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‘DRY ANALYTI'CAL . EL EMENT . —FOR THE DETECTI ON OF PROSTATI C
RHOSPHATASE The present invention relates to clinical chemstry. In Q}prq(/
particular, it relates to an analytical 5 elenent and nethod for the

‘deternicnation of prostatic acid phosphatase in aqueous specinens, such as
bi ol ogitcal flujds. Prostatic acid phosphdt-ase (PAP) is al so known as

or t hophosphor PERYBESTRECAI rol ase, 10 apoR PRE BEPECPION &
and is a-glycoprotein of 1OGg§gggg%g¢ON@InDPHOEPHATlBEght nornally ound in

the prostate gland. It Tﬁeapﬁag@hthWyédeng fgl eg; JS al so present
in serum at | %i apd is normally a mxture o ri buted by
various 15 trssues h°the"hBRERIGY ?r'A§§a$§haﬁesmﬂblﬁnﬁﬁnalyﬁitanportant

several d@cadekenent vird methed ﬁbscehera@tb&ﬁiﬁﬁﬂi :ﬁﬁ%&f hat ase
activity becqg§§d Ng static _cancger - of e prosta
ﬁd@ﬁﬁ&g‘gg lﬁ{eégu QU SPEMSNSan S&‘Ch s armunt of PAP

prostatonegaly, is present
I n body fl ui iokpgiralisEluidsor the: di agnosi s of such di seases and for the

L sl
phosphohydrolase,

10 acid optimum, E.C. 3.1.3. 2., and is a glycoprotein of
100,000 daltons molecular weight normally found -in the
prostate gland. It is'a major constituent of semen.

It is also present in serum at low levels, and is
o normally a mixture of enzymes ‘contributed by various
15 tissues in the human body. ' '
Assays for PAP began to be important'several
decades ago when it was discovered that serum acid
‘Phosphatase activity becomes elevated when metastatic
cancer of the prostate or prostatomegaly is bresent.

20 Thus, a determination of the amount of PAP in body
fluids can be useful for the diagnosis of such diseases
and for the observatlon of their progress or rem1sszon.
Various spectrophotometrlc assays have ‘been developed
using 1mmunolog1cal and non-immunological techniques

¥i- 25 and various enzyme substrates and dyes. Typically, PAP
z:\ is evaluated from the amount or rate of formation of a
y

i i chromophore (such as a dye). The chromophore is a

. coupled product of a phenol, resulting from the
enzymatic hydrolysis of phospho monoester with, for
30 example, a diazonium dye in an acidic environment.

A representative early assay for PAP is
described in US-A-3,002,893. Another described by
Babson and others in Amaaﬁclln*za;hgl* 32, pages 88-91
(1959) suffers from a number of disadvantages such as

35 the need for a blank to be run, lack of kinetic results
and difficulty in formulating a dry assay.



~usi ng i mmunol ogi cal and hon-innunological techni ques 25 and various enzyne
substyates and dyes w% ‘§§]HXSEﬁﬁﬁ Is evaluated fromthe anmount or rate
hI% ) uc

‘of formation of a c &E éi s a dye). The chronophore is a
coupl ed product of phe PR 1t g fromthe enzymatic hydrol ysis of
phospho nonoester with, for 30 exanpl e 2a diazoniumdye in an acidic

environment. A represenpghb¥ea8ahi¥ assay variBAE bhodphatided in
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dye. Ot her assays using various phosphaté sUbStrates have evel oped,
but suffer fritheERsuseyit Forr exgupleinsodbum splss ednddsciBARI ty for
the anal yte. diwstBstetatbi HktaBlebien stbhed Beirali igdvidd ofari ous

reagents which, in a dry
time.

10 It would be highly desirable to have an assay
for PAP which can be carried out in a dry analytical
element which would provide a number of'important‘
advantages. To achieve this result, however; requires
that a number of technical problems (noted above) be

15 overcome. _

The problems noted.above with known assays
have been overcome with an analytical element useful
for the determination of prostatic acid phosphatase in
an agqueous specimen comprising:

20 _ ‘a porous spreading zone containing

(a) a compound which reacts as a
substrate with prostatic acid phosphatase to produce a
phenol reaction product, and

(b) a diazonium or tetrazolium salt

25 which is capable of reacting with the phenol reaction
product to provide a chromophore,

the element further comprising a buffer which
maintains the element at a pH of from 3 to 6.5 when
contacted with an aqueous specimen,

30 the element characterized wherein the
substrate compound is a nonhygroscopic aromatic
phosphate. | | :

This invention also provides a method for the
determination of prostatic acid phosphatase comprising

35 the steps of:
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10 'elenent are stored for Iengthy periods of time prior to their use.

For exanpl e, sodi upEsarfs-of 7the-PAR substrate are unstable when stored for
+a period of tine. #ﬁGbgﬂéytéhﬁ W desirabl e to have an assay for PAP

whi ch can be carripd outREPhAGERYry anal ytical el enment which would provide a
nunber of inportant 15 advant ages. To3zachieve this result, however,
requires that a nugb of . technical problens (noted above) be overcone. The
probl ens noted abole WPRERAERATRRAGIURIVE BREFIBGD: SHPPSHY

anal yti cal etemeainisefprobvatibeadttiephiosphatasef witdsttdid ¢ aci d

phosphat ase '. C Si Ogq @ porous spreadi ng zone
cont ai ni ng (é{ %ﬁ%%f 8?8@8&% §ES§ g@?g ggggkguggirate wth prostatic acid
phosphat ase to prBchedatpnémBg tbecfovmagionuof, aaifhromophareliazoni um or
tetrazol sumgdl 1ndkbabiba SﬁpﬁﬁéepQEsgnEe o&eﬁ%Us@lﬂﬁéj&él pheno

reaction product to provid hore, thée elenent further conprising a
buf f er whlcﬂﬂﬁ%$mhéﬁﬂ§eth§ Ehénﬁﬁﬁca@eﬁ ‘pH of from3 to 6.5 when contacted

Wi th an aqueous speci ”'?He weeééhﬂ ihoehhdh’ %ﬁmw@ff an aryl
phosphate ester_in,th irn1of sal% haV|g% qQne or val ent cati ons.
8 nEPROEEE

30 This i nveRabytire BWPRES tiye SReEEI of prostatic
aci d phosphadeétsecebonr ofi pgoshatitepsidf phosphatase (PAP) in a

10 relatively short period of time at an acidic pH. .The
reagents in the element are highly stable so the .
element can be stored for a lengthy period of time
before use without loss of activity and sensitivity.

These advantages are achieved by using a relatively
15 nonhygroscopic aromatic phosphate substrate for PAP
which does not absorb water to an appreciable extent.
- In a preferred embodiﬁent, the diazonium or.
tetrazolium salt  and buffer used in the assay are
kept separated in the element prior to the assay.
20 This further improves storage stébility.

The present invention relates to a
determination (that is, detecting either the
presence, amount or both) of PAP. In particular, the
-invention can be used to assay any aqueous fluid

25 suspected of containing PAP, and particularly
biological fluids including, but not limited to,
serum, urine, semen, lymph, plasma, whole blood and
cerebral spinal fluid. It is also possible to assay
fluid preparations of tissue such as preparations of

30 the prostate gland. Preferably, human serum or
plasma is assayed with this invention. -

In its broadest embodiment; the dry element
of this invention has a porous spreading zone (6f
layer) which is fluid permeable and contains all of

35 the reagents needed for the detection of PAP.
Optional materials can be in other optional (yet
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-3- A contacting an aqueous speci nen suspected of containing prostatic
acid phosphatase with the analytical elenment described above, and B)
rdetecting the formation of a chronmophore as 5 an indication of the
presence of prostatic acid phosphatase in the specinen. The present

i nvention provides a dry anal ytical eleggat for the effective and specific
detection of prostatic acid phosphatase (PAP) in a 10 relatively short

peri od of tirnerefennededi areegH. edggents pre koo @ttegt highly

stabl e so thes@fgﬁgnttgga beigker e¢ Hggg@ogeagimquaégmlof time before use
wi t hout | oss of act|V|tﬁHgnd sensitivity., These advant ages %ge achi eved by

using an aromatic phosplBEePPEOUS,SPrERLING, 2R 15 RN EHOMhosphat e
ester in the éﬂym:ﬁf theskhbwhauiangrdaesousrw €t laintzorads s, whi ch does

i azon umPor SerrESBRR,nEBE B el nBl USs AT 4 R A e et
separated in 3h993béﬁﬁntU§erﬂ 268bﬁ@las§§rA-ﬂo43OEm3£fandrmnlam@doves
storage stabigigy. pIbEnREESaRE BV SH(1982)e1¥1%6F0 Preferred

spreading zones are those described in US-A-3,992,158

as "blush polymer" zones.

10 Preferably, the elements have at least one
other zone which can contain one or more reagents:
needed for the assay. Such a zone is often known in
the art as a reagent or registration zone, but it can
also include a. second porous spreading zone if-

15 desired orxr printed layers located on other zones.
The zones are generally in fluid contact with each -
other, meaning that fluids, reagents and reagent
products can pass or be transported between
- superposed regions of adjacent zones, unless of

20 . course,--a reagent is immobilized'in-somé manner so it

.will not migrate within or without a zone.

Preferably, the zones are separately coated as
superposed layers on an inert support (see Example 1
below). The reagent zones or layers can be composed

25 of one or more binder materials [such as gelatin and
other colloidal materials, hydrophilic polymers such
as poly(vinyl alcohol), acrylamide polymers,
vinylpyrrolidone polymers and others known in the
art] in which reagents are incorporated.

30 . : The assay of this inverntion is carried out
with the following sequence of reactions at a pH of
from 3 to 6.5:

(a) PAP in a specimen is reacted witﬁ'the
nonhygroscopic aromatic phosphate substrate in the

35 element to provide a phenol reaction product, and




determination (that is, detecting either the presence, anount or both) of
PAP. In particular, the invention can be used to assay any aqueous fluid 25

~ suspécted of contai ot {2 To ™ gitzcul arly biological fluids including,
but not limted to, éﬂﬁgﬁﬁiﬁiiﬁgiﬁgﬁgﬁn, | ynph, plasma, whol e bl ood and
cerebral spinal flui{d. |t REELA p ibde to assay fluid preparations of

ti ssue such as preparatrrons of 30 “the prostate gland. _Preferably, human-
serumor plasma is assal®d iRe Bherol Keach v Produst hisageypledbodi nment,

the dry el engrlr Heddted) WWRtH | ONa{foi BRI O St SPFE281 HamZ8a%L( 06 | ayer)
which is fluid per %Pgﬁ%and ﬁgﬂ%alns all._of 35 the reagents needed for

t he detecti oRPT&V . terkable hTORPRATehe in ot her optional (yet
-4- preferred) zones. Ithearel epeithbzed caksayn tlset €Shditions, ahdst slides

O 2005 SR S, MU0 00 SO oAD' 8" SHRLELEH 98 Y ©
it is the rate limiting step of the assay.

The substrate for the analyte is relatively
nonhygroscopic. The substrate is particui;;i;“Iégg
hygroscopic than substrate having sodium or potassium

- 10 cations. The substrate is also at least partially
water-soluble at the pH used in the assay. i
' The substrate also contains a phosphate
group on an aromatic ring, and the phosphate group is
cleaved by PAP to leave a hydroxy group on-the ring
15 .of the resulting phenol reaction product. By phenol
is meant any aryl hydroxide (substituted or
unsubstituted) which is derived from any of the
substrates déscribed below. Preferably, the
substrate is a nonhygroscopic salt of an aryl
20 -phosphate ester. Such afyl phosphate esters include, -
but are not limited to, p-nitrophényl phosphate,
phenolphthalein monophosphate, phenolphthalein
diphosphate, thymolphthalein monophosphate, indoxyl
. phosphate, phenyl phosphate, a-naphthyl phosphate, p-
25 naphthyl phoéphate, B-glycerol phosphate acid; o-

carboxyphenyl phosphate acid, g-methylfluorescein
phosphate, 4-(4-nitro-2-methylsulfonylphenylazo)-
naphthol-1-phosphate and others which would be
readily apparent to one skilled in the art, including
30 those described in US-A-4,983,512. Preferably, the
aryl phosphate ester is a naphthyl phosphate ester,
and a-naphthyl phosphate esters are most preferrgd.
Many of the aryl phosphate esters are.
commercially available, or they can be prepared using
35 known reagents and procedures such as by reacting the
appropriate phenol or naphthol with phosphoryl
___._————————"'—"‘-'——'_
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5 described, for exanple, in US A-4,292 272, US-A- 3,992, 158,
US- A; 4, 258, 001, US-A-4, 430,436 and . related U S. patents, and JP

'57(1982) 101760. f%$e gq 8R5 q&QN g zones are those described in
US- A- 3,992, 158 as ﬁgﬁﬁ- Qz zknes 10 Preferably, the
el enents have at |east ch can contain one or nore

reagents needed for_ the assay. Such a zone is often_known in the art as a
reagent or r§§A9ﬁﬁéﬁum¥%mﬂﬁinQnﬁh¢thQ%QB%Ps%nﬁné$93@tan§eébﬁd por ous

spreadi ng zopesufiting ¢ddpthts adde ed layers |ocated on other zones. The
zones are generally in fluid contact w th each ot her, aeanlgaﬁthat fluids,
d

reagents and reagent proYuGY LRPERRALE PRLeT ahS pBPeRdiBetti€en super posed
regi ons of aﬁjoamenif a)rIGﬂauWeB}S wnifgrostosic faleageGenegalayobili zed

in some nn 't | i hou zone, Preferably,
t he zonesrgaar gugg‘p g’tag aosgt ergé %Ia %%g?if%%?n {;gebﬁn%n gﬂgpt a§upport
(see Exanplealkh&um@ edﬂﬁhr&ﬁﬁﬁﬂﬂszbﬁ@g examn&ersmagnebeumoapdsed 25 of
one or nore teri 0 r I
mat eri al s, hyéligﬁh|j ﬁgéﬁés {? céﬁé %?%gf é?%o %gb acrylan1de
pol ymers, the em1ca1c1um salt belng mos pre erred. It is
believed that the noted cations stabilize the
10 phosphate ester by being less hygroscopic than sodium
- ion, and because of its ability to absorb water ¢
molecules, thereby keeping the portion of the
phosphate ester which reacts relatively free from
contact with water. The substrate is thus less
15 likely to be hydrolyzed. '
The diazonium and tetrazolium salts useful

in the practice of this invention must be those
capable of reacting with a phenol reaction product
generated by the action of PAP on the substrate, to
20 produce a chromophore at a pH in the range of from 3
to 6.5. A diazonium salt is generally an .organic
salt of a compound having a diazonium radical.
- Aromatic diazonium.salts are preferred.
Particularly useful diazonium salts
25 include, but are not -limited to, those having the
following structure:

z+
-
L]

'

wherein Rl, R2, R3 and R% are independently hydrogen,

halo (such as chloro, bromo or iodo), alkyl of 1 to
30 12 carbon atoms (such as methyl, ethyl, isopropyl, t-

butyl, sec~butyl, n-butyl, pentyl, octyl, isononyl
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vi nyl pyrrolidone polyners and others known in the art] in which reagents
ar.e incorporated. 30 The assay of this invention'is carried out
*with the followi ng sequence of reactions at a pH of from3 to 6.5: (a) PAP
in a specinmen is reacted with the nonhygroscopic aromatic phosphate
substrate in the 35 elenent to provi de a;phenol reaction product, and

-5- (b) t he phenol reaction product is coupled (or reacted) with-a

di azoni um or & GLARGYIN s NILXR FYRNGe JLKRRECPEDY et@hb ofBERBRe. In an

optim zed asgdbms N A iMashaag, Setwntﬁe@éofpagfgéﬁraﬁeﬁyi,n step (a)
are adjusted _sQ it is the. rate limti step_of the assay. The substrate _
for the anaI§F§WQ?ﬁ¥ﬂ§ﬂ xR hy@Fgg%ﬁﬁigg %.59 }@ 53¥??EU?EPW§ | ess -
hygroscopi c timathe siftodatdie hbavg Ngisolhdingrapplesygi subseitated The 10
substrates 1 s Ak AdfPUnd Mkl |45 "BLELAEE" BLGE sl BE Used in the

phenoxy, naphthoxy, tolyloxy and p-nitrophenoxy),

aryl of 6 to 10 carbon atoms (such as phenyl,

naphthyl, p-methylphenyl, m-ethoxyphenyl, p-

cyanophenyl and o-methoxyphenyl), acyl of 1 to 12

10 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, Rl R2, R3 and R% are independently

15 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 an 6- to l0-membered fused aromatic ring

20 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. _

25 . _ It is understood that Rl,. R2, R3 and R4 are
not any groups that could interfere either with the
diazotization reaction used in the assay to provide a.
diazonium salt, or the coupling reaction used in the
assay to effect azo dye formation. '

30 In the salt noted above, X~ represents any
suitable anion such as halide (for example, chloride,
bromide, fluoride and iodide), tetrafluoroborate,
chlorozincate, hemizinc chloride, nitrate, '
perchlorate, p-toluenesulfonate and others readily

35 apparent to one skilled in the art:



The substrate al so contains a phosphate group on an aromatic ring, and the
phosphat e group |s cleaved by PAP to |eave a hydroxy group on the ring 15

*of the resulting ggggﬁﬁagé% frioduct. By phenol is meant any aryl
cor

"hydr oxi de (substit tjuted) which is derived fromany of the
substrates descriped b 'ng t ag-he present invention, the
substrate is an aryl g§%pate ste |n tBﬁ?fo mof a salt, 20 having one

or nore dival ent cation %Pwrﬁﬁ{l but are not
limted to, pincludphebylt ph:cesph:a:t d,mphmﬁ)lqmt h\a'I.EN'n—dmstdpahbs@hat e,

h | pht hal I
Bhggghgte apﬁ%ﬁ§ﬂbﬁgﬁée%ﬁ?iaﬂ%ﬁgqaﬁunéﬁ%%% spﬁaﬁﬁab errféggoxynaphthyl
phosphat e, [eRﬁF‘@T@céﬁét)phésmm%Q?Qmi1nEQh¥lqenlﬁndkﬂ@Qﬂm#WIS@hbsphate
acid, o- W@hylkha%eagews&hww,sﬁ&ﬂ raltaéb&i&?wixﬁ&éﬁ Lgbenyl azo) -

naphthol 1- phosghate and ot hers which readi |y apparent to one

skilled in thEhaProapiding dknpyn Q%E§GM|%§4#U§W4 983, 512.
Preferably, tggaabyh zedoSphdiee-dmirfo-a et e b&ﬁ@éﬂéa¥ﬁn§ﬁﬁeés and

phosphat o oot EPECaRBA: Brer 8 ik, Aaciftt 24 (e, Meak, BESFERRREQ usi ng
Tetrazolium salts are organic salts in

10 which the organic portion contains one or two
tetrazole rings, generally with aryl substituents ,at
various positions. Tetrazolium salts having two
.tetrazole rings can be coupled so as to provide a
diphenyl group with the tetrazole rings in the two

15 para positioms. .

Many 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 Patent Publication 63/088,000.

20 ~ The relatively nonhygroscopic arométic
phosphate substrate and diazonium or -tetrazolium salt
described above can be . incorporated into the element
of this invention in any suitable location. 1In the
simplest embodiment, they are incorporated into the

25 porous spreading zone {or layer) of a single-zoned
element. In other embodiments containing a
multiplicity of zones or layers, the noted reagents
can be located together or separately in one or more
of the zones. Preferably, they are in the same layer

30 of a multilayer element.

The element also contains one or more
buffers which maintains the element at a pH of from 3
to 6.5 during the assay. Useful buffers are weil
known in the art and include, for example, citrate,

35 acetate, succinate, phthalate, glutaric and N-(2-
acetamido)iminodiacetic, and the corresponding free

.This Sheet Has Bezn Replaced
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phenqgl or naphtho -6- chloride, renoving the hal ogen
*and isolating the [esulﬁﬁ e ester. The aryl phosphate ester is
-used in the formof a salt having one or nore divalent cations, such as 5
al-kal i ne earth cations (for exanple, nagaesiun1and calciun) Preferably,

calciumsalts a: e_hem.c t n S ref red It

i s believed tHat Qﬂ%?eéuggF 8n§r§t§E%F%gé%? l §%ﬁpn ép y bei ng

| ess hygroscopie QhéﬁﬂOEQdZQnE$OOfI bhe aﬂembad;adaéf@fremtts fadgin |ttl'56tt o absorb

wat er nol ecul tgfagﬁ ngﬁﬁptﬂg EUBSEQ‘ bon qvfhet[% pqge ester which
wat er

reacts rel ative ron1con act strate is thus | ess
likely to belﬂyﬁg byffered to a PHTﬁé éF@Ebﬁl@Wﬁ&h&-tetrazol|un1salts

useful insthe pr actlce pé ahks iBvpebireRredsthae heSelema e of reacting

with a henol reactlon roduct
P ain ong or more accelerators which enhance the

35 known reagent§ Taﬁ?ﬁﬁaﬁ% éh 'ch as by reacting the appropriate
osph

enzymatic reaction of the analyte and production of
dve [see Saini and others, J.Biol.Chem., 256(20),
pages 10453-10455, 1981 and Buchwald and others,

10 J.Biol.Chem., 259(4), pages 2208-2213, 1984]. Such
compounds are generally straight or branched chain
diols having from 3 to 8 carbon atoms. They include,
but are not limited to, 1,4-butanediol, 1,5-
pentanediol, 1,2-propanediol, glycerol, 2,3-

15 Dbutanediol, 1,6-hexanediol, 1,5-hexanediol and others
readily apparent to one skilled in the art. These

~accelerators are preferabiy in a zone other than the.
zone containing the substrate. Most preferably, the
accelerators and buffers are in the seme;ZQne.

20 _ The amounts of reagents incorporated into
the element of this invention are well within the

- skill of the ordinary worker in the art. More
specifically, the aromatic phosphate substrate is
o generally present in an amount within the range of

25 from 0.005 to 5 g/m2 (dry weight), with an amount of
from 0.05 to 1 g/m2 being preferred. The diazonium
or tetrazolium salt is generally present -in an amount
within the range of from 0.005 to 5 g/m2 (dry
weight), with an amount of from 0.05 to 3 g/m? being

30 preferred. The accelerator, when used, is generally
present in an amount within the range of from 0.05 to
10 g/m2 (dry weight), with an amount of from 0. 5 to 6
g/m? being preferred.

A variety of different elements, depending

35 upon.the method and equipment for assay, can be
prepared in accordance with this invention. They can
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generated by the action of PAP on the substrate,

to produce a éhronDphore

at a pHin the range of from3 20 6.5. A diazoniumsalt is generally
‘an organi ¢ salt of |aygongprEmdHABIBERY |a di azoni um radical . Aromatic
- di azonium sal ts ar € prefgﬁpﬁq;gPartlcularly useful diazoniumsalts include,

but are not

(such as chl @&, conbign

limte ose an|Hg thgd following structure: [err]

wherein Rerr], Rerr], Fgerr] and R err| are independently hydrogen,
¥edi b0y, varkety opf 1 fpgmso apgdr s®ar&Sons (such as

octyl,

met hyl, et hy|1néﬁ%ix?’¥éloﬁga§ Pab¥l . oseanPulivki redbtideh pent yl ,
(0]

isononyl
(such as net

-7- and
gLt 21

hal o

e g nitro, cyano, alkoxy of 1 to € carbon atons
yg %éﬂ?oﬁ?l ?sopropoxy t - but oxy and hexoxy),

aryloxy of 6 to 10 carbnm atprefesrédcembodiments,i agmultdlagiarg aryl oxy

A A B sty AR A e

10

.15

20

25

30

35

nonporous, transparent support having thereon, in
order and in. fluid contact:

a reagent layer containing a suitable
buffer as noted above, and

a porous spreading layer containing the
aromatic phosphate substrate and diazonium or P
tetrazolium salt as described above.

In an even more preferred embodiment, the
reagent and porous spreading layers are separated by
a hydrophilic subbing layer, such as a layer prepared
from gelatin or other colloidal binder méterials,.
vinyl pyrrolidone, acrylamide or N-alkyl-substituted
acrylamide polymers {such as an N-isopropylacrylamide
polymer), or other materials well known‘in_the art.

The assay of this invention can be manual
or automated. In general, the element is used by
physically contacting it with the test .specimen (for -
example from 1 to 200 pl) suspected of containing
prostatic acid phosphatase under ambient conditions
(although other temperatures can be used). The -
specimen and reagents become mixed within the one or
more . zones of the element and.react to provide a dye.

After specimen application, the element is
exposed to any conditioning, such as incubation,
heating or otherwise, that may be desirable to
quicken or otherwise facilitate obtaining a test
result. ‘

Generally within 5 minutes, and prefefébly
within 3 minutes, a first spectrophotometric
measurement is made of any chromophore formed in the
element. Since PAP is an enzyme which reacts over
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aryl of 6 to 10 carbon atons (such as phenyl, naphthyl, p-nethylphenyl,
m et hoxyphenyl, p- cyanophenyl and Q methoxyphenyl), acyl of 1 to 12 10
‘carbon atons (such as acetyl, propionyl, benzoyl and butyryl), and
substituted or unsubstituted carbanoyl or sulfanoyl (such as carbanoyl,
sul fanoyl, N, N- di net hyl carbanoyl and NjN-di et hyl sul fanmoyl ). Preferably,
Rl err] R[err] Rlerr] and.  Rerr] are_independently 15 hydrogen, nethyl,
chloro, N, N-ciigtew | Senerably an$?¢%n@rmﬁ§§H6§VenFn1&d&?¥ﬁ@na 8 two of

t hese radlcamﬁﬁﬁtéghﬁﬁﬁﬁ% 08SHEbPD8e 08 tAtel rBE8pBARehe taken together to
represent an

borh het er ocy I TENRRIGES LECHBRF LR (G2l OFoMREPLLFANFALH SHiEantms can
i ncl ude car barefnedtdgenor oxygrsmbsssohf speateophbtoiee riiclg structure.
ooy 5 Sudndfe BIRTLEICLALPOEYEL! £ feldu i bR TRAS Y T 10 LI S
Rlerr] are n@ctiwity capd phesesocel ini hher test sambéedmtr1the
et g oo o HEE ShEnkiasanty Belpniaty pelltnl uh (- O
‘wavelength which is w1th1n the range of from 350 to
800 nm depending upon the reactants used, with
10 measurement at a wavelength of from 400 to 650 nm
being preferred. Measuring at higher wavelengths,,
. such as from-550 to 650 nm (most particularly at 600
nm), avoids interference from bilirubin.
The following examples are included to
15 illustrate the practice of this invention, and are not
meant to be limiting in any way. The materials used in
the examples were obtained as follows:
, ESTANE™ 5715 polyurethane resin from B.F.
Goodrich, .
20 _ TRITON'™™ X-405 nonionic surfactant f£rom Rohm
and Haas,
ZONYL FSNTM nonionic surfactant from DuPont,
the a-naphthyl phosphates from American
BioOrganics or Sigma Chemical Co.,
25 Fast Red TR salt from Sigma Chemical Co., and
the remainder. of the materlals from Eastman Kodak
‘ Company or other commercial sources, ‘or they were
prepared using standard procedures and readily
available starting materials.
30 As used herein, one I.U. represents the
International Unit for enzyme activity and is defined
as the amount of enzyme activity required to catalyze
the conversion of 1 pumole of substrate to produét per
minute under standard pH and temperature conditions.
35 For PAP, the standard conditions are 37°C and a pH of
5.4.
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.30 In the salt noted above, X err] represents any suitable

ani on.,such as halide (for exanple chloride, brom de, fluoride and iodide),
tetrafl uoroborate,?! nlopqahn @% ) m zinc chloride, nitrate, perchlorate,
p- toluenesulfonate éh@ tﬁer é%ﬁ ly 35 apparent to one skilled in the

art. - 8- Represbntat|Ve LAGE y| dlazonizﬁ1salts i nclude, but are not
limted to, %%?gée&hyl 4-vu' . nown as
- Fast Red-ITR sa 4%>chl or o= Z-M Own as

Fast Red TR salt), diazotized&
RC salt) and diazotized 5-ni tgif 135 o K- 4
B). The Fast Red TR salt is nDst pre erreo efrazolrumsalts are_organic

salts in 10 which the P&aﬁL?Wﬁﬂq|%%4W§Eﬁ§£qﬂ;Qﬁ%?WﬂwﬁﬂuP¥%E4§§@IElengs

general |y swi t Bogfith a8iBgt ithiee iMat eitiald ich Sedtds i Ldyns. mTtEti r@gQtingn salts

having two tettazol e.ri ngs can he coupl e as to pro
9 51sperszonsgus1nglinown'%roce ures ané) ivents, and

coating them in the order shown using standard coating
equipment and procedures. The element of this
invention was compared in storage stability of the

10 reagents {(particularly the nonhygroscopic aromatic
phosphate substrate) to the elements outside the
present invention-using hygroScopic aromatic phosphate
substrates.

Dry Layer Coverage
_ (g/m2)
" Barium sulfate 107.6
Cellulose : 8.6
acetate :

Spreading Layer TRITONT X-405
surfactant
Fast Red TR salt

o-Naphthyl
phosphate,
hemicalcium salt
ESTANE™ 1.4
polyurethane
_ resin
Subbing Layer Poly (N- 0.4
isopropyl-
e acrylamide)
Reagent Layer Gelatin .12
Citrate buffer 5.5
(pH 5.5) '
Bis (vinylsulfo- 0.2
nylmethyl) ether
hardener
1,4-Butanediol 1l
1,5-Pentanediol 4
Poly(ethylene-
terephthalate)
Support
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“di phenyl group with the tetrazole rings in the two 15 para positions. Mny
useful diazonium and tetrazol i um conpounds are described for exanple, in
'US- A- 3,905,872, US-A-4,772,553, US-A-4,892,817 and US-A- 4,892,833 and

- Japanese Patent Publication 63/088,000. 20 The aryl phosphate
ester in the formof a salt havina one_gg-nore divalent cations and the

di azoniumor tetrazoliumsalt described above can be_ incorporated into the
el ement of this invent i GAMPIEaRIVe P1EBPRET FRYRORIMLNL Y Prepreed

Fnbod;nePt uﬁﬁwﬁd§€théﬁfwfmwwﬁﬁ@ ?@bgtﬁaeeéﬁ%reséﬁus1ﬁptnédlng zone (or
ayer) of a single:zoned el engnt n_ot her enbodi t ining a
nultiplicity (Wgefcﬂ?élg YK 1, tl?‘ﬁes?m?e‘a°}’%53%ﬁ?§8c§ngz 3ocat ed toget her
or separately in one<mCompaxaﬁ1weeBkemest P efidsadiym shdy efeci-n the sane
| ayer of r gﬁg The el ement al so contains one or nore
buffers M%IChE#% In aléﬁéﬁﬁﬁ hent at a EH of from3 to 6.5 during the
assay. Useful buffers eﬁQWR%N#tkW@wﬁlﬁﬂeF eBarropagodiumygaltf of e@xanpl e,

citrate, 35 Phghal ate, glutaric and N-(2-

acetam do)i m no |acet| and tﬁe coryesponding free
Comparatlve Element C:“a-naphthyl phosphoric

acid.

10 A sample (10 pl) of a buffered solution (20
mmolar citrate, pH 5.1) containing PAP (47 I.U./liter)
was applied to each element, and the rate of dye
development was measured by reflectance
spectrophotometry. " Each of the elements was then kept

15 at 21°C and 15% relative humidity for 1 week, and

retested. The results of the two tests were compared

to show the amount of loss of reagent stablllty as
expressed in.percent compared to an element used
without room temperature storage. '

20 _ .
Elément Rate Loss
‘Example 1 . 0.2%
Comparative Element A 6.6%
Comparative Element B 1.7%

-25 Comparative Element C - 1.5%

Example 2 Determination of Prostatic Acid
Phosphatase

The element of Example 1 was used to detect
30 prostatlc acid phosphatase at various concentratlons,
and after several days of storage.

In one set of experiments, individual
elements were contacted with a sample containiné.13
I.U./liter of the analyte and the resulting dye

35 development rate was measured at 600 nm to determine




-9- acids. The buffers are preferably | ocated in any of one or nore zones
of ,the elenent different fromthat zone containing the substrate. The
‘element is preferably buffered to a pH of from4.5 to 6. 5 I t
.also is preferred that the el ement contain one or nore accel erators which
enhance the enzymatic reaction of the aqﬁLyte and production of dye [see
Saini and others, J.Biol.Chem,  256(20),” pages 10453-10455, 1981 and
Buchwal d and TRtRreesnonse. @ dhgCheapnvesyionalpxgéd erze@ce13, 1984] .

Such COWOU”%@é@r%ﬁ@EéﬁéﬂegéﬁtGPt tAe BbAREReEnsRd Rotied Hawi.ng from 3
to 8 carbon atons ey include, but are not. iimted to, 1,4-butanediol,

1,5- pentanediol, 1,2-propanediol, glycerol, 2,3- 15 butangdlol

"1, 6- hexanedi 1,5 hexanedi ol and others readi |y %Er%?%ﬁﬁo o one skilled
inthe art. RS -r—a—roReethef—t-har-the zone

containing tlrEregtstrate. Mst [Or.@l@9ddly, the accebderators and buffers are

30

'n the same zpng. o @ 250¢ 0.01269 98.1
14 days @ 25°C  0.01258 97.3
21 days @ 25°C  0.01248 96.5
28 days @ 25°C  0.01223 . 94.6

* Used immediately without storage
5 . . t
These data indicate that the element of this invention
is highly stable after storage-at conditions typically:
found at a site of use.
Another set of experiments were carfied out
10 - using a large number of elements like those of Example
1l .to detect unknown.amounts of prostatic acid
phosphatase. The dye signal (Dr, reflectance density)
formed in response to ‘the analyte was measured .and
compared to the predictea value to determine precision
15 of the assay. The resuits are shown in the following

table.
TABLE
PAP Number of Rate Predicted - Coefficient
(I.U./l) - Tests . (DR/min) PAP (I.U./l) . of Variation
0.78 32 0.00082 0.74 ' 6.5%
1.1 187 0.00139 1.1 3.5%
6.60 32 0.00743 6.58 2.4%
13.7 32 0.01294 13.7 1.4
20.0 32 0.01725 - 20.0 1.8%
20 Example 3 Preferred Element

A preferred element of this invention was
prepared having the following layer arrangement and
components: '



.20 The amounts of reagents incorporated into the el enment of

this invention are well within the skill of the ordinary worker in the art.
re specifically, the salt of the aryl phosphate ester is generally

“present in an anount within the range of 25 from0.005 to 5 g/n2 (dry

wei ght), with an amount of from0.05 te-I5-g/n2 being preferred. The

di azoniumor tetrazoliumsalt is generally present in an anount within the

range of fromO0.005 to 5 g/n2 (dry weight), with 0 05 to

3 g/nm2 being 30 preferred. The accelerator mheﬁﬁ 2559%§ SS&%&%F%

present in apr—aReHRt—w-tR-R—the—fange—ef—f ﬁ%G—CE‘

with an anount of from0.5 to 6 o1

A" & ef err vari ety of
different el enents, dependlng 3§ % e met hod hﬁ equi pnrent for assay,
|nve i on. T ey can be -

can be prepar e mntﬁ
confi gured |A§gr%%??é y 0 d or meFa :# nclu |ng el ongat ed tapes of
any desired w dth, sheets, slldisﬁgrRe salt .

0 2 '

Hemicalcium o~ :
naphthyl
phosphate

ESTANE™ 1.4
polyurethane :
resin

Subbing Layer Poly (N-iso- 0.39

' propylacryl-
amide) _

Reagent Layer Gelatin : 14
Sodium citrate 4.8
buffer

(pH 5.5) -
Citric acid 0.71
Bis(vinylsulfon- 0.2
ylmethyl)ether . .
hardener
1, 4-Butanediol
1l,5~-Pentanediol
- ZONYL™ FsN
nonionic
surfactant
Poly (ethylene-
. terephthalate)
Support

on
[} L[] L[]
NO O

Example 4 Comparison of Elements with Diazonjum
salt in Diff I .

5 This example compares the performance of an
analytical element of this invention with one outside
the scope of this invention whereby the diazonium salt
is located in a layer other than the porous spreading
layer. | )

10 The element of Example 1 was compared.in the
determination of PAP with the performance of a similar
element whereby the Fast Red TR salt was located in the



.In a preferred enbodinment, a nultilayer 5 analytical elenment of this

I nyention conprises a nonporous, transparent support having thereon, in
‘order and in fluid contact: a reagent |ayer containing a suitable buffer as
" noted above, and 10 a porous spreading |ayer containing the
salt of the aryl phosphate ester and di-d%oni um or tetrazoliumsalt as

descr i bed. abauggelit AWRUED "BEE B %Mﬂ%ﬁﬂmg'wset evhigateaoget and

porous spreading | ayers are separ | ¢ _subbing | ayer,
such as a Ia?é”eﬁ'@ép%?rﬁ%‘?ﬁ‘@’eq’%‘hﬂ ABt‘H%%n%th&EﬁPCSFlHH&a terials,

{InyL pyrrolﬁgmrpmanﬂ?dégaﬁﬁbém fha$£ahp£ub§tltmhédréﬁ?ztanrée p?:ygers
sSucC as an | SOPI,0 acryl a (0] ne er erirals we nown
sentcdd in n%%:g% %? i‘#’é €t nv 'BrﬂTEEaﬁeﬁgoﬂﬁﬁ&al

in the art. or
aut omat eds wez@m*aadurédlamhe@mtely afedrbyapbfactakkeyandnaacting it

wth the tes f f 0 pected of
cont ai ni ng p%éagaﬁzgikécj ?é%%ﬂg%ggeégndégéangl%ﬁ%gco%g%Fagﬁ &

(al t hough ot R&PQ @nskrifitireelativechunitdity for fpuri weekand reagent S
become mi xed within the one or

Concentration of Rate Response®
PAP (I.U./liter) Reagent Layer Spreading Layer
Initial “Aged" Initial "Aged”
3 0.010 0.001 0.003 0.003
17 0.015 0.002 0.014 0.013
47 0.018 0.005 0.029 0.029

*Density change per minute
10 |
These results -indicate that storage stability
of the element was reduced when the diazonium salt was
placed in the hydrophilic reagent layer .containing the
accelerators and buffer. Placement of the salt in the
15 more hydrophobic spreading layer improves the storage
stability of the element.



apptication, theelepent is-exposed to any condl

i ncubation, 30" hbag1ng 6F ‘ot-herw se, that nay'be* cken or
ot herw se faC|I|taU@u@bta:n|ng‘a test resmt. GEneraIIy wi t hi'n m nut es,
and preferabl L%%#%'” 3 minutes, a first spectrophotonetric 35 neasurenent
I s made of an é nmophor e forned in the elenment. Since PAP is an enzyne
whi ch reacts over ti e, gdmeegalytdcsdceiemendswsefardt fior tihien a few

mnutes |at erdé@e%g}ﬂhﬂ‘ioﬁ b2 BricetRRALE act YHYNMMaR dls¥ T8 i) can be

measured with surtable reflection or, transm sSion spectrophotonetric 5
equi pment anda@¥eeB8uPPEciTeR ROEPFiSi®ganal yte activity and presence in

the test sganple. The chhpogeRbAEe shy a1t IZoheRITIHEAh idg wavel engt h
which is within the range of from 350 to 800 21 ependlgg on the
reactants used, with 10 neas@dem@nCOmPORN, W lé%g’gtrl‘?a(ﬁ rao{‘)n"’hoo to 650 nm

substrate with prostatic acid phosphatase to produce a

phenol reaction product, and

(b) a diazonium or tetrazolium salt
10 which is capable of reactlng with the phenol reaction
product to provide a chromophore,

"nore zones of the elenent and react to prOV|de a &ier HEECI

the element further comprising a buffer which
maintains the element at a pH of from 3 to 6.5 when
.contacted with an aqueous specimen,

15 the element characterized wherein the
substrate compound is a relatively nonhygroscopic
aromatic phosphate.

2.. The element as clalmed in claim 1
wherein the nonhygroscopic aromatic phosphate substrate

20 is an alkaline earth salt of an aryl phosphate ester.

3. The element as claimed in claim 1
wherein the substrate is the hemicalcium salt of -
naphthyl phosphate ester.

4. The element as claimed in any of claims

25 1 to 3fwherein the diazonium salt has the structure:

wherein R1, R2, R3 and R4 are independently hydrogen,
halo, alkyl, nitro, cyano, alkoxy, aryloxy, aryl, acyl,
carbamoyl or sulfamoyl, or any two of said radicals
30 which are at adjacent posi;ions on the aromatic ring
\

This. Sb



‘being preferred. Measuring at higher wavel engt to 650
nm_ (npst particul acly. at 600 nm voi ds interf bin. The
fol | owi ng exanpl ep THIS® SHEET WASOBREY L5 il | ust raﬂmmﬁﬂmmmﬂmw this

‘i nvention, and aré not wgthégo be Jimting in a Way! The paterials used
I n the exanpl es we ' IomslgESTANE[err] 5715 pol yur et hane
resin fromB.F. Goodrich, 20 TRI TON err] X-405 nonionic
surfactant fr6ARRBANFEKENHELTSLAGUY LS AN fonitehi k0 TRemRR¥eRt from

gﬁPont |t2§ [gggkdnaﬁbhhxhchQ@@hat?;ﬁ{anygﬁaﬂ(gﬁhdhcx{%anics or Signa

em ca - e salt_fr.om ma._Cheni c

the remai nder of the na?érlaﬁi' gﬁqgﬂﬁ %iéh) d$%d$#%+ms

comerci al solirtes4 wherkdyn Wiree porepsy abmdmgtmrc@rxs p debaisines and

readily awail a herei n, one
A ?Bhﬁgé!’r %PE@Qd’Iﬁ e é]a@ﬁsﬁt ited on norPorGes,

.U represents rnati enzyne act|V|ty and is deflned
as the anpunt tERNERAYABLaEMPPONE -required to catal yze the conversion of 1

[err]nol e of substrate §Q pradufiltifayer analytical element for the
' determination of prostatic .acid phosphatase comprising
a nonporous, transparent support having thereon, in
10 order and in fluid contact:
a reagent layer containing a buffer which
maintains the element at a pH of from 3 to 6.5 when

contacted with an agueous spec1men, and
a porous spreading layer: contalnlng
15 (a) a compound which reacts as a
substrate with prostatic acid.phosphatase to produce ‘a
phenol reaction product, and
(b) a diazonium or tetrazolium salt
which is capable of reacting with the phenol reaction
20 product to provide a chromophore,
the element characterized wherein the
substrate compound is a relatively -nonhygroscopic
aromatic phosphate. :
7. The element as claimed in claim 6
25 further comprising an accelerator . .in the reagent layer.
8. A method. for the determination of .
prostatic acid phosphatase comprising the steps of:
' A) contacting an aqueous specimen suspected of
containing prostatic acid phosphatase with an
30 analytical element comprising:
a porous spreading zone containing
(a) a relatively nonhygroscopic aromatic
phosphate which reacts as a substrate with proséétic
acid phosphatase to produce a phenol reaction product,
35 and

This Sheet Has Been Replaced
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m nut e under stahdard p!i-l- and tenperature condi i | P“the
st gndard conditiongzar ,“Z'E' r11:€ancth a pH of 5. 41]!1 lt j %E I Ll
Mul tilayer Analyti crdﬁ‘%@*ﬁ*eﬁth’ﬂﬁo?’&f\h b Det erm nat i I b i"cCyACi d

‘Phosphat ase and Cornpar at RERLAEEBnent s| The el enent illustrated bel ow was
prepared by 5 fornulating the rmaterialsl®+ each |ayer into coating

di spersions using known procqg,greg and 3l % taé]:qa t]-j‘ﬂg %{Iﬁn in the
e

order shown usjng standard_coating equi pnent and procedures. el ement of

this inventiofhhed ésnpapablenoft eagsisgamilth (chef nhenaly reactycn s

(particul arl yptbgubenbydpesvaaeC ad chFemophdesphat e substrate, i.e. an aryl
phosphate ester in the Lgrﬁm f a salt having one or, nore dival ent cations)
e

to the el enents outside ehement: funther Sompnising ¢ RuffRe whisht i c
phosphat e S5subsaintainsDthel el emefityatage pHy/off @xdm 3 to 6.5 during

contact with the specimen, and
B) detecting the formation of the chromophore as

an indication of the presence of prostatic acid
phosphatase in the specimen.

10 9. The method as claimed in claim 8 wherein
the aqueous specimen is human serum or plasma.

10. The method as claimed in either of-.'

claims 8 and 9 wherein the chromophore is detected at a
wavelength in the range of from 550 to 650 nm.

1%
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Bari um sul fat e 107.6 Cel |l ul ose 8.6 acetate Spreading Layer

TRLTON[ err] X-405 2.1 surfactant Fast Red TR salt 0.7 [err]-Naphthyl
0.4 phosphate, hem cal cium salt ESTANE[ err] 1. 4 pol yuret hane
resin Sulibi ng Layer Pol y( N- —oa_ 0.4 isopropyl- acryl am de)
Reagent aner Gel atin %% Citrate buffer 5.5 (pH 5.5)

51 S(vi Nyl SUl iy aupfh Aot T har dendgod b @RESk b or 18

1, 5- Pent aned' PROSTATIC ACID PHOSPHATASE
Abstract

5 A dry analytical element has been prepared
for the assay of prostatic acid phosphatase at a pH of
from 3 to 6.5. The element can be a single porous
spreading zone or a multilayer structure. Within the
element is a relatively nonhygroscopic aromatic

10 phosphate substrate for the analyte which produces a
phenol reaction product. This product is reacted with
a diazonium or tetrazolium salt, also in the element,
to produce a chromophore for detection. A buffer iA
the element maintains it at the proper pH during the

15 assay. '



L : VORI
" Pty(-et hyl ene« terepht hal ate) Support 15 = -13- Conparative el enments were

;.'-.-si’h’i"‘l""arl y prepar ed [Mavimo-tie—foltowing substrates present in the spreading
t-layér at the same ( oBE’?l&g}gM@!MSUEEﬁ grr]): Conparative Elenent A: disodium
csalt of [err]- 5 ngdpH _

U of a- napht hyl phog pHatey 'aml; 199971

, {Conpar ative El enent B: nonosodi um salt
rgtive El ement C. a-naphthyl phosphoric
acid. 10 A sanple (10 [¢érn]l) of a buffered solution (20 mrol ar
citrate, pH 5.1) c¢ntaining I|. U-RIFi ter) was applied to each

el ement, and the rqte of dye devel opent was neasured by refl ectance
spectrophotonetry. Each of the elrements was then kept 15 at 21[err]C and
15% rel ati ve humi di t y QlinrCheme 8F(6),spage 975, abstract 0310 (1991) discloses a thin-film

assay for serum prostatic acid phosphatase which utilizes a-naphthyl phosphate as
5 substrate for the enzyme, incombination with Fast Red TR salt as a coupling dye.

Other assays using various phosphate substrates have been
developed, but suffer from insensitivity, reagent instability or nonspecificity for the
analyte. The most difficult problem is the instability of various reagents which, in a dry

10 element, are stored for lengthy periodé of time prior to their use. For example, sodium
salts of the PAP substrate are unstable when stored for a period of time.

It would be highly desirable to have an assay for PAP which can be
carried out in a dry analytical element which would provide a number of important
15 advantages. To achieve this result, however, requires that a number of technical

problems (noted above) be overcome.

The problems noted above with known asséys have been overcome
with an analytical element useful for the determination of prostatic acid phosphatase in
20 anaqueous specimen comprising:
a porous spreading zone containing
(@) a compound which reacts as a substrate with prostatic

acid bhosphatase to produce a phenol reaction product, and
(b) a diazonium or tetrazolium salt which is capable of
25 reacting with the phenol reaction product to provide a chromophore,
the element further comprising a buffer which maintains the element at
a pH of from 3 to 6.5 when contacted with an aqueous specimen,
wherein the substrate compound is myﬂﬂmpﬁatjj_ns’aeri_thg_fgtm
30
This invention also provides a method for the detefmination of prostatic

acid phosphatase comprising the steps of:

" AMENDED SHgp




retésted. The re uREELI&GEMEMT SHBET gst s were conpared to show the anount of
| oss of reagent stjaby =prgqssled i n percent conpared to an el enent
used - wi t hout roomite 20 El enent Rat e
Loss Example 1 nparative El enment A 6. 6%

Conpar at'i ve El enent 78 onpar ati ve El ement C 1.5%
Exanple 2 Detern1nat|on of Proskatfc Acid Phosphat ase The el enment of
Exanpl e 1 was us tmebusaspecpmespisasesstad afr i ous

concentrat|QQ§1 aﬁétsEP§E¥EEQ|ag§ﬁsgﬂgsﬁth%Q%'JlQhPQ§m§et of

experinents, ements were contacted with a sanple containing 13
| . U /I|ter(ﬁnahmtaﬁaﬂy?éeaﬁattﬁésﬁﬁébﬁﬁlﬁ&oﬂﬁb 354 devel opment rate was

nmeasured at 600 ngyto @eteclifg the ¥brmation of a chromophore as
5 an indication of the presence of proStatic acid
phosphatase in the specimen.
The present invention provides a dry
analytical element for the effective and specific
detection of prostatic acid phosphatase (PAP) in a
10 relatively short period of time at an acidic pH. The
reagents in the element are highly stable so the
element can be stored for a lengthy period of time
before use without loss of activity and sensitivity.

These advantages are achieved by using an aromatic phosphate

15 substrate for PAP, namely an aryl phosphate ester in the form of
; salt having one or more divalent cationsg, which does not

absorb water to an appreciable extent. In a preferred
embodiment, the diazonium or tetrazolium salt and buffer used in
the assay are kept separated in the element prior to the assay.

20 This further improves storage stability.

The present invention relates to a
determination (that is, detecting either the
presence, amount or both) qf PAP. In particular, the
-invention can be used to assay any aqueous fluid

' 25 suspected of containing PAP, and particularly
biological fluids including, but not limited to,
serum, urine, semen, lymph, plasma, whole blood and
cerebral spinal fluid. It is also possible to assay
-fluid preparations of tissue such as preparations of

30 the prostate gland. Preferably, human serum or
plasma is assayed with this invention.

In its broadest embodiment, the dry element
of this invention has a porous spreading zone (6f
layer) which is fluid permeable and contains all of

35 the reagents needed for the detection of PAP.
Optional materials can be in other optional (yet

Brmeneey
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NEFLACEMENT SHEET

rate respense using{a {conventiromat—yeftl ect ance spectrophotoneter after the
condi ti onimg noted beljoyw 7P,¢npeygg%o | ement Rat e Response
"Fresh Rate Fresh* - . 01p9 100 7 days @25[err]C

0. 01269 98. I T2 gays—@25ferr]l4s 0. 01258 97.3 21

days @25[err]C . 0124 96.5 28 days @25[err]C 0.01223
94.6 * Used i mediately 5F SHEsOR REPGURT Gt ecOhpll etdhe

el ement of thistamvesddtosd)i svititghd Ya5d 200 Bufdere St A06.8L £9pdi Eioons

typically foun I te, qQf use., Anqgt her set of experinents were cCarried
out 10 using g) a‘f]gdeén%r%ecekre%tfa e*%réﬁ?%m‘?‘?%%rqhose of Exanple 1 to detect

unknown anounts of prost dn @racipt phicsghatssn,, e deaditshs (PLarrl .

refl ectancesdensiduned WiBLade {0 the lyte was. measured and
conpared to the predicted vglg%e tf\s(s) e Cgrlnr% nste'ne rggaﬁsi%rr? Iyttedesassay.

The results aréSHEtTS fate Admidiing sten of TABLBssay.

The substrate for the analyte is relatively- .
nonhygroscopic, i.e. is particularly less hygroscopié than
a substrate having sodium or potassium cations. The '
10 substrate is also at least partially water-soluble at the

pH used in the assay.

The substrate also contains a phosphate
group on an aromatic ring, and the phosphate group is
cleaved by PAP to leave a hydroxy group on the ring

15 .of the resulting phenol reaction product. By phenol
is meant any aryl hydroxide (substituted or
unsubstituted) which is derived from any of the

substrates described below. According to the present invention,
the substrate is an aryl phosphate ester in the form of a salt

20 having one or more divalent cations. Such aryl phosphate esters
include, but are not limited to, p-nitrophenyl phosphate,
phenolphthalein monophosphate, phenolphthalein
diphosphate, thymolphthalein monophosphate, indoxyl

_ phosphate, phenyl phosphate, a-naphthyl phosphate, B-

25 naphthyl phosphate, P-glycerol phosphate acid, o-
carboxyphenyl phosphate acid, o-methylfluorescein
phosphate, 4-(4-nitro-2-methylsulfonylphenylazo)-
naphthol-1-phosphate and others which would be
readily apparent to one skilled in the art, including

30 those described in US-A-4,983,512. Preferably, the

" aryl phosphate ester is a naphthyl phosphate ester,
and a-naphthyl phosphate esters are most preferrgd-
Many of the aryl phosphate esters are-
commercially available, or they can be prepared using
35 known reagents and procedures such as by reacting the

appropriate phenol or naphthol with phosphoryl
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PAP Nunber of Ratle CP-ACEMENS, SHEEEdd  coefficient (1.U. /1)

Test s (Derr]/mn) PAP (1. UT7TyJoff Variation 0.78 32
0.00082  0.74 6./5% 1. 1!“ 1999 | 87 0. 00139 1.1
3.5% 6. 60 32 1.00743 5. $8 2.4% 13.7 32
0. 01294 13.7 ] 1.4 20.0 B2 0. 01725 20.0
1.8% 20 Exanple 3 : eferred Element| A _preferred el enent of this

i nvention was prepared having the followng | ayer arrangenent and
conponent s: - 15chboy idey ere@ovdnggs heghejlegen and ixfRlalking &he 108. 6
Cel | ul ose rés@l@@%babﬁo§ﬁﬁ%%@ _RGtledyer TRITON err] X-405 2.1

surfactant Fast Red TR sa
The aryl phosphate ester is used in the form of

a salt having one or more divalent cations, such as

alkaline earth cations (for example, magnesium and

lon

calcium). Preferably, calcium salts are used with the

hemicalcium salt being most preferred. It is

believed that the noted cations stabilize the
phosphate ester by being less hygroscopic than sodium

10 - ion, and because of its ability to absorb water
molecules, thereby keeping the portion of the
phosphate ester which reacts relatively free from
contact with water. The substrate is thus less
likely to be hydrolyzed.

15 The diazonium and tetrazolium salts useful
in the practice of this invention must be those
capable of reacting with a phenol reaction product
generated by the action of PAP on the substrate, to
produce a chromophore at a pH in the range of from 3

20 to 6.5. A diazonium salt 1is generally an organic
salt of a compound having a diazonium radical.
Aromatic diazonium salts are preferred.

Particularly useful diazonium salts
include, but are not limited to, those having the

25 following structure:

wherein R1, R2, R3 and R4 are independently hydrogen,

halo (such as chloro, bromo or iodo), alkyl of 1 to

12 carbon atoms (such as methyl, ethyl, isopropyl, t-
30 butyl, sec-butyl, n-butyl, pentyl, octyl, isononyl

- AMENDED  SHEET | :




| § 3 . N
EPLACEMENT SHEET

Henical cium [err]- &0. = Nosghat e ESTANE err] 0 29 %.4
pol yur et hane resin Subbijn aygt’ Pl y(N-iso- 0. propyl acryl -
am de) Reagent Layer q%2|§ﬁinw99 14 Sodiumcitrate 4.8 °
buffer (pH 5.5) Citri¢ &ct+d Q.¥1}Bis(vinylsulfon- 0.2
yl met hyl) et her hardengr 1, 4-Butanedi ol 1.8 1, 5- Pent anedi ol 4.0
ZONYL[err] FSN SO Repaeisemtatsne B
include, but are not limited to, N',N'-diethyl-4-
methoxymetanilamide diazonium salt (known as Fast

pott

Red-ITR salt), 4-chloro-2-methylbenzendiazonium salt
5 (known as Fast Red TR salt), diazotized 2-methoxy-5-
chloroaniline (known as Fast Red RC salt) and
diazotized 5-nitro-2-amino-l-methoxybenzene (known as
Fast Red B). The Fast Red TR éalt is most preferred.
Tetrazolium salts are organic salts in
10 which the organic portion contains one or two
tetrazole rings, generally with aryl substituents at
various positions. Tetrazolium salts having two
tetraiole rings can be coupled so as to provide a
diphenyl group with the tetrazole rings in the two
15 para positions. .

' Many 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 Patent Publication 63/088,000.

20 The aryl phosphate ester in the form of a galt

having one or more divalent cations and the diazonium or

tetrazolium salt described above can be incorporated into

the element of this invention in any suitable location.

In the simplest embodiment, they are incorporated into the
25 porous spreading zone (or layer) of a single-zoned

element. 1In other embodiments containing a multiplicity

of zones or layers, the noted reagents can be located

together or separately in one or more of the zones.

. Preferably, they are in the same layer of a multilayer

30 element.

The element also contains one or more
buffers which maintains the element at a pH of from 3
to 6.5 during the assay. Useful buffers are well
known in the art and include, for example, citrate,
35 acetate, succinate, phthalate, glutaric and N-(2-
-acetamido) iminodiacetic, and the corresponding free
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1 REPLACEMENT
t erepht hal ate) Support] Bxearphke SHEE npari son of Elements with D azoni um

Salt in Different Locdtilo qg75 " This exanpl e conpares the
per f-ormance of an anal{yt{i cal é engﬁg f fthis invention with one outside the
scope of this inventi@n* fagoniumsalt is located in a |ayer

ot her than the porous spreading | ayer. 30 - The el enent of
Exanpl e 1 was conpar ed T tire—tet-ern-n i on9%ef PAP with the performance of

a simlar el eneracmreba«hEhsuEEEEsRsEeT rEEEEagag,t ';gggtetrg] 50 LRe of - 16-

reagent layer. The dye devel opment was_ e conc ntratlons
of PAP using t h}Pf odeEdliPECaRBnB§uPinthe gdsBenbediifif emeagplfaom thed

results are presﬁﬁfﬁédcbﬁtéﬂﬁlfl@' taw Bobiebhee. Thee @l@mepePaRses 5 wvere
measur ed i nmedi at el ond tinme (identified as

f d
"aged") after st é%rﬁﬁf¥lgaegf%géﬁgglg;Pﬁgpzt%€€mh6n§dFPy5for four weeks.

It also is preferred that the element

contaln one or more accelerators which enhance the
enzymatic reaction of the analyte and production of
dye [see Saini and others, J,.Biol.Chem., 256(20),
pages 10453-10455, 1981 and Buchwald and others,

10 J.Biol.Chem,, 259(4), pages 2208-2213, 1984]. Such
compounds are generally straight or branched chain

- diols having from 3 to 8 carbon atoms. They include,
but are not limited to, 1,4-butanediol, 1,5-
pentanediol, 1,2-propanediol, glycerol, 2,3-

15 Dbutanediol, 1,6-hexanediol, 1,5-hexanediol and others
readily apparent to one skilled in the art. These
accelerators are preferably in a zone other than the
zone containing the substrate. Most preferably, the
accelerators and buffers are in the same.zone.

20 The amounts of reagents incorporated into

the element of this invention are well within the
skill of the ordinary worker in the art. More

specifically, the galt of the aryl phosphate ester is

generally present in an amount within the range of
25 from 0.005 to 5 g/m2 (dry weight), with an amount of
from 0.05 to 1 g/m2 being preferred. The diazonium
or tetrazolium salt is generally present in an amount
within the range of from 0.005 to 5 g/m2 (dry
.~ weight), with an amount of from 0.05 to 3 g/m2 being
30 preferred. The acceleratdr, when used, is generally
present in an amount within the range of from 0.05 to
10 g/m2 (dry weight), with an amount of from 0. 5 to 6
g/m2 belng preferred.
A variety of different elements, depending
35 upon.the method and equipment for assay, can be
prepared in accordance with this invention. They can

—-— -
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Concentration of spense* PAP (1. U./liter) Reagent Layer
gp{)igdi ngoLg%ir ! étl (?OéAQﬁg"‘(gggo |3 I1t7I o Aged” S 0.015  0.002
0.014 '0.013 47| L —1olo18  0.005 0.029 . 0.029

*Density change per |m nute 10 These r Skﬂfdi i ndi cate that storage stability
of the el enment was r _ razoniumsalt was placed in the

hydr ophi | i ¢ r dsyeranfbyered ot aa nvayliehy. oficfekrmsabods shagesuf f er .

Pl acement of t; I n ydeo bj r.eadi- | ayer inproves
t he storage:m%ﬁ%#ﬁé%p%f?%ﬁgg%?%%ggéseg Q? §§9 E%iﬁ%gglg&BQRﬁ anal ytical -
el ement usef ulsheats hesHedes nPrRa€RdRsSef prostatic acid phosphatase in an
aqueous speci men conprisifda Preferred embodiRBhOUS aSRi@'4i1AGez0NE
contalnlng5 :

analytical element of this invention comprises a
nonporous, transparent support having thereon, in
order and in fluid contact:
a reagent léyer containing a suitable
buffer as noted above, and '
10 a porous spreading layer containing the salt of

| the aryl phosphate ester and diazonium or tetrazolium

salt as described above.

In an even more preferred embodiment, the
reagent and porous spreading layers are separated by

15 a hydrophilic subbing layer, such as a layer prepared
from gelatin or other colloidal binder materials, -
vinyl pyrrolidone, acrylamide or N-alkyl-substituted
acrylamide polymers (such as an N-isopropylacrylamide
pblymer), or other materials well known in the art.

20 The assay of this invention can be manual
or automated. In general, the element is used by
physically contacting it with the test specimen (for
example from 1 to 200 pl) suspected of containing
prostatic acid phosphatase under ambient conditions

25 (although other temperatures can be used). The -
specimen and reagents become mixed within the one or
more zones of the element and react to provide a dye.

After specimen application, the element is
exposed to any conditioning, such as incubation,

30 " heating or otherwise, that may be desirable to
quicken or otherwise facilitate obtaining a test
result.

Generally within 5 minutes, and preferably
within 3 minutes, a first spectrophotometric

35 measurement is made of any chromophore formed in the
element. Since PAP is an enzyme which reacts over

-—
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(a) a conpound whic B%PMWTaSQEﬂétrate wi th prostatic acid phosphat ase
to produce a phenol |rda and (b) a diazoniumor tetrazolium
salt 10" which is c pcbI%7omee1ggg| giwth the phenol reaction product to
provi de a chronophorle e el ement it her conprising a buffer which

mai ntains the el emengt at a pH of ’rrom3 to 6.5 when contacted with an
aqueous specinen, ‘1 wherein tfe slibstrate conpound is an aryl

cations.
.7; . ag: Xete ) D& st er
Rer@rguing taonax . 3. The
el enment as clained in Clai”‘1$ﬂ%%ﬁ%5ﬁa5@eaib!hc@ﬁ&ﬁ&%ﬁﬁ&;$§%&%?§#£5trate S
the hem cal cium salt of a-napht phosphat e es nt as
claimed in any of clains 2§ eief“@nﬁ wdrstratied dreloniwes saapares the

struct ure:5[ erfidrmbeaeingRider hatBirealk. of each and, &l e @t in

ggSfpendent 'y dlf/s rogs:.bngalugingl lﬁ%om”b&%%ed%%%go anc% ksoo)<l>v/\reanatrsy,I %)imd aryl,

phosphat e est g dfy,§Re 3T or m o},
2. The el ement as clained i

coating them in the order shown using standard coating
equipment and procedures. The element of this
invention was compared in storage stability of the

10 reagents (particularly the nonhygroscopic aromatic

phosphate substrate, i.e. an aryl phosphate ester in the
form of a salt having one or more divalent cations) to the

elemencs outside the present invention using hygroscopic

aromatic phosphate substrates.

Dry Layer Coverage
{a/m?)
Barium sulfate 107.5%
Cellulose 8.6
acetate
Spreading Layer TRITONTM x-405 2.
surfactant
Fast Red TR salt 0.
o-Naphthy1l 0
phosphate,
hemicalcium salt
ESTANE™ 1.4
polyurethane
resin

=

Subbing Layer Poly (N- 0.4
isopropyl-
acrylamide)

Reagent Layer Gelatin 12
Citrate buffer 5.5
(pH 5.5)
Bis({vinylsulfo- 0.2
nylmethyl) ether
hardener
1,4-Butanediol 1.8
1,5-Pentanediol 4.0

Poly {ethylene-
terephthalate)
Support

15
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car banoyl or sulfanpyi REPLN@EMENWDSHEEB I d radlcalq 3
adj acent positions onjth g |AMENDED SHEE] l| “l ﬁ"ﬁ "ﬂ
e

t aken toget her to formm gn u red fused dro and

an anion. 5 5.267 E"ﬁlelﬁsg as clainmed in any of cI aims 1 to 4
wherein the porous sp e et ' ish polyner spreading |ayer
coated on acCIpM®IpUS, transparent support 6. A nultilayer

anal ytical elenent : tre—16 "*"" 0 ti.c_ac

phosphat ase charact er i sed" i n PRant té?% e@Sﬂ% ﬁ E“Z 8ﬁp5b8us

t ranspar ent sMQanminwtngntbérpnostanlordetdapﬂosphétasd énnaact: a
reagent | ayer L i . f | intains the elenent at a pH of
from3 to 6.52§§§%§%£ g@%ﬁ%@%%egémﬁ?%ggﬂggqueous speci men, and a porous
spreadi ng $ayer contai niage¢ayua spreadhugwhdnh contagnasga substrate-with
prostatic acid phosphatase to(Q§odyceo@pBiR%hich reacts as a

substrate with prostatic acid phosphatase to produce a
phenol reaction product, and

n

(b) a diazonium or tetrazolium salt
10 which is capable of reacting with the phenol reaction
product to provide a chromophore,
the element further comprising a buffer which
maintains the element at a pH of from 3 to 6.5 when
.contacted with an agueous specimen,
15 wherein the substrate compound is an aryl phosphate

ester in the form of a galt having one or more divalent
cations.
2. The element as claimed in claim 1 wherein
the aryl phosphate ester substrate is an alkaline earth
20 salt of an aryl phosphate ester.
3. The element as claimed in claim 1 wherein

the aryl phosphate ester substrate is the hemicalcium salt

of a-naphthyl phosphate ester.

4. The element as claimed in any of claims
25 1 to 3 wherein the diazonium salt has the structure:

wherein R1, R2, R3 and R4 are independently hydrogen,
halo, alkyl, nitro, cyano, alkoxy, aryloxy, aryl, acyl,
carbamoyl or sulfamoyl, or any two of said radicals

30 which are at adjacent positions on the aromatic ring
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reaction product (b) a diazonium or tetrazol i um
salt which is cap bREPMCEMEIW 'SP@ h the phenol r

provi de chronDphore Qstrate conpound i's
7. The el enent : as”m mm leﬂw

one of clains 1t

further conprisin t he reagent |ayer.* 8.c Atne

determ nati on of phatase conprising the steps of:

contacting an aqugous speC| men suspﬁhct ed @8 30 containing prostatic aC| d

phosphat ase with pnt according to any one of clainms 1 to

7, and -19- B) detecting the formati on of a chronophore as an

i ndication ofantBe d@}&sﬁr@ea{erpt@stf&hp arfCéd Bo POTRIMEASR] | Fusd®
S

specimen. 9. The nethod as clainmed in claim8 wherein the aqueous speci men
i s human ser taromapiasmingl0andh® neshad asichainmed in either of clainms 8

5 . 5. The element as claimed in any of claims 1
to 4 wherein the porous spreading zone is a blush polymer
spreading layer coated on a nonporous, transparent
support.

6. A multilayer analytical element for the
10 determination of prostatic acid phosphatase characterised
in that the element comprises a nonporous, transparent
support having thereon, in order and in fluid contact:
a reagent layer containing a buffer which
maintains the element at a pH of from 3 to 6.5 when
15 contacted with an aqueous specimen, and
a porous spreading layer containing
(a) a compound which reacts as a substrate
with prostatic acid phosphatase to produce a phenol
reaction product, and
20 (b) a diazonium or tetrazolium salt which
is capable of reacting with the phenol reaction product to
provide chromophore, -
wherein the substrate compound is as defined in
any one of claims 1 to 3. .
25 7. The element as claimed in claim 6 further
‘comprising an accelerator in the reagent layer.
8. A method for the determination of prostatic
acid phosphatase comprising the steps of:
A) contacting an aqueous specimen suspected'Of
30 containing prostatic acid phosphatase with an analytical

element according to any one of claims 1 to 7, and

b
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and -9 wherein the ci rngngtmw-;ssqggpcted at a wavel ength 10 .|n t he range
of from 550 to 650 —
|27 e | ORRN O
- 19 - |
B) detecting the formation of a chromophore as

an indication of the presence of ©prostatic acid
5 phosphatase in the specimen.
9. The method as claimed in claim 8 wherein
the aqueous specimen is human serum or plasma.
10. The method as claimed in either of claims 8
and 9 wherein the chromophore is detected at a wavelength

10 in the range of from 550 to 650 nm.
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