidase label for use in
the dry analytical element. This element is useful for
determining any of a wide variety of specific binding
ligands, but particularly for the determination of
ligands at low concentrations. The advantage of enzyme
stability is obtained by incorporating a peroxidase
stabilizer of structure (I), (II), (III) or (IV) noted
above into the element. Even greater sensitivity can
be achieved in a preferred embodiment by using the
peroxidase stabilizer in the element and 4'-
hydroxyacetanilide in a wash solution which is applied
to the element during the immunoassay to effect
separation of unreacted peroxidase-labeled



separation of unreacted peroxidase-|abel ed

-6- . immnoreactant fromthe reacted formof the peroxidase- |abeled

I mmunor eactant. During such a wash step, the per oxi dase stabilizer is
general ly washed away fromthe reaction site with the unbound i

| mm4nor eact ant s. The nmethod gf_this invention is a specific

bi ndi ng assay, such as an i munoassay, which can be ei ther conpetitive
bi ndi ng or |nnummnnmreeceénthﬁ§@m ther reagredkAOWN PH £HE RPEOXIRESEmal yte

of interest ?f &ei PQabéaﬁtSpeﬁﬁiiﬁgbbaéhna hh@ﬁnéteg thabel ed
count er part |s a gand, anal og, and S ec ficall I ndi n
reactant with E$¥ﬂé¥d®$etﬁ%ﬁ?%§lzeﬁ %%c%ﬁFﬁFallY ed away, THoms &

invention is U§@Qc£90ﬁdyﬁﬂéaQEth £ Be 0ghBHThAE i hAUNoRBAERRRAL.ONS Of |igands

i n various aqueous |iquids, suc n_an bi olo fluid
f oods, |ndus?r|al or ﬂunTE?pﬁ?tﬁ?a ﬁgngglﬁnanveng%ﬁgrl%lU|g§%%&§%5hl s,

tested in thi sbimdeg . assaP osaghcas éhuiﬂmumhashaganwbéctles:aedblencl ude
whol e bl ood eru | a r i pal i oal | uid,
? n%?ﬁgeﬁgﬁivg %g@%ﬁﬁ@ bé 1&hﬂh§me£§35 8! tno E

synovial fluidt i Ons I'ssues or plaque,
gi ngi val fIU|dtenmg|ma¢ khowo in the artini alhel ahglyte of interesti gands

whi ch can be d€695Q1 ggefﬂ%ﬁégels a écﬁf?cnﬁinhhﬂbtﬁgghﬁd papti des,

pol ypepti des, proterns (such as enzynme, antibodiés, Ilpoprotelns and
gl ycopr ot e ns) labieled cownrEerpast sfepoiabeled {3g9pAd 3RA199¢cRRG @es (such

as polysaccharsﬁ@@iflcalﬁpesiﬁagnglﬁéaagahtgamdﬁ efithakt bEultaem niser est
I ncl ude d|gOX|n henyt oi n, phenobarbital t heophyl line, C-reactive

protein, human®cheFFBHPE:  gonadotropin, thyroid stimulating hormone, a
thyroni ne derivative (sutheaprébgnoxineentdlon isriusedothlyadvien&pgecreatine

kinase-MB, carpanazeplne, . 1 o9°BLARAERat i BRE2BECT D gRRAAIGOYaT;RusThe

pr esent _ . _
13 aqueous liquids, such as human and animal biological

fluids, foods, industrial or municipal effluent, and
other fluids commonly tested in this manner.
Biological fluids which can be tested include whole
blood, serum, plasma, urine, spinal fluid, lacrimal
fluid, synovial fluid, lymphatic fluid, suspensions
of tissues or plaque, gingival fluid, vaginal fluid
and cranial fluid.

Ligands which can be determined include,
but are not limited to, peptides, polypeptides,
proteins (such as enzyme, antibodies, lipoproteins
and glycoproteins), drugs, narcotics, steroids,
toxins and saccharides (such as polysaccharides).
Specific binding ligands of particular interest
include digoxin, phenytoin, phenobarbital,
theophylline, C-reactive protein, human chorionic
gonadotropin, thyroid stimulating hormone, a
thyronine derivative (such as thyroxine and
triiodothyronine), creatine kinase-MB, carbamazepine,
gentamicin, tobramicin or wvancomicin. The present

invention is most useful in the determination of



invention is nost useful in the determ nation of _

-7- digoxin, phenytoin, phenobarbital and Creactive protein. The
invention is carried out using an analytical elenment conprising a porous
spreading zone (usually a coated | ayer) which has suitable porosity for
acconmpdating a test sanple (for exanple_3_to 200 [err]l), diluted or
undi | uted. Preferably, the porous spreading zone is isotrog[cally por ous,
whi ch proper t yA180%}ow i BRIDYGOimt pheppearkitabaged GnbRgCER¥eparti cl es,
fibers or othegsrgteshcal conponents of the zone. By isotropically porous is
meant that fluids are un+forn1 S read,throug?ggt t he zone. Conventi onal
materials are described, T#rt % QN 1§ FRLAI|AQEYL 1881NYSAA. 4 258, 001,

US- A- 4, 292, 272amally t el de1&idént 436mprising a pdhetie Speefengr zohee ot her

zones in the e | .of, which are in.fluid contact.wi th the porous

spr eadi ng zone%ﬁéggi%X3%dc§%%?%cfay?§)ﬁ%%h?ht AT ?thﬁbéﬁnp?ﬁaﬁFFg nove

from one zone fer artdrmod8uig aaldiesonedmpbaesfopretampbéyl cbat 200! ayer s)

i ncl ude Subbim%);%ﬁgﬁﬂﬁedr5¥“@ﬁdf¥hgg&pki@giﬁggggl@p ﬁéepgp?pgsed of one
e S

or nore hydrophilic binder materials as ar nown I'n the art uch as
gel atin, acryl SRR FRAS BhdiSArEeRieably comeopdi yweieh The
zones of the glwipdtEals tp‘r&ﬁicieoll f‘:&&ppﬂ{ﬁéf&nﬁ%@t@deéﬁéé@£Yaméﬁéy are

di sposed on a | stahle, chemcally inert suppart. A

ui-t abl e, nmensjiqQnal |y
support of “chdi Hﬁﬁﬁﬂéﬂ?ﬁ!cﬁ#ﬁﬁﬁ%tﬂEaQFQ?Ft9R¥$+E%}1 RoUeNbF 8&tection
(for exanpl e, theansmesi @y arsdtefdEiciAIDe FRENis O5€ ayant Usigde! support

T e boni S AAFL e LAY il SRS P SSLELS.
Conventional materials are described, for example, in
US-a-3,992,158, US-A-4,258,001, US-A-4,292,272 and
US-A-4,430,436.

There are one or more other zones in the
element, all of which are in fluid contact with the
porous spreading zone. By "fluid contact" is meant
that fluid can readily move from one zone to another.
Such additional zones (preferably coated layers)
include subbing, reagent, radiation blocking zones
and are composed of one or more hydrophilic binder
materials as are known in the art (such as gelatin,
acrylamide polymers and vinylpyrrolidone polymers).

The zones of the element can be self-
supporting, but preferably, they are disposed on a
suitable dimensionally stable, chemically inert
support. A support of choice should be compatible
with the intended mode of detection (for example,
transmission or reflectance spectroscopy). Useful

- support materials include paper, metal foils,
polystyrenes, polyesters, polycarbonates and
cellulose esters.



- 8- In at | east one of the zones of the elenent, is a peroxidase
stabilizer- having any of structures (l): [err] - rstructure
(rn): [err] structure (111): [err] or structure
(1Vv): -

_8_
In at least one of the zones of the
element, is a peroxidase stabilizer having any of
structures (I):

0

R'-N-C-R?

Yl YZ

BS R4
3

OR

structure (II):

structure (III):

: il
R
rR30 |
R4

or structure (IV):

o)
R'-N g-nz

R4 g ‘
OR? .
wherein Rl is hydrogen or alkyl of 1 to 4 carbon

atoms (such as methyl, ethyl, isopropyl,

hydroxymethyl, aminomethyl and methoxymethyl) .
Preferably, Rl is hydrogen.



[err] wherein RL is hydrogen or alkyl of 1 to 4 carbon atonms (such as
methyl, ethyl, isopropyl, hydroxymethyl, ani nonethyl and methoxynethyl).
Preferably, Rl is hydrogen. -9-

In structure (1), (I1), (1ll) and (IV), R2 is hydrogen, alkyl of 1°to 4
carbon atons, alkoxyalkyl of 1 to 4 cardypen atons, hydroxyal kyl of 1 to 4
carbon atons, am noal k rrbon _at ons ch a },NO hyl ,

2- ami noet hyl , 3- ani nop&Bp;‘?Itruftlfredl ir]n noBdfyl ¢ @hﬁrﬁn ﬂfé}r?e't Igil ,

2- di met hyl anmisohydybgand 4lagilnolfutly k), 4haia):addfylat@ims], tad kb:gga Hoyl at ons
(such as chl qro0 yl,, I I I C I hyl ,
1,1,1- trICh|§?Og§%E g gggn%%?%chlo f% %ﬁ&ﬁé'é) 5g%ﬁ?opy . or

al kenyl of 2atom5,cambonaékwﬁs0@sacm0a§ @ﬂm@gﬂ atpmawﬂanqh aSsopropenyI

and 2-but eny bl y,. ro lyaﬂgg r R3
I s hydrogen %b1n8&%§ﬁ§? & aB%nb% @%@ %Q%m P efépgbly, RB IS hydr ogen or
met hyl . 1am1nR@u§Hd R@e§P§1ﬁﬂd@@ﬂﬂﬁﬁﬁ ry AnPHMRY Jamine ittt r on

wi t hdraw ng ahaun aﬁ\\m@%u@ymmtatloalmm w1 ue tf 4atcalxezﬁﬁ{ él:&as and
preferably at st 0.

t na val ues _ar cul at i n accordance
e o 4 Be BBl oNoBarbida BramoBehiy e 2 Idanqat i acra i
Organi ¢ Chenflstirdichdroeltey1& 1, 1 1 trlchloromethyl, 2,2,2-

trichloroethyl and 3-chloropropyl), or alkenyl of 2 to
5 carbon atoms (such as ethenyl, 1-prop§§yl,
isopropenyl and 2-butenyl). Preferably, RZ is
hydrogen, methyl or ethenyl.

R3 is hydrogen or alkyl of 1 to 4 carbon
atoms. Preferably, R3 is hydrogen or methyl.

R4 and R% are independently hydrogen or an
electron withdrawing group having a Hammett sigma
value of at least 0.01, and preferably at least 0.3.
Hammett sigma values are calculated in accordance
with standard procedures described, for example, in

Stexic Effects in Organic Chemistry, John Wiley &
Sons, Inc., 1956, pp. 570-574 and Progress in
Physical Organic Chemistry, Vol. 2, Interscience
Publishers, 1964, pp. 333-339. Representative
electron withdrawing groups having positive Hammett
sigma values include cyanb, carboxy, nitro, halo
(fluoro, bromo, chloro or iodo), trihalomethyl (for
example, trifluoromethyl or trichloromethyl),
carbonyl, carbamoyl, sulfonyl, sulfamoyl, esters and
others readily apparent to one skilled in the art.
Preferred electron withdrawing groups are halo (such
as chloro or bromo) and cyano. Chloro and cyano are
more preferred electron withdrawing groups, and
chloro is most preferred for either of R4 and RS.



Sons, Inc., 1956, pp. 570-574 and Progress in Physical Oganic Chem stry,
Vol .. 2, Interscience Publishers, 1964, pp. 333-339. Representative el ectron
wi t hdrawi ng groups having positive Hanmett signa val ues include cyano,
carboxy, nitro, halo (fluoro, bronmo, chloro or iodo), trihalomethyl (for
exanple, trifluoromethyl or trichloronmetilod ), carbonyl, carbanoyl,

sul fonyl, sul fanmoyl, es er of hers eadl on IIed in
the art. Preferred el ec né&??mﬁ%ﬁm%@ %F%Ré%hgﬁ%aﬁ%ﬁéo %ﬂthgég ghloro or
brono) and cyahad tdh o:nmrlamml Fhyans tae dmfmq:mealemvedfetels?lonow t hdr awi ng
groups, and i the S¢

- 10- %%%éfr%%%rr%ﬁ?% {ir'%egeén%eé?f{n yd%cg)g‘ég afkyl of 1to
4 carbon at ordnqd &° defFeteraipbyve ¥orame)Y oar%mllé‘li(éﬁﬂﬂ%nmvhdraw ng group

as defined at}ﬂz ddn) R4m B5or Pét?(fqﬁi abl yq IX&@E rﬂir@@érgﬁf?r] eﬁE:ﬁ
y yl

i ndependent | ydrogen or_et and nost preferab each is
hydr ogen or drogen °r meW¢V¥he fore90|ng structure (I) at | east one

of R4 and R5 nust be anIﬂlﬁmérfﬁkd@éﬁﬁga@tf@bﬁmﬁ@p(ﬁﬁ,d@flDédsﬁbove- I n
f or egoi ng structu R4 and R5

I | d (I t | t. f.R2,
can be an el e%rﬁ éhﬁﬁ)’%mﬁg %ﬁ%[}be, (%%ﬁéjf%i:%rggs‘ﬁb?ﬂﬁ’é%ﬁﬁlgd. Most
preferably, b;tduﬁ{&sr¢ef&mbd%hbmtetheInaﬁmre¢@nmgoatmutbdrendng gr oup.
Represent at i Vﬁng)rero :tflfl é th zers fggwgogérgftgze ﬁh)ahachgde

3 -chloro 4' oxyace ah
3',5'-dichl orczaam b@y@moayva@@rmmmqirawmg group, but this is not

3", 5 - di chl or@Qs¢hy @roxﬂogT pP@%éW%ﬁTftaﬂééﬁdﬁ4 and R are ‘the

3'-f|uoro 4" - hydrox acet an
3,5 -difluor¥fme. %R?%c‘é%‘é‘i*ﬁ‘ﬁ’ﬂbng group.

3"br0”D 4' - hydroxyacetpéptréslentative peroxidase stabilizers
% having structure (I) include:
3'-chloro-4'-hydroxyacetanilide,
3',5'-dichloro-4'-hydroxyacetanilide,
3',5'-dichloro-4'~hydroxy-2"'-
methylacetanilide,”
3'-fluoro-4'-hydroxyacetanilide,
3',5'-difluoro-4'-hydroxyacetanilide,
3'~-bromo-4'-hydroxyacetanilide,
3',5'-dibromo—-4'-hydroxyacetanilide,
3'-cyano-4'-hydroxyacetanilide,
3',5'-dicyano-4'-hydroxyacetanilide,
N-methyl-N- (3-chloro-4-
hydroxyphenyl) acetamide,
N-(3-chloro-4-hydroxyphenyl)methacrylamide,
N~ (3-chloro-4-methoxyphenyl) acetamide,
N—(3—chloro—4—hydr6xyphenyl)~2—
chloroacetamide,
N-(3-chloro-4-hydroxyphenyl) -2, 2-
dichloroacetamide,
N- (3-chloro-4-hydroxyphenyl) -2, 2, 2~
trichloroacetamide,



3',5" -di brono-4'-hydroxyacetanilide,
3' -cyano- 4’ - hydroxyacet ani |l i de, :
3',5' -dicyano-4' -hydroxyacetanili de, N- net hyl - N- (3-chl oro- 4-

hydr oxyphenyl ) acet am de, N (3-chl or o- 4- hydr oxyphenyl) -
met kacr yl am de, N- ( 3- chl or o- 4-+mgt-hoxyphenyl ) acet am de,

N- ( 3- chl or 0- 4- hydr oxyph -2-,chl ofoacetam d
N—ES-chIoro-4-h§drox§8h§%§ %té?ﬁgr%Téﬁﬁ%&ﬁ%%ngﬁpgé?_2-
N- ( 3- chl or o- 4-h¥dEexyatergmide, 2 2- trichl oroacet am de,

N- (3-chl or o- 4- hydr oxypheqy|3=&x X ' o
N-(3-chloro-4-h droxypheny* -%§l€%€ﬁgx§g§g%ggkﬂg?yéhd2
N- ( 3- chl or o- 4- WIPFeEMIde. aminoacet ani de. Representati ve

per oxi dase .stabilizers of- s8+acie¥&-fLhyai8siyH8ny1) -2~
N—(5-hydroxy-1-n%§gtQXIgac tam de,
N- ( 5- hydr oxy- 3BT HEGRt hyl ) acet ani de,
N—ES-Eygroxy-G-chloro-1-RE¢$$f?ﬁﬁamfﬁén%dﬁoxidase stabilizers of
N- ( 5- hydr oxy- 65 -1-n t hy cet am de,
N- et hyl - N- ( 5%11-’;01% oxyl-l? - Eiaip%t%r}%?%%%t ani de,
N- et hyl - N- (5- hydr oxy- 6-h{Drivdroxmpht hyph el patcdeamide,
N- ( 5- net hoxy- 1- napht hyl )ac ] —e 1 _ .
N- ( 5- met hoxy- 6- chl or o- | - napht %%%t%n$%%?r° 1-naphthyl)acetamide,
N- (5- hydr oxy- 1- napht hyl )N2(&thyseeeet én¢liboro-1-naphthyl) acetamide,
N- (5- hydr oxy- 1- napht hyl )n-2¢2=h ¢l €4% 436 $€naphthyl) acetamid
N—(5-hydroxy-6-ch|oro-l-n%EhtH&?)-fpé?aﬁfchloroac%tanYéé,ce amide,
N-methyl-N- (5-hydroxy-1-naphthyl)acetamide,
N-methyl-N- (5-hydroxy-6-chloro-1-
naphthyl) acetamide,
N- (5-methoxy-l1-naphthyl)acetamide,
N- (5-methoxy-6-chloro-1-naphthyl) acetamide,
N- (5-hydroxy-l1-naphthyl)-2-chloroacetamide,
N~ (5-hydroxy-l-naphthyl) -2, 2~
dichloroacetamide,
N-(5-hydroxy-6-chloro-l1-naphthyl) -2, 2-
dichloroacetamide,
N- (5-hydroxy-l-naphthyl) -2, 2, 2~
trichloroacetamide,
N- (5-hydroxy-6-chloro-1-naphthyl)-2, 2, 2~
trichloroacetamide,
N- (5-hydroxy-l-naphthyl) -2-

hydroxyacetamide,

N- (5-hydroxy-6-chloro-l-naphthyl)-2-
hydroxyacetamide,

N- (5-hydroxy-l-naphthyl) -2-
methoxyacetamide,

N- (5-hydroxy-6-chloro-l-naphthyl) -2-
methoxyacetamide,



N- ( 5- hydr oxy- 1- napht hyl )-2, 2, 2- trichl oroacet ani de,

N- ( 5z hydr oxy- 6- chl or o- 1- napht hyl )-2, 2, 2- trichl oroacetam de,
N- ( 5- hydr oxy- | - napht hyl ) - 2- hydr oxyacet am de,

N ( 5- hydr oxy- 6- chl or o- | - napht hyl ) - 2- hydr oxyacet am de,

N ( 5- hydr oxy- 1- napht hyl ) - 2- net hoxyacet anipde,

N- ( 5- hydr oxy- 6-chl oro-1-n th - 2- et hqQxyacet
o B by b TR B ok b pRacsamide,

N- ( 5- hydr oxy- @nghl or o- 1- napht hyl ) - 2- am noacet am de.

Represent ati ve peroxida K |zer_s ruct u ), Locl ude:
N- ( 6- hydr oxy- 2- napht hyl )%\gcéalt 2&4 e, 6= orocf ﬁapﬂtﬂyi) 2

N- ( 6- hydr oxy- BNNHmaaﬁthmq&uhyl)acetan1de

N- ( 6- hydr oxy-7-fl uoro- 2 tabili £
N ( 6- hydr oxy-5, 7-di f | uor o-2- na&ﬁﬁq{fﬁ?ceta Se stabillzers o
N- ( 6- hydr oxy- §PQHQQQQQ-HEWHtmﬂgkkggan1de .

N- ( 6- hydr oxy-5, 7-di chl ong- 25 AR EE) acetamide,

N- ( 6- hydr oxy- 7- br ono- 2- naph acet am de,
N- ( 6- hydr oxy- 5, 7- di br ond! éﬁg&#ﬁ‘}ﬁf'}% etugrQe?—naphthyl) acetamide,

N- ( 6- hydr oxy- 5- cyano- 2|NHx34nydﬁﬁx¥4ﬂnﬁknoro -2-naphthyl) acetamide,
N ot byl N {6 hydr oxy- 56| GROE ORI TS EEE R Ze,
N- et hyl - N- ( 6-niapdvtdogd-) @aet] avicled,- .
N- (6-hydroxy-5-chloro-2-naphthyl) acetamide,
N- (6~-hydroxy-5, 7-dichloro-2-
naphthyl) acetamide,
N- (6-hydroxy—-7-bromo-2-naphthyl) acetamide,
N- {(6-hydroxy-5, 7-dibromo-2-
naphthyl) acetamide,
N- (6-hydroxy-5-cyano-2-naphthyl) acetamide,
N- (6-hydroxy-5, 7-dicyano-2-
naphthyl) acetamide,
N-methyl- N—(6—hydroxy—5—chloro -2~
naphthyl) acetamide,
N-methyl-N- (6-hydroxy-7-chloro-2-
naphthyl) acetamide,
N-methyl-N- (6-hydroxy-5, 7-dichloro-2~
naphthyl)acetamide,
N- (6-methoxy—-2-naphthyl) acetamide,
N- (6-methoxy-5-chloro-2-naphthyl) acetamide,
N- (6-methoxy-5, 7-dichloro=-2-
naphthyl) acetamide,
N- (6-hydroxy-2-naphthyl) -2-chloroacetamide,
N- (6-hydroxy-7-chloro-2-naphthyl) -2-
chloroacetamide, |
N- (6-hydroxy-2-naphthyl) -2, 2-
dichloroacetamide,



napht hyl ) acet am de, - N-nethyl -N(6-hydroxy-5, 7-di chl or o- 2-
napht hyl )’acet am de, © N (6-net hoxy- 2- napht hyl ) acet ani de,

N- ( 6- met hoxy- 5- chl or o- 2- napht hyl ) acet am de,

N ( 6- met hoxy- 5, 7-di chl oro- 2- napht hyl ) acet am de, -

N- (+6- hydr oxy- 2- napht hyl ) - 2- chl or oacet ari ge,

N- ( 6- hydr oxy-7-chl oro-2-n th roacet am _ _

N- ( 6- hydr oxy- 2- napht hyl @09‘ %‘%W o gﬂ?ﬂ a?nczgé’aphdcehyl) 2:2,2

-13- trﬂﬂﬁﬂbﬁq&h&quﬂuawnoro 2-naphthyl)-2,2,2- trichl oroacetam de,
N- ( 6- hydr oxy- 2- napht hyl

N- ( 6- hydr oxy- 5-chl or o- naph CH%§6% négﬂhgggcetan1de

N- ( 6- hydroxthdﬁﬂﬁﬁdﬂﬁqam}dﬁn noacet anmi de, and

N- (6- hydroxy-5, 7- di chl q§-0r AR 9-dr1 B RACE R FE) -2
Representati ve perOX|dase stabiliZers of structure (I I ncl ude:

N (4- hydr oxy fethasassyamideni de,

N- (4- hydr oxy- 3- f | uor o- IN-nepyudo:aset-Heplchy 1) ~2-aminoacetamide,
N- (. 4- hydr oxy-5- chl oro-1 - napht hyl ) acet am de,

N- et hyl - N- (2% dr oxy- 3- chl oro-1 - napht hyl ) acet ani de,
N (4- nethoxy | - napht hyIN-ac@etardtesy—5, 7-dichloro- 2—naphthyl) 1-

N (4- hydroxygylﬁﬁgg 4 “; chloroacetan1de _
N- (4- hydr oxy- or o- naphthyl) 2- chl or oacet am de,
N- ( 4- hydr oxy- | - napht hy|Bepxesendi attiwe qemaxidalss stabilizers of
structure (IV) include:
N- (4-hydroxy-l-naphthyl) acetamide,
N- (4-hydroxy-3-fluoro-l-naphthyl) acetamide,
.N-(4—hydroxy—s—chlord-l—naphthyl)acetamide,
N-methyl-N- (4-hydroxy-3-chloro-1-
naphthyl) acetamide,
N-(4-methoxy~14naphthyl)acetamide,
N- (4~hydroxy-l-naphthyl) -2-chloroacetamide,
N- (4-hydroxy-3-chloro-1l-naphthyl) -2-

chloroacetamide,

N- (4-hydroxy-~1-naphthyl) -2, 2-
dichloroacetamide,

N- (4-hydroxy-5-chloro-1l-naphthyl)-2-
methoxyacetamide,

N- (4-hydroxy-5-chloro—-l-naphthyl) -2-
aminocacetamide, and

N- (4-hydroxy-3-chloro-l-naphthyl) -2-
aminoacetamide.

The preferred peroxidase stabilizers are
3',5'-dichloro-4'-hydroxyacetanilide, 3'-chloro-4'-
hydroxyacetanilide and 3',5'-dichloro-4'-hydroxy-2'-
methylacetanilide.

The peroxidase stabilizers can be prepared
generally from known starting materials as follows:



N- (4- hydr oxy-5-chl oro-1 - napht hyl ) -2- net hoxyacet am de,

N (4: hydr oxy-5-chl oro-| - napht hyl ) - 2- am noacet am de, and

N- (4- hydr oxy- 3-chl oro-| - napht hyl ) - 2- am noacet am de. The
preferred peroxi dase stabilizers are 3,5 -dichloro-4'-hydroxyacetanilide,
3' -chl oro-4'- hydroxyacetanilide and 3'.9%3=dichl oro-4'-hydroxy-2'-

nmet hyl acet ani | i de. The peroxi dase stabiljzers car(lzl be Prepar ed
general |y from known st &M gegerader thies had oggnakRe compounds o
-14- sthkcgaresal (1)t-havalagee paiepd read hbyuhad cofenditrint wstKe ) - (1V)

are prepared hal ogenati on of .the kn pr.ecur.sor ,anil.j or anpl e,

4' - hydr oxy- , g%{logpké’%?p}‘r&?é:t é.‘IW'IS‘ilédéa, (%aﬁxﬁﬂl’lede “of hr#%’{{al'enog with a
known hal ogenafikiogyage micesiacti ldslesulorurapl agtllddedef awphihaldneni de, or
the free halo i r f..ac] d. er 'lﬁ?ﬁfyecursor S
not avail abl e,%'grr\1 %p?)‘?’g)ﬁ')&ll gltsa;%&%sf‘%l%ﬁat %tgee%pﬁglno %ostrj%?\ia%p thol can be
nitrated by mchdoniideat isorl fiylg bareovisler e stiitdge £ qercomaboaft eln ke nitric
acid in 2 sol yealsetiueh o1 Ali0! Al ivhe tebli Al Ieathioyil gaspat i on,

typically over platinumor paladiumto produce the am ne (see

J. Am Chem Soc av&gdlabi®s, arpzappropmiatehithsubstifarted \RRgaqL 9% exanpl e,
by condensati eapHthidll kel it ROEREYGiAGe Hitaddi s weimpywswde (for

cxanm! &, 20K ST RS S A B R e e oo
described by Gualh ias efladiallhrcdihiamiadid) dfolAvies byphydi3igatation,
mat or ol o do ROL ey PO R S S paadily 3 BRGREL BUT o oups,
t he resul ting amiine disemany S cCheensent (42 hal Gienadt ¥ las  delee ramibge
is then acylated, for example, by condensation with the
"3 desired acylating agent such as an anhydride (for
example, acetic anhydride) or an acid chloride such as
acrylic acid chloride, to produce the anilide.
Suitable acylation procedures are also described by
Challis et al, The Chemistry of Amides, pp. 731-857,
Intersciences Publishing, New York, 1970. If the
selected starting materials do not already provide the
requisite electron withdrawing groups, the resulting
anilide can be conveniently halogenated as described
above. Alternatively, the aromatic ring of the amine
precursor to the anilide can be alkylated, acylated or
nitrated at the R4 or R® (or both) positions using
known techniques.
The peroxidase stabilizer identified above
by structure (I), (II), (III) or (IV) is present in
the element in a minimum amount of 0.05 g/mz.
Preferably, it is present in an amount of from 0.15
to 0.5 g/m2, and the total amount can be in the same
zone, or it can be divided and put into more than one
2one. Additionally, a plurality of stabilizers can
- be used in one or more of the zones of the element.



above. Alternatively, the aromatic ring of the am ne precursor to the
ani | ide can be al kylated, acylated or nitrated at the R4 or R5 (or both)
posi tions using known techni ques. The peroxi dase stabilizer

i dentified above by structure (1), (1l), (I'll) or (IV) is present in the
elerent in a mnimmanmunt of 0.05 g/n2gsPreferably, it is present in an
amount of from0.15 to 0.5 g/n2, and the t ot al can be in the same
zone, or it can be divi deamtithin ithe aqr:tptfﬁ'b"szo]rfé YR onal Iy, a
plurality of steaby Ipe&%ﬁw@sbn%meﬁumnﬁ)ﬁamﬁ ofhidte Zones of the

el ement . eltherA{l. within the

el ement of t hiC@RARMEN QA HFREELFIRANY draes%cq]?ﬂﬁal R SRS Al ant which is
capabl e of spegpiddicld Yoirehiatg nlglg/artch off tivdrextdst specitfs cr¢ﬂ:¢ml¢¢|g | i gand of

i nterest or rece t.ofr In Sy |qﬁugqgﬁ§§ t he | abel ed

| munor eact anttfq £9 L%{thl I albran?]od anal og E[c%gﬂgse specitic_binding |igand.

I n sandwi ch asstaymoneka&:tiamelmj usmﬁrhr enckabmledmmrled | @b receptor

for the ligan N eSAl @ iH, Cls spe) feigal |y binds to
%é)eqﬁ as a ‘g% dlantl-antlbody J

t he receptor Such Label ed

i mrunor eact ant@hﬁrﬁcbelmlgmﬁpf@sﬂﬁgl%)b%fa alémﬁ&i%‘il TRCERLMR HPBcedur es.
Byh"pemx')dafl%hﬁ S| A %Whﬁ?r&%dﬁéla/el:}&b@ﬁé@gﬁ@lémamiChor |

ot herwi se i ch catal yzes .t he. oxi dation o su suc euco
dye, to producPe®e it bpRiads fyddie FRTTRLT g%? % g %1? %f"

per oxi dases EH&hﬁKiﬁﬁﬁiEﬁhyVI|1 hor ser adi sh perOX|dase bei ng nost preferred.
Amount of the bt her conpOaRt bvebe | HpRESTElee ffs B BETC Y Coted”
anmount of analptepared hesimgtasunpf ca Wankenl ¢ known appoaedpresent in the
By "peroxidase" is meant any peroxidative substance
(enzymatic or otherwise) which catalyzes the
oxidation of a substrate, such as a leuco dye, to
. produce the appropriate signal. Microbial, fungal
and plant peroxidases are preferred with horseradish
peroxidase being most preferred. The amount of
peroxidase-labeled immunoreactant can vary widely .due
to the amount of the other components used in the
reaction and the suspected amount of analyte in the
test sample. Generally, the amount present in.the
element is at least 1 ug/mz, with from 2 to 100 p.g/m2
being preferred.
The element of this invention further may
contain an unlabeled immunoreactant which is capable
of specifically reacting with either the specific
binding ligand of interest or its receptor. In
competitive binding immunoassays, this immunoreactant
is generally a receptor (such as antibody) to the
ligand. 1In sandwich immunoassays, the unlabeled
immunoreactant can be a reéeptor for the ligand, or a
binding molecule for the receptor. In preferred



element is at least 1 [err]g/nferr], with from2 to 100 [err]g/nferr] being
preferred. The el enent of this invention further may contain an
unl abel ed i mmunoreactant which is capable of specifically reacting with
either the specific binding ligand of interest or its receptor. In
conpetitive binding i munoassays, this L{igunoreactant is generally a
receptor (such as antibody) to the ligand. In sandw ch .i noassays t he

unl abel ed |nnﬁﬁbPQAE?aﬁﬁrc&ﬁebém&uPQE§BFGPnFoﬁstﬁ@IQQi%Hf or a bi ndi ng

nmol ecul e for &Pecaesept@r thkn mr;ahar red
-16- enbodi nen

the i nor i.S_an anti {he | i gand.
The unl abel ed i nmunor ead &nPnﬁ§% g@&téEmPH 5&?%&%@? (ﬁéﬁﬁnm exgept
it is general hnynabnbooeﬂ etlel el’ehensanempet as titse qmramldlasequabel ed
I Nmunor eact an Thu t &€ nent I t
§8ﬁ8tF ﬁlog ng“ﬁl QIR %@ q%y%fidaﬁ?ulégéié§p

separated in t he assay egun nmay be separated
by | ocating thamunereiaictentnt Zbuss @hoﬁﬁeU§QHﬁ9ﬂP°QﬂHQ%1 e be in the

same zone, bUL@AGS J2ACRRR! BEed Uil 3ddd Fadiidin rﬂ@.ﬁﬁ&ﬂmé he

I mmunor eact ant assay 1 s begun. Preferably, the imunosreactants are
kept in separéﬁéaﬂoﬁé§ P@Humayeﬂ§ﬁy may be separited, Ry @B ed that the

unl abel ed i MyRaReast AtrFedcati HHARY icZed ) Sldnail e qarthey asaghat are
di spersed throughout a zone of the elenent Such '

of any sui't abPE & &%alS e Afieg; byt Ol § iSRS ar“%%a?éeg‘?av%]g{hrjgoﬁogg?figg
ceram cs, orgaaiterdwll hefatc r@lera&tew aHey iomounoreactpoity mien G@mel have an
e a0E et B M R £ 04 e LS, eeber o
adsor ption orkegmmyausenanaﬂanxunaﬁ tdre Jayemsr eact ant nol ecul es. A wide
variety of It is also preferred that the unlabeled

immunoreactants are immobilized on suitable particles

that are dispersed throughout a zone of the element.

Such particles can be composed of any suitable '

material including, but not limited to, glass, iron

oxides,. ceramics, organic synthetic or naturally

“f . occurring polymers, and have an average particle size

of from 0.01 to 10 pm. Preferably, the particles are

prepared from synthetic polymers and have suitable

surface groups for adsorption or covalent attachment

of the immunoreactant molecules. A wide variety of

such materials are known in the art such as those

described in US-A-4,828,978, US-A-4,997,772, US-A-

5,147,777, US-A-5,177,023 and references noted

therein. ’

Particularly useful polymeric particles are
those prepared from ethylénically unsaturated
polymerizable monomers having reactive carboxy, 2-
substituted ethylsulfonyl or vinylsulfonyl groups.

With the use of peroxidase as the label in
the method of this invention, there is a need to bring
the peroxidase-labeled immunoreactant in contact with



such materials are known in the art such as those described in

US- A; 4, 828,978, US-A-4,997,772, US-A- 5,147,777, US-A-5,177,023 and
references noted therein. Particularly useful polyneric particles
are those prepared fromethylenically unsaturated pol yneri zabl e nonorters
havieng reactive carboxy, 2- substituted efhylsulfonyl or vinylsulfonyl

gr oups. Wth the use of peroxidase as the [abel in the nethod of
thi s inventi onhydregen pexoxdeld tamdbtingg approparigticd xepdenss dtp

i”nunoreaCta”tpEBd%Q%t%ﬁEdM&Hlmetric or chemiluminescent sign?l.fl7' .
hydr ogen peroxide and the appr%Prlate feagents to produce a colorimetric or

cheni I uni nescefRgediugn sieagesdisy|f ore RFOWIS NG apc@Agiimeter koIskgnat ri ¢

si gnal includeinkytudar,epi@l ddeidoed.] im¥it@az 0lighiklaAd1leargd et hane | euco
dyes, such as thqgse gescribed in US-A-4,089, 747 an refﬁience not ed
therein, EP-A-§Fi33YRELhane, JEUCOPLYSS SN Gt | AeRqEed 5557
and US-A-4, 6700383-4,089, 747 ahte defierietided drtede dmireni iy Bp-des@ridad in

the B hi t f d f t.i ' ' | | i
the practi ce of it STRAIERT SACoBioR Rades s Benart 1P Ry 1"
structure (V): anfdelUS-A-4, 6Mhe&88.n R6, R7 and R8 are independently an
organi ¢ group such that 3%§£§§§%ﬁ%¥¥¢¥ t q@|f%&gb£§¥§%;g§%séfgééj-n

hydr oxysubstituted aryl car bon at e aromatlic

ring, and the &hgeBrugehyr aateieiarg anafepmashLuhaaneratckng at t he

i m dazol e oxi dab1@*imetric signal in the practice of this invention.
Such leuco dyes generally have the structure (V):

H-N N

Z
T
wherein R®, R7 and R8 are independently an organic
group such that at least one of them is an o~ or p-
hydroxysubstituted arYl group of up to 18 carbon atoms
in the aromatic ring, and the other two groups being
aryl groups chosen such that the imidazole oxidation
potential is within the range of from -70 to +100 mV as
measured by cyclic voltammetry against a standard
calomel electrode using a carbon based electrode.
Oxidation potential measurements can be made according
to conventional electrochemical techniques (see for
example, Sawyer et al, Experimental Electrochemistry
for Chemists, John Wiley & Sons, New York, 1974).

As used in the definition of the leuco dyes,
"aryl" is meant to include aromatic hydrocarbon groups
such as phenyl, naphthyl or anthryl, tolyl, xylyl and
other substituted aromatic groups. The number of
carbon atoms refers to the total nuclear carbon atoms
as well as those in the substituents. At least one of



potential is within the range of from-70 to +100 nV as neasured by cyclic
vol tammetry agai nst a standard cal onel el ectrode using a carbon based

el ectrode. Oxidation potential measurenents can be made according to
conventional electrochem cal techniques (see for exanple, Sawer et -al,
Experi ment al Electrochenistry for Chem stg, John Wley & Sons, New York,
1974) . used in the definition of the | euco dyes, "aryl" is
meant to incl Gbe Blﬁonﬁtl engdy &°ogaops drasu P Ui pIRRsE eyeginery| or

anthryl, tolyle éxllyxb %ﬁ%s‘é&'&%’én%“%ﬁ i Wed ARG H-BH0S: Wilie-dirber of

carbon atons re ers nucl ear carbon atons as mell as those in
t he substitueﬁtslSA?1W§&stoﬁet@f3 carbon atoms (such as methyl, _18. the

R6, R7 and R8egh9qp51%%§r@wgqrtng@&ygar@éﬁyynrdnldyaﬁgﬂ Hyg sgabsti tuent

such as an al kyoxy i.s al 8 carbon, atons (such
SRRl 1B ORI B N S R
nethoxynethylhuserdafdm@hkylanlno mhereln al kyl is as just defined.
Particularly useful triagrylim es. .ar

2- (3, 5- di br ono- 4- hydr ox%ﬁl’y%ﬁﬁ u(ﬁ#ﬁ’gnsﬁy lrﬁré'a{z"é'}ledawle ieuco

3- ( 3- br ono- 5- ngelkoayes- hydroxyphenyl) 4,5- Dbis(4-nethoxyphenyl)i m dazol e,
4, 5- bi s(4-di et hyl am nogh hydr

4, 5-bi s(4- d|nethylanlnophgﬁiﬁ}d%b%%mh 3%Mﬁggﬁ%#%3ﬁvphényl)lnldazole
2-(4- hydroxypﬁéﬁ?ﬁ?¥41@l§ﬁ§94e,nethoxyphenyl)|nldazole and

4, 5- bi s(4- met hoxypheny! 3= 238 rend-BeaPRb:d— AP oR Y1 i dazol e.
D azoni um and tetrazollun1salts useful as reagents in'the practlce of this
i nventi on nusPigd4—methoxyphenyl)imidazole,

4,5-bis (4- dlmethylamlnophenyl) -2-(4-
hydroxyphenyl) imidazole,

4,5-bis(4-dimethylaminophenyl)-2- (4-hydroxy-
3-methoxyphenyl) imidazole,

2- (4-hydroxyphenyl) -4, 5-bis (4~
methoxyphenyl) imidazole, and

4,5-bis (4-methoxyphenyl) -2- (3, 5-dimethoxy-4-
hydroxyphenyl) imidazole.

Diazonium and tetrazolium salts useful as
reagents in the practice of this invention must be
those capable of reacting in the presence of
peroxidase and an oxidant to produce a chromophore.

A diazonium salt is generally an organic salt of a
compound having a diazonium radical.

Particularly useful diazonium salts
include, but are not limited to, those having the
following structure (VI):




those capahl e of reacting in the presence of peroxidase and an oxidant to
produce a. chronophore. A diazoniumsalt is generally an organic salt of a

conmpound havi ng a di azoni um radi cal . : Particul arly useful diazonium
salts _include, but are not limted to, those having the follow ng structure
(V19 : RO [err] - -19-

wherein RO, R10, Rl1 ag Ré rﬁllndepeggently hydr ogen, hal o (such as
chl oro, bronDWB?rﬁbﬂo¥ aRkyr Bfl12pg RI“cAarBoANAeBRRIERtdN as met hyl

ethyl, isopr OHyhrotgehpt MhloSQQUEHt ME cﬁ‘lbb&b}l' prsel Yr, iedoyl,, alsgonyl and
dodecyl) nitr g i al kox arbon a og; % q as net hoxy,

et hoxy, pent oR%. 1i §8plop6RYLoP- BEPH?y‘éH h@ﬁow?f ry %%y é6f 6 to 10
carbon at ons isopbepgwnat-butyungﬁ_egnbhugllognab)altq&y pebttyilt,uted with

al koxy and al k s defined,above uch noxy, naphth t ol yl oxy and
p- nitrophenoQ%’yil yFOBPNEL; g1 ?Od§§ﬁﬁg IPEUEH aje. pﬁgﬁéxy Tapht hyl

p- met hyl phenyl, ta}éthaxppheaybmsp4su¢hnaphm&yhoawd etmebtdyoxyphenyl ), acyl
of 1to 12 c o] ace rgpionyl yryI)
and substi tut %890@ hgg égggg?gg’cgréékgfg %gdSU gﬁ% %¥%l%&§§ car banoyl ,
sul fanoyl, N, f&-tdi &Bt hnkbanbakops éndthewmmﬁbsmlmWymlerabl Y,
Rerr], R[err&ryf%ﬁ?rLuEEglﬁ%gearﬁﬁtﬂdﬁﬁﬁ8§§nhhﬁ Qﬁﬂ&qg%@ g&lidg chloro,

N, N—dlethylsulfanoy nitro or dition, any two of
these radi cal 3P@VeadpaEBNRS pBEPPPEHS Bﬁppﬁéoﬁymgteéﬂlﬁéyté@@hl%ogether to

represent a 6n1tﬁobﬁéﬁ8 ¢ edriuseg @ eaatmc:cémgnsyﬁbm@ (sielhu@dgg bot h
car bon. " ni tr BBRSY bey ERPERYLar PPeLBRENEAY T FRGORYPhERYL, B O 11E
cyanophenyl and g-methoxyphenyl), acyl of 1 to 12
carbon atoms (such as acetyl, propionyl, benzoyl and
butyryl), and substituted or unsubstituted carbamoyl
or sulfamoyl (such as carbamoyl, sulfamoyl, N,N-
dimethylcarbamoyl and N,N-diethylsulfamoyl).
Preferably, R9/ R10, R11l and R12 are independently
hydrogen, methyl, ‘chloro, N,N-diethylsulfamoyl, nitro
or methoxy.

In addition, any two of these radicals at
adjacent positions on the ring can be taken together
to represent a 6- to 10—memberedifused aromatic ring
system, including both heterocyclic or carbocyclic
fused aromatic rings. Such rings can include. carbon,
nitrogen, oxygen or sulfur atoms in the ring
structure. Preferably, 6- to l0-membered- carbocyclic
ring systems are formed in this manner.

In the salt noted above, X~ represents any
suitable anion which does not inhibit or act as a
substrate for peroxidases, such as halide (for
example, chloride, bromide and fluoride),
tetrafluoroborate, nitrate, perchlorate, p-
toluenesulfonate and others readily apparent to one

5 skilled in the art. |



structure. Preferably, 6- to 10-nenbered carbocyclic ring systens are
formged in.this manner. : In the salt noted above, X[ err] represents
any suitable anion which does not inhibit or act as a substrate for

per oxi dases, such as halide (for exanple, chloride, brom de and fluoride),
tetrafl uoroborate, nitrate, perchlorate,_ %b t ol uenesul f onat e and others
readily apparent to one skilled in the ar

-20- Representaepve5389$uin|a&eﬁuhnﬂsakpslhmcsadés

-di ethyl - gﬁﬁﬁgxﬁnegaﬂéi ' f~glﬂéeﬂb#?h§ghhlﬁgﬂ96@ A3 aE3tiuged- | TR

salt) 4- chi or 6- t enzen zoni um sa nown as Fast Red TR salt),
di azoti zed 2- n%@hbxyksoﬁhl@ﬁoﬁﬁﬁtlhédtkﬁﬁmﬁa&§)FaérCRéQrRC2§alt) and

di azotized 5- HMéEHyibéﬂk@ﬁdiaz&ﬁiﬁﬂx¥9fﬂz?ﬁﬁo&hn8§“F§§tFﬁéh fed B).
Tetrazoliumsalts are organic salts in which the organic portion contains

one or two tetfakble ?Fﬂﬁ@tlﬁﬁﬁe?aF??hR%Yﬁ5aF?F°§88§ﬂ#ﬂﬂ§nﬂ§ngﬁnvéﬁious

posi tions. Tetraz@IRda1aglgalhﬁvaﬂa aﬂ@zbﬂiEéaOBGnﬁt@@SZG&mlh©—ﬂ9rWEd to
provi de a blpheng%?nucleus Wt tetr g ﬁﬁ@ 9 n each of the 4- and 4'-
n

positions of tHe-BPRKBRYEESASCI ﬂgwn as usef ul di azoni um and
tetrazol i um conpounds areeteszolbed Saltexampl erganitSsA18s9Gm 872,

US- A-4, 772,553 892 7 an US A 4 3 d Ja ese Publlcatlon
63/ 088, 000. Whléhpté%hgﬁg un1n scen s?%ﬁggéﬁgaﬁ% e %b?ggned using a

vari ety of knowstraagietsings, pgeferabllycwith| anvhesvbsatitugnsls @éner ati ng
reagent is a 2y rlgﬁEyQBQi&iéthth@é@%égsgigﬂe gﬁghvﬁéb!ﬁg(t%%”t'f'Ed

herein as "DPD ree or conjugate ro- 1, 4-phthal azi nedi one
derivative thaﬁe%ﬁﬁz%éecéhv§$t@ﬂnt%eaﬁ°é%@¢tég §F8Véd?naabéﬁéﬁPWGnlnescent

reaction and thes1é8sUiDeht Q PePPR2EXE1 £EAgSIAt Baht Brt BBeCB-SahaN
4'- positions of the biphenyl nucleus.

2 Mény useful diazonium and tetrazolium
compounds are described for example, in US-A-3,905,872,
US—A—4,772,553, US—A-4,892{817 and US-A-4,892,833 and
Japanese Publication 63/088 000.

Chemiluminescent signals can be obtained
u81ng a varlety of known reagents. A preferred
chemiluminescent signal generating reagent is a 2;3—
dihydro-1, 4-phthalazinedione derivative (identified
herein as "DPD“). Any free or conjugated 2,3—dihydro—
1,4-phthalazinedione derivative that can be converted
to an excited state in a chemiluminescent reaction and
then returns to a non-excited state with the emission
of light, is useful in the practice of this invention.
A considerable number of such compounds are known in
th: art, including those described in US-A-4,598,044
and Chemiluminescence in Organic Chemistry, Gundermann
and McCapra, Sprlnger Verlag, Berlin, 1987, pages 204-
207. Such compounds are generally known as "luminol
type hydrazides™ and include phthalic hydrazides,

' naphthalene-1, 2-dicarboxylic acid hydrazides,

'+ anthracene-2, 3-dicarboxylic acid hydrazides,



of light, is useful in the practice of this invention. A considerable
nunber of such conmpounds are known in the art, including those described in
US- A- 4,598, 044 and Chemi | um nescence in Organic Chem stry, Gundermann and
McCapra, Springer-Verlag, Berlin, 1987, pages 204- 207. Such conpounds are
general |y known as "lum nol type hydrazides" and include phthalic
hydr azi des, napht hal ene- 1, 2-di carboxylic acid hydrazides,

ant hr acene- 2, 3PRPRAERBRYET &, AcHiicAyRPHYLd6sacid hydrazides, fluorene-

-21- phenat hrzneléazbdkymaowiacx@arézlﬂaééaZbéﬁ&o [tgl HOR§PRrylene-

1, 2- dlcarboxyléc agld h%dra Ldes geg 8%% % ¥ é 2- glcarboxyllc
aci d hydrazi de FORERRXY 15C acig; REARELIPRE  af HOHﬁaFé}v and ot hers
readily appdieatbdrydhe aknalhgdrazihesarhnd others readhnyparticular,

the DPD is defj t err] wherein Z[err],
Z[err], Z[err]ééﬁgrgﬁtagg PhG %%%% 1SVE ?oée% al kyl of 1 to 6 carbon
atons (such. as nethyl, eIhypartlcutaproppe DPDbasyHefdpedpbyt $heand hexyl),
al kenyl of 2 geiQcbugar atons [such as ethenyl 1- propenyl,

I sobut enyl , 2- ? hfd?lsog?gpylanlno)V|nyl 2- (N, N

diisobutylan1no)V|nyI 2- (N, N—dllsopentyhanimo)vinyl and 2- hexenyl],
hydroxy, al koxy of 1 to 6 carbon atqgms - (stich as net hoxy, ethoxy,

| sopropoxy, t-butoxy and hexoxy), C "~ no [including am no
substituted wi th al kyl or al kanoyl", asy et hyl amino, et hyl am no,

am do (for exanple, acetam do and z3
z' o

wherein 21, 22, 23 and 24 are independently hydrogen,
tf  alkyl of 1 to 6 carbon atoms (such as methyl, ethyl,
isopropyl, t-butyl, sec-pentyl and hexyl), alkenyl of 2
to 6 carbon atoms [such as ethenyl, l-propenyl,
isobutenyl, 2-(N,N—diisopropylamino)vinyl, 2-(N,N-
diisobutylamino)vinyl, 2-(N,N-diisopentylamino)vinyl
and 2-hexenyl], hydroxy, alkoxy'of 1l to 6 carbon atoms
.{such as methoxy, ethoxy, isopropoxy, t-butoxy and
hexoxy), carboxy, amino [including amino substituted
with alkyl or alkanoyl, such as methylamino,
ethylamino, amido (for example, acetamido and
hexanamido), dimethylamino, diethylamino and
diisobutylamino], conjugated aminoalkenyl (for example,
‘as defined below) or aminoaryl [including substituted
aminoaryl, such as p-(N,N-dimethylamino)phenyl, p-(N,N-
diethylamino)phenyl and 5-amino-2, 3-dihydro-1, 4-
phthalazinedion-8-yl (also known as luminyl)].

' At least one of Zl and z2 is amino {(including
substituted amino, as defined above), conjugated
aminoalkenyl (including substituted aminoalkenyl as
described above) or aminoaryl [such as p- (N,N-
dimethylamino) phenyl, p-(N,N-diethylamino)phenyl and 5-
amino-2, 3-dihydro-1, 4-phthalazinedion-8-yl]. As used



hexanam do),, di net hyl am no, diethyl am no and di i sobutyl am no],

conj tgat ed am noal kenyl (for exanpl e, as defined bel ow) or am noaryl
[including substituted am noaryl, such as p-(N, N-di net hyl am no) phenyl
p- (N, N- di et hyl am no) phenyl and 5-am no- 2, 3-di hydro-1, 4- -

pht ral azi nedi on- 8-yl (al so known as lum.nyl)]. At | east one of
Z[err] and Z[err] is amno (including stituted am no, as defined
above), conjudwesiin, dhcompidargd dmindabkenmy btbsefexs edoaai noal kenyl as
descri bed abo ' [ ( [ L, N e ,

e N s hyl\fgar%% %ﬂ@nﬁff%&% @@ﬁ&f@_&f N ke rodli FELOYLARE ?):BH.EME

am no- 2, 3- di hy3F A, IR Heh e T diom-BLKkenyl geoyupego the aromatic

-22- her ei Nsing Qi UWaed esh A 102 k€dVdne 'PHEFS 10 8s subBPRQYateal group
capabl e of electron resonance fromthe M no ﬂquou throggh t he al kenyl
group to the af’rllfira’t’?cclu e?igfbro?x?'}‘iél%ht%a L3 HAEHRBHROVHRY & §FOHR

fubsaitutgde[siﬁniésK2+uw¥N{d&isap&?bﬁ&amififﬁkwygﬂjEGENFNT groug .
such as 2- (N, i i.sopr anj np) vj n - (N, N i i sobut yl ami no) vi ny
and 2- (N, N- A\L’dﬁ"s’%‘b’g%fﬁ%{h‘?)n‘é’) jnyiy‘}‘? %nngﬁ]al kyl ami nobut adi enyl
groups, such abiUsqémeyllatiydanimp) } 1, Sadudhallentdmihobutadienyl

Serr] o ort {TRNPST LA g 0P (ENAEEL nyd A EE P2 Sl Qi EpEI
adj acent groups, or all Altf?mﬁtjg‘félm‘s)al@ﬁnaﬁza@%'@ntvggeadéaceatf orma

fused ring 18 £ B € O Bi Hf NEL ONE2 Or 7 B 0y a5 DMPEfh &+ F { §YS. Such fused
rings can be substjtuted with one or nore hydroxy, am no (substituted or
unsubst i t ut ed SRIPINGARNRS RE Ry Hhres kddy2eent gEoUPEar 85ndatonms (such

as nmet hoxy, etfoxy @supSOPEDP DY) takbel 6ot Nexr St6hformf Sedselingsngr e
substituted with one or nore, prinmary, . secondary, or tertlarﬁngj nes,
i

hydroxy or al KOSSFHE CONtaing 0Ne oF quore aromatic rifgsage ve useful
DPD conpounds fusddideings | cun rind , sulsot imathed , with one or more

N-(4-am nobut ylJ4 N85 NYIh 800 Vil il ituted or unsubstituted as
described above) or alkoxy of 1 to 4 carbon atoms (such
as methoxy, ethoxy and isopropoxy). Preferably, such
fused rings are substituted with one or more primary,
secondary or tertiary amines, hydroxy or alkoxy as
described above.

Representative useful DPD compounds include
luminol, isoluminol, N-(4-aminobutyl)-N-ethylisoluminol
hemisuccinimide, N-(6-aminohexyl)-N-ethylisoluminol, N-

-2 ethylisoluminol and 7-dimethylaminonaphthalene-1,2-
dicarboxylic acid hydrazide. Luminol (5-amino-2,3-
dihydro-1,4-phthalazinedione) and isoluminol (6-amino-
2,3-dihydro-1,4-phthalazinedione) are preferred, and
luminol is most preferred.

Other useful classes of DPD compounds are
described in the Gundermann and McCapra publication
noted above, and include substituted or unsubstituted
phthalic acid hydrazides, anthracene-2,3-dicarboxylic
acid hydrazides, phenathrene dicarboxylic acid

37 hydrazides, fluorene—l,2-dicarboxyli¢ acid hydrazides,



hem succi nim de, N-(6-am nohexyl)-N-ethylisolumnol, N ethylisolumnol and
7-di met hyl am nonapht hal ene-.1, 2- di carboxylic acid hydrazi de. Lum nol
(5-am no- 2, 3- di hydro-1, 4- pht hal azi nedi one) and i sol um nol (6-am no-

2, 3-di hydro-1, 4- pht hal azi nedi one) are preferred, and | um nol i s nost
preferred. ' Qt her useful classes of DPD conpounds are

descri bed in the Gunder mann and Nbcapraeéiblicathn not ed above, and

i ncl ude substhénz@bgan, Lhsebgléter bd2-digarhakytiacadilybvdriagades

ant hr acene- 2, 3- di i - | [ q e di,eRr ylic
201 d hyarazt (IS SRESSBIGS, s fELBUILOC! SET ﬂ§§?§%?§§§: Sueh e

-23- benzo[ g, tho3pei Yl eserated dpy e xypltowéndg BLEREENEES tand
coronene- 1, 2-di carboxylic acid hydrazides, as those illustrated by the

followi ng structures: [err]

. [
NH l\u
| |
NH NH
. -l/ I3
o [o]

ﬁ_o
&

H

"\
@

iil‘“illl. [
NH “SNH
| and |
NH _nH
o I!ll !!I

In a preferred embodiment of this invention,

a multilayer analytical element for the determination
of a specific binding ligand cbmprises a nonporous
support having thereon, in fluid contact:

a first reagent buffer layer,

i

_ a subbing layer comprising an unlabeled
immunoreactant capable of reacting with either a
specific binding ligand of interest or its receptor,



In a preferred enbodi ment of this invention, a nmultilayer analytical
el epent for the determ nation of a specific binding |igand conprises a

nonpor ous support having thereon, in fluid contact: a first
reagent buffer |ayer, a subbing | ayer conprising an unl abel ed

| munOr eact ant capabl e of reacting mﬁthzﬁLther a specific binding |ligand of
I nterest or its receptor, - 24-

a porous spreading | ayes poniws rspupadirengeager caaipabh Engf apreagdnhg a
col orimetric é%{pa%ﬁ{”éf’;B f&‘i{}{g a édﬂp{mé&{@eopr@ﬁ&ﬁ?fwﬂ%n@égéﬂgen
pergxi de and ~ " peroxiddse, an contiguous to the porous
spreadi ng | aygignal in sdwmpiresengamtof dixdregen drewexlde pardxi dase- | abel ed
i munor eact affe MU Ll 4, capabl e of reacting with the speci fic binding

| i gand of interest or its receptor, the el ement further
conprising, in one or ¢contiguous to the porous spreading layer, a

second reagent layer containing a peroxidase-labeled
immunoreactant which is capable of reacting with the
specific binding ligand of interest or its receptor,

the element further comprising, in one or
more of the foregoing layers, a peroxidase stabilizer
having structure (I), (II), (III) or (IV).

In a more preferred embodiment, -the second
reagent layer is located directly over the porous
spreading layer.

- The reagent for providing a colorimetric or
chemiluminescent signal can also be located in the:
subbing layer instead of the porous spreading layer.

The elements of this invention can include
a variety of addenda in appropriate zones as are
known in the art to aid in manufacture, fluid
spreading, absorbance of unwanted radiation and
receptor stability.

The element of this invention can be
prepared using conventional coating procedures and
equipment as are described in considerable art
(including gravure, curtain, hopper and other coating
techniques). The elements can be configured in a
variety of forms, including elongated tapes or any
desired width, sheets, slides or chips. Further, the
method of this invention can be manual or automated
using appropriate analytical equipment and
procedures. Generally, the method includes
contacting the reagents in the element by spotting a
test sample (for example, 1 to 200 pl) on the porous

35 spreading zone. The movement of fluid within the



nore of the foregoing | ayers, a peroxidase stabilizer havi ng structure

() (1) (1) or (1V). In a nore preferred enbodi nent, the
second reagent layer is |located directly over the porous spr eadi ng

| ayer. The reagent for providing a colorinetric or -
chem | um nescent signal can also be located in the subbi ng | ayer instead
of the porous spreading |ayer. The el enments of this invention

can include elemnent @ffedtiamiahdeiies dgpe oppagertgofes BReare =~ known in

the art to ai ddfbimHd a8 Waoke fliddk. spreading, absorbance of unwanted
radi ati on and recept or stablllt The el enment of this

i nvention can be prepdﬁ%&?(nﬁ#ﬁ?ﬁ%nﬂ&?&%%%%}O%oaﬁm%geb?B%%Hu%§s and

equi pnment as %ﬁamrw%y fb&ﬁ!ﬁﬁﬂ%ﬁbd;e @li¢h aélmd:tblldaﬂgoﬁr avure
curtain, hopper and ot her coatin ec ni ues e el.enments. can

conflgured i n apating i Ptder & Wﬁﬁiuﬁ FhgRE PP AR l‘8rt9ny
desi red wi dt h,queihsasdrs, orslotd&srmis@hfmllftmtéleformi’neg thethod of this

i nvention can Rhe nmanual aut o d. sin late al vtica

Ui prrent and PR BURRE € BREAETE HinallRh "MoRRCRPL RACBENAERER: | 1) (e
reagents in theorsenehttly shaenng mhllesinssmpéeu(lsbaneearrphe 1 to 200
[err]]l) on th S hin the

-25- el enent :%L&H%&\S/e 1 egcg?rl{le reagen ﬁ@#%eﬁge%% %gng’ o take

pl ace. sepwa@omml@%mﬂawd ornd turreachedt fosmaxpbselet o any
condi ti oni ng, picdk AtaddCUBI Y. 1M A at Nofr PIECSEUEErrbhal By be

-desirable to quicken or_otherwse facilitate forn1ng t he gnghoprlate

speci fic bi nditRptediift SQIs e eRaFItR] wHRED A PRSP €. Wile in
some instancesslendiiti ! adB & $iwghe caRM baredt aareknowhoas ef fective

heterogeneous immunoassays. Thus, a signal can be
better read in a defined region of the zone.

Applying a wash solution (from 5 to 200 ul)
to the element is the preferred procedure for
affecting this separation. The wash solution can be
applied in any suitable manner known in the art, but
preferably, it is applied at a continuous metered
rate, for example of up to 10 Hl/sec and most
preferably, at 1 pul/sec. However, any rate and method
of wash solution application can be used as long as
the porous spreading zone readily absorbs the fluid

e during application. The wash solution usually
removes any peroxidase stabilizer from the reaction
zone in the element.

The wash solution can comprise any known
components known in the art for this purpose, and

{ could merely be distilled water or a common buffer
solution. Preferably, the wash solution includes a
peroxide (such as hydrogen peroxide), a surfactant, a
metal chelating agent and an electron transfer agent.
Useful electron transfer agents include, but are not
limited to, 4'-hydroxyacetanilide and other phenols



separation of the reacted and unreacted forns of the peroxidase-| abel ed

i mmunoreactant, it is preferred that the forns be separated within a zone
of the elenent, as is typical in what are.known as het erogeneous

i mmunoassays. Thus, a signal can be better read in a defined region of the
zone-. : Applying a wash sol ution éjon15 to 200 [err]l) to the
elenment is the preferred procedure for affecting this separation. The wash
sol ution can bendpphikinéeés deycsibédbie Usnhed, RABWABBRA tAe art, but
preferably, it_j i e op}.] ed.rate, for,exanple of up
to 10 [err]l/ é%égﬁgg%%sgl%%%f%ﬁag#§ﬂ§g%§1g§é§§]?7520_ However, any rate
and net hod of hdroxpaeetanidpdeication can be used as |long as the porous

spreading zone readi|y aRsptbsatigelib il d gukbigaase! beabial ethgmash
solution usually renoves any peroxidase stabilizer fromthe reaction zone

in the el enentdéscribed inThRY\WAEhSEERGEREASCAR) cofPpri se (AA)k

conponent s knoyy) NahHee A EahOa15H1 BePUERASEn 8AE wAYhdsBRLElYnb@sdi stilled
wat er or a conmon buffer solutign. Preferably, the wash solution includes a

peroxi de (suchPhseh5etbeRntpardkPHefI®R surfact ant, a metal chel ating agent

and an el ectron transferrngenashUseliiutieheekhobptianafliey dgentsid rcl ude,
but are not limted to acetaﬁill e and oth

4' - hyd h |
J26- 0 and arf FRFRRE (EQE, PROULRINSE sCHembdumaResgent sagRal. o FuGct ( on

transfer agentassa4DPD ashgdfbngdcabanel i de. Alternatively, a

per oxi dase stabilizer asq,o 985GLE egﬁi€H§n§8§%0§%ﬁggygge%hglLaéﬂI), (ren)

and (1'V) above, can al'so be Used I i on as an el ectron
transfer agentsolution are withénwbbe sbilli of aanaspisenal Pyti ncl ude a

generally the electron transfer agent is present in
an amount of at least 0.1 molar, and preferably from
0.5 to 10 mmolar.

The element of this invention can be used
in a variety of assay formats to provide
chemiluminescent or colorimetric signal in response
to the reacted or unreacted form of the peroxidase-
labeled immunoreactant.

The following examples are illustrative of
the invention and not to be limiting. All
percentages are by weight, unless otherwise
indicated.

25 The following dry analytical elements were
prepared using conventional procedures and used in
the examples:

Element 1:
Element Structure
Dry Coverage
(g/m<)
Gravure Digoxin-~horseradish
Reagent peroxidase 1.2 x 103
Layer '
Bovine serum albumin 2.15 x 10-4

4'-Hydroxyacetanilide 3.25 x 1074



reagent for providing a chem | um nescent signal, such as a DPD as

defi ned above. The amounts of the conponents of the wash
solution are within the skill of an artisan, but generally the electron
transfer agent is present in an amount of at least 0.1 nolar, and-
preferably from 0.5 to 10 mmol ar. -27- The elenent of this

i nvention can be used | B eNVRGFSH YL Pho BSBeYahermat s to provide
chem | um nescent or col ori gl tb8i&! ORd bRfFEBPONSE to the reacted or

unreacted form of the peroxpdagge- | abel ed i munor eacalt x 103
The follow ng exanples are illustrative of the invention and not to be
limting. Al per cent agesl pa€rpyambdght, unl ess ot hexwhgex 10T#Hdi cat ed.
25 The following dry anal ytical elenents were prepared using
conventi onal procedures and, bseihydroxythe(6xanpl es: El ement 1:
El ement Structure disulfo-2-naphthylazo) - Dry Cover age
(g/nmferr]) G avure D gonaphtina senadi sh Reagent per oxi dase
1.2 x 10[err] Layer disulfonic aci@®pvsoadismrum al bum n . 2.15 x
10[ err] 4' s¢fdr oxyacet ani | i de 3.256% 10187 f]
-27- 3- (N-norphol i no) propane- sulfonic acid buffer
pH 7) Spreading  Poly4vinxltiQleeng-co- Pol yacryl am de

1.08 x 10[err] Layer methacrylic acid) (98:2

weight ratio) beads (30

HUm average diameter) 130

Poly {methyl acrylate-co-

sodium 2-acrylamido-2-
methylpropanesul fonate-
co-2-acetoacetoxyethyl

methacrylate) (90:4:6

weight ratio) 2.583

N-[tris (hydroxymethyl) -
methyl]-2-aminoethane-
sulfonic acid buffer

(pH 7) - 0.219
Dimedone - : .0.5
Dimethyl sulfoxide ' 1.8
Triarylimidazole leuco
dye 0.2
4'-Hydroxyacetanilide 0.45
Bovine serum albumin 1
Mannitol - - _ 1
Glycerol 2
Subbing Poly(vinylpyrrolidone) 1.1

Layer
N-[tris (hydroxymethyl) -
methyl]-2-aminoethane-
sulfonic acid buffer
(pH 7) 0.1



4, 5- Di hydr oxy- 3- (6, 8- di sul f o- 2- napht hyl azo) -

2, 7- napht hal ene- “di sul fonic acid, sodium sal t
2.69 x 10[err] Spreading Pol y(vi nyl t ol uene-co- Layer met hacrylic
acid) (98:2 wei ght ratio) beads (30 [err] m aver age
di aret er) 130 Pol ycpgt-hyl acryl at e-co-
sodi um 2- acryl am do- 2- ™ QB I RaR gulfonate-
co- 2- acet oacet oxyet hyl TRITOgbmﬁg?Egcpéﬁa?e (90:4:6 0.02- wei ght
ratio) PR N-[tris(hydroxynet hyl ) -
net hyl ] - 2- am noet hane- Anti—digéﬂﬁﬂ(HﬂﬂbéfaﬁEP“ffer (pH 7)
0.219 . Dimedongneipodies, covalently 0.5
Di met hyl sul f oxi de attached tb poly[styrene-riarylimdazole |euco
dye _ co-p- (2K oroethyl- 4' - Hydr oxyacet ani | i de
0.45 Bovi ne 5€§dlﬁéﬁﬁlﬂéﬂhyl)styrene] 1
g/angl Lg! Pol y(vi nyl (95(g5 weilght ratio) begr&'lycerLol

ubbi ng ol y(vinyl pyfg o i . diamet ayer,015
N-[tri s(hydr oxynet hyl ) - (08140 AT 1 e et hane-
sul foni ¢ aci d RIIFnt Hardenéd’'geVatin 10.15 -1

Layer

N-[tris (hydroxymethyl) -
methyl]-2-aminoethane-
sulfonic acid buffer

(pH 7) 4.58

4'-Hydroxyacetanilide 0.15

TRITONTM nonionic

surfactant 0.02
Polyethylene

terephthalate Support

Element 2:

This element was like Element 1 except that
3'-5'-dichloro-4'-hydroxyacetanilide is used in place
of 4'-hydroxyacetanilide in similar quantities.
Element 3:

This element was like Element 1 except that
it contained no peroxidase-labeled digoxin analog.
Element 4:

s This element was like Element 2 except that
it contained no peroxidase-labeled digoxin analog.
Element S:

This element was like Element 1 except that
poly (N-isopropylacrylamide-co-methacrylic acid-co-
N,N'-methylenebisacrylamide) (80:10:10 weight ratio)
was used as the subbing layer binder instead of
poly(vinylpyrrolidone), and it contained no
peroxidase-labeled digoxin analog.



- 28- 1 . TRITON[err] X-100 nonionic sur f act ant

0. 02 - Ant i - di goxi n nonocl onal anti bodi es covalently
attached to pol y[ styrene- CO p- (2-chl oroet hyl -

sul fonyl net hyl ) st yr ene] (95:5 weight ratio) beads _

(0.5 [err] maverage dianeter) 0.01pg- Reagent Har dened gel atin

10. 15 Layer N-[tris(hydroxynethyl)-

nethyl]-Z-aniﬁbéﬂﬁaﬁeﬁi sul fonic acid buffer (pH 7)
4.58 - Hydn9xyasemant! W8 l1ike ElemeBtlS except that

TRI TONTM noni ¢ 0.02

Pol yet hyl ene 1 or 81d ContalntBFEBﬁﬂaaﬁﬁfiagﬁﬁﬁgrPlgOEPQWQHF%?g
Thi s el ement Bhsmeéhke7El ement 1 except that

B achenlono: 4 I ORKBEeLaBELLE b3 YIEY BIGRERE® s bxcopt chaty,

el ement was IikethEaéned13éxBéﬁdlchabrof4cehydrngganetpenGXKﬁﬁsnsIabeled

?LQ?XIH anal ogne ELEIEM 1 dor instead oIhh$—ﬁbﬁggg§aﬂgﬁahk&qd§.enent 2 except

Element. 8:

This element was like Element 5 except that
it contained 3',5'-dichloro~-4'-hydroxyacetanilide as
the stabilizer instead of 4'-hydroxyacetanilide.

) Elements 2, 4, 7 and 8 are elements
prepared according to the practice of this invention,
while Elements 1, 3, 5 and 6 are outside the scope of
this invention.

The peroxidase-~labeled digoxin analog used
in the examples was prepared by the procedures and
from reagents described in EP-A-0 468 590, and EP-A-0
468 591. ’ .

' Anti-digoxin monoclonal antibodies were
attached to poly[styrene-co-p-(2-
chloroethylsulfonylmethyl) styrenel (95:5 weight
ratio, 0.5 pum average diameter) beads using known
procedures.

5 Poly(vinyl pyrrolidone) was obtained from
GAF and had an average molecular weight of 360, 000.
TRITONTM X-100 nonionic surfactant is available from
Union Carbide. All other reagents and components
used in the elements and methods are either available
commercially or readily prepared using conventional
starting materials using known procedures.

' The rate of signal formation was determined
by applying a test sample (11 pl) containing digoxin
(either 0.05 or 3.1 ng/ml) in a human serum-based

3 matrix to the element, incubating the element for 5



It contained no peroxi dase-|abel ed di goxin anal og. El enment 5:

This element was |i ke Elenment 1 except that

pol y(N-i sopropyl acryl am de- co-net hacryl i ¢ aci d-co-

N, N - met hyl enebi sacryl am de) (80:10:10 wei ght ratio) was used as the”
subbing | ayer binder instead of poly(vinykgyrrolidone), and it contained no

per oxi dase-| abel ed di goxin analo%1

- 29- El enByihuges” at 37°C, then pyplwingenhtwvasds 9 5 except
t hat it dpﬂ)qonumﬂg|wa§nqgﬁxutﬂdﬁxﬂdﬁtgiﬂguaHyay&ﬁen;peroxlééenent 7:
Thi s el enent I Elenent 6 except that | t contal(f

3',5' dlchloro A atarvagetanilide { (p ModAN) AN nst ead of

hydroxyacetddﬁunyienetrldﬁnﬂapunﬁhacetlc acid (IO'BmQJEﬁMN&nnawas i ke

Elenent 5 except that It .cont ed di.chl.or 0-4' dr pxyacet ani |l i de
as the &t aBP P8k PRQSPREE P %fn%ﬁ?df%%ﬁﬂﬁ spiu be o 56T
El enents 2, 4, mblanrdb&féree: elpdirentdy .  Folrlepameyl appddraditnigort oo ff hehepr act i ce

of this invent [ t he scope
of this |nbggP'S°ldM1°n’ h%n%ﬁ'§$%ﬂ:%§¥%fﬁgggﬁlﬁﬁﬁﬁgﬂﬁﬁglSEX|n anal og
used i n t hé78%Lanpings thgs rgtepafediyley fidmmatristedeasnizgd] at 67¢ om
reagents descrhﬁegf'Qe@ﬁe@t%n%@sdé%QaEQMEﬂgg‘%§Qng(fdﬁ¥§&¥¥bnal

Ant i - di goxi n nonoglonal anti bodi es were at t ache

pol y[ st yr ene- c§pippent. chloroethylsulfonylnethyl)styrene] (95 5 wei ght
ratio, 0.5 [er Ekampier age di ameinpakiked : hk DT ES .

Pol y(vi nyl pyrrolidone) S obtal d fron1 d ha age

nol ecul ar wei ght of 360, g(g'@.s ex IeTﬁqma%engAhﬁo Smotihe rgcﬁ

avai |l abl e fronpresent invention to those outside this 1nventlon and

shows the improved stability of the peroxidase label
according to the practice of this invention.
Elements 1, 2, 6 and 7 were tested in this
example. Duplicates of each of the type of element
. were frozen immediately after manufacture (identified
as "fresh"), others were conditioned at 21°C and 33%
relative humidity for three days and then frozen
(identified as "conditioned"). Still other elements
were conditioned at 21°C and 33% relative humidity
for 10 days and then.frozen (identified as "kept").
Elements treated at all three conditions were thawed
and then used to assay two different amounts of
digoxin in test samples. Enzyme stability in the
element was evaluated by comparing the average % of
rate retained as a function of the stabilizer in the
element. The "average % of rate retained” was
iU  calculated by dividing the "conditioned" rate by the
"fresh" rate, or by dividing the "kept rate” by the
"conditioned rate".
The assay for digoxin was carried out for
each element as described above. "Elements 1 and 6
35 are considered Controls in this example. The results



Uni on Carbide. Al other reagents and conponents used in the elenments

and:nmet hods are either avail able commercially or readily prepared using
conventi onal starting materials using known procedures.

The rate of signal formation was determ ned by applying a test sanple
(11-[err]l) containing digoxin (eithgr-0.05 or 3.1 ng/nl) in a human
serum based 3 matrix to the el ement, incubatjn ,the_elenFnt for 5

- 30- m nutass fatram, retainedplthaly 1S madh 1£3%9HCR 12 [err]l).

This wash sol yd ks i nask hysk Qe they 0é dshown 1. PH&) following

4' - hydroxyacetanilide (5 molar). and, .., diethylenetriam nepentaacetic acid
(1o forr it . oty i SR BT o ™
) nol afi ve i W 0] S
sol ution, theqej%3 Nt ?A%tg ain inc,;#aﬁelg aaf rooid£Le] & ap0es LR rate of
b ayenzet CofrRiitia ] peroxiads |

dye formation ance densrtonetry using
conventional as depgpieed . hereifxanple 1 Conpari son of El enent/ Label
Stability Thi s exanpl e ﬁ@gﬁﬁé@i the el ements of the

present invention to those outside th tion and shows the

i npr oved stabili ty of the per oXxi dase | ahel % Ratar‘Rﬁtainﬁdi fa) thg_p_;_act| ce of

this invention. El enept Sqie i dned»And 7 Wokapested in this
exanple. Duplicates of each of the type of el enent wgﬁe frgzen

i medi ately after nBhemaBEire (identifif&@sh” z¢ v : re
conditioned at 21[err] € and 33% rel aggve humdity forgyhree days and
then frozen- (identified as "conditioped"). Still othﬁ% el ement s

were conditioned at Zl?err]C and 3396re|§§ive hum dity %or 10 days and
then frozen (identifiedg as "kept"). gbenents treated 82 all three
conditions were thawed and then used j0 assay two dif§§rent anount s of
digoxin in test sanpleg. Enzynme stabilitg in the el enént was eval uat ed
by conparing the average % of

Similar improvements in peroxidase label

stability were found using elements designed
according to the present invention for the
determination of phenytoin and phenobarbital.
Example 2 Comparison of Assay Sensitivity

This example compares the sensitivity of
the assay carried out using "fresh" elements prepared
according to the present invention to the sensitivity
achieved with elements outside the scope of this
invention. All of the elements noted above were
tested for sensitivity, with Elements 1, 3, 5 and 6
being considered as Controls.

Elements 1, 2, 6, and 7 contained the
‘peroxidase-labeled digoxin analog coated within a
layer thereof, whereas the other elements did not.
Thus, the labeled analog was separately added to
Elements 3, 4, 5 and 8 during the assay by applying a
test sample (11 pl) of the labeled analog (1 nmolar)

with digoxin (0.05 or 6.3 ng/ml), in a human serum-



rate retained as.a function of the stabilizer in the el emrent. The
"average % of. rate retai ned" was cal cul ated by dividing the "conditioned"
rate by the "fresh" rate, or by dividing the "kept rate" by the
"conditioned rate". The assay for digoxin was carried out for
eaclt el enent as described above. Elenments;,l and 6 35 are considered
Controls in this exanple. The results ,

-31- of %rat P3RA MR {Xhat The, remainingastepsopf pehexpeasy RiEBel

stability) is sdaassdPibde Lwbte&W ng Table |I. The results indicate the
there is a significant inprovepent in_stability with the elenment of this

y.\
i nvention containing a pefRdRIth¥Et%iabi Fnsetndividuali pegaKsr ¥as.
% Rat e Ret ai nedetermined by looking a€otiét*paed” range” whKeph'As
g;enent 52 obtaigééﬁgb subgﬁacgﬂgglEﬂgnggtioﬁbserveé ag 6.3
90 ng/m@R digoxin firom the rate obseBded at 0.05 ng/m29

Simlar inproy ﬂﬁ&& in id i LE s Ok i ng

el enent s desidﬁe é@%brd?ﬁggﬁ% ?%@ﬁ%gggén%éggte% g%ﬁfﬁgr;tﬁggagiernination
of phenytoi n afREhearsdrr bidal thexeephbte in Talcbepaii behowf showay
Sensitivity the eleméﬁﬁ§éf§ﬂgﬁ%§pf€§@ﬁ%e§n$@§t§8ﬂsk%i¥ht Of the assay

carried out using "fresh” ~prepared according to the present
i nvention to t‘f‘t’edé@%fsic’t"i@fr?@ RRFP or tabelededigosinbi de t he scope of
this inventi ordenfdistofatid® Gt Sa Qi LUsSNOVEIVEED.

80

TABLE II

Element Rate Range

3 : 0.0692
0.1016
0.0516
0.0692
0.0853
0.0972
0.0674
0.0818

N oy 0 NN



tested for sensitivity, with Elenents 1, 3, 5 and 6 being considered as
Contyrols. . Elenents 1, 2, 6, and 7 contained the :

per oxi dase-| abel ed di goxin anal og coated within a |ayer thereof, whereas
the other elenents did not. Thus, the |abel ed anal og was separat el y "added
to Elenents 3, 4, 5 and 8 during the ass§§ﬁby applying a test sanmple (11
[err]l) of the |abeled analog (1 nnmolar) W th digoxin (0.05 or 6.3 ng/m),
in a human securRaEMS -32- based matri x.
The remai ning steps of the assa I esGrLl Ve,
Sensitivity of the indivVvi'dua a§€§&§t%§?qd%ﬁ&@%ﬁgegggy%Ffbking at the "rate
range” whi ch detebmainaedoby ofulat speciifgc bdnddng diganded the & Lenaft

di goxi n fron15gﬁp%§gqngbserved at 0.05 ng/m digoxin. A nore sensitive
assay exhibits a higher rate range. As the results in Table Il bel ow show,
the el enerfts of the pregelPOrionse SOrERIIRGL 1#ode widout coat ed

per oxi dase-| abel ed di goxhR) Femrel HAAT iDnAAt SonkSS ahistnsdd Vi y.

TABLE 1| | El enent, Rat e Range 3
0. 0692 fluid contgct with the porous spr ng” zone, 1
0.0516 Zhe element containirn® G602t least one of tle
0.0853 . 8 70,0972 6

0. 0674 Zo.neS. 7 0.0818

a peroxidase—labeled immunoreactant which is
capable of specifically reacting with either of a
specific binding ligand of interest or its receptor, or

an unlabeled immunoreactant which is capable
of specifically reacting with either the specific
binding ligand of interest or its receptor,

the element characterized wherein it further
contains in at least one of the zones, a peroxidase
stabilizer having the structure(I):
’ o
n’.N-!zl-a2

L



-33- CLAI M5, , 1. An analytical elenent for the determ nation of a

specific binding |ligand, the el enent conprising: a porous
spreadi ng zone, and one or nore additional zones which are in
fluid contact with the porous spreadi ng zone, t he el enent

cont-aining in at |least one of the zones:i_5,_ a peroxi dase-| abel ed
| mmunor eact ant which i s capabl e of specif%cally reacting with either of a
speci fic binding |igand sffrugftwrestIbl) {ts receptor, or an
unl abel ed i nmunor eactant which is capabl e of spgcgfically reacting with
ei ther the specific binding |iggsd of interest gq Its receptor,

£

the el ement characterized wherei n™Nt 5 S igfs in at | east one of
the zones, a peroxidase stabilizer
structure (I11): Jerr] 3

R4

e structure(l): [err]
or structure (IV):

o
l..

R'-N-C-R

R4
OR?

wherein Rl is hydrogen, alkyl of 1 to 4 carbon atoms,
alkoxyalkyl of 1 to 4 carbon atoms; hydroxyalkyl of 1
to 4 carbon atoms, aminoalkyl of 1 to 4 carbon atoms,
haloalkyl of 1 to .4 carbon atoms, '
RZ is hydrogen, alkyl of 1 to 4 carbon atoms,
alkoxyalkyl of 1 to 4 carbon atoms, hydroxyalkyl of 1
to 4 carbon atoms, aminoalkyl of 1 to 4 carbon atoms,
haloalkyl of 1 to 4 carbon atoms, or alkenyl of 2 to §
carbon atoms, ,
R3 is hydrogen or alkyl of 1 to 4 carbon
*5% atoms, and
R4 and R3S are independently hydrogen or an
electron withdrawing group having a Hammett sigma value
of at least 0.01, -
¥l and Y2 are independently hydrogen, alkyl
of 1 to 4 carbon atoms, or an electron withdrawing
group having a Hammett sigma value of at least 0.01,
provided that in structure (I), at least one
of R4 and R® is an electron withdrawing group having a
Hammett sigma value of at least 0.01.

* c L M S *



- 34- : Structure (111): [err] or structure (I1V):

[err] ' wherein R err] is hydrogen, alkyl of 1 to 4 carbon atons,
al koxyal kyl of 1 to 4 carbon atons, hydroxyal kyl of 1 to 4 carbon atons,
am noal kyl of 1 to 4 carbon atons, hal oal kyl of 1 to 4 carbon atons,

R2 is hydrogen, alkyl of 1 to 4 carbon aggnos, al koxyal kyl of l1to 4
carbon atons, hydroxyal kyl of 1 to 4 carban atons an1noa| of 1to 4
carbon at ons, hal oal K ofThe dement fsh Ardmed o A&y of ‘2to 5

carbon at ons, wherein Rl isRhyidrdyedy,ogen iy midodgent dktme@hymutmﬁ Hsat ons,

and 4 and R5 ar i.ndependent rogen ctron

wi t hdr awi ng gPS&F B °F & [apnéfcgﬁmﬂfé [%Sd r% as?nﬁi)g

Y[ err] and Y[amdraganirnkmwmdemyqndwdrogen aIkyI of 1 to 4 carbon

at ons, gn el ectron WI3I hdralyM e%[to% hawy gk 1 Hesi g val ue of
oo e 17 g

at Ieast pr ovi n structure | east one
of R4 and RS |cslaamse|1ec:trrcammrttwdmnq1gn aRP Uy iy %tructure (I)

wherein R4 and RS are both chloro or cyano.

4. The element as claimed in any of claims
1 to 3 wherein the peroxidase-labeled immunoreactant is
a labeled analogue of the specific binding ligand of
interest.

5. The element as claimed in any of claims
1 to 3 wherein the peroxidase-labeled immunoreactant is
a peroxidase-labeled receptor for the specific binding

t ligand of interest.

6. The element as claimed in any of claims
1 to 5 wherein the peroxidase-labeled immunoreactant is
reactive with:

a specific binding ligand of interest
selected from the group consisting of digoxin,
phenytoin, phenobarbital, theophylline, C-reactive
protein, human chorionic gonadotropin, thyroid
stimulating hormone, a thyronine derivative,
carbamazepine, creatine kinase-MB, gentamicin,
tobramicin and vancomicin, or

an antibody specific to the specific binding
ligand of interest.

7. A multilayer analytical element for the
determination of a specific binding ligand, the element
comprising a nonporous support having thereon, in fluid
contact: |

a first reagent or buffer layer,

a subbing layer comprising an unlabeled
immunoreactant capable of reacting with either a

3% specific binding ligand of interest or its receptor,

* [= L ] S *



Hanmett signa value of at |east 0.01.

-35-. : 2. The elenment as clainmed in claiml1l wherein Rerr] is
hydrogen, R2 is hydrogen or nethyl, Rlerr] is hydrogen or nethyl, and
Rlerr] and R5 are independently hydrogen, halo or cyano. 3. The

elerrent as clained in either of clains L3y~ 2 containing a conpound o
structure (I) wherein R4 and R5 are both chloro or cgano, %.

The el ement as cl ai ned i%h RORPYF IPEEIRELIAT { LARCHNEPRIALRHBY @ reagen

per oxi dase- | akeiptbidmanNas eaei@ivig i & €olebihmetr bnabpgorent 1uinénepeenti c

bi nding ligand of interest. : The el enent . | gi med in any of
oo Mo t o0 SAE i G TSI RES - 9 BT HOT S AOF A e EnRL T

per oxi dase- | alpdsuk tdaset cand or the specific binding |igand of interest.

6. The elenent as clai ' clqal g §

per oxi dase-| abel ed innuﬁ%gggg €§¥S?éor%g%gﬁeéoéftgpﬂgsa§he Q9grépgcific
bi ndi ng | i gandsetondtreageniselayerdctnivainheg gaoppreshdpserhgbeted goxi n,

phenyt of n,  phefigRAdd A ead NSRRIV |1 DCcaal 285k VEeRELL A Mei BHMBReCNOMT ONI ©
gonadotropin, thyroid stinulating hornone, a thyronine dérivative,

car bamazepi ne,SREGhE B indirg - MFar@ e hniRteresbbPaniEFnr8REPERKeoni ci n

or an anti body:gpesi émént OfhPEnSPEEbMpELHING} NEnl bganarof
interest. ... Apultilayer analytical eleggnt-for %hi. _
det er ni nat i on BTG Shdhs i LCXFIRA Jr‘i"é%’ﬁ%', ? REEPRHBATE CBRBPE S AG A
nonpor ous suppadidpvdthtudthereo(r)in fluid contact: a first
reagent or buffer |ayer, a subbing layer conprising an unl abel ed
i nunor eact ant capabl e of reacting wth eit%er a
R'-N-C-R?
vl y?
RS ~R*
OR®

structure (II):
o)

i
rl-N-Cc-R?

¥

structure (III):

0

Tl
S
R
rR30
R‘

* C L M s *



specific binding ligand of interest or its receptor,

-36- . - a porous spreading |ayer containing a reagent capable of
providing a colorinetric or chem | um nescent signal in the presence of
hydr ogen peroxi de and peroxi dase, and contiguous to the porous

spreading | ayer, a second reagent |ayer _ggntaining a peroxidase-|abeled

| mmunor eact ant which i s capabl e of reactlng with the specific binding
ligand of interest or iter rdoegstgire (IV)Y: the el ement further conprising,
in one or nore of the foregoing |ayers, a geroxidase stabilizer having

structure (1): [err] struchre (rn): [err]
structure (I11): R'-N-C-
pee
oR®

wherein Rl is hydrogen, alkyl of 1 to 4 carbon atoms,
alkoxyalkyl of 1 to 4 carbon atoms, hydroxyalkyl of 1
to 4 carbon atoms, aminoalkyl of 1 to 4 carbon atoms,
haloalkvl of 1 td 4 carbon atoms,

R2 is hydrogen, alkyl of 1 to 4 carbon atoms,
alkoxyalkyl of 1 to 4 carbon atoms, hydroxyalkyl of 1’
to 4 carbon atoms, aminoalkyl of 1 to 4 carbon atoms,
haloalkyl of 1 to 4 carbon atoms, or alkenyl of 2 to 5
carbon atoms,

R3 is hydrogen or alkyl of 1 to 4 carbon
atoms, and

R4 and R® are independently hydrogen or an
electron withdrawing group having a Hammett sigma value
of at least 0.01,

Yl and Y2 are independently hydrogen, alkyl
of 1 to 4 carbon atoms, or an electron withdrawing
group having a Hammett sigma value of at least 0.01,

. provided that in structure (I), at least one
of R? and R is an electron withdrawing group having a
Hammett sigma value of at least 0.01.

8. A method for the determination of a
specific binding ligand comprising: _

- A. contacting a fluid sample suspected of
containing the specific binding ligand with the
analytical element as claimed in any of claims 1 to 7,

to bring about a separation of the unreacted form
of the perozidase-labeled immunoreactant from the

TR O O A



[err] . , -37- or structure (I1V):
[err] wherein R err] is hydrogen, alkyl of 1 to 4 carbon atons,

al koxyal kyl of 1 to 4 carbon atons, hydroxyal kyl of 1 to 4 carbon atons,
am noal kyl of 1 to 4 carbon atons, haloal kyl of 1 to 4 carbon atons, ~

R2 i-s hydrogen, alkyl of 1 to 4 carbon atggs, al koxyalkyl of 1 to 4 carbon
atons, hydroxyal kyl of 1 to 4 carbon atons, am noal kyl of 1 to 4 carbon

atons, hal oal kjeagked ferm ehrbbe aesaxidgseaipbpeddmmunereachaify at ons,

R3 is hydrogenanga al kyl of 1 to 4 carbon atons, and R4 and R5 are
i ndependent |y hydrogen or_an el ectron w thdraw n p havin mret t
si gma val ue of at gast G.gictlng eithey g ﬂﬁ]ug % %F?%rfréF?q endent | y

hydr ogen, al kyfooh &ftohé perbamdaSeHEabeﬂedn1mmembmeacmadem$mang group

having a Fﬁnﬂeﬁé?ngga?¥aLHg gpﬁgifl a%gngggéhl and of Rh®¥ %%Q.that i n

structure (l east “one o . PECEY 8 withdraw ng group
havi ng a annett sigma value Bheamethadt ag. glaimed in claim 8 wherein

the unreacted and reacted forms of the peroxidase-
labeled immunoreactant are separated by applying a wash
solution to a defined region of the element, the wash
1y solution containing a substrate for peroxidase.

10. The method as claimed in claim 9 wherein
the wash solution further comprises 4'-
hydroxyvacetanilide. )

11. The method as claimed in claim 9 wherein
.the wash solution further comprises a compound having
structure (I):

structure (III):

AR VL



8. A nethod.for .the determ nation of a specific binding |Iigand conpri sing:
A. contacting a fluid sanple suspected of containing the specific binding
ligand with the anal ytical element as clained in any of clainms 1 to 7,

to bring about a separation of the unreacted form of the peroxi dase-| abel ed
| mmunor eact ant fromthe -39- - 38- react ed
form of the peroxidase-| abel ed i nmunor'eact ant, and B. detecting
either the unreacted or reacted form of the petexidase-I|abel ed

| munor eactant as a measur e oft> '

he spechiic binding 1igand of interest.
9. The method as clained in clai m Pne Rinreacted and reacted

D
forns of the peroxidase- | abel ed linqmykoredct ant are separated by appl yi ng
a wash solution to a definedlf@gio of e elenent, the wash solution
contai ning a substrate for peroxi dase: 10. The met hod as cl ai ned
In claim9 wherein t he wash solution further conprises 4'-
hydr oxyacet ani | i de. oF stru reT?fv pthod as claimed in claim?9
wherein t he wash solution furfher conprises a conmpound having structure
(r)y: TJerr] structure (19):

R'-N-C-R?

R4 OO

oR®

wherein Rl is hydrogen, alkyl of 1 to 4 carbon atoms,

! alkoxyalkyl of 1 to 4 carbon atoms, hydroxyalkyl of 1
to 4 carbon atoms, aminoalkyl of 1 to 4 carbon atoms,
haloalkyl of 1 to 4 carbon atoms,

RZ is hydrogen, alkyl of 1 to 4 carbon atoms,
alkoxyalkyl of 1 to 4 carbon atoms, hydroxyalkyl of 1

d to 4 carbon atoms, aminoalkyl of 1 to 4 carbon atoms,
haloalkyl of 1 to 4 carbon atoms, or alkenyl of 2 to 5
carbon atoms,

R3 is hydrogen or alkyl of 1 to 4 carbon
atoms, and - .

R4 and R3 are independently hydrogen or an
electron withdrawing group having a Hammett'sigma value
of at least 0.01, '

¥l and Y2 are independently hydrogen, alkyl
of 1 to 4 carbon atoms, or an electron withdrawing

at group having a Hammett sigma wvalue of at least 0.01,
provided that in structure (I), at least one
of R? and R is an electron withdrawing group having a
Hammett sigma value of at least 0.01.
12. The method as claimed in any of claims 8
25 to 11 wherein the reacted form of the peroxidase-
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[err] I . structure (111):

-39-u [err] -or structure (IV): [Jerr] - wherein

Rlerr] is hydrogen, alkyl of 1 to 4 carbon atons, al koxyal kyl of 1 to 4

carbon atons, hydroxyal kyl of 1 to 4 carbon atoms, am noal kyl of 1 to 4

carbon atons, haloalkyl of 1 to 4 carbon gjons, R2 is hydrogen

alkyl of 1 to 4 carbon, atons, al koxyalkyl of 1 to 4 carbon _atons,

hydr oxyal ky! otaheled immunoreactant is” detected from a colorimetric
signal, and the peroxidase-labeled immunoreactant is a
peroxidase-labeled analog of the specific binding

ligand of interest.
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to 4 carbon atonk, aminoal kyl of 1 to 4 carbon atons, haloalkyl of 1 to 4
carborr.atons, or alkenyl of 2 to 5 carbon atons, R3 i s hydrogen or
al kyl ;of 1 to 4 carbon atons, and R4 and R5 are independently
hydrogen or an el ectron withdraw ng group-s1aving a Hammett sigma val ue of

at least 0.01, Y| err! and Y[err] -are independently hydrogen, ~al kyl
of 1 to 4 carbon at®LYT B & t ANDn IMILINGASSAM HSING aup-HYBROXWY a Hanmmet t

sigma val ue of at |east (PR¥ ALKOXYARYLACEFAMIDEEAS SMABILIZERtructure (1), at

least one of R4 and R5 is an electron %ﬂ ng group having a Hamett
sigma val ue of at |east 0.01. . . e nmethod as cl ainmed in any of
clains 8 to 11 wherein the feucirylybiaabfelemenereanpdagenised to

-40- | abel ed | reanoieneé Btand S8 E81 Pdabt OBt aacRi el ¥BELEEySbENal , and the
iper oxi dase-| abel ed j qgre ptani,ls g per oxi,dase- | abel ed _anal og of the
'speci fic bindi RPIFLET BIRiRe, bigands "in erRSE a”competitive
i binding or sandwich assay format. The assays are
carried out using a peroxidase-labeled immunoreactant.
The peroxidase label is stabilized with a 4-hydroxy or
4-alkoxyarylacetamide which is located in one or more
zones of the element. Not only is the label stabilized

with the stabilizer, but the assay is more sensitive.

(no figures to accompany this abstract)
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