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5 1. FKield of the Invention

~ This invention relates to a dry test strip for measuring the concentration of
an analyte in a biological fluid; more particularly, a test strip that
colorimetrically measures the concentration of glucose in whole blood.
2. Description of the Related Art -

Many visual test devices have been developed for measuring the

concentration of certain analytes in biclogical fluids. These devices have, for
15 example, measured glucose, cholesterol, protems ketones, phenylalanine, or
enzymes in blood, urine, or saliva.

Dry phase reagent strips incorporating enzyme-based compositions are
used extensively in hospitals, clinical laboratories, physician's offices, and
homes to test samples of biological fluids for glucose concentration. In fact,

20 = reagent strips have become an everyday necessity for many of the nation's
several million diabetics. Since diabetes can cause dangerous anomalies in
blood chemistry, it can contribute to vision loss, kidney failure, and other
serious medical consequences. To minimize the risk of these consequences,
current teaching counsels persons with diabetes to measure their blood glucose

25 level from two to seven times a day, depending on the nature and severity of
their individual cases. Based on the observed pattern in the measured glucose
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This invention relates to a dry test strip for nmeasuring the concentration
of an analyte in a biological fluid; nore particularly, a test strip that
colorinmetrically nmeasures the concentration of glucose in whole blood. 2.
Description of the Related Art Many vi sual test devices have been
devel oped for measuring the concentration of certain analytes in biological
fluids. These devices have, for exanple, neasured glucose, chol esterol,
proteins, ketones, phenylal anine, or enzyneszin bl ood, urine, or saliva.
Dry phase reagent strips incorporating enzyne-based conpositioné are used

oAt o0S] vl 1 TSR i A Sl G ek Ao G5t
hones to test e ul or ucose concentratlon n -

fact, - and insulin intake to better manage the disease. Clearly, this information

' shoukibeavaﬂdubtofhepaﬁen&hnnmxﬁahﬂy;ﬁuoughtheuSeofasﬁnpkykr
use meter and strip system that is rapid, inexpensive, and accurate.

5 Reagent strips are known that contain an indicator which turns a different
shade of color, depending on the concentration of glucose in a biological fluid
that has been applied to the strip. Although some of these strips use reduction
chemistries, more commonly they involve an oxidizable dye or dye couple.
Eknnecﬁfheshipshuﬂudeanemhynu»swduasghxxsecnddwubvdﬁchis

10 capable of oxidizing glucose to gluconic acid and hydrogen peroxide. They
also contain an oxidizable dye and a substance having peroxidative activity,
vﬂuﬁhjscqpﬂﬂbcfsekmhwdwcmhﬂynmgc»mdahnnofﬁun»udnnﬂﬂedyexnﬂhe
presence of hydrogen peroxide.

US. Pat. No. 4,935,346, issued June 19, 1990 to R. Phillips et al., discloses a

15 nmﬂenshﬂxandnmﬂhodfhrdehmuﬂdmgtheghxnaeaxuxnhaﬁanﬁuasanqﬂe
of whole blood (see also US.P. 5,304,468). The method involves simply
applying a sample of whole blood to a first (“sample”) surface of an inert
porous matrix that is impregnated with a reagent. The sample migrates toward
the opposite, “testing” surface, as the glucose interacts with the reagent to

20 produce a light-absorbing reaction product. A reading of reflectance from the
testing surface indicates the glucose concentration. Reflectance measurements
auexnadeathﬂosqpanuevwnnﬂengﬂmlnxnﬂbrtoehnunahauﬂmdbnuums A
hnungcurunnshngganxibyaannuﬂ¢hx:easeunne&aﬂanoecausadby' _
wetting of the testing surface by the sample having passed through the matrix. -

25 US. Pat. No. 5,306,623, issued April 26, 1994 to Kiser et al., discloses a
visual blood glucose test strip that involves applying a glucose-containing
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reagent strips have becone an everyday necessity for many of the nation's
several mllion diabetics. Since diabetes can cause dangerous anomalies in
bl ood chem stry, it can contribute to vision |oss, kidney failure, and

ot her serious nedical consequences. To mnimze the risk of these
consequences, current teaching counsels persons with diabetes to neasure .
their blood glucose level fromtwo to seven tines a-.day, depending on the
nature and severity of their individual cases3 Based on the observed
pattern in the measured gl ucose

mﬂuﬂebmxxisanqﬂeﬂaonesuheofﬂheshnpanuihﬂungﬂheghxxse:eadnu;an.
lhecuqxsnesukgaﬂnrredlﬂoodceﬂshawebemnsqxnahxioutandthesanqﬂe_
 has reacted with a reagent in the strip. An anisotropic polysulfone membrane
was found especially useful as a single layer matrix for the strip.
5 U.S. Pat. No. 5,453,360, issued September 26, 1995 to Y. S. Yu, discloses a
| dye couple useful in dry reagent strips for detecting analytes, such as glucose,
in biological fluids. The dye couple comprises 3-methyl-2-benzothiazolinone
hydnumneandSﬂuuhmoiquqﬂﬂhaknmsuﬁdmﬂnandJsusedasan4nduakn1n
anﬁmhnncmumdepnthmngashmngomuhmmgagantsudhashydnmpn
10 peroxide. An advantage of the couple is that it is soluble in aqueous solution,
butbeuxnesumnhﬂﬂeupnnx»adauvecouphng;ﬂuuebyxnnunmnngﬁmhng
and providing a stable endpoint.
ltnuﬂerﬂunkwscunmunh:vndeqnnaduweﬁursﬂﬁmmxuﬂnmmgofbhxxi
glucose is the One Touch® II meter, which uses a strip that is described in U.S.
15 . Pat. Nos. 4,935,346 and 5,304,468, discussed above. Thenmﬂerandsuﬁ?pennﬂ -
a user to measure glucose concentration in a whole blood sample quickly, |
easily, and accurately. The sample is applied to one surface of the strip and the
measurement made on the opposite surface. A portion of the whole blood
sample penetrates from the sample surface to the testing surface, and the blood.
20 color can be observed from the testing surface.

s E'I I Io. '
The present invention provides a reagent test strip for use in an apparatus
for determining a concentration of glucose in a sample of whole blood. The
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2 :levels, the patient and physician together make adjustnments in diet,
exercise and insulin intake to better manage the disease. Cearly, this
informati on should be available to the patient inmediately, through the
use of a sinple-to- wuse neter and strip systemthat is rapid, inexpensive,
and accurate. - Reagent strips are known that contain an indicator
which turns a different shade of col or, depending on the concentration of
glucose in a biological fluid that has been agplied to the strip. Al though
sonme of these strips use reduction chem stries, nore comonly they involve

o0 0 0 20, el L o s Sbicng R oFGRPRY ™ oL

and hydrogen perwa messmwmxmmmmmmtm ance
havi ng peroxidative activity, which is capable of selectlvel .catal yzing,
oxi dation of thepestion ofpmatrix d:sppsequarm fridgeomprises

2 motor, sirip, and (e rsETngs gofpﬁsecgf‘eﬂsébe%?@sh i S"hse

sanpl e 5  passing aporhonoflttowardateshngsurfaceopposxtethereto
(b) a structure that selectively retards the passage of red blood cells
through the matrix and minimizes the lysing of the cells in the matrix, whereby
any portion of the sample that is visible from the testing surface does not
~ absorb light to any appreciable extent at about 700 nm, and

10 (c) a reagent for indicating the glucose concentration by creating at the

| testing surface a change in reflectance at about 700 nm that is substantially
equivalent to that produced by the absorbance of hemoglobin in blood and a
change in reflectance at about 635 nm that is indicative of the glucose
concentration.

15 In the present specification and the appended claims, reference to the fact
ﬂuu“%anqﬂeﬂxuisvﬁﬂﬂeﬁunnthehﬁﬁngsudhuadoesnotdbsnblﬁﬂuhoany
appreciable extent at about 700 nm” means 700 nm absorbance by the sample,
as seen through the testing surface, is less than about 20% of the 700 nm
absnbanbecauﬂxlbythexeacﬁoncfthesanqdeuﬁﬂlﬂnanqunu.

20 Another embodiment of the present invention also provides a reagent test
strip for use in an apparatus for determining a concentration of glucose in a
sample of whole blood. The apparatus comprises optical means for detecting
intensity of light at wavelengths of about 635 nm and about 700 nm reflected
funnathmuualxuhancfa1nahnxdnqxsedrumruneendxftheshqxvﬂuch

25 matrix comprises
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of :whol e bl ood (see al so US. P. 5,304,468)5 The met hod invol ves sinply

appl ying a sanpl

e of whole blood to a first ("sanple"”) surface of an inert

porous matrix .that is inpregnated with a reagent. The sanple mgrates
toward the opposite, "testing" surface, as the glucose interacts with the
reagent to produce a |light-absorbing reaction product. A reading of
reflectance fromthe testing surface indicates the glucose concentration.
Ref | ect ance nmeasurenents are made at two separgt e wavel engths in order to
elimnate intererences. Atimng circuit is-triggered by an initial

decrease in refl

sanpl e havi ng pagg;gwﬁar%%sﬁﬁ&ﬁg&%ﬁ%@%Okr%@wﬂ"bﬁwgf@éédgwgm .

i ssued April 26,
strip that invo
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LFS-52

@ portion oftit wardl & tdsting sudface dpposite destett), the testingst

ves appl'ying a gl ucose-contal ni ng - :
surface ﬁavmg a reﬂ%ctance at about 700 nm that, when the testing surface
becomes wet, undergoes a change that is substantially equivalent to that
produced by the absorbance of hemoglobin in blood,

(b)ashnnﬁumethatsekxihnﬂyreﬁudsthe]xumageofredtﬂobdczﬂs
through the matrix and minimizes the lysing of the cells in the matrix, whereby
any portion of the sample that is visible from the testing surface does not
absorb light to any appreciable extent at about 700 nm, and

(c) a reagent for indicating the glucose concentration by creating at the
testing surface a change in reflectance at about 635 nm.

The invention provides a reagent test strip that is suitable for use in a One
Touch® whole blood glucose meter. Since the structure of the strip selectively
retards the passage of red blood cells through the matrix and minimizes their

lysing, the glucose determination is relatively independent of the hematocrit of

the whole blood sample.
Brief Description of the Drawis

Fig. 11is a perspective view of an embodiment of a test strip of this

invention. |
Detailed Description of the faventi

This invention provides a rapid and simple method, employing a reliable
and easy to operate apparatus, for the determination of glucose in whole blood.
The method involves applying to one surface (the “sample” surface) of an inert
porous matrix a small sample of whole blood, sufficient to saturate the matrix.
The matrix is typically present in a reflectance-measuring apparatus when
blood is applied. At least a portion of the liquid sample penetrates the matrix,
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3.whol e bl'ood sanple to one side of the strip and taking the gl ucose
readi ng on the opposite side, after red blood cells have been separated out
and the sanple has reacted with a reagent in the strip. An ani sotropic

pol ysul f one nmenbrane was found especially useful as a single |layer matrix
for the strip. US. Pat. No. 5,453,360, issued Septenber 26, 1995 to Y.
S. Yu, discloses a dye couple useful in dry reagent. strips for detecting
-anal ytes, such as glucose, in biological fluigds. The dye coupl e conprises
3-met hyl - 2- benzot hi azol i none hydrazone and 8-ani | i no- 1- napht hal enesul f onat e

and i s used as an qdlcator reaction, cascad r oduci, Ir

oxi di zi ng agent‘e§ﬁ gh“ﬂﬂ? Fﬁkﬁgﬁﬁeggﬂﬁh BgcﬁﬁéuﬁgﬂgPﬂhF%
that it is solu @@h Wﬂw

oxi dative coupling élpﬂ%(r“ﬁy msélielh!@zl ng i‘a I ng ré o the matrix

to form a product that changes the reflectance of the matrix. A reading is then
taken at one or more times after the initial change in reflectance to relate the

5 further change in reflectance at the testing surface or in the matrix to the
concentration of glucose in the sample.

 FIG. 1 shows one embodiment of the present invention. A thin

hydrophilic matrix reagent pad 11 is positioned at one end of a plastic holder
12 by means of an adhesive 13, which directly and firmly attaches the reagent

10 pad to the holder. The holder, which is optional, provides physical form and
rigidity to the strip. A hole 14 s present in the plastic holder 12 in the area to
vﬂﬁdhnmmpntpad11isaumduxlsoﬂmusanqweduubeappﬂaiﬂuoughluﬂe
14toihesanqﬂesumaofﬂuuumgpnmpadjuuihghtndhumaiﬁunnﬂheoﬂun
testing side.

15 A whole blood sample to be tested is applied to pad 11. Generally, the
reagent pad surface area is about 10 mm? to 100 mm?’, especially 10 mm? to 50
mm’ mdmdmnonmaﬂy;mmwdesavchnneﬂnﬂf#ﬂ)uLcﬁsanqﬂevnﬂnmmathan
saturate.

Additional details regarding the structure of the strip appear in the

20  above-referenced U.S. Pats. Nos. 4,935,346, (346) and 5,304,468 ("468),
incorporated herein by reference.

The analysis method of this invention relies on a change in absorbance, as
measured by diffuse reflectance, which is dependent upon the glucose
6amuuunnhmnpn5en¢ﬁnasanqﬂp!x&ngtaﬂed.11ﬁschangenuurbe

25  determined by measuring the reflectance change over one or more time
intervals. '
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and providing a stable endpoint. A nmeter that has cone into w despread
use for self-nonitoring of blood glucose is the One Touch{err] Il neter,

whi ch uses a strip that is described in US. Pat. Nos. 4,935, 346 and

5:304, 468, di scussed abpove. The neter and strip permt a user to neasure

gl ucose concentration in a whol e bl ood sanple quickly, easily, and
accurately. The sanple is applied to one surface of- the strip and the
measur enent made.on the opposite surface. A pprtion of the whol e bl ood
sanpl e penetrates fromthe sanple surface to the testing surface, -and the

gtg’rc;g'rycgl‘ O'[ hgarnegﬁ%ﬁgﬁ&’f%g&%?@ﬁ%g | on pI’OVI d%‘s'maenr eagentd'i'?%st
strip for use i Maﬁh&seéoéoléﬁﬁéﬂsﬁymyﬁfr&mé;pﬁérmpﬁh@ﬁmn
a sanpl e of whol bIood The
sample. Then, a glucose-containing blood sample - obtained by a finger stick,
for example - is applied to the matrix of the test strip. Preferably, the amount
5 exceeds that needed to saturate the matrix in the area where reflectance will be
~ measured (i.e., about 5-10 4L). After the sample is applied, timing of the
measurement is initiated automatically when fluid penetrates the matrix, and
the apparatus detects the resulting change in reflectance of the testing surface.
The change in reflectance over a predetermined time, as a result of formation of
10 reaction product, is then related to the glucose concentration in the sample.
Reflectance refers in this specification and in the appended claims both to the
visible wavelength range and to infrared and ultraviolet radiation.
A suitable instrument, such as a diffuse reflectance photometer with
_ appropriaté software, can be made to automatically read reflectance at one or
'15 more time intervals, calculate the reflectance change, and, using calibration
| factors, output the glucose concentration in the blood sample. Details of such
an instrument, including the methodology used by the instrument to convert
reflectance measurements into blood glucose concentrations, are provided in
‘346 and ‘468. In particular, commercially available One Touch® meters are
20 suitable for use in combination with the reagent strip of the present invention
u:ﬁunmumeghmxmecnncenuaﬁonshnuduﬁebhxmisanqﬂes.ITuﬁerneunsread
reflectance of the strip testing surface at about 635 nm and about 700 nm.
The matrix of the present invention is preferably a membrane that
eﬂbcﬁvebzﬂqxuaﬁsiheredtﬂoodcﬁnsandlunnogkﬂﬁnfunnjnmduﬂebkxxi
25 sample to leave the glucose-containing plasma. The separation takes place as
the sample moves through the membrane from the sample surface to the testing

LFS-52

R

-

heet Has Been Reraced

N



4:apparatus conprises optical means for detecting intensity of light at
wavel engt hs of about 635 nn and about 700 nmreflected fromat |east a
portion of a matrix di sposed near one end of the strip, which nmatrix

conpri ses (a) a sanple receiving surface for receiving the whole
bl ood sanple and passing a portion of it toward a testing surface opposite
t hereto, (b) a structure that selectively retsards the passage of red

bl ood cells through the matrix and mnim zes g he lysing of the cells in the
matrix, whereby any portion of the sanple that is visible fromthe testing

surface does NOLyrface. A membrane to accomplish that separation may have pores that trap

the red blood cells, generally pore sizes in the range from about 0.1 um to
about 5 um. Preferably, the membrane is anisotropic, with a range of pore
sizes; more preferably, a broad range of pore sizes. When the matrix comprises

5 an anisotropic membrane, the sample side is preferably the large-pore side.
For example, a gradient of pore sizes from about 0.1 zm to about 150 zm may
extend through the membrane. On the large-pore side, pore size is preferably
in the range from about 30 um to about 40 um. On the side of the membrane
where the pores are smallest (i.e., the testing surface), the void volume is

10  relatively small, and the material of the membrane is generally quite dense,
within a layer that can typically constitute up to 20% of the membrane’s
thickness. Within this layer, pore size is preferably in the range from about 0.1
to about 0.8 um, with a nominal pore size preferably about 0.3 um.

_ When the whole blood sample is applied to the sample side, the sample

15 encounters increasinglysmallerporeéasitpenetraﬁsthemembrane.
Eventually, solids such as red blood cells reach a position in the membrane,
ggmma&ynmu%heﬁnndhsuﬂhmavﬂuﬁe&wwcmnpamuﬂmenoﬁnﬂun.The
membrane not only traps red blood cells near the sample surface, but also
minimizes lysing of the cells, so that any portion of the sample that is visible

20 ﬁmnntheﬂSﬁngsudhuedoesnotdhmnblﬁﬂuhoanYappnumﬂﬂeexhruatabout
700 nm. The balance of the sample, still containing the dissolved glucose,
penetrates through to the testing side. As it passes through the membrane,
-ghnxﬁeinjhesanqﬂeremds‘vkhthereagenbchuﬁmgenﬁghrabsntmu;dyeto
be formed near the testing side, thereby substantially affecting reflectance from

25 the testing surface. The anisotropic nature of the membrane and /or use of a
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absorb light to any appreciable extent at about 700 nm and (c) a
reagent for indicating the glucose concentration by creating at the testing
surface a change in reflectance at about 700 nmthat is substantially

equi valent to that produced by the absorbance of henoglobin in blood and a
change in refl ectance at about 635 nmthat is indicative of the glucose
concentration. In the present specification and the appended cl ai ns,
reference to the fact that "sanple that is vigible fromthe testing surface
does not absorb light to any appreC|abIe extent at.about 700 nnt means 700

tnhmaﬁbzg(rjgﬁmgg%b t he .sg% Zﬁen thr@ugh éhe te% Eg Srrfacarﬂé‘ﬁéh%%s

sanple with the vhid éE?H, Of TRe BOIEEELR t‘ﬁﬁﬁiéh n |
al so provides a rea%nt test strl ‘D Tor usgél aﬁeépparat us for.de mbﬁl ng
a concentration of Jhematrixis ahpdrop! IﬁhopoMuSmeirlbmdetb’lvduehwea may be

conprises opti cal s for detecti g I nt nS|ty of _1ight wav en t hs of
about 635 nm anm% Y 25 ROthee ?ﬂﬁwﬁgﬂ aatrix

di sposed naar oRgyeRts fedilifh tHrblgh IM%W&WW& protein compositions
to the matrix without significantly adversely affecting the biological activity of
the protein, e.g. enzymatic activity of an enzyme. To the extent that proteins
are to be covalently bound, the matrix will have active sites for covalent
bonding or may be activated by means known to the art. The composition of

10 the matrix is reflective, and it has sufficient thickness to permit the formation of
a light absorbing dye in the void volume or.on the surface to substantially

 affect the reflectance from the matrix. The matrix may be of a uniform |

composition or a coating on a substrate providing the necessary structure and
physical properties, such as hydrophilicity.

15 Polysulfones and polyamides (nylons) are exampies of suitable matrix
materials. Other polymers having comparable properties may also be used.-
The polymers may be modified to introduce other functional groups which
provide for charged structures, so that the surfaces of the matrix may be

neutral, positive, or negative.
20 A preferred method of preparing the porous material that forms the

matrix is to cast the polymer without a supporting core. Such a matrix is, for
example, the anisotropic polysulfone membrane available from Memtec, Inc.,
Timonium, MD. The terms “matrix” and “membrane” are used o
interchangeably herein. Each term is understood to not be limited to a single
25 layer and can include, for example, an absorbent layer. A matrix of less than -
about 500 zm thickness is usually employed, with about 115 to 155 um being
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(a) a-sarple receiving surface for receiving the whol e bl ood sanpl e and
passing a portion of it toward a testing surface opposite thereto, the
testing surface having a reflectance at about 700 nmthat, when the testing
surface becones wet, undergoes a change that is substantially equivalent to

t hat

10

15
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10
preferred. A thickness of about 130 to 140 um is most preferred, particularly
when the matrix is nylon or anisotropic polysulfone. The matrix generally does
not deform on wetting, thus retaining its original conformation and size, and
has sufficient wet strength to allow for routine manufacture.

The membrane has impregnated into its pores a testing reagent that is
capable of reacting with glucose to produce a light-absorbing reaction product. -
The membrane may be treated with reagent by dipping it into a mixture of the
eanqxnmnh»ﬂmuebysahuaﬁngthenumdmane.Exuﬁsnmuyxu:naybe
removed by mechanical means such as, for example, an air knife, doctor blade,

or glass rod. The membrane is then dried. Reagent tends to concentrate near

the small-pore (testing) side of the membrane. Other methods that are suitable
ﬁorapphﬁngreaggnwto1hexnenﬂnane1wﬂﬂoccurﬂﬁuﬁh{ﬂ)a;xnsontuuﬁng
ordinary skill in the art. |

The testing reagent comprises a component for converting glucose to
hydrogen peroxide and a component for detecting hydrogen peroxide. The
reagent may optionally further comprise a separating component which causes

_solids, such as red blood cells, to become entrapped in the matrix, effectively
‘removing the solids from the whole blood. Additional components may also
‘be included as described below.

I&eﬁuraicanqxnunﬂsﬁurconweﬂhq;ghnxwetohwdnxyntpen»dde
include glucose oxidase, an enzyme that is usually obtained from Aspergillus
nhgmcwlhhhﬂﬂhnn.(ﬂuuxecnmtmenamnsmdﬂlghuxseand&»qmpnto
produce gluconolactone and hydrogen peroxide. Optimum glucose oxidase
concentration depends on the composition of the indicator system; however,
glucose oxidase in the range from about 500-10,000 U./mL is generally suitable,
more preferably from about 700-2000 U./mL. Generally, higher concentrations
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produced by the absorbance of henogl obin in bl ood, (b) a structure
that selectively retards the passage of red blood celts through the matrix
and minimzes the lysing of the cells in the matrix, whereby any portion of
the sanple that is visible fromthe testing surface does not absorb |ight

to any appreci able extent at about 700 nm. and (c) a reagent for
I ndi cating the glucose concentration by. creating at- the testing surface..a
change in refl ectance at about 635 nm {he invention provides a

reagent test strip that is suitable for use In a One Touch whol e bl ood

gl ucose neter. g , b Po%@h%b& e

passage of red ﬁ%%%ﬁfﬂﬁ?%ﬁﬁ and m ni n%/%?sid%)ﬁ&eﬁwgng

the gl ucose det eonteritiativhs, less eapidly.cOptimidnrondentratidn tirebo detdratined byf
. the whol e blood sanple. - Brief Description of the

Drawi ng Fi goqmsxne@mﬁﬁmwe view of an enbodiment of a test strip
Pvention i s TRASToBR pegvride o prBHARe Searte M bieRploanii ot oy i ng
areliables  detecting hydrogen peroxide, which comprises a peroxidase that selectively
catalyzes a reaction between the hydrogen peroxide and an indicator. The
peroxidase uses hydrogen peroxide as an oxidant which is capable of removing
. hydrogen atoms from various substrates. A suitable peroxidase may contain
. ferriprotoporphyrin, a red hemin obtained from plants. Peroxidases obtained
10  from animals, for example from the thyroid glands of animals, are also suitable.
Horseradish peroxidase (HRPO) is especially preferred as a constituent of the
component for detecting hydrogen peroxide. The hydrogen peroxide,
preferably catalyzed by a peroxidase, reacts either directly or indirectly to
form an indicator dye that reduces 635 nm reflectance at the testing surface.
15 Testing surface reflectance is' measured at two wavelengths - about 635 nm and
about 700 nm. | |
Reflectance measurements are made in a timed sequence. The sequence is
initiated by the reflectance reduction at 635 nm that results from the arrival of a
portion of the sample at the testing surface. We denote this initiation of timing
20  as “reflectance switching”. The reflectance at 700 nm is measured 15 seconds -
later. By that time, the blood will have saturated the reagent pad, and the
interaction of the glucose-containing blood sample with the reagent-containing
membrane will have caused a reduction in reflectance at 700 nm that is
substantially equivalent to the reduction produced by blood color being visible
25 at the testing surface. Thus, although any sample that is visible from the
testing surface does not absorb light to any appreciable extent at 700 nm, the
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and easy to operate apparatus,“for the deternonation of glucose in whole
bl ood. The nethod- i nvol ves applying to one surface (the "sanple" surface)
of an inert porous matrix a small sanple of whole blood, sufficient to
saturate the matrix The matrix is typically present in a

refl ectance-neasuring apparatus when blood is applied. At |east a portion
of the liquid sanple penetrates the matri x, -

6 12

meter detects the reduction in 700 nm reflection that it associates with
absorption by -the blood color, and that causes it to then make reflectance
nmaunuenuxusataboutGBSrun.1ﬂueghnxsecnnmenhaﬁnnjhjhesanqﬂeis
calculated from the 635 nm reflectance, using the 700 nm reflectance to

5 calculate a correction factor. Note that since blood absorbs at 635 nm, so too
should the blood-simulating 700 nm absorber. Ideally, the blood-simulating
material should have the sanie ratio of absorbance at 700 nm to absorbance at
635 nm as does whole blood, but for brevity we refer to the blood-simulating
material’s absorbance at 700 nm only. Details of the calculation, including the

10 correction for the “blood” reflectance at 700 nm, appear in the aforementioned
346, _

The reduced testing-surface reflectance at 700 nm that simulates the blood
color can be effected in four alternative ways. First, the membrane may
contain a component that absorbs 700 nm radiation and the testing surface may

15 be substantially opaque until it becomes more transparent to 700 nm light when
wet. The component that absorbs at 700 nm may be a nonwoven, for example,
that is not visible from the dry testing surface. Theconqxnuxucomkhﬂs:bea
suppoﬂnnwovﬂudhthenunnhﬁmm1scwﬂ;acnaﬁngom1hesanqﬂesuﬂ&meof

| the membrane, or the like.

20 Second, the membrane may include a water soluble dye that has light
absorbance at 700 nm that is substantially increased when the dye goes into
solution. For example, the dye could initially be in the form of finely divided
water-soluble crystals, applied to the membrane as dispersed solids that appear
white and provide no substantial absorbance at 700 nm. The aqueous sample

25 dissolves the dye, at which point it becomes colored and absorbs at 700 nm. An
example of such a dye is copper phthalocyanine.
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resulting in an initial change in reflectance at the opposite ("testing")
surface. The glucose in the sanple reacts with one or nore reagents bound
to the matrix to forma product that changes the reflectance of the matrix
A-reading is then taken at one or nore tines after the initial change in
reflectance to relate the further change in reflectance at the testing
surface or in the matrix to the concentration of gkucose in the sanple. -
FIG 1 shows one enbodi nent of the present iqwention. A thin hydrophilic
matri x reagent pad 11 is positioned at one end of a plastic holder 12 by

reans of an adnesi veral R SArdPBAGHhisHE andierelipent et EBbis

to the holder. The provi des physical form and

rigidity to theaainmmﬂtﬂhduﬁma .huuﬂﬂuﬂaﬁmbﬂmnhghhatbQﬁmﬁasrnnﬁumi7nﬂzuhn t he
area to which reagent [ attached sp tha | e can _be.ap ed
t hrough hol e 14thezeb ns@a&ﬁmsﬁ%&e WP& 33%8 aq“Bﬁ‘t 5&?@95
fromthe other, E&&é&gﬁg§ A whol e bl ood sanple to be tested is
applied to pad rally, the reagent pad surface area is about 10

mierr] tos5100 m{ eFidall ggﬂwmoiid-tea ﬂﬁ{taraehm@aﬁcy;dd[maﬂuoﬂmﬂwmfmw
provi des a volune that 10 [err]L of sanple will nore
which bsat635nmandtheotherofwluchabsorbsat700nm. Further,
since only enough 700 nm reflectance reduction is needed to simulate the
presence of blood color, preferably only a small amount of the chromophore
that absorbs at 700 nm is present.

10 In the first two cases, in which 700 nm absorbance (i.e., reduced
reflectance) results from another membrane component, the 700 nm absorbance
does not require a chromophore. In the third and fourth cases, the reduction in
700 nm reflectance is effected by a chromophore. In each case, however, the -
reduction in 700 nm reflectance observed from the testing surface 15 seconds

15 after reflectance switching must simulate the blood color, as is described in

The magnitude of the reduction in reflectance at 635 nm, adjusted as
disclosed in ‘346, at a suitable time after initiation of the timing sequence, is a
measure of the glucose concentration in the whole blood sample. Dye couples

20 that are suitable as indicators include 4-aminoantipyrene (AAP) and

~ chromotropic acid; AAP and 8-anilino-1-naphthalenesulfonate (ANS); AAP
and N-ethyl-N-(2 hydroxy-3-sulfopropyl)-m-toluidine (TOOS); 3-methyl-2-
benzothiazolinone hydrazone hydrochloride (MBTH) and ANS; MBTH _
combined with 3-dimethylaminobenzoic acid (DMAB); and MBTH combined

25 with its formaldehyde azine. '
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saturafe. Addi tional details regarding the structure of the strip
appear in the above-referenced U S. Pats. Nos. 4,935, 346, ('346) and
5,304,468 (' 468), incorporated herein by reference. The anal ysi s
method of this invention relies on a change in absorbance, as neasured by
di ffuse refl ectance, which is dependent upon the glucose concentration
present in a sanple being tested. This change may be determ ned by
nmeasuring the reflectance change over one or {pre tinme intervals.

 Although the anisotropic membrane that is the preferred matrix filters out
red blood cells and holds them away from the testing side, optionally the
usﬁngrmqyuurnayahx:umnahlasqpanﬂhq;cunﬁxnuz&.cﬂﬁuﬁuremnnphg
the aforementioned U.S. Pat. No. 5,306,623, to Kiser et al.) The separating
5 component should be capable of producing a relatively clear colorless fluid -
 from fluid containing red blood cells, e.g,, whole blood, by sequestering red
blood cells in the matrix and, preferably, also sequestering any small amounts
of free hemoglobin. Separating components for use in the instant invention
include but are not limited to polyethylene glycol, poly (methylvinyl
10 ether/maleic) anhydride, polypropylene glycol, polystyrene sulfonic acid,
polyacrylic acid, polyvinyl alcohol, and polyvinyl sulfonic acid at a pH of
about 4.0-8.0. Such separating components are present in the matrix in
amounts that will vary depending upon their charge and molecular weight, the
other components imbedded in the matrix, the matrix pH and pore size, and
15 the residual moisture of the matrix after drying. Such parameters are readily
determinable by one skilled in the art. For example, when polypropylene
glycol is employed as the separating component (e.g., FPPG410 from BASF,
Wyandotte, MI), it is preferably present at about 2-30% weight to volume
(w/v), and more preferably 8-10% w/v. Other separating components can also
20 be employed in a concentration of about 2-30% w/v. The polymeric
separating components may be impregnated or imbedded in the matrix or cast
in the membrane during manufacture.
Some water soluble salts can also effect blood separation. Among salts
suitable for separating blood components are citrates, formates, and sulfates, as
25  well as certain acids, such as amino acids, citric acid, phytic acid, and malic
~ acid. (See, e.g,, U.S. Pat. 3,552,928, issued January 5, 1971, to M.C. Fetter.)
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In.operatidn, the test stripis first mounted in an instrunent for reading
| i ght absorbance; e.g.,. color intensity, by reflectance, prior to
application of the sanple. Then, a glucose-containing bl ood sample -

obtained by a finger stick, for exanple - is applied to the matrix of the
test strip. Preferably, the ambunt exceeds that needed to saturate the
matrix in the area where reflectance will be neasured (i.e., about 5-10.

[err]L). After the sanple is applied, timng p§ the neasurenent is
initiated automatically when fluid penetrates the matrix, and the.

appar at us det ect ' {rﬁﬁg é%ﬁré '
surface. The change |n§reHect anc%a ?re eterm nﬂ% Fe%? a resu1'lse

of formation of WWW#WWMmM noa preciable
anfﬁgt;g;gggehn t he s%gp&deib Reflectancg‘ fers in th| smgemflc IQn\ns?ble
infrared and ul t%ﬂw&sﬁﬂg ﬁHaQ@doesnotabsorbhghttoanyappreuableextentat?OO
S nm . :
Othetcomponeritsmaybeimbeddedintoﬁlemah'ixtomhamethe _
coloration and readability of the reagent strips and to preserve the uniformity
and integrity of the matrix. For example, the testing reagent may include salts
and/or buffers to aid in the separation of the dye in the matrix. Such buffers
10 = may contain for example, citrate, present in solution at from about 0.01M to
about 1.0 M, and preferably at about 0.1M. Other buffers may also be
employed.
Compounds thatmakethematnxhydrophﬂmorcompomds that can act
as stabilizers, such as hydrolyzed proteins, may also be employed. Such
15 compounds include but are not limited to for example bovine serum albumin,
polypeptides and the low molecular weight protein available as Crotein SPA
(CRODA, Inc. New York, N. Y.). Such compounds are used at concentrations
of for example about 1 mg/mL to about 100 mg/mL. In the case of Crotein,

about 30 mg/mL is preferred.
20 Other stabilizers and preservatives may also be included in the coating for

the matrix. For example ethylene diamine tetraacetic acid (EDTA), diethylene
triamine pentaacetic acid (DTPA) and related compounds may be employed,
for example, at concentrations of about 0.01 mg/mL to about 10 mg/mL. |
Variations of the detail presented herein may be made without departing
25 - from the scope and spirit of the present invention. '
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A_sui table instrunent, such as a diffuse reflectance photoneter with
appropriate software, can be nade to automatically read refl ectance

or nore tine intervals, calculate the reflectance change, and, u5|ng
calibration factors, output the glucose concentration |rwm¢$m®

Details of such an instrunent, including the nethodology

I nstrument to convert reflectance measur enent s |nt0-blood

concentrations, are provided in '346 and ' 46 In partlcular connerC|aIIy
avai | abl e One Touch neters are suitable for-uUse in-conbination wth the

reagent strip o cgiiﬁtpresent I nvention to neasure gluecose concentrations in
whol e bl ood sanpl These neters read reflectance of the strip testing

surface at about 631, nAlréagerittestistrip foiiize in an apparatas fordetérrirdngiacsent
invention is preferably a nenbrane that effectively separates-the red b| pod

cel I's and henpglcopcentratiom of glhiiose in a samplepf whaole the,apparatus comprising

v ough tne. mentHRL AReRRs e AeRnG ReeRpey B Rgnf W y@Bnkl oriBb: 381

5 andabout?OOnmreﬂectedfromatleastaporhonofamatnxdlsposednear
one end of the strip, which matrix comprises
a)asanqﬁenumnnngsum&meﬁurnxxunngthevﬂuﬁebhmxi
sample and passing a portion of it toward a testing surface opposite thereto, the
testing surface having a reflectance at about 700 nm that, when the testing
10 suﬁhmetxmmnustweblnukugpesaciuuqyaﬂuuissubshuﬂhﬂhrequhnﬂen&h:
that ptoduoedby&teabsorbame ofhemoglobmmblood
b)ashnuﬂumefhatsékxiuniyrehudsthe;umsageofnaibhxxiceﬂs
&uoughfhenuunxandnmnnnumsﬂmﬂymngofﬂunxﬂsnr&w:natngvﬂhnéby
‘any portion of the sample that is visible from the testing surface does not
15  absorb light to any appreciable extent at about 700 nm, and
c) ai‘eagent for indicating the glucose concentration by creating at
thetsﬁngsum&meachangehnnﬁkmhumeatdboutﬁ&SnnL
2. The strip of claim 1 in which the matrix comprises a membrane that
has pores that trap the red blood cells of the whole blood sample. '
20 3. The strip of claim 1 in which the matrix comprises an anisotropic
membrane.
4.ThksuipcfckﬁnmShmvﬂﬁdhjhetnenﬂnmnelumlxnesﬂu&amehngpm
near the sample receiving surface and smaller near the testing surface.
5. The strip of claim 1 in which the matrix comprises a polyamide
25 membrane.
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8 _surface. A nenbrane to acconpl i sh that separation nay have pores that -
trap the red blood celTs, generally pore sizes in the range from about 0.1
[err]mto about 5 [erTﬂnmheRHes‘ ﬁcedt he menbrane is ani sotropl C, Wth a

range of pore sizes; a broad range of pore sizes. Wen the
matri x conpri ses an ani

ane the sanple side is preferably the
| ar ge- pore side. For e gra | ent of pore sizes fromabout 0.1
[err]mto about 150 [err]nlnay extend throughqt he nmenbrane. On the

| arge-pore side, pore size is preferably int e range from about 30 [err]m

to about 40 [err]m (Oyd gy SFcifim 1'1R Whith'tRE fnatrix has an interior region that
dﬂuubsﬂmbnmnhghtandihats\nmbMEﬁmmnﬂmauﬁhngsum&mncnﬂyxwhenthe
- surface is wet. |
7. The strip of claim 6 in which the matrix interior region comprises a
5 nonwoven material having substantial absorbance at 700 nm.

8. The strip of claim 1 in which the matrix further comprises a water-
soluble dye that has light absorption at 700 nm that is substantially increased
when the dye goes into solution. '

9. The strip of claim 8 in which the dye comprises copper phthalocyanine.

10 10. The strip of claim 1 in which the reagent comprises a dye precursor
ﬂuuﬁmnnsachnmnnphmmeuuhmahveofﬂueghnxﬁecnnrenuahon the
chromophore absorbing light at 635 nm.

11. The strip of claim 10 in which the reagent dye precursor is selected
from the group consisting of 3-methyl-2-benzothiazolinone hydrazone

15 hydrochloride (MBTE) with 3-dimethylaminobenzoic acid (DMAB); MBTH
with 8-anilino-1-naphthalenesulfonate (ANS); MBTH with its formaldehyde

12, Theshﬁ?ofchﬁntllh1vﬂﬁhhthenmn¥mudye;nemmsorcanqmbes
MBTH and ANS. | |

20 13. The strip of claim 11 in which the reagent dye precursor comprises
~ MBTH combined with DMAB.
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where-the pores are snmallest (i.e., the testing surface), the void vol une
Is relatively small, and the material of the nenbrane is generally quite
dense, within a layer that can typically constitute up to 20% of the
menbrane's thickness. Wthin this layer, pore size is preferably in the
range fromabout 0.1 to about 0.8 [err]m w th a nom nal pore size
preferably about 0.3 [err]m When t he whol e bl.ood sanple is applied to
t he sanpl e side, the sanple encounters increﬁél ngly smaller pores as it
penetrates the nmenbrane. Eventually, solids ch as red blood cells reach a

position in the nmenbrane, generally h | e surface, where they can
penetrate no further. The nenbrane &m%‘%l ood cells near the.
sanpl e surface, but also mnimzes |lysing of the cells, so that any portion
of the sanple that is visible fromthe testing surface does not absorb

light to any apprecmmmmglsaﬂapted?ﬁﬁmmiﬂﬂobdlmcﬁetdmmﬁmﬂe
still containin &e l.ved ose p etr tes through to, the_testing
side. As it pas g’i'ﬁﬁ is gpp W&Q‘WM&‘%

tsrgere?ﬁgpeby WI%%U ng PMSW%@%@?%&WF&&

The ani sot r opi cmvwnno&ndh&lcﬁmbsm&wfdkcﬁﬁe@&@mmmuahmofglumsem :
the sample. The portion of the applied sample that penetrates the matrix and is
visible from the testing surface does not absorb to any appreciable extent at
700 nm. Nevertheless, the glucose-eonmmng sample interacts with the

10 components of the reagent-containing matrix to cause a change in reflectance at
700 nm that simulates the effect of the blood color. As a result, the strip can be
used in meters that measure glucose concentration in whole blood samples in
the presence of optically visible hemoglobin.
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9 ‘'separating conponent (discussed below) permts relatively rapid flow
rates through the nenbrane, even while separation of the solids is taking
pl ace. The matrix is a hydrophilic porous nenbrane to which reagents
may be covalently or non-coval ently bound. The matrix allows for the flow
of an aqueous mediumthrough it It also allows for binding of protein
conpositions to the matrix without significantly adversely affecting the
bi ol ogi cal activity of
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[
coval ent bonding or may be activated p

the protein, W lhl.}aslvityo a TRXTEEG Tt
proteins are to be! coval ent’l y bound iﬂtﬁm a/p;sMes for
Dt mji 3 3#? |

conposition of the matrix is reflecti h£§g A e jh kness
to permit the formation of a |ight ablst 2 - PABS ,pag or on
the surface to substantially affect tfe€ ¥t andas 'm“{ IPég"rﬁ’ertrl . The
matrix may be of "a uniform conposition or a coating. on aﬁgﬁate

provi ding the necessary structure and | JPAFYECQF RECEHT .i. '. i
hydrophilicity. Pol ysul f ones and pol yam des:.( nyl ons) are exanpl es of”
suitable matrix materials. O her pol yners having conparabl e properties nmay
al so be used. duce . of her tional -
groups which p oSy SHem edR 8GR GPucter BiRaRlaTie O,
matri x may be neutral, positive, or negative. A preferred nethod of

preparing the porous materlal that forns the matrix is to cast the pol yner

Bacl pdnvéntidn a nmatrix is, for exanple, the anisotropic
poI ysul fone menbrane available from Mentec, Inc., Tinmonium M. The terns
"matri x" and "nmenbrane" are used

1. Keld of the Invention

This invention relates to a dry test strip for measuring the concentration of
an analyte in a biological fluid; more particularly, a test strip that
colorimetrically measures the concentration of glucose in whole blood.

2' D .o I- Ell R! I !

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.

_ Dry phase reagent strips incorporating enzyme-based compositions are
used extensively in hospitals, clinical laboratories, physician's offices, and
homes to test samples of biological fluids for glucose concentration. In fact,
reégent strips have become an everyday necessity for many of the nation's
several million diabetics. Since diabetes can cause dangerous anomalies in
blood chemistry, it can contribute to vision loss, kidney failure, and other
serious medical consequenées. To minimize the risk of these consequences,
current teaching counsels persons with diabetes to measure their blood glucose . |
level from two to seven times a day, depending on the nature and severity of
their individual cases. Based on the observed pattern in the measured glucose
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I nt erchangeably herein. Each termis understood to not be limted to a
single layer and can include, for exanple, an absorbent |ayer. A matrix of
| ess than about 500 [err]mthickness is usually enployed, with about 115 to

155 [err] m bei ng 10
preferred. A thickness of about 130 to 140 [err]mis nost preferred,
particularly when the matrix is nylon or anisotropic polysulfone. The

matri x general ly does
2

levels, the patient and physician together make adjustments in diet, exercise
and insulin intake to better manage the disease. Clearly, this information
should be available to the patient immediately, through the use of a simple-to-
use meter and strip system that is rapid, inexpensive, and accurate.

Reagent strips are known that contain an indicator which turns a different
shade of color, depending on the concentration of glucose in a biological fluid
that has been applied to the strip. Although some of these strips use reduction
chemistries, more commonly they involve an oxidizable dye or dye couple.
Some of the strips include an enzyme, such as glucose oxidase, which is
capable of oxidizing glucose to gluconic acid and hydrogen peroxide. They
also confain an oxidizable dye and a substance having peroxidative activity,
which is capable of selectively catalyzing oxidation of the oxidizable dye in the
presence of hydrogen peroxide.

US. 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 whole blood (see also US.P. 5,304,468). The method involves simply
applying a sample of whole blood to a first (“sample”) surface of an inert
porous matrix that is impregnated with a reagent. The sample migrates toward
the opposite, “testing” surface, as the glucose interacts with the reagent to -
produce a light-absorbing reaction product. A reading of reflectarice from the
testing surface indicates the glucose concentration. Reflectance measurements

- are made at two separate wavelengths in order to eliminate interferences. A
' timing circuitis triggered by an initial decrease in reflectance caused by
wetting of the testing surface by the sample having passed through the matrix.

US. Pat. No. 5,306,623, issued April 26,1994 to Kiser et al., discloses a
visual blood glucose test strip that involves applying a glucosé-containing
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not deformon wetting, thus retaining its original conformation and size,
and has sufficient wet strength to allow for routine manufacture.

The nenbrane has inpregnated into its pores a testing reagent that is
capabl e of reacting with glucose to produce a |light-absorbing reaction
product The nenbrane may be treated with reagent by dipping it into a

m xture of the conponents, thereby saturating the nenbrane. Excess reagent
may be renoved by nechani cal neans such as, for exanple, an air knife,
doctor bl ade, or glass rod. The nenbrane is then dried. Reagent tends to
concentrate near the small-pore (testing@) side of the nenbrane. O her

nmet hods that are suitable for applying reagent to the nenbrane will occur

readi |y t owhgbebkad samvpledo oidiside pf the sthip and tuking the glucodé redding ong ,
r eagent corrprl ses asé&rrponent for convertl ng gl ucose to hydrogen perOX| de

and a conpBIeR : ,ePFﬁ%'-’eﬂe‘a-_ﬁéﬂd agipleonal | y
bl ood cel | B8 %%%%c%%aéﬁﬁtﬂ'ssﬁb L A aRo b BbRDe Al R (N
Zg!slc?? b;(rjo?g%rggvuﬂa@gﬁequemgs hlsgﬁ@b 12peFAREDE for BhE s&llﬁo be included as o
US. Pat. No. 5,453,360, issued September 26, 1995 to Y. S. Yu, discloses a
dye couple useful in dry reagent strips for detecting analytes, such as glucose,
in biological fluids. The dye couple comprises 3-methyl-2-benzothiazolinone
hydrazone and 8-anilino-1-naphthalenesulfonate and is used as an indicator in
a reaction cascade producing a strong oxidizing agent, such as hydrogen
peroxide. An advantage of the couple is that it is soluble in aqueous solution,
but becomes insoluble upon oxidative coupling, thereby minimizing fading -
and providing a stable endpoint.
A meter that has come into widespread use for self-monitoring of blood
glucose is the One Touch® II meter, which uses a strip that is described in U.S.
Pat. Nos. 4,935,346 and 5,304,468, discussed above. The meter and strip permit
a user to measure glucose concentration in a whole blood sample quickly,
easily, and accurately. The sample is applied to one surface of the strip and the
measurement made on the opposite surface. A portion of the whole blood
sample penetrates from the sample surface to the testing surface, and the blood.
color can be observed from the'testing surface.

C

The present invention provides a reagent test strip for use in an apparatus
for determining a concentration of glucose in a sample of whole blood. The
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Preferred conponents for converting glucose to hydrogen peroxide include

gl ucose oxi dase, an enzyne that is usually obtained from Aspergillus niger
or Penicillium d ucose oxidase reacts with glucose and oxygen to produce
gl uconol act one and hydrogen peroxide. Optinmum gl ucose oxi dase concentration
depends on the conposition of the indicator system however, glucose

oxi dase in the range from about 500-10,000 U./nL is generally suitable,
nore preferably from about 700-2000 U./nL Generally, higher concentrations

4

apparatus comprises optical means for detecting intensity of light at
wavelengths of about 635 nm and about 700 nm reflected from at least a
portion of a matrix disposed near one end of the strip, which matrix comprises

(a) a2 sample receiving surface for receiving the whole blood sample and
passing a portion of it toward a testing surface opposite thereto,

(b) a structure that selectively retards the passage of red blood cells
through the matrix and minimizes the lysing of the cells in the matrix, whereby
any portion of the sample that is visible from the testing surface does not
absorb light to any appreciable extent at about 700 nm, and |

(c) a reagent for indicating the glucose concentration by creating at the
testing surface a change in reflectance at about 700 nm that is substantially -
equivalent to that produced by the absorbance of hemoglobin in blood and a
change in reflectance at about 635 nm that is indicative of the glucose
concentration.

Inthepm&mmtspaﬁﬁcnkx1andtheappendedckﬁnu»nﬁhnauxtnthgﬁux
that “sample that is visible from the testing surface does not absorb Iighf to any
appreciable extent at about 700 nm” means 700 nm absorbance by the sample,
as seen through the testing surface, is less than about 20% of the 700 nm
absorbance caused by the reaction of the sample with the reagent.

-" Another embodiment of the presentinvmﬁonalsoprovidesareager&ﬁt
éu#:&mtsehnanappannusﬁnuﬂﬁnnnﬁﬁngacnnauﬁnﬂﬂmnofghnxmehna
:_J sample of whole blood. The apparatus comprises optical means for detecting
intensity of light at wavelengths of about 635 nm and about 700 nm reflected
from at least a portion of a matrix disposed near one end of the striP, which

matrix comprises
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of gllucose oxi dase cause the reaction to proceed nore rapidly and | ower
concentrations, less rapidly. Optimum concentration can be determ ned by
routi ne experinmentation. The hydrogen peroxi de so produced reacts

wi th the conponent for detecting hydrogen peroxi de, which conprises a
per oxi dase that selectively catalyzes a reaction between the hydrogen
peroxi de and an indicator. The peroxi dase uses hydrogen peroxi de as an

oxi dant which is capabl e of renoving hydrogen atons from vari ous
substrates. A suitable peroxidase nay contain ferriprotoporphyrin,a red
hem n obtai ned from pl ants. Peroxi dases btained fromanimls, for exanple
fromthe thyroid glands of animals, are al so suitable. Horseradi sh

per oxi dase (HR ' i) i HR\whi éﬁ%d%n{eﬂ nponent
for detecting E@ﬁ%@éﬁ%ﬁ%ﬁé?%&gﬁfﬁggen %er ox?‘gie, prefer §ﬁa : X
catal yzed gms Ing ey portidnset it tewaida testing'sudface opposite therdts, ahé testing f or m an
i ndi cator dye that reduces 635 nmreflectance at the testing surface.

Testing sustsfase havingaa reflastancerat about 200nm that,when the testing susfage 635 nm
and becomes wet, undergoes a change that is substantially equivalent to that

produced by the absorbance of hemoglobin in blood,

(b) a structure that selectively retards the passage of red blood cells
through the matrix and minimizes the lysing of the cells in the matrix, whereby
any portion of the sample that is visible from the testing surface does not
absorb light to any appreciable extent at about 700 nm,and |

(c) a reagent for indicating the glucose concentration by creating at the
testing surface a change in reflectance at about 635 nm. '

The invention provides a reagent test strip that is suitable for use in a One
Touch® whole blood glucose meter. Since the structure of the strip selectively
retards the passage of red blood cells through the matrix and minimizes their
lysing, the glucose determination is relatively independent of the hematocrit of
the whole blood sample. . |

Brief Descrintion of the Drawi

Fig. 1is a perspective view of an embodiment of a test strip of this
invention. : :
Detailed Description of the I .’

This invention provides a rapid and éimple method, employing a reliable
and easy to operate apparatus, for the determination of glucose in whole biood.
The method involves applying to ane surface (the “sample” surface) of an inert
porous matrix a small sample of whole blood, sufficient to saturate the matrix.
The matrix is typically present in a reflectance-measuring apparatus when
blood is applied. At least a portion of the liquid sample penetrates the matrix,

This is the replacement sheet

‘Date: 15 gt 1w



about’ 700 nm Ref | ect ance neasurenents are nmade in a tinmed sequence.
The sequence is initiated by the reflectance reduction at 635 nmthat
results fromthe arrival of a portion of the sanple at the testing surface.
We denote this initation of timng as "reflectance swi tching”. The
reflectance at 700 nmis neasured 15 seconds later. By that tine, the bl ood
w || have saturated the reagent pad, and the interaction of the

gl ucose-contai ning bl ood sanple with the reagent-containing nenbrane wl|l
have caused a reduction in reflectance at 700 nmthat is substantially

equi valent to the reduction produced bye.bl ood col or being visible at the
testing surface. Thus, although any sanple that is visible fromthe testing

surface degsBAk iR AAGhMdIHlhgt fh ADecBReSE HAD bPpBLiE PiteRingdubllke | NE
The glucose in the sample reacts with one or more reagents bound to the matrix |
to form a product that changes the reflectance of the matrix. A reading is then
taken at one or more times after the initial change in reflectance to relate the
further change in reflectance at the testing surface or in the matrix to the
concentration of glucose in the sample.

FIG. 1 shows one embodiment of the present invention. A thin
hydrophilic matrix reagent pad 11 is positioned at one end of a plastic holder
12 by means of an adhesive 13, which directly and firmly attaches the reagent
pad to the holder. The holder, which is optional, provides physical form and
rigidity to the strip. A hole 14 is present in the plastic holder 12 in the area to
which reagent pad 11 is attached, so that sample can be applied through hole
14 to the sample side of the reagent pad and light reflected from the other,
testing side. .

A whole blood sample to be tested is applied to pad 11. Generally, the
reagent pad surface area is about 10 mm?® to 100 mm?, especially 10 mm*to 50 -
mm?, which normally provides a volume that 5-10 L of sample will more than
saturate. _ | '

Additional details regarding the structure of the strip appear in the
above-referenced U'S. Pats. Nos. 4,935,346, (‘346) and 5,304,468 (‘468),

_ ﬁﬁ:nponnedlunehnbyreﬁnenua .

] The analysis method of this invention relies on a change in absorbance, as
measured by diffuse reflectance, which is dependent upon the glucose
dmuz!unnﬁntpnannthlasanqﬂg!xﬁngtened.llﬁschangeanybe
determined by measuring the reflectance change over one or more time
intervals. |

This is the replacement sheet

Date: 15 JUL 9%



12 -neter detects the reduction in 700 nmreflection that it associates
Wth absorption by the bl ood color, and that causes it to then nake

refl ectance measurenents at about 635 nm The gl ucose concentration in
the sanple is calculated fromthe 635 nmreflectance, using the 700 nm
reflectance to calculate a correction factor. Note that since blood
‘absorbs at 635 nm so too shoul d the bl ood-sinmulating 700 nm absor ber.

| deal |y, the bl ood-sinulating mat eri al should have the sanme ratio of
absorbance at 700 nmto absorbance at 635 nm as does whol e bl ood, but for
brevity we refer to the blood-sinmulatingg material's absorbance at 700 nm
only. Details of the calculation, including the correction for the

"blood” refl ectiawperatiorn, e KBt s&fP Bfirst ndiitited iR ATRSECLEIRE for reddfng
light absorbance; e.g., color intensity, by reflectance, prior to application of the
sample. Then, a glucose-containing blood sample - obtained by a finger stick,
for example - is applied to the matrix of the test strip. Preferably, the amount
exceeds that needed to saturate the matrix in the area where reflectance will be
measured (i.e., about 5-10 uL). After the sample is applied, timing of the
measurement is initiated automatically when fluid penetrates the matrix, and
the apparatus detects the resulting change in reflectance of the testing surface.

. The change in reflectance over a predetermined time, as a result of formation of
reaction product, is thén related to the glucose concentration in the sample.
Reflectance refers in this specification and in the appended daims both to the
visible wavelength range and to infrared and ultraviolet radiation.

A suitable instrument, such as a diffuse reflectance photometer with
appropriate software, can be made to automatically read reflectance at one or
more time intervals, calculate the reflectance change, and, using calibration
factors, output the glucose concentration in the blood sample. Details of such
mnﬁmﬂnnnen&inchxﬁngthenmﬁhodokngrusaibytheins&unun&tocunvan
reflectance measurements into blood glucose concentrations, are provided in
‘346 and ‘468. In particular, commercially available One Touch® meters are
sﬁpﬂﬂeﬁnwmeﬁnconﬂﬁnaﬁuniwﬂhtheraqﬁuﬁsﬁipcffhepnsenthummﬁon
to measure glucose concentrations in whole blood samples. These meters read

* . reflectance of the strip testing surface at about 635 nm and about 700 nm.

Thenuﬁdxcﬁ%hepﬂsentkummﬁonjspnﬁambhranumduaﬁeﬂuu

 effectively separates the red blood cells and hemoglobin from a whole blood
sanqﬂetnleavethegﬂuco&rcanﬁﬁnhq;phunna.Thesépaﬁukutﬁdaslﬂaceas
the sample moves through the membrane from the sample surface to the testing
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The reduced testing-suface reflectance at 700 nmthat sinulates the bl ood
-color can be effected in four alternative ways. First, the nenbrane may
contain a conponent that absorbs 700 nmradiation and the testing surface
may be substantially opaque until it becones nore transparent to 700 nm

| i ght when wet The conponent that absorbs at 700 nm nmay be a nonwoven, for
exanple, that is not visible fromthe dry testing surface. The conponent
could al so be a support onto which the nenbrane is cast, a coating on the
sanpl e surface of the nenbrane, or the Ilike. Second, the nenbrane
may include a water soluble dye that hag Iight absorbance at 700 nm that
I's substantially increased when the dye goes into solution. For exanple,

t he dye co LI A ' ' ; b AN r Ll e _
crystals, g%%ﬁée]dk tdg%é m%&gﬁ@ﬂ%ﬁ %%seérésie}g&ss%% ﬂtsﬂ%pag%pﬂgg? ite and
provi de notiwa el blobdaells hgerebally pord siZzédirthe rangedromabout Aiplan tdi ssol ves

t he dye, at, which point it becones col ored and ahsorbs at 700 nm An
exanpl e of abewtd gmyyRreferably, the mambraneds apisatropic, with a range of pore

sizes; more preferably, a broad range of pore sizes. When the matrix comprises
an anisotropic membrane, the sample side is preferably the large-pore side.
For example, a gradient of pore sizes from about 0.1 zm to about 150 zm may
exuuuiﬂunughthenmunbnmm.Chtﬂmakuge1xneskﬁblxmeshmispnﬁambhr
-in the range from about 30 um to about 40 zm. On the side of the membrane
where the pores are Emanest (i.e., the testing surface), the void volume is '
relatively small, and the material of the membrane is generally quite dense,
within a layer that can typically constitute up to 20% of the membrane’s
&ﬁdnuﬁs.VVthlﬂﬁshqmn&xuesﬁmispmﬂhnﬂﬂyintherangefunnaboutal
to about 0.8 zm, with a nominal pore size preferably about 0.3 um.

When the whole blood sample is applied to the sample side, the sample
encounters increasingly smaller pores as it penetrates the membrane.
Eventually, solids such as red blood cells reach a position in the membrane,
generally near the sample surface, where they can penetrate no further. The
membrane not only traps red blood cells near the sample surface, but also
minimizes lysing of the cells, so that any portion of the sample that is visible
from the testing surface does not absorb light to any appreciable extent at about
700 nm. The balance of the sample, still containing the dissolved glucose,

" penetrates through to the testing side. As it passes through the membrane,
glucose in the sample reacts with the reagent, causing a light-absorbing dye to
be formed near the testing side, thereby substantially affecting reflectance from
the testing surface. The anisotropic nature of the membrane and/or use of a
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13 - Third, the interaction between glucose and the reagent in the
nenbrane can result in a chronophore that absorbs Iight at both 635 nm and
700 nm thereby indicating glucose concentration and, at the sane tineg,
simul ati ng the presence of bl ood. Finally, the bl ood-reagent
interaction can yield two chronophores, one of which absorbs at 635 nm and
the ot her of which absorbs at 700 nm Further, since only enough 700 nm
refl ectance reduction is needed to sinulate the

9

separating component (discussed below) permits relatively rapid flow rates
through the membrane, even while separation of the solids is taking place.
The matrix is a hydrophilic porous membrane to which reagents may be
covalently or non-covalently bound. The matrix allows for the flow of an
aqueous medium through it. It also allows for binding of protein compositions
to the matrix without significantly adversely affecting the biological activity of
the protein, e.g. enzymatic activity of an enzyme. To the extent that proteins
are to be covalently bound, the matrix will have active sites for covalent
bonding or may be activated by means known to the art. The composition of
the matrix is reflective, and it has sufficient thickness to permit the formation of
aﬁghtaﬁﬂnbhq;dyeinihevckivohnnebmonthesu:&metosuhﬁanﬁaﬂy '
affect the reflectance from the matrix. The matrix may be of a uniform
cmnpodﬁcnotacnaﬁngcmuisﬂxﬂnﬁepnnmﬁmgtheneasauystucnueand
physical properties, such as hydrophilicity. |
Polysulfones and polyamides (nylons) are examples of suitable matrix
materials. Other polymers having comparable properties may also be used. -
The polymers may be modified to introduce other functional groups which
provide for charged structures, so that the surfaces of the matrix may be
neutral, positive, or negative.
- A preferred method of preparing the porous material that forms the
matrix is to cast the polymer without a supporting core. Such a matrix is, for
: - example, the anisotropic polysulfone membrane available from Memtec, Inc.,
 Timonium, MD. The terms “matrix” and “membrane” are used .
interchangeably herein. Each term is understood to not be limited to a single
kqmrandcmnﬁuﬂudgibremunpk;anabsxbentkqmn A matrix of less than °
about 500 um thickness is usually employed; with about 115 to 155 um being

t

T

)
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presence of blood color, preferably only a small anount of the chronophore.-
.that absorbs at 700 nmis present. In the first two cases, in which
700 nm absorbance (ie., reduced reflectance) results from another nenbrane
conponent ,the 700 nm absor bance does not require a chronophore. In the
third and fourth cases, the reduction in 700 nmreflectance is effected by
a chronophore. In each case, however, the reduction in 700 nmreflectance
observed fromthe testing surface 15 seconds after reflectance swi t chi ng
must sinulate the blood color, as is described in detail in '346. The
magni t ude of the reduction in reflectangs at 635 nm adjusted as discl osed
in '346, at a suitable tlne after initiation of the timng sequence, is a

That are sBEeRtd 48 YicRRRRR L8130 ] 140 el éﬁf%%‘f%ﬁé&%%ﬂ%ﬁ'“’“p' =

chromtropm&ﬁmmarmsn@wahmdpe?a imﬁscege(rébﬂly dé&y and
N-et hyl - N- (2 hydroxy- 3-sul*f opropyl ) - m't ol ui"di ne (TOOS) 3- net hyl -"2-
benzot hi az &0k defasmmon wetting, mrmgmmgm;oafmmn paxid ned

wEh 3 Al MR Y B shengif 1S allow far rotine manufactize,

' The membrane has impregnated into its pores a testing reagent that is
capable of reacting with glucose to produce a light-absorbing reaction product. -
The membrane may be treated with reagent by dipping it into @ mixture of the
components, thereby saturating the membrane. Excess reagentmaybe
removed by mechanical means such as, for example, an air knife, doctor blade,
_orgkssrod.Ihernen&naneﬂsﬁun;dﬁed.lhﬁquutendstocnnuaunnenear
ﬂmamnaﬁ1xue(usﬁng)ddecfﬂhenmanbnumu(Nhernuﬁhodsﬂuuanemﬁhdﬂe
for applying reagent to the membrane will occur i'eadﬂy to a person having
ordinary skill in the art.

The testing reagent comprises a component for converting glucose to
hydrogen peroxide and a component for detecting hydrogen peroxide. The
reaggntnuqropﬁonaﬂyfuﬂhercquqnﬂyaasepaﬂnhu;conﬁxnunuvvhﬁitcnxms
solids, such as red blood cells, to become entrapped in the matrix, effectively
renuﬁnngthesohdsfnnnthevfhohebkxxi.Addnunudconq;mmnusznqyaho
be included as described below.
I&eﬁamaicanqxnunusﬁorcnnvednu;ghnxmetotthbgenpnmmnde
nuiudeghnxmet»udmn»anenzynmeﬁuulsusuanyobhnnedfnnn}hﬂxmgﬂhui
"f*rugerorfhnnnﬂnnn.(ﬂucasaoxuksemmn:svn&zghnxseaq@angento

produce gluconolactone and hydrogen peroxide. Optimum glucose oxidase
concentration depends on the composition of the indicator system; however,
glucose oxidase in the range from about'500-10,000 U./mL is generally suitable,
numepnﬂhmﬂﬂyfunnaﬁoutﬂm}QHOOIL/ud.Ckmenﬂbchqﬂmmconaauﬂnknm
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with its formal dehyde azine.
.14 Al t hough the ani sotropic nmenbrane-that is the preferred matrix

filters out red blood cells and holds themaway fromthe testing side,
optionally the testing reagent may al so contain a separating conponent.
(see, for exanple, the aforenentioned U S. Pat. No. 5,306,623, to Kiser et

al.) The separating

11
of glucose oxidase cause the reaction to proceed more rapidly and lower
concentrations, less rapidly. Optimum concentration can be determined by
routine experimentatior.

The hydrogen peroxide so produced reacts with the component for
detecting hydrogen peroxide, which comprises a peroxidase that selectively
catalyzes a reaction between the hydrogen peroxide and an indicator. The
peroxidase uses hydrogen peroxide as an oxidant which is capable of removing
hydrogen atoms from various substrates. A suitable peroxidase may contain
ferriprotoporphyrin, a red hemin obtained from plants. Peroxidases obtained
from animals, for example from the thyroid glands of animals, are also suitable.
Horseradish peroxidase (HkPO) is especially preferred as a constituent of the
component for detecting hydrogen peroxide. The hydrogen peroxide, _
preferably catalyzed by a peroxidase, reacts either directly or indirectly to
form an indicator dye that reduces 635 nm reflectance at the testing surface.
Testing surface reflectance is measured at two wavelengths - about 635 nm and

" about700nm. | _ '

Reflectance measurements are made in a timed sequence. The sequence is
initiated by the reflectance reduction at 635 nm that results from the arrival of a
portion of the sample at the testing surface. We denote this initiation of timing
as “reflectance switching”. The reflectance at 700 nm is measured 15 seconds -
later. By that time, the blood will have saturated the reagent pad, and the

. interaction of the glucose-containing blood sample with the reagent-containing
membrane will have caused a reduction in reflectance at 700 nm thatis
substantially equivalent to the reduction produced by blood color being visible
at the testing surface. Thus, although any sample that is visible from the
testing surface does not absorb light to any appreciable extent at 700 nm, the
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conpenent shoul d be capable of producing a relatively clear colorless fluid .
fromfluid containing red blood cells, e.g., whole blood, by sequestering
red blood cells in the matrix and, preferably, also sequestering any snall
anounts of free henogl obin. Separating conponents for use inthe instant

I nvention include but are not limted to polyethylene glycol, poly
(met hyl vi nyl ether/ mal.ei ¢c) anhydri de, pol ypropyl ene glycol, polystyrene

sul foni ¢ add, polyacrylic acid, polyvinyl alcohol, and polyvinyl sulfonic
acid at a pH of about 40-8.0. Such separating conponents are present in the
matrix in anounts that will vary dependijng upon their charge and nol ecul ar
wei ght, the other conponents inbedded in the matrix, the matrix pH and pore

si ze, and dbr RRcAl e AEBUELiAA in 900 RS roMickion thit flasiScih@g willych paraneters

are readily determ nabl e by on dinthe art. For exanple, when

pol ypr opylabserptiorcby - mebénqndoqbd and thost caepes it to ﬂgercnmkerreﬂect(mceg PPG 410
f r om BASF, andott e, Is preferably preéesent  at_ aQout 3Q@6me|ght
to vol uma‘(‘ ?ﬁﬂb@ |6§5§Pérb@e$l cnse gonceriralian Kb %ﬂP‘Q’%onponents

ceparat | ng R ﬁg%ﬁﬁﬁ%é%%@%&ﬁ@m@ﬂ%r X or cast
calculate a correction factor. Note that since blood absorbs at 635 nm, so too
should the blood-simulating 700 nm absorber. Ideally, the blood-simulating
material should have the same ratio of absorbance at 700 nm to absorbance at
635 nm as does whole blood, but for brevity we refer to the blood-simulating
material’s absorbance at 700 nm only. Details of the calculation, including the
correction for the “blood” reflectance at 700 nm, appear in the aforementioned
The reduced testing-surface reflectance at 700 nm that simulates the blood
color can be effected in four alternative ways. First, the membrane may
contain a component that absorbs 700 nm radiation and the testing surface may .
be substantially opaque until it becomes more transparent to 700 nm light when
wet. The component that absorbs at 700 nm may be a nonwoven, for example,
that is not visible from the dry testing surface. The component could also be a
support ortto which the membrane is cast, a coating on the sample surface of
the membrane, or the like.
. Second, the membrane may include a water soluble dye that has light
absorbance at 700 nm that is substantially increased when the dye goes into
7 solution. For example, the dye could initially be in the form of finely divided -
umMuﬁmhﬂﬂecthm&appﬁedtothenumdﬁaﬁeasdh@emmdsoﬁdsﬁumappau
. white and provide no substantial absorbance at 700 nm. The aqueous sample
dissolves the dye, at which point it becomes colored and absorbs at 700 nm. An

example of such a dye is copper phthalocyanine.
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I n the nenbrane during manufacture. Some water soluble salts can also
ef fect bl ood separation. Anong salts suitable for separating bl ood
conponents are citrates, formates, and sulfates, as well as certain acids,
such as amno acids, citric acid, phytic acid, and malic acid. (See, e.g.,
U S. Pat 3,552,928, issued January 5, 1971, to MC. Fetter.)

13

Third, the interaction between glucose and the reagent in the membrane
can result in a chromophore that absorbs light at both 635 nm and 700 nm, |
thereby indicating glucose concentration and, at the same time, simulating the
presence of blood.

Finally, the blood-reagent interaction can yield two chromophores, one of
which absorbs at 635 nm and the other of which absorbs at 700 nm. Further,
since only enough 700 nm reflectance reduction is needed to simulate the
presence of blood color, preferably only a small amount of the chromophore
that absorbs at 700 nm is present.

In the first two cases, in which 700 nm absorbance (i.e., reduced
reflectance) results from another membrane component, the 700 nm absorbance
does not require a chromophore. In the third and fourth cases, the reduction in
700 nm reflectance is effected by a chromophore. In each case, however, the -
reduction in 700 nm reflectance observed from the testing surface 15 seconds
after reflectance switching must simulate the blood color, as is described in

The magnitude of the reduction in reflectarice at 635 nm, adjusted as
disclosed in ‘346, at a suitable time after initiation of the timing sequence, is a
measure of the glucose concentration in the whole blood sample. Dye couples

- that are suitable as indicators include 4-aminoantipyrene (AAP) and
chromotropic acid; AAP and 8-anilino-1-naphthalenesulfonate (ANS); AAP
- and N-ethyl-N~(2 hydroxy-3-sulfopropyl)-m-toluidine (TOOS); 3-methy}-2-
benzothiazolinone hydrazone hydrochloride (MBTH) and ANS; MBTH =
combined with 3-d1meﬁ1ylammobenzoxc acid (DMAB), and MBTH combined
with its formaldehyde azine.
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Separating conponents are preferably included in the testing reagent,
because they increase the effectiveness of the nenbrane in ensuring that no
appreci abl e amount of red bl ood gets through. They thus ensure that sample
that is visible fromthe testing surface does not absorb light to any
appreci abl e extent at 700 nm QO her conponents may be i nbedded into
the matrix to enhance the coloration and readability of the reagent strips
and to preserve the uniformty and integrity of the matrix. For exanple,
the testing reagent may include salts and/or buffers to aid in the
separation of the dye in the matrix Suchpgpuffers may contain for exanple,
citrate, present in solution at fromabout 0.01Mto about 1.0 M and

preferably at aAlthbugh lb\éaﬂsb&bgiwﬂeﬁﬂ&aﬁﬁ)ﬂ\ﬂ@%\bpr&&ﬁwmﬁlmout

Conpounds that make the matrix hydrophilic or corrpounds t hat can act as
st abi | i zer stedhlead sells,3ad bojds-thep sway-from the testing sidecaptiopally the,ch .

ol oot aclstiBFedihs 85 185 bl Sdel e fq‘%fsf%lﬁgs%atr o ol ati. "spn
(CRODA, I nc. fiewifoiemtentidned: U.S. Pdt N6 59061623, 36 Kiserst ab) T Sepidra@hg ONS o
component should be capable of producing a relatively clear colorless fluid
from fluid containing red blood cells, e.g., whole blood, by sequestering red
blood cells in the matrix and, preferably, also sequestering any small amounts

of free hemoglobin. Separating components for use in the instant invention
include but are not limited to polyethylene glycol, poly (methylvinyl
ether/maleic) anhydride, polypropylene glycol, polystyrene sulfonic acid,
polyacrylic acid, polyvinyl alcohol, and polyvmyl sulfonic acid ata pHof
about 4.0-8.0. Such separating components are present in the matrix in
amounts that will vary depending upon their charge and molecular weight, the
other components imbedded in the matrix, the matrix pH and pore size, and
the residual moisture of the matrix after drying. Such parameters are readily
determinable by one skilled in the art. For example, when polypropylene
glycol is employed as the separating component (e.g., PPG410 from BASF,
Wyandotte, MI), it is preferably present at about 2-30% weigﬁt to volume
(w/v), and more preferably 8-10% w/v. Other separating components can also
be:employed in a concentration of about 2-30% w/v. The polymeric
separating components may be impregnated or imbedded in the matrix or cast
* ; inthe membrane during manufacture, o
Some water soluble salts can also effect blood separation. Among salts
suitable for separating blood components are citrates, formates, and sulfates, as
well as certain acids, such as amino acids, citric acid, phytic acid, and malic
acid. (See, e.g., U.S. Pat. 3,552,928, issued January 5, 1971, to M.C. Fetter.)
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of foer exanple about 1 ng/nlL to about 100 ng/nL. In the case of Crotein,
about 30 ng/nL is preferred. - Other stabilizers and preservatives my
al so be included in the coating for the matri x For exanpl e ethyl ene di am ne
tetraacetic acid (EDTA), diethylene triamne pentaacetic acid (DTPA) and
rel ated conmpounds may be enpl oyed, for exanple, at concentrations of about

0.01 ng/nL to about 10 ny/nL Variations of the detail presented herein
may be nmade without departing fromthe scope and spirit of the present
i nventi on.

15

Separating components are preferably included in the testing reagent, because
they increase the effectiveness of the membrane in ensuring that no appreciable.
amount of red blood gets through. They thus ensure that sample that is visible
from the testing surface does not absorb light to any appreciable extent at 700
nm.

‘Other components may be imbedded into the matrix to enhance the
coloration and readability of the reagent strips and to preserve the uniformity
and integrity of the matrix. For example, the testing reagent may include salts
and/or buffers to aid in the separation of the dye in the matrix. Suchbuffers
may contain for example, citrate, present in solution at from about 0.01M to
about 1.0 M, and preferably at about 0.IM. Other buffers may also be
employed. : .

Compounds that make the matrix hydrophilic or compounds that can act
as stabilizers, such as hydrolyzed proteins, may also be employed. Such
compounds include but are not limited to for example bovine serum albumin, _
polypeptides and the low molecular weight protein available as Crotein SPA
(CRODA, Inc. New York, N. Y.). Such compounds are used at concentrations
of for example about 1 mg/mL to about 100 mg/mL. In the case of Crotein,
about 30 mg/mL is preferred. |

. Other stabilizers and preservatives may also be included in the coating for
the matrix. For example ethylene diamine tetraacetic acid (EDTA), diethylene
' triamine pentaacetic acid (DTPA) and related compounds may be employed,
for example, at concentrations of about 0.01 mg/mL to about 10 mg/mL.

Variations of the detail presented herein may be made without departing

from the scope and spirit of the present invention. ' |
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| claim 1. Areagent test strip for use in an apparatus for

determ ning a concentration of glucose in a sanple of whole bl ood, the
apparatus conprising optical means for detecting intensity of |ight at
wavel engt hs of about 635 nm and about 700 nmreflected fromat |east a
portion of a matrix disposed near one end of the strip, which matrix

conpri ses a) a sanple receiving surface for receiving the
whol e bl ood sanple and passing a portion of it toward a testing surface
opposite thereto, the testing surface having a reflectance at about 700 nm
that, when the testing surface becones t . undergoes a change that is
substantially equivalent to that produced by the absorbance of henogl obin

i n bl ood b) a structure that selectively retards the passage
of red bl ooc?ac]'teq'ls through the matrix and mnimzes the lysing of the cells
in the matrix, lwheredpent test strip for use in an apparatus for determining a

concentration of glucose in a sample of whole blood, the apparatus comprising
optical means for detecting intensity of light at wavelengths of about 635 nm
and about 700 nm reflected from at least a portion of a matrix disposed near
one end of the strip, which matrix comprises
a) a sample receiving surface for receiving the whole blood
sample and passing a portion of it toward a testing surface opposite thereto, the
testing surface having a reflectance at about 700 nm that, when the testing
suxfacebecomeswet,undetgoesadlangeﬁatxs substant:allyeqmvalentm
that produced by the absorbance of hemoglobin in blood
b) a structure that selectively retards the passage of red blood cells

through the matrix and minimizes the lysing of the cells in the matrix, whereby
any portion of the sample that is visible from the testing surface does not
absorb light to any appreciable extent at about 700 nm, and

' c) a reagent for indicating the glucose concentration by creating at
the&stmgsurfaceachangemxeﬂectanceataboutGSSnm

2. The strip of claim 1 in which the matrix comprises a membrane that
hasporesm'attrapmeredbloodceﬂsofmewholebloodsample '
- 3. Thestrip of claim 1 mwluch&ematnxcompnses anamsotroplc
membrane.
s 4 nmsmpofdmsmwhm&wmmbmhaspommatmlazger
near the sample receiving surface and smaller near the testing surface.
5. The strip of claim 1 in which the matrix comprises a polyamide

membrane.
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any portion of the sanple that is visible fromthe testing surface does not

absorb light to any appreci able extent at about 700 nm and C)
a reagent for indicating the glucose concentration by creating at the
testing surface a change in reflectance at about 635 nm 2. The strip
of claiml1l in which the matrix conprises a nenbrane that has pores that
trap the red blood cells of the whol e bl ood sanpl e. 3. The strip of
claim1l in which the matrix conprises an ani sotropi c menbrane. 4. The
strip of claim3 in which the nenbrane has pores that are |arger near the
sanpl e receiving surface and smaller ne 5 the testing surface. 5. The
strip of claiml1 in which the matrix coﬁbrises a pol yam de nenbr ane.

6. The strip of claim 1 in which the matrix has an interior region that
absorbs 700 nm light and that is visible from the testing surface only when the |
surface is wet. |

7. The strip of claim 6 in which the matrix interior region comprises a
nonwoven material having substantial absorbance at 700 nm.

8. The strip of claim 1 in which the matrix further comprises a water-
soluble dye that has light absorption at 700 nm that is substantially increased

'when the dye goes into solution. |

9. The strip of claim 8 in which the dye comprises copper phthalocyanine.

10. The strip of claim 1 in which the reagent comprises a dye precursor
that forms a chromophore indicative of the glucose concentration, the
chromophore absorbing light at 635 nm.

11. The strip of claim 10 in which the reagent dye precursor is selected
from the group consisting of 3-methyl-2-benzothiazolinone hydrazone
hydrochloride (MBTH) with 3-dimethylaminobenzoic acid (DMAB); MBTH
unﬂtGanﬂuurl4uqﬂuhakmemﬂﬁnume@AbED'Nﬂﬂﬂivn&1nsﬁunuﬂdehyde
azine and conibinations thereof.

12, Thestqpofckun111umnduchthenu@gntdyepnannsorconqnums
MBTH and ANS. :

- 13, The strip of claim 11 in which the reagent dye precursor comprises
MBTH combined with DMAB.

*a

* [ L M s *
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17 + . 6. The strip of claiml in which the matrix has an interior region
that absorbs 700 nmlight and that is visible fromthe testing surface only
when the surface is wet 7. The strip of claim6 in which the matrix
interior region conprises a nonwoven material having substantial absorbance
at 700 nm 8. The strip of claim1l in which the matrix further
conprises a water- soluble dye that hass|light absorption at 700 nmthat is
substantially increased when the dye goes into solution. 9. .The strip
of claim8 in which the dye conprises copper phthal ocyani ne. 10. The
strip of claim1 in which the reagent conprises a dye precursor

REAGENT TEST STRIP FOR BLOOD GLUCOSE DETERMINATION

Abstract of the Disclosure

‘Aanagentustshdpisadaphxiﬁaruseﬁuatﬂoodjﬂumnsé:neﬁm;aAsanqﬂe
of whole blood is applied to one surface of a matrix on the strip and the meter
measures the reflectance of the opposite surface of the matrix at about 635 nm
and 700 nm and calculates from the reflectances the concentration of glucose in
the sample. The portion of the applied sample that penetrates the matrix and is
visible from the testing surface does not absorb to any appreciable extent at
700 nm. Nevertheless, the glucose-containing sample interacts with the
components of the reagent-containing matrix to cause a change in reflectance at
700 nm that simulates the effect of the blood color. As a result, the strip can be
used in meters that measure glucose concentration in whole blood samples in
the presence of optically visible hemoglobin.
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that forns a chronophore indicative of the glucose concentration, the
chronophore absorbing Iight at 635 nm 11. The strip of claim10 in
whi ch the reagent dye precursor is selected fromthe group consisting of
3- et hyl - 2- benzot hi azol i none hydrazone hydrochloride (MBTH) wth

3-di net hyl am nobenzoic acid (DVAB); MBTH with

8- ani | i no- 1- napht hal enesul fonate (ANS);. MBTH wth its formal dehyde azi ne
and conbi nati ons thereof. 12. Thegbjrip of claim1l in which the
reagent dye precursor conprises MBTH and ANS. 13. The strip of claim
11 in which the reagent dye precursor conprises MBTH conbi ned wi th DVAB
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TEXT OF THE ABSTRACT

REAGENT TEST STRIP FOR BLOOD GLUCOSE DETERMINATION

A reagent test strip is adapted for use in a blood glucose meter. A sample of whole blood is
applied to one surface of a matrix (11) on the strip and the meter measures the reflectance of
the opposite surface of the matrix (11) at about 635 nm and 700 nm and calculates from the
reflectances the concentration of glucose in the sample. The portion of the applied sample that
penetrates the matrix (11) and is visible from the testing surface does not absorb to any
appreciable extent at 700 nm. Nevertheless, the glucose-containing sample interacts with the
components of the reagent-containing matrix to cause a change in reflectance at 700 nm that
<z Simulates the effect of the blood color. As a result, the strip can be used in meters that measure
«...:) glucose concentration in whole blood samples in the presence of optically visible hemoglobin.

Fig. 1.
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