. ;e3e_ \DRN6TDQ 77 1 9 J UL 2002 . _ VISUAL BLOOD GLUCCSE TEST STRIP
Background of the Invention 1. Field of the Invention This inventio

relates to a dry reagent strip that nmeasures bl ood gl ucose concent}gﬁpbﬁwz

-nmore particularly) a strip that nakes the gl ucose neasurenent w thout

requiring a neter. 2. Description of the Related Art Many vi sual test

devi ces have been devel oped for neasuring the concentration oymm I

anal ytes in biological fluids. These devices have, for exanpl mwmmmmum

gl ucose, cholesterol, proteins, ketones) phenylal anine, or enzynes,jl.

bl ood, urine, or saliva. Anong the devices that are in nost w despread use

today is the bl ood glucose nonitor. In the U S. alone, there | mat ed

to be nore than 14 nillion people withidiabetes. In order to QWMEMHWWM

medi cal problens, such as vision loss, circulatory problens, Ki

failure, etc., many of these people nonitor their blood gl ucose oriGogeoz+

regul ar basis and then take the steps necessary to naintain their glucose

concentration in an acceptabl e range. 1 9J UL 200Z - 2 Reagent strips,

that are used in these Yé$UBbsBbOAPaGHUIGPSE MEEtIRIi ch turns a different
shade of col or) depending on the concentration of glucose in the whole

bl ood sanpl e that has beﬁﬁ gﬁgliedatogtge %tri .. Al though sone of these
strips use reduction che L #Eﬁ%ﬁgﬁg§ i nvol ve an oxi di zabl e
dye or dye couple. Sone of the strips include an enzynme, such as gl ucose
oxi dase, which is capabl e of oxidizing glucose to gluconic acid and

hydr ogen péroxi Béeldha§ theoIRKARBiANan oxi di zabl e dye and a substance
havi ng peroxidative activity, which is capable of selectively catal yzing

~oxidation of th i i ye_i e pres e r a_p ide. U S
Pat . No. 3,298,§§8§ ?ggggggﬁgnggg§t%g,t§9§7§?g E§%9Q%gs??§3Psgﬁ§§es a
bi bul ous pmpasusesi blbbdt glucospocahesentarachgent mopeppartioalabhleh changes
col or when gl ucopse-contaipning blood is applied to its surface. In use, the
bl ood i s wRpBHT&Pf tBAk ﬁ?gﬁﬁetQth UGRBRERBYT EHCRb YhERSHFf ace, and the
col or of thegsitifRgi & merRared with a color chart having col or blocks
representing speci?ic glucose levels. U S Pat. No. 3,630,957, issued
Decenber 28) 1971 to H Rey et al.) discloses a plastic foil strip that is

coat ed mﬁtQ a rgagept ,E98RO kt.HQ'Rl §tBEOLESS of use is simlar to that
di sclosed 1h the—eari?ef—paéeﬁk——appiy—géood7 wait about a m nute, conpare

the resultant color with a color chart.

Many visual test devices have been developed for
measuring the concentration of certain analytes in
biological fluids. These devices have, for example,
measured glucose, cholesterol, proteins, ketones,
phenylalanine, or enzymes in blood, urine, or saliva.

Among the devices that are in most widespread use
today is the blood glucose monitor. In the U.S. alone,
there are estimated to be more than 14 million people
with diabetes. In order to avoid serious medical
problems, such as vision loss, circulatory problems,
kidney failure, etc., many of these people monitor their
blood glucose on a regular basis and then take the steps
necessary to maintain their glucose concentration in an

acceptable range.



,19J UL ZUR - 3 US Pat. No. 4,975,367, issued Decenber 4, 1990 to

Al barella et al., discloses a color-match strip that is designed tQ Rﬁoxffe
different hues at different anal yte concentrations, by using two 13 JULT00
" independent indicator systens. It also discloses the option of including a
color retardant to delay the catalytic effect of the independent systens,
changing the final hue produced for a particular concentration of analyte.
U.S. Pat. No. 5,200,325, issued April 6, 1993 to J.M Blatt et al.,
di scloses a "self-indicating" strip, in which color-chart conparisons are
not required. The strip indicates whether an analyte is present at a
predeterm ned concentration | evel by carrying out a subtractive reaction
prior to the indicator reaction. Thereby the strip generates a
predet erm ned response bevel only if the analyte is present at a
predeternined concentration or nore. The patents di scussed above invol ve
"wi pe-of f" stripesagent whtrhpshethatecafereseé betuvkesetdevioésr of whol e

bl ood and the col or devel ope e indicator,dye is mhnipgzed by w ping
excess bldﬁﬂng%hﬁl%nf*% $E°§t¥FbQ§uF¥EB% aAé%g¥ﬁ5$P9e35$§?o%€hes i nvol ve

appl yi ng t@@l@%°°§e? t@nOEHeSHBﬁééﬁtPétigﬁ ééréPuéage”EHSHﬁéng the
col or on the opposite sur ace. The patents di scussed bel ow are exanpl es.
U S. Pat. wbola bBGO@WPésuéhauuheS1@96119@913106@ ththeipsrep. al . )

concentr atibrien SafbPat CPAeCR 885: o8 yESELALL I8y, SR FERIEe re ot nod

i nvol ves 3m@ﬁéyc@m@bulygtneyaﬂnbeloé &hodRidL 98W1 & O0dpe f bF S@yé " sanpl e”)
surface of an inert _porous matrix that is_inpregnated with a reagent. The
sanpl e m gFetRLet oudPmet BE BRBOSFYiPs " iRSIVg ad PRAYBE, a8UEReadl ucose

| nteracts yibbobbeoksagsn! §iiehOYHCEagablanb abk08b: My  gRGLLOD Product. A
reading of reflectance fromthe testing surface Indicates the glucose
concentratt@nglﬁeénectan&é ardshyéneges peroxide. at Thep akpar at e

wavel engt hs |§ or der § in%gat inte ferenﬁ g. A t%n1n circuit is

triggered B9 ﬁl?n??lgfl &P TH FeFI BcPURRERGTsRAV BV wet ting of the

testing supépeRifytite sagplethavwngcpassedapabDagbrt be1sBtivElyU. S. Pat.

No. 5,306, 623, issued April 26, 1994 to Kiser et al., discloses a visual

bl ood gluc%ééa%ﬁé%ngs?¥i§thﬁP PRVBRG eexadbE9bhg @vel itosBecont ai ni ng whol e

bl ood sanp%geggagge ? ﬂgdgg gﬂ pé%&k? nd taking the r glucose reading on
si afte 2

t he oppo | ‘0od ce s have been separated out and the
sanpl e has reacVUefl. wPah. aNoeage298»ﬂ89helsSue@ Januasynb®i rigépotysul f one

nmenbr ane es eC| use sin a rix for the
strip. (See ﬁrs%aff %ﬁQUf?ggu %ﬁy Eﬁy Bgagand U S. Pat.
5,719, 034, 1h§6ﬂ§dr§€béuarreéaen&998mbobhEﬁoRaWhlbh chah§8s 08310t ssued

October 8, 1996 to Y.S. Yu, discloses a dye couple useful in dry reagent
strips forWH%?e%%?ﬁ@sﬁﬁﬁP?F@én1§9chlagdgFﬁcﬁggl1?@ BPolbgi €arfafai ds. The
dye coupl eIﬁOHP%' SefieMBi8ob3is Wided Eff'—oﬁ?oﬁlnuée after being

nmet hyl - 2- benzot hi azol i none hydrazone] N-sul benzenesul fonat e

nonosodi unapphbedetowthé Suaﬁatenoamdaphehabbne efil £bei statpdiammoni um
(MBTHSB- ANS). _and Egd an ingi g g v éegcéhon cascade producing a
strong oxid QPﬁﬁegggﬁ 2uER8E hyaf 6gén bggo 8 SKVant age of the
coupl e is 8ptekéntingokpbtefin glueose $ebunson but becomes insol uble

upon oxi dative coupling, therebéén1n|n12|ng fadi ng and prOV|d|ng a stable
2)

endpoi nt. Wit eVsEevBAE- alNa - SBobdP) 987 nisEuerh Degembgy- 285 139 di scuss
interferengcg ﬁhaﬁegagtb?lcauaggc@¥5@§09rBiﬁs@?bdfeﬁldéégﬂﬁsEhEBt?ét5- The
ascorbic acid caus time 1 n color devel opnent of tests based on the
use of perogatiedewaht aedengendlcampps;twbn Skbevwpvdcessabf, ugkin. Chem

29, 438-445 198 scuss,a.Vvis eage strl for_u n conj unction
with a calfﬁrgf@a§%5 BP gsaFedl?ﬁ °§F§, A gé? ﬁﬁspagﬁeh fornul ated for
a dlfferen&pﬁmptbmsoahewagtnaboﬁeneemlﬁheeteebmphggythadeébueaahae

Vi si dex' ~ reagent strip, which is visually read. O her

commer ci al F9lavawisbl @ Opéeﬁlcbﬁrﬁps i ncl ude Dextrostix reagent strips,

Chemstrip bG and SmartStrip'1'" reagent strips. Summary of the Invention
[



I n accordance with the present invention, a visual blood glucose test strip
conpri ses 1y ,l UL 200Z - 6 a) a spreading |ayer for acceptin% a EI@@F
sanple on a major surface and passing the sanple to a second maj or SIS )
- opposite; b) an internediate |ayer conprising first and second nenbranes,
substantially side-by-side, each having a top major surface adjoining the
second maj or surface of the spreading |ayer to receive a part of the bl ood
sanpl e and each containing a reagent that can react with glucose in the
sanple, as it passes through the nenbrane, to cause a color change in the
reagent, the second nenbrane further conprising an inhibitor and a dye, and
c) a support layer to support the other layers and to permt any col or
changes in the - nmenbranes to be visiBle through it. As used in this
specification and the appended cl ains) "reagent” refers to the conponents
that may be on, or in, both nenbranes, as opposed to the inhibitor and dye,

which are only k. ®at nNd.ha seopnbenyans ddeemyd 16, i1e5d.tdn the
sense that its color is substantially independent of the gl ucose

concent r atildrralila @k gdse idi ad aadfari € Ry Mt eifeeln nthat oks bet ween
the two nmeydyy . n&&g . Ve LT t £ i i s invention
are that it rl?&%?reﬁs% 0 \;\\A’t Bi%ng?i can ugzz hgjesstn%etl S%fo%%rg@p%fig&n% provi des
resul ts raprdentratichs] by 200Ag Bweefirdspeniddnonimiiddweodr awi ngs Fig. 1
is a top plan vieM/g& a.test_.strli his invention. Fig,,2 is a bottom

pl an vi ew 3 YIS -t et &S dd‘fscliiO%.egl.t FPaqry BGHBYRE for spect i ve

view of arQiyr (HRIEIRNEPIaA AHLHhSIddth Rt IdiSE et Ahe FI Q. 4 Is an
expl oded perspective view of yet "anot her enbodi nent of a test strip of this

i nvent i on inGepergiend sysd@mser ghangsng|theoSfanaal duse gzroduced for

a particular concentration of analyte.

U.S. Pat. No. 5,200,325, issued April 6, 1993 to
J.M. Blatt et al., discloses a “self-indicating” strip,
in which color-chart comparisons are not required. The
strip indicates whether an analyte is present at a
predetermined concentration level by carrying out a
subtractive reaction prior to the indicator reaction.
Thereby the strip generates a predetermined response
devel only if the analyte is present at a predetermined
concentration or more.

‘ The patents discussed above involve “wipe-off”
strips, in which the interference between the color of
whole blood and the color developed by the indicator dye
is minimized by wiping excess blood sample from the
strip surface. Alternative approaches involve applying
the blood sample to one surface of the strip and
measuring the color on the opposite surface. The
patents discussed below are examples.

U.S. Pat. No. 4,935,346, issued June 19, 1990 to
R. Phillips et al., discloses a meter, strip, and method

for determining the glucose concentration in a sample of



measured by an enbodi nent of the present invention plotted agai nst val ues
measured on a standard meter. - Detailed Description of the Inventi8nUfHlE
i nvention provides a no-w pe blood glucose strip that permts fast

- determ nation of blood glucose using a small sanple of blood and wi t hout
the need for a neter. Fig. 1 is atop plan view of the strip of the
invention in partial cutaway, and Fig. 2 is a bottom plan view As shown
there) strip 10 has three conponents: a spreading top |ayer 12, an
internediate | ayer 14 that contains a reagent, and a support 16.
Internedi ate | ayer 14 consists of two side-by-side ' nenbranes 14a and 14b
that are viewed through openings 16a and 16b, respectively, in support 16.
Menbr ane 14a 19Ji; L 2002 g comtains a reagent that reacts with

gl ucose to cause a visible change in color. Menbrane 14b contains a reagent
that also reacts with glucose to cause a col or change, but the color forned

i's differgioldasliceussask hrdawa Fram el diRd ddb Iy ape 14a. In

operation a bl ood sanple) which need be no | arger than "about 10 uL, is
appl i ed t sawleadifhhywhale [biard 0 Asfirat sEgrane lxhetswtfesd afer 12, it

spreads out, .so that sanple s, sulstantially unif.or . distributed to

menbr anes afi4alréer{at +A5° J'&%%rel’f nt}fehte W o%@%e%%e({de‘éb&é &ith the reagents
in the merdyafas as THe paagske oM £k sdipswdrd ayed dpdgideor m col ors. | f
support layer 16 is not_transparent, the colors are viewed through optional

openi ngs 16NN 6 EHHTRIDOMAT dehvi IH P2 ireadtis witdr Biart to

det er m ne m_ i ; i A |s are

sui tabl e frz)grhq%%etog%r ?agl ng i ;é;er; %?Age%kn%ﬁd,/q;éaﬁ%&glrgiﬂ%%ers, pol yrer
fibers, sintmgasting ast iwst 1ewtasrc etk omrchve viees fialy i s fared nenbr anes.
Preferred ;,oaterial s requiye mninmums | e size sorb the sanple

qui ckly, d‘ir%{lﬁ TR §He EYTEe f?%cﬁ’???manéﬁ%taﬁ%t%%t interfere
with the neagRiterditis Hr¢/ mddd Ner NBfrdsardde GRIFSRnPAsS s a practi cal

consideration, as wel|. One preferred material for the spreading layer is a
hydr ophi | iREGRH vies teekimidiate nsterierendr e f roriifeing cinauit Beprew, NY.

M ni mum Sq$|9% i i o) i i wever good
cont act ~é{&f @p%gﬂ{%% cgeﬁé!{%%g%f%%%féec}%%%yaﬁgsn d,_band t hat
is difficuy wdttimgy |afyethe steso irg nsuihizeice thywtihek | ssanpelaes iHaping

Conmer ci al | y- avai l.abl e - Tetko nmesh, 7-280/94 is anong the thicker of the
COMET Ci aIFf%j/s- i O RS MACDBE: i crometers - and does not easily

wrinkle. Tetkouyrsh mid envo I ] To @psp3 ptivsuanhpom mea) nyysapl e si ze;
however, it may not have_the capacity to absorb_a |arge bl ood sanple)

(undesi r adfigeq atviglk exdeazletem|d visude Rlpdd el ugosheestr eadi ng | ayer.
Aot b . . vae . e A
not her prylefd %aﬁgraﬁ?\%ﬂ%% Z%@lfﬁ’éfrﬂ&sl%&a@@&&ﬁ’?ﬁﬂp% ¢, suc

as pol yet hyl ene or polypropy een rendere I1ic by

pre- or pdstdodaampike iid horee bd el chHndat | Steisridctaiing Qe such nateri al

is)a poro ne treated with sodi um net hyl ol eoyl. taurate and
e

| yet h
avai | abl eugrslr"gcrc';?%/??er B9 QR R ORRPF B B 1% 0r r AL REBR%ge of this

materi al igell@thdde hoSen NsiSpatd @t 60N ardd S Pt d Aip 1 ML aritmasa fluid to
be drawn away fromthe surface, where it mght otherw se transfer to

obj ects orWwiddb R ersageht Hetkhe THer Hor e Anfasyiiee it @ Ry FBHgRS r om about
20 m t 1 , | 150
m Cr ONgl 615 410 FRAU f%ﬁﬁ%%%ﬁéﬁ%%éﬂ? uQéﬂfr@h%S%ﬁtx%get gl

m croneters, or a nean o m<croneters. IS’ about 0.5 to
0.6 nm t himdrmbofidr Sthe Stnipw deSeanall sddiitS 30Patm | DML8 s14ui t abl e. Fig.

trip shoieHAd MY s crode SEHE & i Felhtoid Bl ana 2™ 10
J; ;1 2002 February 17, 1998.)
U.S. Pat. No. 5,563,031, issued October 8, 1996 to
Y.S. Yu, discloses a dye couple useful in dry reagent
strips for detecting analytes, such as glucose, in

biocological fluids. The dye couple comprises meta [3-



.- 10 optional cover layer 18, with through hole 20 for applying sanple to
the spreading layer. Fig. 4 depicts an exploded view of another strig aff 200
this invention. In that enbodi nent, optional absorbent |ayer 22 adjoins
“spreading layer 12 for absorbing excess sanple. Wien spreading layer 12 is
of the thicker sintered polyethylene (Porex) type, absorbent |ayer 22 is
general ly not necessary. However, when the spreading |ayer is of the woven
mesh (Tetko) type, which has |ower fluid-holding capacity, absorbent |ayer
22 is preferably present. Optionally, the elements of the strip axe bonded
together with an adhesive,. and doubl e-si ded adhesive tape is a conveni ent
adhesi ve to use. The enbodi nent of Fig. 4 includes adhesive layer 24 (with
t hrough openi ngs 24a and 24b) for jeihifAg support |ayer 16 to intermedi ate
| ayer 14; adhesive layers 26 for joining internediate |ayer 14 to spreading
| ayer 12; and adhesive |layer 28 (with through opening 28a) for joining
cover Iayﬁétﬁ§1t9 BEﬁQ@@h@HszYﬁbné2h989a§Bﬁgﬁbﬁﬂkuh%ﬁﬁ&lzz Adhesi ve

| ayers 26 are shown abutting nenbranes 14a and 14b; however, the relative
pl acenent benzgoesulfenase. m¢h9§0@hémecgahlb§dawg§b Beaweénnphé menbr ane and
adhesi ve ey e rlals and
reagents h%é?Eggﬁ EI égngéegFggt%éhgpﬁpés(0P¥F%B ve PloﬁsprOV|de f ast
reacti on tisgdsasusf thdigugosatnl @ seaesioandaycald pﬂbﬁ@bﬂh@obor W th
stabl e endpoints. In, addition, the 19J ~~ 2002 - 11 _ bl ood col or
shoul d bes§68§9aﬁFF§PF§nﬁlEaéﬁterHFPhésvhgﬂFﬁ§e§lB§r°§édﬁhatAPt doesn' t
nterfereaplbReble gratua! tolp1Based Ane! hESesCobhabhad. shhaRLele! red
menbrane material is an asymmetric pol ysul fone nenbrane whose pore size
gr adual | yspdoteesesbiitobeonmesuihacdubdet hpooppaidativer tanplifgee U. S.
Pat ent 4, 629,563, i.ssued.Dec er 16, .1986, .t.o_Wasi ) This type of .
oo ane. COSEERY] BPSNEPSR, RATRER B09TPOovaRindsa  FPBLE o . San Diego, |
CA. Theseengpbiages provi ded uniform col or devel opnent and stable endpointé

with sanples of 10 uL or less in_|ess than 45 seconds. The ability of the
menbranes to hPB4tERELEVEBE 8BPoPLPVERYt R iGi- et RE -sRBe @88cRES on their
pore size(1b8p9¢ BOLEAsEOnteRidechie Phatdcan! gk WBlkedhi, Membranes with
pores smal[ér than abou um have a tengency to crack after being

coat ed mnabcpehgenac1ahenpdnegspse1de539natedTheraanoabynnatuﬁc menbrane i $
the size of th gnal pores. .Pref.er ag % A n% g e$ M ore sizes

| ess than 3883? ? 0% ﬁﬂ?elBrEPéPﬁbpﬁvg SEtr 18Tt 5685 GﬁF &%used and
gi ve accephablgebb@ogelbdiiB8senahbierbaprt eaniitatarge 30-55% Such nenbranes
i nclude Mentec nenbranes BTS 30, 45, 55, and 65. Preferably, both nmenbranes
14a and 14b ar ¥-9r ERer€spe R&t atial CLABouChen-uR9f 4BBoddSar e typical |y |
required qq83yu (Ejﬁ%@ugﬁtﬁ T\rﬁéha@a%a Qh\ft 8X£§8S £Blogdel §pabsorbed up to a
vol une determ ne e porosity ang i mensi ons of the spreadlng | ayer j
naterlal.congumct;on goeE a mallbheteéageﬂbrcsnpdelt|GhelB&@ﬂporated into |

bot h nenbranes. rea mnth I gose Ln th bl go le.to_c a E
det ect abl 8588 &§W° cﬁgaa ﬁ% S UFQBFQ ﬁpgsgﬁi%ngegFepFﬁ s&Mdi scl osed |m
t he abovetmenhogmad pahgets #h83%edhfiocandyd>ubbirlits ahe thesdepat ents are-
i ncorporated herein by reference. Cenerally, these conpositions conprise a.

conponent YREPEBSNFEFiPngWHLEGE0dE VASHPdLYgERFer oREREY such as gl ucose |
oxi dase, - 2RenARE 197140662 IABILCH  SubST HRiS! hRR LR BUdioger By oxide
produced fromthe g ucose present 1 n the sanple. The conponents for
detectingrbydeogeltpepSX|dhem&ytbepabﬁ@nonnda§m§rps¢ﬁepabkﬁab@M$eradish

per oxi dase, together with an "indicator"” that changes color in the course
of the re& 5?? &% The indicator may be an oxi di zabl e dye or a dye coupl e.
The peroxi dase catal yzes the oxidation of the indicator in the presence of
hydr ogen peroxi de. The indicator nﬁy be 3-net hyl - 2-benzot hi azol i none
hydrazone hydrochl ori de ccHR%EY \@ Whﬁf@ﬂﬂen?ﬂ%?nethylanlnoben20|c aci d
(MHTH- DMAB) or 8-anilino-1 naphthal ene sul fonic acid amoni um ( MBTH ANS) .
Alternatively, the indicator may be nmeta [ 3-nethyl - 2benzot hi azol i none

hydr azone] N—sahfanybrﬁanzenwsmhfahat@rese@$odhuem¢amhinadvWQUal

8- an|I|n05ﬁ gp hal ene sul foni ¢ _aci d ammoni um (MBTHSB- ANS). The | atter '
conbi nat i &P 8FEFFe G She firaRe CPAR*APES i ncl udes an inhibitor, to del ay
t he col or- fornlng reaction, and a dye. Menbrane 14a, with the coIor-forning
reagent conposition al one,

'
1
f




19,1 1; ~100? - 13 permts several levels in the | ow glucose range to
be distinguished; e.g., 25, 50, and 80 ng/dL. For higher gl ucose 1 y
concentration, the color is too dark to permt reliable discrininatié%JULZWZ
- among gl ucose | evels. Col or devel opnent in nenbrane 14b is inhibited, so
that, depending on the inhibitor concentration used, col or devel opnent can
start at higher glucose levels. A nunber of different inhibitors are
suitable, including 2,3,4-trihydroxybenzoic acid, propyl gallate, and
ascorbic acid (see the above-nentioned U S. Patent 5, 306,623). Ascorbic
acid is preferred, and preferably the ascorbic acid concentration is

sel ected to delay col or devel opnent until glucose |evels reach about 120
ng/ dL. Including an inert dye with theg nhibitor produces a different col or
to provide even better glucose |level discrimnation. Arong suitable inert
dyes are nordant ellow) primulin direct quine diphosphate) y yellow, prim

t hi azol e yel |l ow brj | . I 1.ne hydr ous._ By -varying
dye type and cor?(?'ent réatsjiﬁgﬂ%gdvl)aﬁﬁ o%g)%rﬁg%xg;gcgérgé%n])n%re% @vﬁolé;usraﬁ?%el,e or bl ue

can result. Auram ne da anmelyorswatfdtel %rebneasdirgg i e | sangilas afg ed,
because in conmbination with MBTHSB-ANS it gives a bright green color,
maxi mum vi sual r esol FSGRDIMREEN HAEE 1RRASL teind excel | ent coat i ng

uni formty. In apnbi naf i:Qftetrten R erdyre s GRIPOSIdd QfiRy | n menbr anes
14a and 14b permt a user to 1 ~~ ~ ~ 2002 - 14" discrimnate anong
ei ght level s of gl ucEsrawhammbraries isvhdHantb@egel rodeon-siBE) ng/ dL. To

further enhance the bl oed-hidi ng effect. and thereb rmt. measur enents
over a broader range e(?fC%sglr?pvilé'lﬁeaimtto(Pcrqu,orvaﬁqro{%c%ﬁoﬁq%%@echarged

pol ymers may be addedddvridiendieageiirfddelafitie pyneddiipyrdydd dene (PVP),
GAFQUAT*, polyacrylic acid, and polystyrene sulfonic acid. Enpirically,
"PVP is preferred. THEFGHVOW REEXxSpltde dlraktsanrle mngpraa@nt i nventi on

inits various enbodicrg;masmilﬂ.& 1 - d nt e(%r{ é?%ﬂ N way limting.
ydr ophi

Exanple 1 A reagent strip was prepared using IC asymetric
pol ysul f one nenbr ane dladaue dmpdte samplef, GL UmpadsaecBESAE). The

menbr ane was coat ed allowing the dull side (larger, pore si to contact
Sol ution 1 (ki ss-coat1 g)"fe"%&ag'tey sl (TG \ﬁasc(cf]ecﬁgﬁlfprtﬂﬁ veufblzt% t he
menbrane strip with aedq@st  the HrdiTikailsa-amas RidcHdd ed in a forced air

oven at 56C for 10 m nutes. The conpagsjtion of the coating was: SCLUTION 1
Water 25 nL Citric adFRyiEgNg af jddHiRiHE gt & Fyus apd

c) a support layer to support the other layers
and to permit any color changes in the

- membranes to be visible through it.

As used in this specification and the appended
claims, “reagent” refers to the components that may be
on, or in, both membranes, as opposed to the inhibitor
and dye, which are only on, or in, the second membrane.
The dye is inert, in the sense that its color is
substantially independent of the glucose concentration.
Its purpose is to enhance the difference in color
between the two membranes.

Among the advantages of the test strip of this
invention are that it regquires no wiping, can use a

small blood sample, and provides results rapidly.



1 ~J~~<<J02 - 15 Manitol EDTA Gantrez Crotein d ucose Oxidase

Hor seradi sh 0.071 0.25 0.021 0.1125 0.86 0.36 g g g 9 g (125 Un|ts/ggnn 2%
(501 Units/ng) peroxide Carbopol solution* 1.25 nL *(0.1375 inl

- MeCN) Citrate Buffer * 3.75 nL *(0.13 g disodiumcitrate in 5 0 nL water)
For the | ow range nenbrane (14a), a Sol ution 1-coated nenbrane was then

ki ss-coated with dye Solution 2 and dried in the sane oven as above for 5
m nutes. The dye solution 2 conposition was: SOLUTION 2 i Solvent * 38.16
mL MBTHSB 0. 1552 g ANS 0. 2142 g 20~ Maphos (solvent)1.84 g (*solvent: 50%
wat er, 30% Et OH, and 20% MeOH) For the high range nmenbrane (14b), the
mermbr ane coated with Solution 1 was then kiss-coated with dye Sol ution 3
and dried in the sane oven as above f#off 5 m nutes. The dye sol ution
conposition was: SOLUTION 3 19 ~~L 100? - 16 Solvent * 38.16 nL MBTHSB
0. 1552 g ANS 0. 2142 g 20~ Maphos (solvent)1.84 g Auramine 0 0.0316 g
Ascorbic acid 0.13 g (xsolvent: 50~ water, 30~ EtCH) and 20$%$ MeOH? The
resulting menbranes were cut into strips 0.6 cmwide and used to make the
strips depicted in Figs. Brigf Qescription of the Drawings

Fig. 1 is a top plan view of a test strip of this
invention.

Fig. 2 is a bottom plan view of the test strip of
Fig. 1.

Fig. 3 is an exploded perspective view of another
embodiment of a test strip of this invention.

Fig. 4 is an exploded perspective view of yet
another embodiment of a test strip of this invention.
Fig. 5 is a scattergram of glucose values as

measured by an embodiment of the present invention

plotted against values measured on a standard meter.

- Detailed Description of the Invention

This invention provides a no-wipe blood glucose
strip that permits fast determination of blood glucose
using a small sample of blood and without the need for a
meter. Fig. 1 is a top plan view of the strip of the
invention in partial cutaway, and Fig. 2 is a bottom
plan view. As shown there, strip 10 has three
components: a spreading top layer 12, an interme@iate
layer 14 that contains a reagent, and a support 16.
Intermediate layer 14 consists of two side-by-side
membranes l4a and 14b that are viewed through openings

16a and 16b, respectively, in support 16. Membrang l4a



. The strips were tested by visual conparison with a color chart (Table 1)

t hat was constructed of Minsell color chips and calibrated to the range of
gl ucose val ues from 0-600 ng/dL. The randomtesting of 288 spi ked VBndug(0?
bl ood sanpl es gave excellent correlation -(R2=0.965) to the determ nations
made on a standard bl ood glucose neter - Yellow Springs Instrunments (YSI)
Model 2300 STAT d ucose Anal yzer -corrected for plasma gl ucose val ues
(Figure 5). Exanple 2 The procedure of Exanple 1 was followed, except that
Solutions 1 and 2 (or 3) were coated onto the snall-pore side of the
menbrane and a coating of .a bl ood-hiding polynmer was added over the coating
of dye solution. A nunber of different polynmers were tested. 19 .~ ~

1002. - 17 Aqueous solutions of each-of the following were effective in
hi di ng the bl ood col or: Pol yvi nyl prypol i done - MN 160, 000, 2~ GAFQUAT 734
(copol yner of quaternized vinyl pyrrolidone and di net hyl am noet hyl

th | at 000- 0) ~ I foni id
oL VoL SN0, 0000000y SPALLD GELA 81, 8LYSLYT aRGagoni e
A ucosel evel sPHstd Relgkitad eyl 0l LY OLOP7/ MERT4 62 S5PB6¢ 83t 5Yh4 8501086/ 42. 5Y6/ 88

010B5/ 42.5Y6/ 81202. 5PB5/ 67. 5Y6/ 61802. 5PB4/ 85GY5/ 62405PB4/ 810GY5/ 64007. 5PB3/
105G4/ 66005EBI 0 hay s2ksQ keahls Whtle| F1UER%RE 0FC CHRBFS RHEBLPR div. OF

Kol | mor gen disddgeMemis Gk Reol eV RES0Ls MffedetL(ag~discd8sed® O aim

1. A visual blood glucose test strip, conprising a) a spreading |ayer for
accepting adloed Seemlchat choxmedj br membrare ahdlapassi ng the sanple to a

second maj or surfac osite; n.in nedi ate | ayer, conprising first
and second nenbr%%eé?egﬁggﬁgnfi%f%?gé?%mégyis?%%?ﬁeQS%ghasiﬂ a top major
surface adj Dargéeg tien sslsomel 1Hj 0L, Z0s sappBLed of ot prepsendi nepl ayer to

receive a part of_the blood sanple and each containing a reagent that can
react with HYeHst2in AnctBangrmprlesreneprates 1aystgh?t hitnErbrane, to

cause a colgﬁtpgggg@h;g é£ﬁbi§aﬂ§n§ub§@§n§§&PP9 ARTBLARE,f urther conprising
n

an inhibitor a 5 a dye, an
distributed to membranes l4a and 14b. Glucose in the

blood sample reacts with the reagents in the membranes
as it passes toward support layer 16 to form colors. If
support layer 16 is not transparent, the colors are
viewed through optional openings 16a and 16b and
compared with a calibration color chart to determine the
blood glucose concentration.

A variety of materials are suitable for the
spreading layer; for example, paper, glass fibers,
polymer fibers, sintered plastics, woven and non-woven
fabrics, and membranes. Preferred materials require
minimum sample sizes, absorb the sample quickly,
distribute it uniformly to the membranes, and do not
interfere with the reagent chemistry in the membrane.

Of course, cost is a practical consideration, as well.
One preferred material for the spreading layer is a
hydrophilic polyester woven mesh available from Tetko,
Inc., Deprew, NY. Minimum sample size and rapid

absorption suggest a thin layer. However good contact



“C) a support layer to support the other layers and to permt any col or
changes in the nenbranes to be visible through it. 20 2. The strip of claim
.1 in which the spreading | ayer conprises a hydrophilic polyester woviehj(! 2007
fabric. 3. The strip of claiml in which the spreading |ayer conprises a
sintered polyethylene. 25 4. The strip of claim1 in which each of the
menbranes of the internediate |ayer is an asymmetric pol ysul fone nenbrane.
19J1: ~2002 - 19 5. The strip of claiml in which the reagent in each
menbrane is the same. 6. The strip of claim5 in which the reagent

conpri ses 3-nethyl -2-benzot hi azol i none hydrazone hydrochl ori de conbi ned

wi th 3, 3-di met hyl ar ni nobenzoic acid (MBTH-DMAB). 7. The strip of claim5 in
whi ch the reagent conprises 3-nethyl-29benzot hi azoli none hydrazone
hydrochl ori de conbi ned with 8-anilino-1-naphthal ene sulfonic acid ammoni um
(MBTH- ANS) 8. The strip of claim5 in which the reagent conprises neta

(3-met hyl \31@1@”@1@&hhéfﬂl@iréﬂ@@elgygthﬁéﬁﬁsﬂltf\l'éﬂaf@Hé(‘; pengepesgfenate
monosodi um conmbi ned with 8-anilino-1 naphthal ene sul fonic acid amoni um

( MBTHSB- ANSf . tige mestwpsgftbuau ﬁh%tlhtvmréhklﬁ% eeaybnt further

compr i ses Gafokbl.e) POLYORE 00 FerathLEn0) 5ha) B} O LnaNBhghLAbe SOl ubl e

polynmer is p yV|ny |ch t he
i nhi bi tor chigkesestaskerbommarcilallyidiaitable-m@hed?2- Ibe strip of claim

1 which th A h 13. _Th f claiml
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offers rapid absorption and low minimum sample size;
however, it may not have the capacity to absorb a large
blood sample, (undesirably) leaving excess sample on the
surface of the spreading laver.

Another preferred spreading layer material is heat
sintered plastic, such as polyethylene or polypropylene,
that has been rendered hydrophilic by pre- or post-
treatment with a blood compatible surfactant. One such
material is a porous polyethylene treated with sodium
methyl oleoyl taurate and available ffom the Porex Corp.
of Fairburn, Georgia. An advantage of this material is
that it has unusually strong absorption, which causes
fluid to be drawn away from the surface, where it might
otherwise transfer to objects or people it contacts.

The pores of this material range from about 20
micrometers to about 350 micrometers, preferably 50 to
about 150 micrometers, or a mean of about 100
micrometers. Mesh that is about 0.5 to 0.6 mm thick,
about 5 to 6 mm wide, and about 30 mm long is suitable.

Fig. 3 depicts an exploded view of a strip that
permits larger sample size. The strip shown has, in

addition to the elements shown in Figs. 1 and 2,



support |ayer permt any color changes in the nenbrane to be visible
through it. 19. The strip of claim1 further conprising a cover |ayer over
the spreading layer, with a through hole for applying sanple to theyg UM
spreading | ayer. 15. The strip of claim1l further conprising an absor%

| ayer adjoining the spreading |ayer for absorbing excess sanple. .A

CAal ACA&(. A, A&U. AL A; L AAr. AL. Aar . A& ASr. Al . Aa. A&r. A; . Au. A . AF97SVm' Al 1 J
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{ DivBa) P 930 9BES 2050 19Fr P BB LTBFEr 105K°D) TBvithesa () - 109 ()-
109%5& () - intermeddBEe layer 14; adhesive layers 26 for joining
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adhesive layer 28 (with through opening 28a) for joining

cover layer 18 to spreading layer 12 and absorbent layer
22. Adhesive layers 26 are shown abutting membranes l1l4a
and 14b; however, the relative placement is not
critical. Thus there can be a gap between the membrane
and adhesive layer or they can overlap slightly.
Membrane materials and reagents most suitable for
use in the strips of this invention provide fast
reaction times, use minimum sample sizes, and yield

uniform color, with stable endpoints. In addition, the
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blood color should be substantially hidden from the
viewing side, so that it doesn’t interfere with the
evaluation. Based on these criteria, the preferred
membrane material is an asymmetric polysulfone membrane
whose pore size gradually increases from one surface to
the opposite surface. (See U.S. Patent 4,629,563,
issued December 16, 1986, to Wrasidlo.) This type of
membrane is available from the Memtec Div. of U.S.
Filter Co., San Diego, CA. These membranes provided
uniform color development and stable endpoints with
samples of 10 pL or less in less than 45 seconds. The
ability of the membranes to hide the blood color from
the viewing side depends on their pore size. Large
pores don‘t hide the blood color well, but membranes
with pores smaller than about 0.10 um have a tendency to
crack after being coated with reagent. The pore size
designated for an asymmetric membrane is the size of the
smaller pores. Preferably, membranes with pore sizes
less than about 1.0 ym, more preferably about 0.15 to
0.35 um are used and give acceptable blood hiding in the
hematocrit range 30-55%. Such membranes include Memtec
membranes BTS 30, 45, 55, and 65. Preferably, both
membranes l1l4a and 14b are of the same material. About
10 pL. of blood are typically required to saturate both
test pads, but excess blood is absorbed up to a volume
determined by the porosity and dimensions of the

spreading layer material.
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membranes reacts with glucose in the blood sample to
cause a detectable color change. Among suitable
compositions are those disclosed in the above-mentioned
patents 4,935,346 and 5,563,031, and those patents are
incorporated herein by reference. Generally, these
compositions comprise a component for converting glucose
to hydrogen peroxide, such as glucose oxidase, and one
or more components for detecting the hydrogen peroxide
produced from the glucose present in the sample. The
components for detecting hydrogen peroxide may be a
peroxidase, preferably horseradish peroxidase, together
with an “indicator” that changes color in the course of
the reaction. The indicator may be an oxidizable dye or
a dye couple. The peroxidase catalyzes the oxidation of
the indicator in the presence of hydrogen peroxide. The
indicator may be 3-methyl-2-benzothiazolinone hydrazone
/ hydrochloride combined with either 3,3-
dimethylaminobenzoic acid (MBTH-DMAB) or 8-anilino-1-
naphthalene sulfonic acid ammonium (MBTH-ANS).
Alternatively, the indicator may be meta [3-methyl-2-
benzothiazolinone hydrazone] N-sulfonyl benzenesulfonate
monosodium combined with 8-anilino-l-naphthalene
sulfonic acid ammonium (MBTHSB-ANS). The latter
combination is preferred.
Membrane 14b also includes an inhibitor, to delay
the color-forming reaction, and a dye. Membrane l4a,

with the color-forming reagent composition alone,
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permits several levels in the low-glucose range to be
distinguished; e.g., 25, 50, and 80 mg/dL. For higher
glucose concentration, the color is too dark to permit
reliable discrimination among glucose levels. Color
development in membrane 14b is inhibited, so that,
depending on the inhibitor concentration used, color
development can start at higher glucose levels. A
number of different inhibitors are suitable, including
2,3,4-trihydroxybenzoic acid, propyl gallate, and
ascorbic acid (see the above-mentioned U.S. Patent
5,306,623). Ascorbic acid is preferred, and preferably
the ascorbic acid concentration is selected to delay
color development until glucose levels reach about 120
mg/dL.

Including an inert dye with the inhibitor produces
a different color to provide even better glucose level
discriminationi Among suitable inert dyes are mordant
vellow, primulin direct yellow, primaquine diphosphate,
thiazole yellow G, brilliant yellow, and auramine O-
anhydrous. By varying dye type and concentration,
various hues of green, yellow, purple, or blue can
result. Auramine O-anhydrous at 0.1% concentration is
preferred, because in combination with MBTHSB-ANS it
gives a bright green color, maximum visual resolution
between glucose levels, and excellent coating
uniformity. In combination, the preferred reagent

compositions in membranes l4a and 14b permit a user to
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discriminate among eight levels of glucose concentration
in the range from 25 to 600 mg/dL.

To further enhance the blood-hiding effect, and
thereby permit measurements over a broader range of
sample hematocrit, various water-soluble charged
polymers may be added to the reagent, including
polyvinylpyrrolidone (PVP), GAFQUAT*, polyacrylic acid,
and polystyrene sulfonic acid. Empirically, PVP is
preferred.

The following examples demonstrate the present
invention in its various embodiments, but are not

intended to be in any way limiting.

Example 1

. A reagent strip was prepared using hydrophilic

asymmetric polysulfone membrane having a pore size- of

! 0.2 um (Memtec BTS-55). The membrane was coated by
allowing the dull side (larger pore size) to contact
Solution 1 (kiss-coating). Excess solution was removed
by wiping the membrane strip with a glass rod. The
membrane was air dried in a forced air oven at 56°C for
10 minutes.

The composition of the coating was:

SOLUTION 1
Water 25 mL
Citric acid 0.282 g

Trisodium citrate 0.348 g
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Manitol 0.25 g
EDTA 0.021 g
Gantrez 0.1125 g
Crotein 0.36 g
Glucose Oxidase 0.36 g (125 Units/mg)
Horseradish 0.071 g (501 Units/mg)
peroxide
Carbopol solution* 1.25 mL
*(0.1375 g in 1.25 mL of MeCN)
Citrate Buffer * 3.75 mL

For the low range membrane (l4a), a Solution l-coated
membrane was then kiss-coated with dye Solution 2 and
dried in the same oven as above for 5 minutes.

The dye solution 2 composition was:

SOLUTION 2

Solvent * 38.16 mL
MBTHSB 0.1552 g
ANS 0.2142 fof
20% Maphos (solvent)l1l.84 g

(*solvent: 50% water, 30% EtOH, and 20% MeOH)

For the high range membrane (14b), the membrane coated

with Solution 1 was then kiss-coated with dye Solution 3

and dried in the same oven as above for 5 minutes.

The dye solution composition was:

SOLUTION 3
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Solvent * 38.16 mL
MBTHSB 0.1552 g
ANS 0.2142 g
20% Maphos (solvent)l1.84 g
Auramine O 0.0316 a
Ascorbic acid 0.13 a

(*solvent: 50% water, 30% EtOH, and 20% MeOH)

The resulting membranes were cut into strips 0.6 cm wide
and used to make the strips depicted in Figs. 1 and 2.
The strips were tested by visual comparison with a

color chart (Table 1) that was constructed of Munsell
color chips and calibrated to the range of glucose
values from 0-600 mg/dL. The random testing of 288
spiked venous blood samples gave excellent correlation
(R%=0.965) to the determinations made on a standard blood
glucose meter - Yellow Springs Instruments (YSI) Model

‘ 2300 STAT Glucoée Analyzer -corrected for plasma glucose

values (Figure 5).
Example 2

The procedure of Example 1 was followed, except
that Solutions 1 and 2 (or 3) were coated onto the
small-pore side of the membrane and a coating of a
blood-hiding polymer was added over the coating of dye

solution. A number of different polymers were tested.
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Aqueous solutions of each of the following were
effective in hiding the blood color:

Polyvinylprypolidone - MW 160,000, 2%

GAFQUAT 734 (copolymer of quaternized
vinylpyrrolidone and dimethylaminocethyl methacrylate) -
MW 60,000-100,000, 7%

Sodium salt of polystyrene sulfonic acid - MW
70,000, 7%

Table 1 Munsell Notation* for Color Chart

Glucose
levels Pad #1 Pad #2
(mg/dL)
0 10 p 7/2 10 YR 7/6
25 5 PB 6/2 2.5 Y 6/8
50 10 B 6/4 2.5%Y 6/8
80 10 B5/4 2.5%Y 6/8
120 2.5 PB 5/6 7.5 Y 6/6
180 2.5 PB 4/8 5 GY 5/6
240 5 PB 4/8 10 GY 5/6
400 7.5 PB3/10 5 G 4/6
600 5 PB 3/8 10 G . 3/4

* see The Munsell Book of Color, Macbeth div. Of

Kollmorgen Instruments Corp., New Windsor, NY
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We Claim

1. A visual blood glucocse test strip, comprising
a) a spreading layer for accepting a blood sample
5 on a major surface and passing the sample to a second
major surface, opposite;

b) an intermediate layer comprising first and
second membranes, substantially side-by-side, each
having a top major surface adjoining the second major

10 surface of the spreading layer to receive a part of the
blood sample and each containing a reagent that can
react with glucose in the sample, as it passes through
the membrane, to cause a color change in the reagent,
the second membrane further comprising an inhibitor and

15 a dye, and

c) a support layer to support the other layers
and to permit any color changes in the membranes to be

! visible through it.

20 2. The strip of claim 1 in which the spreading layer

comprises a hydrophilic polyester woven fabric.

3. The strip of claim 1 in which the spreading layer
comprises a sintered polyethylene.

25
4. The strip of claim 1 in which each of the membranes
of the intermediate layer is an asymmetric polysulfone

membrane.
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5. The strip of claim 1 in which the reagent in each
membrane is the same.

6. The strip of claim 5 in which the reagent comprises

3-methyl-2-benzothiazolinone hydrazone hydrochloride

combined with 3, 3-dimethylaminobenzoic acid (MBTH-DMAB) .

7. The strip of claim 5 in which the reagent
comprises 3-methyl-2-benzothiazolinone hydrazone
hydrochloride combined with 8-anilino-l-naphthalene

sulfonic acid ammonium {(MBTH-ANS)

8. The strip of claim 5 in which the reagent comprises
meta [3-methyl-2-benzothiazolinone hydrazone] N-sulfonyl
benzenesulfonate monosodium combined with 8-anilino-1-

naphthalene sulfonic acid ammonium (MBTHSB-ANS).

9. The strip of claim 5 in which the reagent further

comprises a soluble polymer.

10. The strip of claim 9 in which the soluble polymer
is polyvinylpyrrolidone.

11. The strip of claim 1 in which the inhibitor

comprises ascorbic acid.
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support layer permit any color changes in the membrane

to be visible through it.

14. The strip of claim 1 further comprising a cover
layer over the spreading layer, with a through hole for

applying sample to the spreading layer.

15. The strip of claim 1 further comprising an
absorbent layer adjoining the spreading layer for

absorbing excess sample.



