MULTI.LAYER: ANALYTI CAL ELEMENT CCNTAINING PRI MARY AM NE BUFFER ANB“@E
FORMRME¥DETERM NATI ON OF ETHANOL This invention relates to clinica

chemi stry. In particular, it relates to a nultilayer analytical 5 el enent
and method for the quantitative determnation of ethanol. Ethanol is a
commonl y encountered toxic substance. Methods for qualitative and
quantitative determnation of ethanol in body fluids, particularly 10 hunan
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and alcoholism, as well as for understanding the reason
for an emergency'room patient being comatose. In law

15 enforcement, such assays are.used to determine whether
or not an automobile operator is driving under the
influence of alcohol.

Ethanol testing can be accompllshed using
both enzymatlc-and nonenzymatic: assays. The

20 nonenzymatic assays have a number of'disadVantages and
are being widely replaced by enzymatic assays which are
more accurate, highly specific, more sensitive and
require less expensive procedures. Enzymatic assays
are generally based on the use of alcohol dehydrogenase

25 to catalyze the reaction of ethanol to acetaldehyde.
This reaction can be used alone, or in combination with
other reactions to produce a spectrophotometric signal
which can be related to the amount of ethanol in the
tested specimen. '

30 - An enzymatic assay for ethanol is described
in EP-A-0 464 942 which uses nicotinamide adenlne
dinucleotide (NAD'*) as a coenzyme with alcohol
dehydrogenase to produce the reduced form of the
coenzyme. The coenzyme, in turn, reacts with a

35 tetrazolium salt to produce a detectable dye.



dehgdrogenase to, produce the reduced formof the coenzyne. The coenzyng,
in turn, “reacts with'a 35 ‘tetrazoliumsalt to produce a detectabl e dye.
-2- One problemthat has been encountered in developing a dry analytical
el enent for the assay of ethanol is the strong interference by fluoride. ion
present in human serum Fluoride ion is conqgnly used 5 as a preservatlve
In serum and |nterferes I n assays possibly by altering the equilibrium
bet ween et hanol and acet al d¥tey disokdrai dehe hasheears gncasuidsed oie bi ased
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using anal ytigal | v.er cane mnth an anal ytic el enent for the
det er i nat i ongof %t Fa % Ie%ceorsrfpa&lve dh iy '%tgeﬁ%e‘?ee%nmlahsiﬁ%%r and
in fluid contact Pagsikdyf ibystatejarg dhguﬁquxmlbrlum betweeﬂnetham@bond

reagent layer, Cland tahﬂét%l&f‘e@%& | e e L88Y IHd % PRy drogenase,
and d) a porous $hrea | .ayér containing, an oxi nlcotlnan1de
coenzyne, 25 1ase pct Tehve fomaRRest it ithel %é{#ue of ethanol

in the specimen.

10 ' There is a great need for a sensitive and
accurate assay for ethanol which can be carried out
using an analytical element which is not affected by
fluoride ion.

The problem with fluoride ion interference in

15 assays using analytical elements is overcome with an
analytical element for the determination of ethanol
comprising a support having thereon, in order and in
fluid contact: '

a) a. first reagent layer,

20 b) - a second reagent layer,

c) a third reagent layer comprising alcohol
dehydrogenase, and

d) a porous spreading layer containing an
oxidized nicotinamide coenzyme,

25 the element characterized wherein:

the first and third reagent layers. comprise
the same buffer which has a primary amine which is
mixed with an uncrosslinked hydrophilic binder, the
buffer maintaining the pH at from 8 to 10 during an

30 assay for ethanol and being present in each layer in an

i amount of at least 25 mmoles/m?, and

_ the second reagent layer comprises a
crosslinked hydrophilic binder.
This invention also provides a method for the
35 detection of ethanol comprising:



~the.first and third reagent |ayers conprise the same buffer which has a
pri¥mary®*ami ne which is mixed with an uncrosslinked hydrophilic binder, the
buf fer maintaining the pH at from8 to 10 during an 30 assay for ethanol
and being present in each layer in an amount of at |east 25 mmol esl.n2, and
t he second reagent |ayer conprises a crossLinked hydrophilic binder. This
i nvention also provides a method for the 35 detection of ethanol

~conpri sing: [err] 2)3- Apntactangctnngquecaguddus d suispenissestfed of
containing et haghphiblinbhe:ARALY! iidh ehereRhideseribed dhae, and B)

- detecting the absorbance of the re orm5 Of the nicotinam de coenzyne
as an i ndi cati oRe§FTikedpPEO¥Ree@BL et hanol in the aqueous fluid. The

present invention pr@yi degekedtingnahy! absbrdatiRniof ®hd hedidertfioten and
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using a high anmount of a_bu Wi Ch lmary am ne.” Moreover, in
order to use a BPgRAYAASEd: edements for thepeffestidiessw pREFIFHC it into

nore than one rgagedi iRy o e¥dlandl LRe ahaederar diPistiidy tisd using a
10 signal generated by the reduction of a nicotinamide
coenzyme by alcohol dehydrogenase. Interference by
fluoride ion is greatly reduced in assays using the
element of this invention. Fluoride interference is
reduced by using a high amount of a buffer which has a
15 primary amine. Moreover, in order to use a high amount
of buffer, it became necessary to put it into more than
one reagent layer. Yet if the hardener typically used
to crosslink the binder in standard reagent layers
contacts the buffer, binder crosslinking is adversely
20 affected. The hardener also must be kept isolated from
the alcohol dehydrogenase. The present invention
accommodates all of these requirements with a series of
three reagent layers beneath the porous spreading
layer. Two reagent layers on either side of a middle
25 reagent layer contain uncrosslinked binders and contain
specific amounts of the needed buffer. The middle
reagent layer is crosslinked, but contains no buffer.
The element of this invention can be used
- to determine (that is, detect either the presence,
30 amount or both) ethanol in biological fluids of
animals or humans, but preferably in humans. Such
fluids include whole blood, plasma, sera, lymph,
bile, urine, semen, cerebral spinal fluid, spinal
fluid, sputum, perspiration, synovial fluid, lacrimal
35 fluid and stool specimens as well as other biological
fluids readily apparent to one skilled in the art.



to crossllnk the binder in standard reagent |ayers contacts the buffer,
bi’hder crossllnklng i s adversely 20 affected. The hardener al so nust be
kept isolated fromthe al cohol dehydrogenase. The present ‘i nvention
acconmodates all of these requirenments with a series of three reagent
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. transparent.” However, non- aren suppor
' spectroscopy 1nstead of transmission spectroscopy.

Useful supports are well known in the art.
Thé porous spreading zone is prepared from
any of the known materials used for such zones as:

15 described, for example in US-A-4,292,272, US-A-
3,992,158, US-A-4,258,001, US-A-4,430,436, and JP
57(1982)-101760. Preferred spreading zones are those
described in US-A-3,992,158 as "blush polymer" zones.

The elements have at least three other

20 layers which can contain one or more reagents needed
for the assay. All of the layers 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

25. layers, unless of course, a reagent is immobilized in
some manner sSo it will not migrate within or without
a layer.

The reagent layers can be composed of one
or more hydrophilic binder materials [such as gelatin

30 and other colloidal materials, hydrophilic polymers
such as polY(vinyl alcohol), acrylamide polymers,
vinylpyrrolidone polymers and others known in the
art, or mixtures thereof] in which reagents are
incorporated. The same or different (or mixtures)

35 binders can be in the noted reagent layers. The
hydrophilic binder in the first and third reagent



10. be used if the node of detection is reflectance spectroscopy instead of

t r'ansni®ssi on spectroscopy. Useful supports are well known in the art. The

por ous spreadi ng zone is prepared fromany of the known materials used for
"~ such zones as 15 described, for exanple in US-A-4,292,272, US-A .
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and JP 57(1982)-101760.
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whi ch reagents are

layers is {NcrosetiSea ih! End e PYET QRA' LhE G nder
reagent layers is one which has a primary amine and
maintains the pH of the layer during an assay at from.
8 to 10, and preferably at from 8.5 to 9. A number
of such buffers are known and commercially available.
They include tris (hydroxymethyl)aminomethane,
tris (methyl)aminomethane, and their acid forms (for:
example, acid addition salts of HCl1l, HF and the
like), and tris (hydroxymethyl)aminomethane glutamate.
Tris (hydroxymethyl)aminomethane or :
tris (hydroxymethyl)aminomethane hydrofluoride is
preferred.

The amount of buffer in each reagent layer
is generally at least 25 mmoles/m2, and from 30 to 50
mmoles/m2 is preferred. It is not necessary, but it
is preferred, that the amounts in the two layers be
the same.

The third reagent layer also contains
alcohol dehydrogenase which can be obtained from a
number of commercial sources. Generally, the enzyme
is present in an amount of from 5000 to 30,000
I.U./m2. As used in this application, 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 micromole of
substrate per minute under standard pH and '



i n-the second reagent |ayer is crosslinked using a conventional hardener
sdch ad bis(vinylsul fonyl methyl)ether, 5 bis(vinylsulfonyl)nethane,

gl ut ar al dehyde, succi nal dehyde and ot hers known in the art using
conventional anounts and procedures. Various materials for such |ayers are
described, for exanple, in US-A-4,6042, 335 _,US-A-4, 132,528 and

US- A-4, 144, 305. 10 The buffer used in the first and third
.reagent |ayers FeMRaEatnrehceadibiensmar josnphechnd AehWeaPaenake. pH of the

~layer during antﬁéSéﬂaﬁ&afaoabﬁdieléﬂs apd psetenall ¥ Fﬁ brog, 8.5 to 9. A
nunber of such buffers are, nd conner0|allﬁh9¥a; able. 15 They
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not necessary, but referred, that the a ayers
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activity and |s36@fnmedaaé NABPHnabaorbE ehz$Ad amtivity
A variety of different elements, depending
upon the method and equipment for assay, can be
prepared in -accordance with this invention. They can

15 be configured in a variety of fofms and shapes,
including elongatéd tapes of any desired width,
sheets, slides or chips. Preferred elements are
configured as test slides like those commercially
available under. the EKTACHEM™ trademark for a variety

20 of clinical assays. Generally, the layers are formed
on a suitable support by applying specific aqueous or
solvent-based formulations of individual laver
compositions in sequence using suitable coating
equipment, and procedures followed by drying.

25 _ 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 ul) suspected of containing
ethanol under ambient conditions (although other

30 temperatures can be used). The specimen and reagents
become mixed within the layers of the element and any
ethanol present in the specimen reacts with the
oxidized nicotinamide coenzyme to produce the reduced
form which is detectable as described above. Contact

35 can be achieved in any suitable manner, for example
by dipping or immersing the element into the specimen



reqU|red to catal yze the conversion of 1 mcronole of 35 substrate per

m nute Yinder standard pH and -6- tenperature conditions. For al cohol
dehydr ogenase, the standard conditions are [err] and a pH of 8. Wthin the
porous spreading layer is an oxidized nicotinam de coenzyne whi ch ¢can be
reduced 5 to provide a detectable colorinetyic signal upon reaction with

et hanol as catal yzed 2¥ al cohol dehydrogenase. Useful oxidized coenzynes
include oxidi ze®@thPEGharakilde RNyemned tdingu diheotses imedDOntan - fexi di zed

ni cotinami de_adenicherd Wyc afid JaRsRh Yo st c distd lassiifs grarpl e, in the
assay, NADH absorbs at 340 nm ‘and NADPH absor at 340 nn1 AVariety of

di fferent el emefM®&™S¢ependi ng upon the met hod and equi pnent for assay, can

be prepared in accordance Afitidt tSpetimere Hgpli.catii®dh Cahd 1 deronfd gur ed

in a varietygof ha es .ncl uding elongated ta of any desired
width, sheets, %dg&%c%ﬁ'p Oﬁd S P Iegr%ﬁ??sar C&g?‘?f Whed as test

slides like thobeatdmeercs gthersisid, alifhat magebd edisralild raslemark for a
variety 20 Of GuiRhl oIS Sihbrwi S ¥lliDie i dBAAY & flded on a

sui tabl e support by applying specific aqueous or solvent- base ormul ati ons
~of individual | 5&@% npositions in sequence using suitable coating
equi pnent, and proceduresdéﬁénamm@ R i MO midutes, a The assay of

LSI S Inventi&n %%%Ct& OIE%I ome rl%Utmoeraastu?:‘ement ener %e th:ﬁlel ement is used

measurement can be made using suitable reflection or
transmission spectrophotometric equipment and
procedures as a measure of ethanol concentration in
the test sample. Generally, the detectable signal is
15 measured at a wavelength in the range of from 320 to

360 nm.
| Example 1 Prefexrred Analvtical Element for Ethanol
20 Determination

The preferred element of this invention and

amounts of components (as coated) are illustrated in the
structure: '



physically contacting it with the test specinmen (for exanple, from1l to 200
[err]) suspected of containing ethanol under anbient conditions (although
other 30 tenperatures can be used). The specinen and reagents becone
m xed within the layers of the el enent and any ethanol present in the
speci men reacts with the oxidized nicotinag_de coenzyne to produce the
reduced formwhich is detectable as descri bed above. Cbntac&n§5cdvg}5§%
achieved in any suitable manner, for exanple by dipping or i mefgsiy the
el enent into the specinen -/- or preferably, by Spottring tnejéﬁétTnen
~onto the el enenSplrgaldiand, nachi ne or suitable dispensing neans. After
speci nen appl i cat Leyert he el emeBarinnd sefated to any conditionimgs such as
i ncubation, heating or otherw s€elilhdiosennadetatesi rabl e to qui ckeg or
otherwi se facilitate obtaining ZstrestE™ esuls .pdBASF&iRanav t hin S1olnutes, a
- 10 spectrophotonetric neasureneth&@Nmaq§4@gﬂﬁbﬂ§§§%genent can be nmade
using suitable reflection or trangg$si-@asgPectrophotonetric equppment and
procedures as a neasure of ethaggp+concentration in the test sanphe.

Generally , the detectable signal 1S 15 nmeasured—at a wavetength—Tm—t he
range of from 384bbang60 nm Exanple 1 Preferred Anal ytical Elenment for
Et hanol 20 Layer Deternm n@bil@N-isopropylacrylamide) 0.4
Third Reagent :
Layer Gelatin (unhardened) 6
Tris (hydroxymethyl) -
aminomethane 5
Ottasept 0.02
TRITON™ X-200E anionic
. surfactant - 0.01
TRITON™ X-100 nonionic
surfactant 0.02
Alcohol dehydrogenase 10,000*
Bovine Serum Albumin 1.75

Second Reagent .

Layer Gelatin 1.1
' Bis (vinylsulfonylmethyl) _
ether ' 0.14
TRITON™ X-200E anionic
surfactant _ 0.01
TRITON™ X-100 nonionic
surfactant 0.02
Ottasept 0.003
First Reagent : _
Layer Gelatin 6
TRITON™ X-100 nonionic
surfactant 0.02
TRITON™ X-200E anionic
surfactant 0.01
Ottasept 0.02
Tris (hydroxymethyl)amino-
methane 5

Poly(ethylene terephthalate) Support

*T.U./m2



The,- preferred .el.ement . of this invention and anpbunts of conponents (as

coated) are illustrated in the structure: -8- Dry Coverage [err]

Spr eadi ng Layer Barium sul fate 105 Cel'l ul ose
acetate 8 [err] 5715 pol yuret hane 1.1 [err] X-405
noni oni ¢ surfact ant 2.ql [err]d ) 0 4 Third

8 Subbi ng Layer - Po N-i sopropyl acryl am de : I r
Reagent Layer EXamdg 4 £ Eine 6

Tris(hydroxynethyl) am ndidish@axample demonstrates the udd i@ afHe 100
0.02 J[err] X-20 I f 1 [err] X-
[ ] U AR ISF PSRN ion &g, shows Oﬁhedernecgjrcqc 4{5 ie;

noni oni ¢ surfactant oge
10, 000* Bovi ne S&Y@nLAnandaen by fluoride ion mre@omw h%d@mtpmmxce

CGel atin 5 of this invention. 1.1 Bis(vinylsulfonyl nethyl)

Interference by fluoride ion was evaluated
by using serum specimens containing known amounts of
ethanol. To portions of the specimens, certain
quantities of sodium fluoride were added. The amount

10 of ethanol was then determined in both a portion of
the specimen containing no fluoride ion (identified
as a "blank"), and in the portion of the specimen
containing the fluoride ion. The difference between
the two results of predicted values of ethanol

15 concentration is then defined as the interference
caused by fluoride ion.

In this particular experiment, specimens
containing 60, 130 and 220 mg/dl of ethanol,
respectively, were used. To a portion of each

20 specimen was added 2000 mg/dl of sodium fluoride.

'~ Each specimen portion was assayed using analytical
elements like that of Example 1 except the amount of
buffer and pH were varied. The results of the assays.
are shown below in the table. They indicate that

25 interference by fluoride ion is reduced by increasing
pH, increasing the amount of buffer, or both.



ether - _ 0.14 [err] X-200E anioni c surfactant

0.01 [err] X-100 nonionic surfactant 0.02 O tasept
0. 003 First Reagent Layer Gelatin 6
[err] X-100 nonionic surfactant ' 0.02 [err] X-200E
ani oni ¢ surfactant : 0.Pd- Ot asept

0.02 Tris(hydroxynet hyl ) am no- t hane . . .5
Pol y( et hyl ene té%@ﬂﬂfh8FaF§§a§HngP9/FéPr] Differenas 4™ BxadiGhaht i on
- of Ethanol This exanple denonstrates the use @ftHaiwleheimis ofmd 1S
i nvention and shows the reduction of interfer fluoridej hi eved
by the practice 5 of this invention. | nterferg’%g’%& fluori dgﬂl %’F&’C\/as
eval uat ed by usj..ﬂ.g_.s.e.r_u.m_s_p_e_gj_n:gpc cont.aini ng known _ampunts of ethanol. To
" portions of gheggpeci mens, certain quantities of sodiumfluoride were
. added. The anount of et hgngl t hen determ_ned in both a portion of
P Ao 657 Pooplide SN
49

t he speci men conta eFdn (identi f4-€d

.2 mmoles/m? buffer* 3.7 | 1.7
130
10 82 mmoles/m2 buffer* 10.4 3.6
49.2 mmoles/m2 buffer* 16.1
220
82 mmoles/m2 buffer* 17.0 ' 7.2
15 49.2 mmoles/m2 buffer* 30.0 16.5

*Buffer = tris(hydroxymethyl)aminomethane.



as a_lbLankl}——aﬁd—rﬁ—rhe portion of the specinmen containing the fluoride

I on meen the two results of predicted val ues of ethano
15 conB @“ ﬂ n defined as the interference caused by fluoride
ion. I m I'eul ar experinent, specinens containing 60, 130 and 220
ng/dl of ethanol, respectively, were used, To a portion of each 20 specinen
was added 2000 ng/dl of sodium fluoride. Eﬁch speci nen portion was assayed
bsi ng analytic@LAﬂMﬁmwns Iike that of Exanple 1 except thﬁ anognf of .
buffer and pH were vari ed. y own below in e
t abl e. Theypl ndj cat e that 25 ?u{%ﬁjfg ﬁﬁcnlg;ealb%e"'fel%g‘?:l éﬁlr ?)rrll%l s reduced by

f ncreasi ng pH, qQQﬁﬁﬂ%HQﬁ}qqu9§uﬁﬁhﬁDQﬁ qgmnny51ng gh@Eupport heyinghount of

Et hanol (ng/ dl }thereon,Difd &JreRGe dry Rrediiciier dgdian@l: Val ues (ng/dl) pH
8.25 pH 8. 75 5 6% 82 [err buf f er* 1.7 -1.6

49.2 [err] Buf f er * first reagent fayegryg 109 82 [err]
buf fer* 10.4 b) a secorﬂi Getyeht] Aaveyuf fer* . 164% ,
2ﬁg|§§?ngzb3??gff/nﬂ bUff% q)thlrd re&%eéﬁ5¥§xg§“qqﬂprlslng alcohol

“tris(hydr oxyrretdﬂﬁmmmamd

' d) a porous spreading layer containing an

10 oxidized nicotinamide coenzyme,

the element characterized wherein:

the first and third reagent layers comprise
the same buffer which has a primary amine which is
mixed with an uncrosslinked hydrophilic binder, the

15 buffer maintaining the pH at from 8 to 10 during an
assay for ethanol and being present in each layer in an
amount of at least 25 mmoles/m2, and

the second reagent layer comprises a
crosslinked hydrophilic binder.

20 2. The element as claimed in claim 1
‘wherein the hydrophilic binder in each of the reagent
layers is gelatin.

3. The element as claimed in either claims
1l and 2 wherein the buffer in the first and third

25 reégent layers is tris(hydroxymethyl)aminomethane,
tris(me;hyl)aminomethane or an acid form thereof or
tris(hydroxymethyl)aminomethane glutamate.

4, The element as claimed in any of claims
1 to 3 further comprising a subbing layer between the .

30 third reagent layer and the porous spreading layer.

5. The element as claimed in any of claims
1 to 4 wherein the nicotinamide coenzyme is
nicotinamide adenine dinucleotide.

6. The element as claimed in any of claims

35 1 to 5 wherein the amount of buffer in each of the



CLAINET‘I“—’KH_EEET—FTEaI el ement for the determ nation of ethano

conprl E V|ng thereon, in order and in fluid contact: 5
\“\“\ml % er, b) a second reagent layer, c) a third reagent

Iayer COnpflsT al’cohol dehydr ogenase, and d) a porous spreading Layer

contai ning an 10 oxi di zed nicotinanide coqnzyne the el enment characterized

wherein: the fifgst gnd %héﬁd reagent ers conprise thg sane buffer which
has a prinary ahthetwAPEhtRsrdi & ﬁgﬁPFh a¥etactosEFPRkad RQdrSphilic
bi nder, the 15 mméies/mﬁlntalnlng the pH at from8 to 10 during an assay

- for et hanol and bei ng pregent AnTgﬁﬁgdlgxgr hn ggtgngugt 8f %%Hlea t 25
n Fosslin

mmol es/ n2, and the second reage ayer conprlse HV rophilic
bi nder. 20 comprising: The elenent as claimed in claim1 wherein the

hydr ophi | i c sbi nder i®) eacBoftatbengeanes uéausr §lh§d9§h§EbEteé of The
el enent as clalgg ei.n in the flrst

and third 25 reag%%?l?%ﬁ%rgé?gnS#lg%%?de ?yﬁﬁ?ﬁ¥F}ﬁ nSﬁﬁﬁﬁ&ﬁeas
tr|s(nethyl)an1@bﬂv@h&nenoanmnoﬁccﬂaimsnitberéof or

tris(hydroxymethyl) é@é@@lﬂ#uﬁﬂgaéﬁsoég ncdl fekﬁgegkdﬁéealgigﬁp 'n
any of clalns 1 to 3 urt er conprising a s Ing layer
of the nicotinamide coenzyme as an 1nd1catlon of the

10 presence of ethanol in the aqueous fluid.

8. The method as claimed in claim 7 wherein
the detection step B) is carried out within 5 minutes
of the contacting step 3a).

9. The method as claimed in either claims 7

15 and 8 wherein the aqueous fluid is human whole blood,
serum or plasma.



30, thlrdlheageni | ayer and the porous spreading | ayer. 5. The el enent as
clained in any of clainms 1 to 4 wherein the nicotinanide coenzyme is

ni coti nam de adeni ne di nucl eotide. 6. The el enment as clained in any of
clainms.'35 1 to 5 wherein the anount of buffer in each of the -12- first
and third reagent layers is fron130 to 50_kgrr]. 7. A nethod for the
detection of ethanol conprising: 5 A) contacting an aqueous fluid

suspect ed of coMUHTHIAFER RS TRQAT: (BTEMEFNT VEONTEA LY INARYE | BMENEE | n
any of clainms 1gursEr BiNp MiRiRSY IFUR (1ife A9REReNCOrEON Lo ERgged form of

the nicotinan de coenzyne as an indicatjon of the 10 presence of ethanol
‘In the aqueous fluid. 8. The method &R34%8%ked in claim 7 wherein the
detection step B) is carrizedmduti aytdr rarialytnitael elferdret coad do¢emg st ep

A). 9. Theg m%&&l@q% ér}ﬁ{d Cxléaéﬂf goféruﬁ&?’r:?c"‘her ein the

aqueous fluid i serum or
determination of ethanol in aqueous spe01mens using

alcohol dehydogenase and an oxidized nicotinamide
coenzyme. The element includes three reagent layers
beneath a porous spreading layer. The middle reagent
10 layer has a crosslinked hydrophilic binder, while the
other two reagent layers have uncrosslinked binders.
In addition, both uncrosslinked reagent layers
include a relatively high amount of a buffer having a
primary amine, which buffer maintains the layer pH at
15 from 8 to 10. Alcohol dehydrogenase is in the
reagent layer next to the porous spreading layer.



