;e3ei @fF**+T,dP-f.6. T@JZ, 2 4 MAR ?0~~ _, DI AGNGCSTI CS BASED ON
TETRAZOLI UM COVPOUNDS 5 Cross-reference to Prior Application This 24k MAR208
.continuation-in-part of U S. application . Serial No. 09/161876, filed on
1998. Background of Invention 1. Field of the Invention This
|nvent|§m@ﬁéuww&wwu di agnostic conpositions 15 that permt thaemeasurement
of anal tions in henmpgl obi n-containing biological fluids. The
conposi ti ongcaeoer based on tetrazolium dyelprecursors and i \\\\\“\\“\
suppressi ng the henogl obi n-i nduced reduction of them . Wmﬂmmmmm
Description of the Related Art Adi pose tissue is one of the nost abundant
forms of energy storage in the body. It releases stored fatty acids into
the circulatory systemto be netabolized primarily by the liver. In the
process, fat is consumed and energy is released and nade available to the
body. Normally, littlg hg 2 4 MAR 2003
- 2 conpletely netabo . he conversion
does not upset the delicate pH balance of t he body Fbmever if
i nsufficient nDunts of carboh drates are present in the body, due, for
exanﬁle 5to oS ad— atty acid production can
increase to potentlally harnful Ievels. In addition to dieters,
i nsul i n-dependent patients are vul nerable, because of their |npaired
car bohydr at e netabﬁhiSniSV%emomﬁinnﬁﬂinﬂfkﬂﬁgﬁnﬂﬂQ£ iUs Susegptldcagpphy io a

body' s energy, de q i{ies of t gaggt a acetone, and
beta-hydroxyb%? e are %éﬁéﬁ?ﬁ %$QegéonnFEFﬁegge%eégargségferred to as
ket one bodies, and the condition is known as ketoaci dosis. The ketone
bodi es can normally be recycled into 15 other forns by the body, provided
it 18 not overwhel med. Theref oBAckarawnd:of IBVRREIOM] accunmul ates a
negl i gi bl e anobunt of these analytes. Wien a large quantity of fats is being
net abolized in a relatively short period or when nost of the energy is
derived fromZIats, Fiebdiof ue dimuarntsiayf ket one bodi es are produced.
Excessive i

This invention relates to diagnostic compositions
15 that permit the measurement of analyte concentrations in
hemoglobin-containing biological fluids. The
compositions are based on tetrazolium dye precursors and

involve suppressing the hemoglobin-induced reduction of

them.
. 20
2. Description of the Related Art
Adipose tissue is one of the most abundant forms of
energy storage in the body. It releases stored fatty
25 acids into the circulatory system to be metabolized

primarily by the liver. In the process, fat is consumed
and energy is released and made available to the body.

Normally, little fat is consumed, the fatty acids are



“production of these fat netabolites can cause certain neurol ogic disorders,
if the problemis not corrected pronptly. Ketone bodies are present 7¥rMAR 7003
.blood and, if a 25 threshold is exceeded,. are excreted via the urine. They
are easily detected by a nodern clini'cal anal yzer. On average, the

per cent ages of beta-hydroxybutyrate) acetoacetate, and acetone are 78% 20%
and 2% 2 4 MAR 2003 - 3 respectively. Because of its relatively |ow
concentration and high volatility, acetoné s sel dom measured. |nstead,
acetoacetate is quantitatively determ ned by a nitroprussi de reaction and
the beta s hydroxybutyrate is quantified with an enzymatic net hod.

Acet oacet at e templeteilysmetabolderdatai lcarberf dicddckdesnd Wadyerar @nidased on

a nitroprussi i on_coupl.ing .reaction wth de es _and ones. An

kel ne ur: nEReaRpREeR1gRogpeR bolcuhiset Th kgt mIbiR AR Be i o
ni troprussi decher bs@y® NHBWLGSr,aRE AnRBWERFie iePltoamounteyvejoped. The
intensity of the color indicates the acetoacetate concentration. However,
acet one i nt er fFRFbshyfrateRearespresentl tinndghen bedyheduesadiorgexamplener, as
the patient rego {10 e Ci ' .50 oacetate | eve
in ubine and o éﬁégégéhgkgﬁéeggﬁtﬁ§§§%§ ?ﬁ&ﬁt gdd?§§ﬁ§gﬁgg ifficult. The
bet a- hydr oxybptgdateivastansinoreasgsetol pbaentiaillgr hagnfetlonevieddy
concentrations. It is, based on the oxidation qf beta-hydroxybutyrate with
the 20 correspBn@PAGt 4Ry BPog_R5EES ninFY lPsSEREBISN thPRSERRES € adeni ne
di nucl eoti de {NfLd-8018Ct BEcaliskl bl kheSPCRMNpBY re@N M rbohydrate _

D bet a- hydroxybutyrate 1s naturally present and oxi di zed) "but we omt the
"D' for brevimgtabhpbughout Whahsexpesgsiiveafabtyandithée sappeddéd 28pplxi ns. )
Upoqothe oxidgtég&,,NADH S producgd,and &ts concen%n t.ion i.s neasured
diréctly with™a %p%c??%ﬁﬂgtgﬁ@?g ! fife; 2FHE EBAP %g&ﬁaiﬁé si gnal change
in the spectradetsapeonesli avatohe,t Badapakyt-By8roxybdtipRtd08ze- 4

concentration. Unfortunately, the excitation of NADH occurs in the W
regi on; thus,P¥pddcedde Bheget tBErsmefiasgst abPer86RYILEr tPaBsr kEEPPE

i nstrunents. r h f LLQripg - hyd : e 1s by 5

oxi di zi ng thgéﬁa hﬁ%ﬁaaeg%t?é?gﬁghégc%%pgﬁﬁgﬁ aét%§§§P#E§?%%%ﬁounds are
general ly very sefhet ke¢ohe dodirg kasescamahlily beghtecylliesi ispeci al care
nmust _be exercised to ensure the jntegrity of these,co unds. ert.hel ess,
et Mol | ums HEVEF pFasa B FRBoPPRN PEPESPEY noloaPBe OFSFrBelE=d.

net abol i sm Fpfepxpepd ,e,atHéélgh@s§n@ivgaaa@uaaéuma§a96gnaUﬁegmﬂimebl ng
anaer obi c oxidation and reduction reactions in cells. Further, they are

conmonl y usec®MeuRti¢f cehede agnadyres. Thhemoapbands erentyprcafl fats
li ght-col or e%@b%%&%&ééb&?iSQW?H”?%ETS‘%UQQ?F QﬁPétr gg&l%gogrr eact i on,
o , a highly c 0

in the presence a reducr ng agen oyie ore rmazan.
Reduci ng agentlsers usdis aso isthe bahesgy sikf Ggdiyed, foomvéatant massiNADH,
NADPH, and PQQH2 reduged PQg - ggrrolo-quinoline quinoneé are capabl e of
20, £8rming t £s| Pt e PRI PofagRoE £ cRYORNESE - dyBXCREFEVBeen found to

be inval uabl &FQdudPloh 05 £ NEhé e EQE "RELLBO P cBBDEEN H-E0ORY EBBLE 1 RAr ent
conpounds, NAD(P)+) in anaerobic reactions. (See) for exanple, U S. Pat.

5, 360, 595, 2snewsekedbh dbsendersil, ifoghet problew| Lsepnohl cprraeteddox
reaction is rapid and is not sensitive to oxygen. The resulting dye col or
is very inteﬁ%%kg%%'%as | ow solubility in water.

Ketone bodies are present in blood and, if a

25 threshold is exceeded, are excreted via the urine. They
are easily detected by a modern clinical analyzer. On
average, the percentages of beta-hydroxybutyrate,

acetoacetate, and acetone are 78%, 20% and 2%,



2 4 MAR 2003 - 5 In principle, tetrazoliumdye precursors can be used to
nmeasur e ketone bodi es and gl ucose in whol e bl ood. However, the t efha¥R 1Wm
.can be reduced nonenzymatically by henoglobin (Fe(ll)) to forma colored 5
formazan) if the henoglobin is not contained within the red cells of the

bl ood. Thus, free henpgl obin causes serious interference with the
measurenents. In fact, due to henolysis and the resultant abundance of free
henogl obin relative to the analyte of imérést, in a 1o typical ketone body
nmeasurenent, the interfering signal from henogl obin could exceed the

i ntended signal. G ucose neasurenents) particularly in the nornal

concent r at i on respsEubhise 13r.c Betaudd exft ddt sag eddeinaely .1dden the reaction is

carried out in high hemgtocrit_15 sanpl.es .ar, at a higher te rature, where
t he henogl obi 8% _ia_d:ﬁ-%éé’cq %qﬁg@% L 5¥n é’rq’ee‘%é}fcé‘%? Micose
Measur ement s i ash@id.i Catlst A Weldetoddite dde defRintsita v e bl ood
cells) which causes free henogl obin to be present, cannot easily be

avoi ded, red Zetierpdaedebys anpsitt igprussdded raasth isumanss the drettao t est i ng)

if tetrazoliumj be used f.qr e | ySi s. I e
r erm\eiéed from ?Xﬁ‘%loé%hbl}yﬁaﬁteeﬁsn@% %ﬁ%ﬁeeﬁéntgg%glngg r%%agtﬁs% %be;ﬁ{bré;'ppi ng
W th chem cal Aceagerietate testa staipishdiaven beferbavailetledso?5 Filtrati on

nmet hods for separating red cells fromwhol e blood are costly and require
rather |arge $&FRGesyoThaYs 25 RBESFHI0R &f Nd WRFPs&didsnd o coupling

(bet ahydr oxybytyat; find hatd e d 0 ald MHinatis ne 44 MAR 2003
- 6 red cell g rcg%%g %ﬁe%@ggﬁghp éﬂt ik% tohe StKet oSite testneavz;:i | abl e
from GDS D agsasiples orElak sartum Ishec(isen Tisetd 1Paveaddok refact wiitdalthe

Chem stry, 2"d.Ed., ed. . . Burtis et al., W_B. Saunders s

Phi I'ddel phi a, “lé&}’°§ri‘§§&%yepg°§7f. Sondes Sndia SO o, e t'&st has
two filter |apek@lopliach mMRees rith@sGand Jfatther v ndidateeesdid ates a

| arge (25ul) bl ood sanple. Further, the blood nust not be henolyzed. A
conbi nati on oRclitioacgtase semcendriatdlon: .r apevayero ieSaios@ 1R tEerd eAnss

A uconeter EngqreT. . hl gl ri plabl e fo. M I strip
uses a | ayer g?tﬁif gr%%gférgggﬁgﬁgkgnRgggﬁghe%gfﬁgﬁlggg'(pgigfégﬁzctin) to
el i m nat e i nt esf ehenpatfikcan redoveldss friobea Eetoeaic idosisEepipede  Pathe Appl .
0 638 805 A2, publ. Feb. 1%, %ﬁ61995 o) InE{Qdu i,ng .an oxi di zi ng ent

i nt d%a syst enPEEOBLLEREE tRY HedPyNEBRT AENEth g’Fiol}inr‘FFelasgeénot way
to reduce theyhenpgl @Bieh diRLeId8eqe £ iAtiRoUgh ferricyani des are known to
transf orm henogl obi'n to 20 net henogl obin, they also destroy the desired
product, NADH. Sunfthey befat-hydroxabuitora2s Testprissawre meefuilofogr ovi des a
reagent for asuring th oncent ration of |yte.in,
henogl obi n- con QﬁﬁPﬁgnﬂigf §P§aP°FVUF89cfH§§%§§§§ﬁf cg§p%%sg?§ed 27
2003 the oxidation of beta-hydroxybutyrate with the

MAR

20 corresponding dehydrogenase in the presence of
J nicotinamide adenine dinucleotide (NAD) cofactor.
(Strictly speaking, only D-beta-hydroxybutyrate is
naturally present and oxidized, but we omit the “D” for -
brevity throughout this specification and the appended
25 claims.) Upon the oxidation, NADH is produced, and its
concentration is measured directly with a UV

spectrophotometer. Hence, the corresponding signal

change in the spectrum is proportional to the analyte'’s



*a) a dehydrogenase enzyne that has specificity for the analyte, b)“ MAR 2003
ni coti nam de adeni ne di nucl eoti de (NAD), an NAD derivati ve,

.pyrrol o-qui noline quinone(PQQ, or a PQQ.5 derivative, c) a tetrazoliurn

dye precursor) d) a di aphorase enzyne or an anal og thereof, and e) a

nitrite salt. The reagent is particularly suited for coating onto i o one or

nore substrates to forma dry reagent strip for neasuring an analyte. A

particularly preferred strip conprises a)4d a support layer, b) on the

support |layer, a test pad having a 15 coating that conprises i) a

dehydr ogenase enzynme that has specificity for the analyte, ii) nicotinam de

adeni ne di nudeerddritrdtNAR) .. am MR dedt by ) VEhe pyxe Dtat fjom not | NERDHUI none

(PQQ, 20 or a PQQ derivative, iii) a tetrazoliumdye precursor, and iv) a
di aphor ase eRSFWE orimthmdMbFadiqrofthymd ehismeRe PEseepRetLan biBul ous
top layer thaf,.i it [f L1 €s 4 I\@Iﬁ?g}qgg - 8 Brief
Descri ption %%Lllt%e %3\}81%2&1\% glgt%’rlnésécy elrlzﬁéé{éws/%g?/i ew of a test strip of
this inventi eretHod-ifpr Zndrsl oy iewp | lssted- hwdmoxfbatpt ke tesbystrip of this

invention. Fig. 3 is an explaoded view of yet appther test strip of this
i nvehti on. Fi°8‘.ld4‘41§‘ga the MBI wWiddbi 1 i 39 ﬁ‘é‘“c‘ﬁ%’ﬂ?%‘f?‘g' of 1o a ketone

assay of this inveddQitolfih Rnipowthdd @ | §én&eRi oY | Garpfséhei eheai stry
of a glucose assay of this invention. Fig. 6 is a graph that shows the
effect of nitho tsErenga besasylaots ko upighssorTlows a KReokel aG63%§. MUStFig. 7

U uaote Ph Y SO I o Gl (Hd "idfedPs fy NEFPONL NeSHPRLAZSOr On @

Nevertheless, tetrazoliums have played an important role

10 in studies of tissue metabolism. For example, this
class of compounds has been used in probing anaerobic
oxidation and reduction reactions in cells. Further,
they are commonly used in clinical diagnostics. The
compounds are typically light-colored or colorless

15 compounds that undergo a reduction reaction, in the
presence of a reducing agent, to yield a highly colored
formazan. Reducing agents such as ascorbates,
sulfhydryls, or variants of NADH, NADPH, and PQQH:
(reduced PQQ - pyrrolo-quinoline quinone) are capable of

20 forming the dye.

In clinical diagnostics, these dyes have been found
to be invaluable for monitoring the formation of NAD(P)H
from their parent compounds, NAD(P)+, in anaerobic
reactions. (See, for example, U.S. Pat. 5,360,595,

25 issued on November 1, 1994 to D. Bell et al.) The redox
reaction is rapid and is not sensitive to oxygen. The
resulting dye color is very intense and has low

solubility in water.



"Detailed Description of the Invention 20 The present invention provides a
reagent for neasuring anal yte concentration in henogl obi n-contai ni n@4 MAR 2003
.bi ol ogi cal fluids (such as whol e bl ood), by producing a concentration of
the reduced formof a cofactor, such 'as NADH, NAD(P)H, or PQQH2, that is a
measure of the analyte 25 concentration. Inclusion of nitrite in the
reagent overcones the interference of henoglobin with the neasurenent of
the reduced cofactor concentration. It - 2 4 MAR 2003 g _is particularly
useful for, but not limted to, neasurenent of ketone bodies and gl ucose.
Fig. 1 depicts a typical test strip 10 of the invention, which consists of
a test pad 12 affi xadpeaheibla, suppeatold4unldees preeut soay kanabel astic -
e.g., polystyrene, nylon, or polyester - or netallic sheet or _any other

sui tabl e mat e?F&F kRAoMRasHreh&ekPRe PREiess@nfadliscssatBd“RCLR a reagent
that reacts wigoghe ﬁBgE%F,tEh@aEéEré 6218 €BANGe: r&RGck@ShoRad 1o
preferably conprises a bibul ous naterlaﬁ, such as filter paper or polyner
menbr ane. Hovwenzymatinasélyhbyr bamogbnbdoedfet( IZequitoe foxmgencoiiheetlest pad
may pe a nonbjbul ous materjal,,such,as. plastic fil The .reagent incl udes
an efizyme tha °¥?a§%%ci??ck68 Pﬁ@°ah8§§ge}san?§ ﬁ?gkﬁdgeérgﬁggép §§8nt, a
tetrazolium dyedpe€LUESEE, tReSH1 688l € eRayNE reekatknbglandnachasesl obi n
suppressor. Optionally, a buffer and stabilizer are included for greater
stability. AsSehbowsi hnFpgfepeneqewibbt ther mpasuneBrE6She &n26aftiitil ayer
construction,gwth t 16 Qv ayi n.kh
construction)d¥%ep?e§§%%?¥§%§ ggdﬁé%d%%ggé%§égngpﬁgé§&8gl8$e?%?eFor

exanpl e, the hemogloebin sepptessotonaiebanatgtedobnintepeésbonakintap | ayer 16
and_t he bal ance of the reagent _coated onto test 25_Bad 2..Preferab$y, top
laydP 16 is bFYRITRS BAHCRE,HRdY AeasureBshfngthey dRteRECRLNENSABRB L bent
llayer to absofbofXs&mSg $6HPh CcoBAPERcEE32BRE! eALEAdEEPsk ML . 16, and it
passes through to test pad 12. The anal yte 2 4 MAR 208 - to

concent r at i orflgceize eneanedengnheaspar hgcuhardyl dn thangermalough support

| ayer 14 or, | r_19 is not, transparent, wh Lt Jadj. o] the,reaction
area) thromﬂ#%ﬂééagéﬁ%ﬁf%d%ﬂ/%?OY%fogﬁﬁ-ﬂéFeaﬁggcgg?ng%hégg f%g%%tive
enbodi ment siwhén i thé&i geadtispacerc@Pr sefadvatesnt Rpghaienatddbcand test pad
12. Spacer 20 is preferably a non-bibulous plastic filmhaving an adhesive
coat?ng (not %#NﬂigscﬁFb@?hafEt%kngﬁ%mﬂéra vren Wheterthe hemogbekin

capi | lary patdy { 9L { on SPEREL16RQ {& Otﬂ%&em OPSBEPE?EénJ:Q WEBER UG BB L e ar €2

26. The fl ow depends on alr venting between a surface of test pad 12 and an
adj oi ni ng | ayezasuremenes nas i vedyi f itanughaspvebhal $emte 18heThe col or

change in neaiurgfent arﬁa 2 % %gnitg ed through ogtiopal ~s vent/w ndow
18. Reagent ray atYShd Bh T%%t g% 1S€0orS alPaFRat PVRFY, “hEY be di vi ded
anong the t edenigl shith ope ¢ PLéHet, NOaANRLDUESYS] Y aber svdidead 263 Thus,

a first part of the reagent may be on the test pad and a second part of the
read®nt may HRIAE FRlILF Beth Be Temovied DBOBi HyMBLES | RYEPS. C9hen we refer
to reagent a i a i goating. »on. | ayer It { de the
possibility ?ﬁ%ﬁkgg%behg g%$€9€%9%.%o?%egoiﬁ%ou?%ﬁefgﬁegﬁgp%ﬁ?%%ﬁ+%iIy if
it is bibulous. ThHednzjoed ¢dhls ar@nshet nbhevédr fassayammled bhis 25
i nvention and_the correspondin analgtes are: al cohol dqudrqgenase for

e pind with

al cohol , f or ngt ety dehiturs and filters, by tra

chemical reagents, or by a combination of both methods.

25 Filtration methods for separating red cells from whole
blood are costly and require rather large sample
volumes. An example of a blood ketone (beta-

hydroxybutyrate) test that uses filtration to eliminate



"for formal dehyde, gl ucose dehydrogenase for glucose, glucose-6-phosphate
dehydr ogenase for gl ucose-6 2 4 MAR 2003 - m phosphate, glutana?g MAR 2003
.dehydrogenase for glutam c acid, glycerql dehydrogenase for glycerol,

bet ahydr oxybut yrat e dehydrogenase for bet a- hydroxybutyrate, hydroxysteroid
dehydrogenase for steroid, L-lactate 5 dehydroganase for L-lactate, |eucine
dehydr ogenase for |eucine, nal ate dehydrogenase for malic acid, and
pyruvat e dehydrogenase for pyruvic acid- A suitable enzyne cofactor is
needed to activate the enzyne. Depending on the enzynme, these cofactors 1o
may be used: beta-nicotinam de adeni ne dinucl eotide (beta-NAD)

bet a- ni coti napredecaldiéni fieofli AURhedEI Ba opdoSaMRile (kettheNKIRSite®

t hi oni coti nam de adeni ne, di nucl eoti de, .thionicotinam de adeni ne

di nucl eoti de pRSEpR%RE}aRLBOEFAANPRS PiRGNOSKESSadERKRETEH nd-cotiS®e 5

ni coti nam de 44 Ne;ebhg niRecdi uel gotide 5 hgbe,pand

pyr r ol o- qui nol ilnezquigngggg?Pég)?g?ﬂEtehg E?%@é%rg’g@gf 9t heEcgn'zyer%) ?’ﬁec anal yte
reduces the cBamtisretThé.neKt Btefaundels Gpe-f Phiilladeppbdess BAs hydri de
abstraction f the r ced cofagtor. It cagn be .20 acconplished either by
a_digphorase,igg%h Bs ??gofc ﬁgﬁyd 8§En8§§% f@PngéQiﬁgﬁﬁDﬁeP§d%@Fase,

|'i poam de dehyWeogenese, 18veby, aph 28R ABkeg8UERecaGapReRaZhRe GRERQSUI fate
(PVMB) or Meldola Blue. Reaction kinetics and stability are the primary
factors for san@cheagsaibatagdai Hergrandbuk)apdrpdosamppst r Jugsher . For
exanpl e, PM5 gt i yeLi ctor, because it has relatively
f ast reactiont ?ngg?gg %ﬁ%gaﬁ%gtg%fH§ﬂ§9§g%§ézoliun1conpounds | i sted bel ow.
For 2 4 MAR 2003A-cd@bihhaioneasofilttationr ahdr thdmibed theppdahgctor is

PQQ. PM5 is, however, nore sensitive to Iight t han enéinebas?d hydri de

abst'factors. PPaphtrate® FaendPes@:dbrecnris s BRCPRET PEa8HEnTHSOBFef erred
when the cofagipip! Sava NMbh1dherGaPLYiEd hy@hhdestsibr a0akenr edyk? 3¢
tetrazol i um conpound (dye precursor) to forma colored formazan

Tetrazol i um cbhpoendeaténtabrandosn ggglublinatdent i€ dpokasocadectin)

2- (2" benzothigzolyl):5-styryl-3.10 (4' -phthal hydrazidyl) tetrazolium
(BSPT) 2benz§%h?%lz%’r‘§?€? 2}3{%?%?%?%%%%?’7?& FSéoFFS?T?(BTIf)I% e AT et

2, 3di (4-ni trophenykuropéanzpat UMHHPNP) 0 838- Bophenyl pdbl4sFgby| pBenyl )
tetrazolium (DPSP), distyryl nitroblue tetrazolium (DS-NBT))

3, 315[3, 3 - di W& hoky- (1, 1' “ 15 bi phenyl )-4, 4' - di yl ] - bi S[ 2- (4- ni t r ophenyl ) - 5-
phenyl (-2H tetrazo} I = ( i hyl =2zt hiazolyl) - di phenyl - 2H
tetrazoliuwn(MTDf&%?%%%ﬁgﬁ%%-%ﬁcé?g%gggﬁ%n§%$gg-E%?ﬁy% %%f§g§6|?§WI(PQWW,
tetrazol i um bdxed{F8) the hhenag balnih bot mebhemogébbamol i anahIENBY) wago
tetranitroblue tetrazoljium (TNBT), tetrazoliumviolet T
2-benzothiazo?%iEﬁéﬁ@?-%b?4m?ﬂﬁ?ig94§nb?ﬁ8§§ﬁﬁgﬂ§?)-55f§b¥%%§ulfoethylcarba
noyl ) phenyl | - Rk €1 ¢ pa®] deisn 4 ¥ Tkrddwn @88 transform hemoglobin to

2,2' -di benzot hi azol yl -5, 5" bi s[ 4-di (2- sul f oet hyl ) car banoyl phenyl ]-3,3"-(3,3
25 dP et hoxy-Metheneg Lpehy| cHagyi 2 8¢ adesruay BN odeeHT Sl ProdBFrs) . WST-5
is preferred,ybggause it readily dissolves in an aqueous nedium which is
nmost conpati ble with biological sanples. Further, the resulting

Summary of the Invention

25 The present invention provides a reagent for
measuring the concentration of an analyte in a
hemoglobin-containing biological fluid. The reagent

comprises:



"2 4 MAR ?0~ i - 13 formazan conpound exhibits strong spectral absorption
at the purple-blue region, thus reducing the need for correcting t@q MAR 2003
.background si gnal from henogl obin. Finally, a henoglobin suppressor is
present in the 5 reagent to curtail the undesirable dye-form ng reaction
bet ween henogl obin and the tetrazolium conpound. The role of the henogl obin
suppressor is to oxidize the henogl obin to nethernogl obin, which does not
react with the tetrazoliumor fornmazan. “Sdrprisingly, nitrite lo salts,
such as sodiumnitrite, potassiumnitrite, and their derivatives, are very
effective in suppressing the henogl obin) while not destroying the reduced
cof actor (such as AADH ar dBhHR pgehhseniczvimes tdvad dffsectrerd, figsitpel |, at

el evat ed tenpgratgke and_with high hematocrit i5 sanples. Sodiumnitrite is
preferred, bet8Gs&™Ft 3RaLYfPgh aqueous solubility, is not toxic, and is
relatively inexpengjve. nAbbROHERIHRE atRAIPR dihudlievdideniNAD) ,cam be used
in a wet chem cal node, such as in _a cuvette, in 20 preferred enbodi nents,
t he i nventi onNpPodpdévatiiyest pypsoflorqudopliing Iarinonedred) buyr at #06

gl ucqse in mhﬁggiggpggé A strip consists of a nenbrane test pad, preferably
of nylon, that 15 plracéd between a support and a top layer. The support is
preferably of polyestera2beghaetlithediyepprayetrsean be any bi bul ous
material known in the art. A preferred material is a_porous polyethyl ene
treated with sodi ufi net AyfidPBeyRSeagREYEE QﬁéPPaﬁpélpﬁoﬁﬁﬁﬁéoﬁoré%dCOrp.

of Fairburn, GA. W) 2,4,MAR;2Q03,1¢14 refer to this material as "Porex".
The test pad contains a reagent conprising beta-hydroxybutyrate

dehydr ogenase (or hacvsagerhyilsopemaseplanAp codtRAQfordicapdngsentor

PMS),, and WST-5 (Table 1 (o bel ow) .. The _Parex _t | ayer._cantains a
nitrte reageﬂ?e(?ﬁbwgri)g“#ﬁg%ﬁﬁFﬁt?8nf°5mu§e rgbﬁﬁggggg 3¥56p0 “fhol e

bl ood to the mppstrsHgfaseanalybe. Popeyatreichaxeny pzetfeerebokerhbood or

| ysed bl ood comes into contact with the Porex, the sodiumnitrite is
reconstitut ed@PEr+888ts 1o with the available free henopgl obin, thus
rendering the henog| obi S he assay. The resulting,
substantially hennglobi%-$€%£$§§n%éi?%% transferred to the test pad bel ow)
via capillary or gbhvitahi chhal sippeet I3wyéhe d edstpamd tHayisgnmpl e initi ates
the 15 cascade reactiqn to yield a colored dye, whose concentration is
progorti onal ?%F?+E96§hﬂﬁn§§ﬁﬂﬁﬁﬁﬁﬁraIion in the sanple and can be
determned directly withy a phoseRpiebgehhde é4ndoRkeCthathBageaction for

bet a- hydroxybutyrate, using enzyne, D, and 2o di aphorase. Fig. 5 depicts
the reaction for gfPeebBicitynforntheeanplipteand PVS. Fig. 6 depicts the

change in optical densi ov I I 13V ~
hemat ocrit and containi%%)o §%%5§53ﬁ§;8§ %?QBZﬁgPhﬁéPgﬁééﬁgéga?gﬁégbth 25
with and wthout natriNAR.ddhevilADreyspenrrovds-gaedpland thénanér i(PEQ) ,

concentration was 5 g/ dL. Ia t he absence of nitrite, henopgl obin reduces the
tet Pzol i um to for?F a@cBeRi AebtéRyiVRicr easi ng dye concentration) with a

iii) a tetrazolium dye precursor, and

iv) a diaphorase enzyme or an analog thereof,
and
c) on the test pad, a bibulous top layer that is

25 coated with a nitrite salt.



2 4 MAR Z003 - 1s corresponding increase in optical density. Ntrite, by
removi ng the henogl obin (by oxidation), limits the color formatiod 4t MAR Mgt
which results solely fromthe ketone bodies (i.e., beta-hydroxybutyrate) in
the sanple. 5 Preparation of the stri‘p that was used to generate the data
depicted in the graph is described in Exanple 1, below. Fig. 7 shows the
effect of nitrite on the colorform ng reaction in the glucose/ PQQ system
Blood i io sanples, all having 60~ henmatoérit, contained O or 100 rng/dL of
glucose and 0 or 5 g/dL of nitrite. The glucose-free sanples were run at
35C. The graph shows that the present systemis effective at tenperatures
up to 35 C and hernatocrit Hrilef GscHEpidritd Onekd Dhwwirdygstri p that was
used is described in Exanpl € 2) below. The folTow ng exanples denonstrate
preferred enbodi nents of the present invention. In Exanple 1, the anal yte

i s beta-hydroxybut gt at eqag h 1 r ax yr,

dehydr ogenase. In E&gﬁpﬁegg,Btﬁgggééggékétgﬁ%ghé#u%oggggng%%ﬁg gﬁzyne i's

gl ucose dehydth@gsenamseentlhenconpositions can readily be nodified for
application to othgr anal yte-enz onbinations |listed earlier. (See, for
o o Tty Texti8ok2oL SCRAEERLOBRBNAEHy S EraOBIET E45tng CEi PGt i 5 et
al., W 25 B.Sayndgien€on.Phil adel phia, PA) 1994) pp 976-978 and
1174-1175.) The exanples are not intended to be in any way limting. 2 4
MAR 2003 - 16 EXANMPEE 3 AsOas ezplagednviaewbeénwesbaaprhdgrf testCuno 5
(Meriden, CT, A s.di.pped. into the reagent of Table 1, until saturated.
The excess re%ggﬁ% §gstg% aﬁgHGB%%OBéntly with a glass rod. The resulting
menbrane was hung rogdry i8 a pécCoian Bepit@ibBhnuvteshePehewiclre &M
thick) was soaked in the nitrite solution of Table 2 and to then hung to
dry®n a 100 € b9EANEoRSERN ASuFBiSFAR¥PP1ORhe nenmbrane was | am nated

bet ween a pol yestegf; st oek; (0,4 F n t ; I &,

W m ngton, DE) an§l§he§n%%r?tgg?%gggé%a§g59%g¥§§.S%SEE§KE%%El§€$ge8%
procedure of &xahptesé assayepfatbds émveptiohat the first dip was the

reagent of Table 3_.. 2.4, MAR 2003.-. .17,  Table Reagent for_a_Retone Hody
Test Pad Cb~poneat§tﬂan§if?vﬁtgriﬁb ﬁﬁ?Fi§€3Vﬁr%§§n§?g§F¥APgiﬂbﬁﬁf Sne (MW
121, Sigma, Sis &OMéSiogMbiNSMppAdEYst BH hOk8tSnbyaaddyng 6 M HC1)1.2
gnSodi um Chl ori de (MNV56.44, Sigma, St. Louis) MO USA) 560 ngMagnesi um

Chl 8fi de (MW 203, Bigrma/ &F.2LgupBh khat shows the effect of nitrite
as a hemoglobin suppressor on a glucose assay.

Detailed Description of the Invention

20 The present invention provides a reagent for
measuring analyte concentration in hemoglobin-containing
biological fluids (such as whole blood), by producing a
concentration of the reduced form of a cofactor, such as
NADH, NAD(P)H, or PQQH:, that is a measure of the analyte

25 concentration. Inclusion of nitrite in the reagent
overcomes the interference of hemoglobin with the

measurement of the reduced cofactor concentration. It



" USA) 2.5 gnPSSA, pol ystyrenesul fonic acid, sodiumsalt (MW 70, 000,

Pol ysci ences, Inc., Warrington, PA, USA)3 gnCrotein (Croda Inc. Pars}pMyv)ls
.NJ, USA)3 gntxam c acid) sodiumsalt (MWN111.03, Aldrich Chem cals,

M | waukee, W, USA)2S0 ngTetronic | 307 (BASF Corporation) Munt Aive, New
Jersey, USA)2 gnBSucrose (MW 342.30, Aldrich Chem cals, MIwaukee, W, USA)5
gmNAD (MW 663.4, N-7004, Signa, St. Louis, M) USA)450

ngD- 3- hydr oxybut yr at e dehydr ogenase (C}Tgﬁrr Pseudononas sp., HBD 301,

125U/ rng, Toyobo, Japan) 50,000 UDi aphorase (Origin: H Stearothernophilus,
New, 1033U/ ngy, Toyobo, Japan) 340890 UWST-5 (MW 1331.37, Dojindo, Japan) ~.8
gm Tabl e 2. Iﬁsrpamtikn&ﬁx&yGnamhehté@panbﬁtyﬂ@tntﬁﬁhbs@haoe Buf fer Saline,
pH7. 4, (P-3813, ma, St. H$U|s LE%Q?O m Et hanol 30 m Sodium Nitrite
(M9, Al dri dPF et Of F¥es L 9 SH%B?§V|nylpyrrod|ne ( MWV

40, 000, Sigma, St. Ff@u'f)dé\ﬁctéﬁa@@@pﬂa&aeégtastﬁlipsgdl ym ekt (MW
111.03, Aldrich Chemcals, MIwaukee, W) USA) 500 rng 4 MAR 2003 - la

Tabl e 3. Reag:ermemoxora, @mecmsmdotoaxp@ﬁénpaé@uan@fflzc?@\a@léiqoo

m Tris(hydro MV 12 uis USA) 1. 2
gnﬁd%ust pH f% 4*% |ng ﬁﬁﬁ%?§8&ﬂﬁ%¥§??or. e fﬁ&§56 ﬁ Slgna) St.
Louis, M, U gﬁ@tyﬁgé\mneﬁymCh:Lz.f)rpfﬂPYéMEﬁO%)oﬁngaaalBic sheés, oD,

USA) 2. 5 gnPSSA, polystyrenesulfonlc acid, sodiumsalt (MN 70,000,
Pol ysci ences,2hCthem sy Heloke matersal KupwR oiRi i *BHa | T Fa$&i ppany,

NJ, USA)3 g\r}\V%QC{TSAS £c aCidhe %H‘méaﬂ'é OéiM 1%14593}e£t1:9§' ghefhenical s,

Nllmaukee, , 250 ngTetronic 13 F Corporation, Munt Aive, New
Jersey, USA) ZammiSuce os® C(&\nNéBZHZ SloA dnamdne Chebheatest Madaukee, W, USA)5

STEE (390, AR A SARIA00, 100 UEsE P WCL S0RE=0, (20,11 o Jovovo.
Doj i ndo, Jamﬁﬁékézéﬁnpolymer membrane. However, since the reaction
doesn’'t require oxygen, the test pad may be a non-
bibulous material, such as plastic film. The reagent
includes an enzyme that is specific to the analyte, a
15 hydride transfer agent, a tetrazolium dye precursor, a
suitable enzyme cofactor, and a hemoglobin suppressor.
Optionally, a buffer and stabilizer are included for
greater stability.
As shown in Fig. 2, the test strip can also be a
20 multilayer construction, with top layer 16 overlaying
test pad 12. 1In that construction, the reagent may be
divided between the two layers. For example, the
hemoglobin suppressor may be coated onto optional top
layer 16 and the balance of the reagent coated onto test
25 pad 12. Preferably, top layer 16 is bibulous and serves
as a spreading layer and as an absorbent layer to absorb
excess sample. Sample is applied to top layer 16, and

it passes through to test pad 12. The analyte



"2 4 VAR 2003 - 19 WE CLAIM 1. A reagent for nmeasuring a concentration of

an 5 analyte in a henogl obi n-cont ai ni ng bi ol ogical fluid, conprising%g%mg 003
.dehydr ogenase enzyne that has specificity for the analyte, b) nicotinham g
adeni ne di nucl eotide (LVAD), an to |~1AD derivative, pyrrolo-quinoline

qui none(PQQ), or a PQQ derivative, c) a tetrazoliumdye precursor, d) a

di aphorase enzyne or an analog thereof, and e) a nitrite salt. is 2. The
reagent of claim 1l in which the anal yte-iggbetahydroxybutyrate and the
enzynme i s beta-hydroxybutyrate dehydrogenase. 20 3. The reagent of claiml
in which the analyte is glucose and the enzynme is gl ucose dehydrogenase. 4.

A d t ' .det arymi i ; to Of | yt
ry reagen céhE!eBtEQru%ga gfgmbl &%Q&;%%&ﬁ%ﬁ%%g?% cdloAN anal yt e

i n a henogl obin-contarnin ogl ca conprising a support |ayer
on which i s acheagepatirivaghngudppoaat ilayeaf e eagentaydr cléiis hotS, The
strip of claimgqg. further conprising .a bibulous top |ayer overlaying the
test pad. ZtEQT\PﬁRaEGG.ti wl eg% 1§ RIS éﬁ’é’erﬁeas‘{)qli%}/f%eadetté‘r%‘fﬁqhg t he
presence and gpeiBhadf wandeRAloy & Hrdudnieie aly n- contai ni ng bi ol ogi ca
fluid conprising a support |layer on which is a test pad and a top |ayer
over lsayi ng the tesinp&te alieroatdvie egboshimernst shawn dayditg ofd.claim 1 is
on the test pa nd second part of the re | S..0n the port and/or
top | ayer. Th%g%%?lrpsgf Sgpgirl%%gsi ° ilc etrhgl%for%lq z:yeeér.t igs.édoi ng‘l ous. g, The
strip of claigplacéurben scpipifiesahy ya aspaceb il cilaiels diet Wedm t he top

| ayer and test pad to provide a capillary path between the top | ayer and
pad 9. The stPRBLRE enapfhesivenwsicalk inge (A94 oWy & Hoth faces.

Channel 22 in spacer 20 provides a capillary path for

10 sample to flow from opening 24 to measurement area 26.
The flow depends on air venting between a surface of
test pad 12 and an adjoining layer or, alternatively,
through optional vent 18. The color change in
measurement area 26 is monitored through optional

15 vent/window 18. Reagent may all be on test pad 12 or,
alternatively, may be divided among the test pad and one
or both of non-bibulous layers 14 and 16. Thus, a first
part of the reagent may be on the test pad and a second
part of the reagent may be on one or both of the non-

20 bibulous layers. When we refer to reagent as being a
“coating” or “on” a layer, we intend to include the
possibility that reagent will be absorbed into the
layer, particularly if it is bibulous.

The enzymes that are suitable for assays with this

25 invention and the corresponding analytes are: alcohol
dehydrogenase for alcohol, formaldehyde dehydrogenase
for formaldehyde, glucose dehydrogenase for glucose,

glucose-6-phosphate dehydrogenase for glucose-6-



"hydroxybutyrate and the enzyne is beta- hydr oxybut yrate dehydrogenase. 10.
The strip of claim6 in which the analyte is glucose and the enzyme2|1§MAR2003
gl ucose dehydrogenase. 11. The strip of claim6 in which the analyte

gl ucose- 6- phosphate and the enzyne is gl ucose-6-phosphate dehydrogenase. ,
12. The strip of claim6 in which the analyte is al cohol and the enzyne is
al cohol dehydrogenase. 13. The strip of claim6 in which the analyte is
L-lactate and the enzyne is L-|actate dehydrogenase. 2 4 MAR 2003 - 21

14. The strip of claim6 in which the tetrazolium dye precursor is

2,2 -di benzot hi azol yl -5, 5" - bi s[ 4-di (2sul f oet hyl ) car banoyl phenyl )-3,3"-(3, 3’

- di met hoxy- “phiobRREDy! enGLahhes' aghlktoyehsediun saliahlBTaska 15, A dry

reagent test strip for determning the presence and ampunt of an analyte in
a henngloblnc@hyeﬁnahgdﬁhwdnggeaasé|ﬁon Q&ngrpéhngea? a support |ayer, b)

dehyar ogenasd e et Rt i SehedPrptteger BPx | REcarERRYP I RRES  nam de

adeni ne di nUC}hﬁ@féﬁﬁsﬁMd ashPiEbgenayat Fye, speEbolo L.gukBehtRE qui none
(PQQ, or a derivative, iii% a tetrazoliumdye precursor, and iv) a
h

di aphor ase e BPaerAsMafel khirebrteandeusinn @rbvezsgepage &°i bul ous
A S B el gs g for AuRublabbariund A4S s
pyruvate dehydrogenase for pyruvic acid.
A suitable enzyme cofactor is needed to activate

the enzyme. Depending on the enzyme, these cofactors

10 may be used: beta-nicotinamide adenine dinucleotide
({beta~NAD), beta-nicotinamide adenine dinucleotide
phosphate (beta-NADP), thionicotinamide adenine
dinucleotide, thionicotinamide adenine dinucleotide
phosphate, nicotinamide 1,N6-ethenocadenine dinucleotide,

15 nicotinamide 1,N6-ethencadenine dinucleotide phosphate,
and pyrrolo-quinoline quinone (PQQ). In the presence of
the enzyme, the analyte reduces the cofactor.

The next step in the dye-forming process is hydride

abstraction from the reduced cofactor. It can be

20 accomplished either by a diaphorase, such as lipoic
dehydrogenase, ferredoxin~-NADP reductase, lipoamide
dehydrogenase, or by an analog, such as phenazine
methosulfate (PMS) or Meldola Blue. Reaction kinetics
and stability are the primary factors for selecting a

25 hydride transfer agent or “abstractor”. For example,
PMS is the universal hydride abstractor, because it has
relatively fast reaction kinetics with most of the

tetrazolium compounds listed below. For
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Al L] 10])/( &] A W IOZ%%()@/%&Q aioi &t e/éa»m Q#L8% 1
119%$10% () ( &Dhue AFEVCCH (¥ caArogrey X )nlqm,blue tetrazolium (TCNBT),

20 tetranitroblue tetrazolium (TNBT), tetrazolium violet,
(TV), 2-benzothiazothiazolyl-3-(4-carboxy-2-
methoxyphenyl)-5-(4-(2~sulfoethylcarbamoyl)phenyl]-2H-
tetrazolium (WST-4), and 2,2'-dibenzothiazolyl-5,5'-
bis{4-di(2-sulfoethyl)carbamoylphenyl]-3,3/~-(3,3"'-

25 dimethoxy- 4,4'-biphenylene)ditetrazolium, disodium salt
(WST-5). WST-5 is preferred, because it readily
dissolves in an aqueous medium, which is most compatible

with biological samples. Further, the resulting
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the purple-blue region, thus reducing the need for
correcting the background signal from hemoglobin.
Finally, a hemoglobin suppressor is present in the

5 reagent to curtail the undesirable dye-forming reaction
between hemoglobin and the tetrazolium compound. The
role of the hemoglobin suppressor is to oxidize the
hemoglobin to methemoglobin, which does not react with
the tetrazolium or formazan. Surprisingly, nitrite

10 salts, such as sodium nitrite, potassium nitrite, and
their derivatives, are very effective in suppressing the
hemoglobin, while not destroying the reduced cofactor
(such as NADH or PQQH;). The nitrites are effective, as
well, at elevated temperature and with high hematocrit

15 samples. Sodium nitrite is preferred, because it has
high aqueous solubility, is not toxic, and is relatively
inexpensive.

Although the reagent of this invention can be used

in a wet chemical mode, such as in a cuvette, in

20 preferred embodiments, the invention provides dry strips
for assaying beta-hydroxybutyrate or glucose in whole
blood. A strip consists of a membrane test pad,
preferably of nylon, that is placed between a support
and a top layer. The support is preferably of polyester

25 sheet. The top layer can be any bibulous material known
in the art. A preferred material is a porous
polyethylene treated with sodium methyl oleoyl taurate,

available from the Porex Corp. of Fairburn, GA. We
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refer to this material as “Porex”. The test pad contains
a reagent comprising beta-hydroxybutyrate dehydrogenase
(or glucose dehydrogenase), NAD (or PQQ), diaphorase (or
PMS), and WST-5 (Table 1 (or 3), below). The Porex top
5 layer contains a nitrite reagent (Table 2).

In operation, a user applies a drop of whole blood
to the upper surface of the Porex top layer. As the
whole blood or lysed blood comes into contact with the
Porex, the sodium nitrite is reconstituted and reacts

10 with the available free hemoglobin, thus rendering the
hemoglobin harmless to the assay. The resulting,
substantially hemoglobin-free sample is transferred to
the test pad below, via capillary or gravitational
force. On the test pad, the sample initiates the

15 cascade reaction to yield a colored dye, whose
concentration is proportional to the analyte
concentration in the sample and can be determined
directly with a photometer. Fig. 4 depicts the reaction
for beta-hydroxybutyrate, using enzyme, NAD, and

20 diaphorase. Fig. 5 depicts the reaction for glucose,
using enzyme, PQQ, and PMS.

Fig. 6 depicts the change in optical density over
time of blood samples, all having 55% hematocrit and
containing 0 and 15 mg/dL of beta-hydroxybutyrate, both

25 with and without nitrite. The NAD system was used, and
the nitrite concentration was 5 g/dL. In the absence of

nitrite, hemoglobin reduces the tetrazolium to form a

continuously increasing dye concentration, with a
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corresponding increase in optical density. Nitrite, by
removing the hemoglobin (by oxidation), limits the color
formation to that which results solely from the ketone
bodies (i.e., beta-hydroxybutyrate) in the sample.

5 Preparation of the strip that was used to generate the
data depicted in the graph is described in Example 1,
below.

Fig. 7 shows the effect of nitrite on the color-
forming reaction in the glucose/PQQ system. Blood

10 samples, all having 60% hematocrit, contained 0 or 100
mg/dL of glucose and 0 or 5 g/dL of nitrite. The
glucose-free samples were run at 35°C. The graph shows
that the present system is effective at temperatures up
to 35° C and hematocrit up to 60%. Preparation of the

15 strip that was used is described in Example 2, below.

The following examples demonstrate preferred
embodiments of the present invention. In Example 1, the
analyte is beta-hydroxybutyrate and the enzyme is beta-
hydroxybutyrate dehydrogenase. In Example 2, the

20 analyte is glucose and the enzyme is glucose
dehydrogenase. The compositions can readily be modified
for application to other analyte-enzyme combinations
listed earlier. (See, for example, Tietz Textbook of
Clinical Chemistry, 2™ Ed., ed. by C. Burtis et al., W.

25 B. Saunders Co., Philadelphia, PA, 1994, pp 976-978 and
1174-1175.) The examples are not intended to be in any

way limiting.
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5 (Meriden, CT, USA) was dipped into the reagent of Table
1, until saturated. The excess reagent was scraped off
gently with a glass rod. The resulting membrane was
hung to dry in a 56° C oven for 10 minutes. Porex (0.6 mm
thick) was soaked in the nitrite solution of Table 2 and

10 then hung to dry in a 100° C oven for ten hours.
Finally, the membrane was laminated between a polyester
stock (0.4 mm Melenex® polyester from ICI America,

Wilmington, DE) and the nitrite-impregnated Porex.
15 EXAMPLE 2

The procedure of Example 1 was repeated, except

that the first dip was the reagent of Table 3.
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Table 1. Reagent for a Katone Body Test Pad

Components Quantity

Water 100 ml
Tris (hydroxymethyl)Aminomethane (MW 121, Sigma, St. 1.2 gm
Louis, MO, USA) (Adjust pH to 8.5 by adding 6 M HC1)
Sodium Chloride (MW 56.44, Sigma, St. Louis, MO, USA) |560 mg

Magnesium Chloride (MW 203, Sigma, St. Louis, MO, 2.5 gm
USA)

PSSA, polystyrenesulfonic acid, sodium salt (MW 3 gm
70,000, Polysciences, Inc., Warrington, PA, USA)

Crotein (Croda Inc. Parsippany, NJ, USA) 3 gm
Oxamic acid, sodium salt (MW 111.03, Aldrich 250 mg
Chemicals, Milwaukee, WI, USA)

Tetronic 1307 (BASF Corporation, Mount Olive, New 2 gm

Jersey, USA)
Sucrose (MW 342.30, Aldrich Chemicals, Milwaukee, WI, {5 gm

USA)

NAD (MW 663.4, N-7004, Sigma, St. Louis, MQ, USA) 450 mg
D-3-hydroxybutyrate dehydrogenase (Origin: 50,000 U
Pseudomonas sp., HBD-301, 125U/mg, Toyobo, Japan)

Diaphorase (Origin: B. Stearothermophilus, New, 340890 U
1033U/mg, Toyobc, Japan)

WST-5 (MW 1331.37, Dojindo, Japan) 1.8 gm

Table 2. Nitrite Reagent

Components Quantity
10 mM Phosphate Buffer Saline, pH7.4, (P-3813, 70 ml
Sigma, St. Louis, MO, USA)

Ethanol 30 ml
Sodium Nitrite (MW69, Aldrich Chemicals, Milwaukee, |5 gm

WI, USA)

Polyvinylpyrrodine (MW 40,000, Sigma, St. Louis, 200 mg
MO, USA

Oxamic acid, sodium salt (Mw 111.03, Aldrich 500 mg
Chemicals, Milwaukee, WI, USA)
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Table 3. Reagent for a Glucose Test Pad

()-h

Components Quantity
Water 100 ml
Tris (hydroxymethyl)Aminomethane (MW 121, Sigma, St. 1.2 gm
Louis, MO, USA)
Adjust pH to 7.4 by adding 6 M HCl
Sodium Chloride (MW 56.44, Sigma, St. Louis, MO, USA) |560 mg
Magnesium Chloride (MW 203, Sigma, St. Louis, MO, 2.5 gm
USA)
PSSA, polystyrenesulfonic acid, sodium salt (MW 3 gm

‘ 70,000, Polysciences, Inc., Warrington, PA, USA)
Crotein (Croda Inc. Parsippany, NJ, USA) 3 gm
Oxamic acid, sodium salt (MW 111.03, Aldrich 250 mg
Chemicals, Milwaukee, WI, USA)
Tetronic 1307 (BASF Corporation, Mount Olive, New 2 gm
Jersey, USA)
Sucrose (MW 342.30, Aldrich Chemicals, Milwaukee, WI, |5 gm
USA)
PQQ (MW 330, 64682, Fluka) 100 mg
Glucose Dehydrogenase (291 U/mg, Toyobc, Japan) 29100 ©
Phenazine Methosulfate (MW 306.34) . 4 mg
WST-5 (MW 1331.37, Dojindo, Japan) 3.2 gm
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5 analyte in a hemoglobin-containing biological fluid,
comprising
a) a dehydrogenase enzyme that has specificity

for the analyte,

b) nicotinamide adenine dinucleotide (NAD), an
10 NAD derivative, pyrrolo-quinoline quinone (PQQ), or a PQQ

derivative,
c). a tetrazolium dye precursor,
d) a diaphorase enzyme or an analog therecf, and
e) a nitrite salt.
15
2. The reagent of claim 1 in which the analyte is beta-
hydroxybutyrate and the enzyme is beta-hydroxybutyrate

dehydrogenase.

20 3. The reagent of claim 1 in which the analyte is

glucose and the enzyme is glucose dehydrogenase.

4. A dry reagent strip for determining the presence and
amount of an analyte in a hemoglobin-containing
25 biological fluid comprising a support layer on which is a

test pad having a coating of the reagent of claim 1.

5. The strip of claim 4 further comprising a bibulous

top layer overlaying the test pad.
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6. A dry reagent strip for determining the presence and
amount of an analyte in a hemoglobin-containing

biological fluid comprising a support layer on which is a
test pad and a top layer overlaying the test pad in which
a first part of the reagent of claim 1 is on the test pad

and a second part of the reagent is on the support and/or

top layer.

7. The strip of claim 6 in which the top layer is

bibulous.

3. The strip of claim 6 further comprising a spacer and
channel between the top layer and test pad to provide a

capillary path between the top layer and pad.

9. The strip of claim 6 in which the analyte is beta-
hydroxybutyrate and the enzyme is beta-hydroxybutyrate

dehydrogenase.

10. The strip of claim 6 in which the analyte is glucose

and the enzyme is glucose dehydrogenase.

1l.  The strip of claim 6 in which the analyte is

glucose-6-phosphate and the enzyme is glucose-6-phosphate
dehydrogenase.

12. The strip of claim 6 in which the analyte is alcohol

and the enzyme is alcohol dehydrogenase.

13. The strip of claim 6 in which the analyte is

L-lactate and the enzyme is L-lactate dehydrogenase.
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b) on the support layer, a test pad having a
coating that comprises

i) a dehydrogenase enzyme that has
specificity for the analyte,

ii) nicotinamide adenine dinucleotide (NAD),
an NAD derivative, pyrrolo-quinoline quinone (PQQ),
or a PQQ derivative,

iii) a tetrazolium dye precursor, and

iv) a diaphorase enzyme or an analog thereof,
and
c) on the test pad, a bibulous top layer that is

coated with a nitrite salt,.



