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present i,nvention relates to an analyte test based upon the use of dry

reagent , 10 chem stry. Dry reagent chemistry is a diagnostic area

di sti n'ct' fromnore classical wet reagent chem stry. Wt reagent chem stry

requi res “that the reagent chem cals be stored in separate sol ution

contai netfs before use. These chenicals are-tHerr brought together into a

common reaction chanber during the test procedure. The process of
reconstituting and m xing the chéem cals generally requires automation or 15
manual intervention by the test operator. By contrast, in dry reagent

chem stry, the reagent chemicals are stored in a dry state in a single

devi ce which also incorporates a reaction chanber as part of the structure.
This integration of the dlfferent corrponents has the advant age of 20
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"di psticks" or "test strips". 25 Many such test strips have been-

devel oped for tnmmmmmmmody fluids for various constituents
whose presence and/or quantity may relate to a pathol ogi cal condition.

-2- The state of the art for dry reagent based biological fluid testing

typicall'y i nvol Ve present invention relates to an analyte test based upon the use of dry reagent

10 chemistry. Dry reagent chemistry is a diagnostic area distinct from more classical
wet reagent chemistry. Wet reagent chemistry requires that the reagent chemicals

" be stored in separate solution containers before use. These chemicals are then
brought together into a common reaction chamber during the test procedure. The

- process of reconstituting and mixing the chemicals generally requires automation or

18 manual intervention by the test operator.

By contrast, in dry reagent chemistry, the reagent chemicals are stored in a dry state
in a single device which also incorporates a reaction chamber as part of the
structure. This integration of the different components has the advantage of
20 requiring much less automation or operator intervention. Fluid contained in the
sample activates the test chemicals, and the matrix that holds the test chemicals
usually undergoes a color change that can be read directly without further

processing. Such devices are often referred to as "dipsticks” or "test strips”.

25 Many such test strips have been developed for the rapid analysis of body fluids for
various constituents whose presence and/or quantity may relate to a pathological

condition.



the use of conplex, nmulti-layered, conposite structures. For exanple, in
testlng whol e bl ood sanples, the requisite conposite structures generally
contain one or nore sections to separate out plasma fromwhole blood cells,
sections to facilitate 5 sanpl e spreadi ng, and one or nore sections
whi ch contain the anal yte detection chem stry. U S. patent #4,810,470 to
M| es describes a conpl ex diagnostic device for the quantitative

determ nation of anal yte concentrations in-|lRqdid sanples. Particular 10
anal ytes mentioned include creatinine, cholesterol, triglycerides,

pot assi um and tTie ftateaf tﬁé\ertden/dtyere'agmuhis&i biodogical Mwidetesting typically involves
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Patent No. 3, 90761%@“@ chnond) discloses a nethod and kit for assaying
cholesterol in 2 |l i quid. The disclosed chol esterol assay involves

i ncubating the liquid to be tested with an enzyne preparation which is
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covered at least partially by an impermeable coating or film. The liquid sample is

metered into the bibulous matrix by this impermeable coating.

15 One particular analyte has been the subject of increasing interest, and that is
cholesterol. This is especially so in recent times, due to the public awareness of the
health risks associated with contihuous high cholesterol blood levels. The basic
chemistry involved in testing blood cholesterol levels is well-known. U.S. Patent
No. 3,907,645 (Richmond) discloses a method and kit for assaying cholesterol in

20 a liquid. The disclosed cholesterol assay involves incubating the liquid to be tested
with an enzyme preparation which is derived from Norcardia species. The enzyme
preparation oxidizes any cholestérol present in the liquid into cholestenone and
hydrogen .peroxide. The amount of cholesterol is determined by measuring the
amount of hydrogen peroxide produced.

25
U.S. Patent No. 3,925,164 (Beauchamp et al.) discloses a method and reagent
composition for determining cholesterol in a sample. In this method, a sample is
treated with cholesterol esterase obtained from a microorganism, thereby releasing

any bound cholesterol in the sample. The resulting cholesterol content of the sample



arfy. bound chol esterol in the sanple. The resulting chol esterol content of
the sanpl e -3- is then determ ned using standard nethods. The reagent
conposi ti:on conprises chol esterol esterase obtained froma m croorgani sm
(e.g., Candida sp., Rhizopus sp., Aspergillus sp.) and a systemfor the
determ nation of free cholesterol. The conposition of chol esterol esterase,
chol esterol oxidase, catal ase, acetyl acetone, 5 met hanol , and a buffer
contalnlng anmoni umions is disclosed. U S~ Batent No. 4,212,938 (G uber et
.) teaches a test conposition and nethod for determ ning total
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conposi tion. The test conposi tion includes a chem cal system having
chol esterol ester hydrolase activity, a chem cal system having chol esterol
oxi dase acti vi t yU.SnBatanthi¥an4,213;938<(Ganbemétrad.) teathes)a nesp eomposition aed method
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be separated fro d plasma. Red”blood cell3 inter ere W t
10 least one of the reaction byproducts. A test composition of cholesterol oxidase,

cholesterol esterase, and a system for  determining hydrogen peroxide (i.e.
peroxidase, a chromogen, and a buffer) is disclosed. For example, U.S. Patent No.
4,186,251 (Tarbutton) discloses a test device for use in determining total cholesterol
in a biological fluid sample. The device includes a test composition and a carrier
15 for the test composition. The test composition includes a chemical system having
cholesterol ester hydrolase activity, a chemical system having cholesterol oxidase
activity, and a means for determining hydrogen peroxidative activity (i.e. a

colorimetric response).

20 The basic test systems work on the basis of a wet-chemistry system. However, it
should be noted that it is critical in any blood chemistry testing system that the red
blood cells be separated from the blood plasma. Red blood cells interfere with the
colorimetric end resuit, due to leakage of their hemoglobin and obstruction of proper
colorimetric analysis. In the wet chemistry systems, the red blood cells may be

25 separated out prior to testing. This separation may also be done prior to application
of the sample into the dry chemistry test systems. However, certain disclosed dry
chemistry systems have elaborate means of effecting this separation within the test
system itself. U.S. Patent No. 4,753,776 (Hillman et al.) discloses a method and

device for separating plasma from red blood cells. A capillary flow device having



coloriknmetric end result, due to | eakage of their henpgl obin and obstruction
of proper caolorinetric analysis. In the wet chem stry systens, the red

bl opd cells may be 25 separated out prior to testing. This separation
may- al so be done prior to application of the sanple into the dry chem stry
test systens. However, certain disclosed dry chem stry systens have

el aborate neans of effecting this separation within the test systemitself.
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carrier layer (multifilar fabric or fleece) adry, reagent-containing film
| ayer; and a synthetic resin film]| aéer I n mar ket ed {)roduct based _upon
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pl-asma from whol énvenger, a mtiriayered srigi Gontaiessa nymier el bla%ép%wepqmteon layers.

chol esterol det egg—.:ggé’ho%% Df'ﬁ] getecﬁ]_ ﬁgé}ﬁ 5ﬁ'§t|§rc%latege(§neﬁ{e' Qﬁhﬁ.rgl@%’ %g r%)a?ransparent

mechanically pre arning |layer
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phot orret er ,10and gcr@emd@Cersoags heaughtipto a seconc glass ﬁber pad beYow The glass
' fiber pad separates plasma from whole blood. Plasma then diffuses to an area

below the cholesterol detection layer. The cholesterol detection layer is
mechahically pressed into the. plasma containing layer. The plasma activates thé
detection chemistry, resulting in a color change. This color change is then read
15 through the plastic support layer by a photometer, and a microprocessor is used to

compute the equivalent concentration of cholesterol.

U.S. Patent No. 3,630,957 (Rey et al.) discloses a diagnostic test strip. The test
strip comprises a homogeneous water-resistent film having a color forming reagent
éo dispersed throughout. The device may also include a carrier support for the film.
A number of film compositions are disclosed including polymers, cellulose, glass,

and synthetic resins.

U.S. Patent No. 3,552,928 (Fetter et al.) discloses a test device for detecting soluble
25 constituents in whole blood. The device has two bibulous matrices, which may be
laminated to each other. One matrix contains the test reagent and the other an

amino acid separating reagent.



conpute the equival ent concentration of cholesterol. U S Patent No.
3,630,957 (Rey et al.) discloses a diagnostic test strip. The test strip
conpri ses a honogeneous water-resistent filmhaving a color form ng reagent
20. di spersed throughout. The device may al so include a carrier support
for the film A nunber of filmconpositions are disclosed including

pol yners, cellul ose, glass, and synthetic resins. U S. Patent No. 3,552,928 .
(Fetter et al.) discloses a test device for5detecting soluble 25
constituents in whole blood. The device has two bi bul ous matrices, which
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chem stry systegp ot&i 67 4R wndoRide of e SR NRR&LIRubdIRN at 37°C for several
10 minutes, the color is then read from below by a photometer device and the

equivalent cholesterol concentration determined by a microprocessor.

The above-mentioned dry chemistry systems represent some of the most notable the
staté-of—the—art in multi-lamellar devices for the measurement of glucose,
15 cholesterol, and other such analytes in biological fluids. However, there is a need
for a simple, easy to use device that will allow rapid, accurate, colorimetric testing
of very. small quantities of a bidlogical sample of about twenty microliters or less,
without interfering leakage of particulates such as red blood cells (or the product of
their lysis - hemoglobin) into the colorimetric detection area. Such a device would
20 be suitable for doctor’s office applications, or even home use for those people
wishing to monitor the level of certain components in their blood, urine, saliva,
cerebrospinal fluid, or other bodily fluid or biological sample suspended in liquid
form. Typical analytes include glucose, cholesterol, uric acid, ascorbic acid,
bilirubin, carotene, hormones, protein, certain enzymes, alcohol, toxins, drugs and
25 the like. Such a device would be particularly useful to those persons suffering from
unacceptable blood gluéose or cholesterol levels that they are trying to correct

through diet, exercise, and other means of treatment, including drug therapy.



state-of-the-art in multi-lanellar devices for the nmeasurenent of gl ucose,
15 chol esterol, and other such analytes in biological fluids. However,
there is a need for a sinple, easy to use device that will allow rapid,
accurate, colorinmetric testing of very small quantities of a biological
sanpl e of about twenty microliters or less, without interfering | eakage of
particul ates such as red blood cells (or the product of their lysis -
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“be suitable for doctor's office applications, or even hone use for those
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sem - quantit at i Yield/isbieasght énto contact with the reagent membrane pad containing the detection
system. The system is particularly suited in glucose or cholesterol detection devices
where presence of particulate matter in the biological sample, most notably red

blood cells, would be a hindrance to the analytical results.

.15 Brief Description of the Drawings

Figure 1(a) is a test strip in accordance with the invention containing a glycine paper

initial particulate screening layer and two polycarbonate final screening layers.

20 Figure 1(b) is a similar test strip having only one polycarbonate final screening

layer.

Figure 2 is a schematic of a hand-held color chart to compare the reaction site color
to standardized colors indicative of various levels of analyte. |
25
Description of the Invention

The analyte test strip of the present invention represents a simple, accurate approach

to dry reagent testing. The device of the invention comprises a system of



Aan apalyte present in a biological fluid so that -a color change is observed
when said 10 fluid is brought into contact with the reagent nenbrane
pad containing the detection system The systemis particularly suited in
gl ucoese' or chol esterol detection devices where presence of particul ate
matter in the biological sanple, nost notably red blood cells, would be a
hi ndrance to the analytical results. 15 Brief Description of the

Drawi ngs Figure 1(a) is a test strip in actofdance with the invention
containing a glycine paper initial particulate screening |ayer and two

pol ycar bonat e f i hydrophilie partigulatessgeaeningdayers in WW&OQF’B% aj1gagent membgang pad
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chem cal detecti g&igy/gé @Eimed hefsn 48s hy@dphilia! tot énsuis apirepridte nedttibility when
“hydrophilic" refers to those conpositions that by their very nature have a
strong affinity éantacted with bioodhenetherchinlogical Auids, so thaksueh fluid will flemnthrough

treated so 5 tcllqt t hey have tr. affinity for er.. The vari ous
screeni ng | ayer s€3%) 1Ryt to'make contac with tHe Rext ﬂyeryprpxxma\f\e'aEhereto.

10 The screening layer system of the device' claimed herein comprises an initial

hydrophilic screening layer that serves to remove a substantial portion of particulates

from the biological sample, such as red blood cells from the plasma portion of a

blood sample, contaminating red blood cells in biological samples other than plasma,

other interfering particulate substances, such as cellular debris in urine or saliva,

15 and the like. Suitable materials for this layer of the device are those that will trap

a substantial portion of the interfering substances, without disrupting them and

possibly releasing undesired components (such as hemoglobin in the case of

interfering red blood cells). For example, the preferred initial screening layer will

trap é substantial portion of red b]odd célls in a manner that is gentle enough so as

20 . toavoid disrupting their membranes and allowing their hemoglobin to leak. Suitable

| membranes for tllié purpose- are bibulous membranes such as those made out of

cellulose, polysulfone, polyester, glass fibers and the like, all hydrophilic in their

nature or treated chemically or physically to render them hydrophilic by commonly

accepted methods. Exemplary methods include treatment with surfactants such as

25 detergents to modify the surface tension, or changing the charge of the materials by

chemical or physical means, irradiation, and the like. Particularly preferred for use

herein is paper treated with glycine or serine, such as disclosed in U.S. patent #
3,552,928.



devi ce as clained herein are hydrophilic to ensure appropriate wettability
when contacted with bl ood or other biological fluids, so that such fluid
wil] flow through each layer to nake contact with the next |ayer proximte
thereto. 10 The screening | ayer system of the device clained herein
conprises an initial hydrophilic screening.layer that serves to renove a
substantial portion of particulates fromthe biol ogical sanple, such as red
bl ood cells fromthe plasma portion of a bto®d-sanple, contam nating red

bl ood cells in biological sanples other than plasma, other interfering
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avoids spillage of the sample (particularly when that sample is blood) onto the
surrounding area of the strip or even onto the instrument.area in those situations .

wherein the strip is placed into a meter for reading of the colorimetric results.

15 The overall dimensions of this first layer may be determined by those skilled in the
art in accordance with the intended size and design of the resulting test strip, and
. keeping in mind that the larger the first layer, the more void volume to retain the

sample.

20 The device of the invention further comprises at least one, final screening layer to
catch particulates that may have leaked through the initial screening layer. This
second layer also serves to regulate the sample flow through the device. In this
regard, it should be noted that the reagent membrane pad is typically dry and
absorbent, and thus, tends to pull the biological sample through the device once

25 fluid begins to contact this area. - A delicate balance needs to be maintained at this
point to avoid a flow of fluid so strong that the contaminating particulates are
sheared in the process. For example, in a sample containing red blood cells, a
strong flow of the plasma or other sample medium could result in shearing of the

red blood cells, with concomitant release of the undesirable contaminating



-8-. Rreferred thicknesses of such initial screening |ayer range from about
.30 mmto about 1mm The thinner the first layer, the less void volune to
retain the biological sanple, and the |l ess sanple required to carry out the
test. This becomes quite inportant in home use of the presently.clained
devi ce when testing blood, as the 5 user nust obtain the blood sanple
froma fingerprick. Thus, it can be appreciated that it is desirable to

m nimze the size or nunber of such fingerprfcks, to maximze the confort
of the user. Additionally, in the preferred enbodinents, the device of the
i nvention is co o AGcaEdipgly nsuitablesmembranes forcthis RieRessAre thase that il
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(particularly when that sanple is blood) onto the surrounding area of the

strip.or even orpolysufenatasnylongsand the like memtaanes coxthosteqraprising eombinations of
stripis plsaced i n%l-g?éerﬁger for reading of the colorinetric results. 15
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fluid so strong fdpalffeb heCdil Vol bf thePMaterigttoAsiRh A Extent that it would tend to -
substantially prevent the sample fluid from reaching the intended reagent membrane
pad. Generally speaking, about two’times the diameter of a red blood cell is
15 suitable for this purpose, and particularly about 12-to about 14 microns. Suitable
numbers of pores are those that serve to optimize the monitoring of the fluid flow
so that it is not too fast, increasing the chances that the red cells will burst from the
force. Particularly preferred numbers of pores range from about 2x10° - 1x10® per
square centimeter, most preferred being about 2x10” - 3x107 per square centimeter.
20 If more than one final screening layer is employed,'membrane material having fewer
pores that are generally larger in diameter is chosen. For example, if two layers
are used, membrane having approximately 2x107 pores per squaré centimeter, with
a pore diameter of approximately 1 micron is preferably used, compared to the
single final screening layer construct, wherein a membrane having approximately
25 3x107 pores per square centimeter, with a pore size of approximately .6 micron is
preferréd. Finally, as in the case of the initial screening layer, overall dimensions
may be optimized by those skilled in the art, to make appropriate contact with the

other layers in the device, in accordance with the overall size and design.

-



sheared in the process. For exanple, in a sanple containing red bl ood
cells, a strong flow of the plasnma or other sanple nmediumcould result in
shearing of the red blood cells, with concomtant rel ease of the

b

undesi rabl e cont am nati ng -9- henogl obin. Accordingly, suitable
menbranes for this purpose are those that will allowthe fluid to flow
t hrough at a sonmewhat steady state, but will trap the interfering.

particul ates. OF these may be nentioned pot yE&rbonate, pol yester,
pol ysul fonate, nylon, and the |ike nmenbranes, or those conprising .
conbi nati ons of The test strip furthencomprises a reagent angmbunre pads whighoigicamprised ohene
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times the diameter of a red blodd cell is sui tabl é for this”purpose,
and particul ar| ycapaeityt angd thas thboentirg 4y reagans anayter déseationuspistans, ufclysing the

are those that serve to.optimze. the itoring of .the fluid flow so {hat
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fromthe force. ilf?,bggimg_l arly preferred nunbers of pores range from about -
p

[err] - [err] square centineter, nost preferred being about [err] -
[err] per BQuare centineter. :

The reagent membrane matrix or matrices are impregnated with a suitable dry
chemistry analyte detection system, in accordance with the particular analyte to be
detected. Typical analytes are glucose and other sugars such as galactose in urine
and blood, protein in urine, alcohol in saliva or blood, ketone bodies, carotene,

_ 15 creatinine, lactose, pentose, lactic acid, ascorbic acid, hippuric acid, pyruvic acid, -
porphyrin, cystine, and other amino acids, melanin, nucleic acids, phospholipids,
urea nitrogen, uric acid, phenylalanine, free fatty acids, monocarbohydrates,
cholinesterase, amylase, and certain other enzymes, hormones, drug substapces, and
toxins, infectious disease analytes such as HIV and hepatitis (typically using

- 20 immunoassay colorimetric techniques such as biotin-avidin, enzyme labels, colloidal
gold labels, and the like) only to mention a few. Known dry chemistry reagent
systems for detecting analytes such as those just mentioned are oo numerous to
present in their entirety here. However, 'specialty chemicals, such as diagnostic
reagent grade enzymes are widely available on a commercial basis. One such

25 company is Toyobo Co., Ltd. of Osaka, Japan, whose catalog also conveniently
presents chemical reaction schemes for various analytes, adaptable for the most part
to the dry chemistry analyte detection systems useful in the test stri;; presented
herein. A few representative patents also describing useful reagent systems are U.S.
patent #4,935,346 to Lifescan, Inc. U.S. patent #4,478,942 to Fuji Photo Film Co.,



20. " If nore than one final screening |ayer is enployed, nenbrane

mat eri al having fewer pores that are generally larger in dianeter is
chosen. /For exanple, if two |ayers are used, menbrane having approximately
2x107 pores per square centinmeter, with a pore dianeter of approximately 1
mcron is preferably used, conpared to the single final screening |ayer
construct, wherein a nenbrane having approxi mately 25 3x107 pores per
square centimeter, with a pore size of appr®di mately .6 micron is
preferred. Finall as in the case of the initial screening |ayer, overal
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reagent nenmbr anearf@dl 3614648 ho IMil&ODIYorf6HexIn@ne or nore bi bul ous carrier
matrices generally known to the art for the support of all or a portion of

a dry chem stry anal yte detection system The carrier matrix or nmatrices
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suitabl e for sucfuantitatioficof dHoldsterfleneChblesteidl 6§ genadnj(]fpaéseapﬁi bloge! sérum or
charged nylon be enployed in this capacity and that the entire dry reagent
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10 broken down to yield cholesterol esters which may then be quantitated in accordance

with the invention. Accordingly, in one preferred embodiment the reagent

membrane pad of the invention, comprising a single matrix, is impregnated with a

dry chemical cholesterol detection system comprising a component to solubilize the

lipid particles and produce cholesterol esters, a component that hydrolyzes the fatty

15  acid from the cholesterol ester yielding free cholesterol, and a component that

oxidizes the cholesterol yielding hydrogen peroxide as a by-product whose formation
may be measured colorimetrically as a function of the presence of cholesterol. .

Certain exemplary cholesterol detection chemistries may be found, inter alia, in

U.S. patent numbers #4,008,127; 3,925,164; 4,503,144, 4,144,129; 4,212,938; and

20 4,186,251, Suitable components for solubilization of the cholesterol particles are

detergents such as sodium cholate, 3-[(3-cholamidopropyl)-dimethyl-ammonio]-1-

propanesuifate (CHAPS), octylphenoxypolyethoxyethanol, hydrogenated (Triton X-

100™ available from Sigma Chemical, Missouri) deoxycholate, and the like.

Suitable components for hydrolyzing the cholesterol esters are enzymes such as

25 cholesterol esterase or nonspecific esterases capable of hydrolyzing cholesterol

esters, such as pancreatic or microbial cholesterol esterase, and microbial lipoprotein

lipase. Suitable oxidases are enzymes or precursors having cholesterol oxidase

activity and capable of oxidizing the cholesterol into cholestone with the liberation



detect:ed. Typical anal ytes are glucose and other sugars such as-gal act ose
i n urine and bl ood, protein in urine, alcohol in saliva or blood, ketone
bodi es, gcarotene, 15 creatinine, |actose, pentose, lactic acid,
ascorbic acid, hippuric acid, pyruvic acid, porphyrin, cystine, and other
am no acids, nelanin, nucleic acids, phospholipids, urea nitrogen, uric
aci d, phenyl al anine, free fatty acids, nonocarbohydrates, cholinesterase,
anyl ase, and certain other enzymes, hornones}2drug substances, and toxins,
i nfectious disease anal ytes such as H'V and hepatitis (typlcally usi ng 20
i munoassay cal oof rfmerhydmgeomﬂmmé% sugh rasacholgsteroinoxidasdj whichniberetiorimaysbe
col l oi dal gold | abels anp the, ke) only to nention a few. Known dry
chem stry reagenf’1 9% opget éctlng anal ytes such as those just
mentioned are too nunerous to present in their entirety here. However,
specialty chem cals, such as diagnostic reagent grade enzynes are w dely
avail able on a cmrﬂmrmb&hTeﬂmbpdimMS sthe Idrj?ﬁhemistrymmaﬂymémbﬂﬁmpqiad ofahe test
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herein. A few representative patents al so descri bi ng usetf r‘eagent” syst ens
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The test strip desCribed herein is particularly suite |on
and/ or quanoitation of cholesterol. Cholesterol is generally pr esent in
bl ood serum or A preferred chromogenic means for determination of released hydrogen peroxide is
the use of a substance have peroxidative activity and an oxidation-reduction indicator
such as:  AAP/HBSA (4-aminoantipyrine/4-hydroxy-benzenesulfonic 'acid),
AAP/PDP (primaquine diphosphate), MBTH/DMAB (3-methyl-2-benzothiazolinone
15 hydrazone/dimet_hyl amino benzoic " acid), Viomedics Indophane Substrates,
3,3',5,5'-tetraalkylbenzidine compounds as disclosed in U.S. patent 4,385,114 and
specifically TMB (3,5,3,5-tetramethylbenzidine), m-anisidine compounds such as
those disclosed in U.S. patent #4,391,905, o-di_anisidihe, o-toluidine, o-tolidine,
benzidine, 2,2‘~azinodi—(3-ethylbenz-thiazoline sulbhonic acid), 3-methyl-2-
20 . benzothiazoli-none hydrazone plus N,N-dimethylaniline, phenol plus 4-aminophena-
zone, sulfonated 2,4-dichloro-phenyl plus 4-amino-phenazone, 3-methyl-2-
benzothiazoli-none hydazone plus 3-(dimethylamino)benzoic acid, 2-methoxy-4-allyl
phenol, 4-Aminoantipyrine-dimethylaniline, O-phenyl diamine (OPD), and the like,
Certain ‘of the patents cited above may also describe these or other colorimetric

25 systems.

The reagents may be applied to the reagent membrane pad matrix or matrices in any
suitable manner, including dipping, spraying, and the like. In the preferred

embodiments, the reagents are added sequentially in two additions, as they require



pl asma as part of many different protein-lipid conplexes. For exanple, high
density |ipoproteins and | ow density |ipoproteins have differing anmounts of
chol estarol, phospholipids, protein, triglycerides, and the |like. These
particles are 10 broken down to yield cholesterol esters which may then
be quantitated in accordance wth the invention. Accordingly, in one
preferred enbodi nent the reagent nenbrane pad of the invention, conprising
a single matrix, is inpregnated with a dry &Beni cal chol esterol detection
system conprising a conponent to solubilize the lipid particles and produce
chol esterol est eliffgrent sobveptsncFhe rehgant estistopy cassprisieg tha vasiousdlayers as destribedm
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plastics, papers, glass, Teflon™, metals, wood, and the like. The test strips and

layers themselves may be of varying dimensions, depending again on intended use.

15 ° By way of example of a suitable assembly, reference is made to Figure 1(a) and (b).
Tape 1 defining a blood sample inlet aperture 2 is positioned over glycine paper 3
so that aperture 2 is centered -on top of paper 3. Polycarbonate layer 4 is centered
under this assembly, with reagent pad 5 positioned underneath. This multilamellar
structure is affixed to plastic handle 7 having an aperture 10 in 1(a) or 8 in 1(b).

20 In Figure 1(a) there is also a bottom tape 9 with a reading aperture 8. Reading -
aperture 8 is positioned so that it aligns with aperture 2 (and 10 where applicable).
The colorimetric response is read from the bottom through aperture 8, either
visually by turning the device over to look at the results and possibly compare with
a color chart, or by contacting the test strip with an instrument capable of

25 electronically detecting the result. One skilled in the art will appreciate that suitable
instruments useful for this purpose might be similar to those commercially available
such as OneTouch II™ available from Lifescan Inc., the Tracer TI®, Accu-Chek®
™, Accu-Chek® Easy™, Accu-Chek® I Freedom™, and the Reflotron® from
Boehringer Mannheim Corporation, Clinitek® 100 System and Glucometer™,



-+ 12 » of free hydrogen peroxide, such as chol esterol oxidase, which

| i beration may be neasured colorinetrically. In the preferred enbodi nents,
the dry .chem.stry reagent nenbrane pad of the test 5 strip contains a
colorinmetric (chronogenic) detection systemfor expression of the end
results, preferred being those systens based on rel ease of hydrogen
peroxide. It is preferable that this detection systemis incorporated in
the sane matrix as the previously nentionedldry chem stry anal yte detection
systens, but in some cases nay be incorporated into its own matrix adj acent
to the anal yte dwhitabie fromimes Rivision of Mile$ Babardtories cRapidimat® HEailable from

determ nation of_rel eased hydrogen_per oxi is the e qf subst ance have
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chart 3? yIsfttﬁerrgtﬁp color matches the desirable color 9 or is between desirable and
borderline 11 colors, the blood cholesterol is less than 200 mg/dl. If the strip color
matches the borderline color 11 or is between borderline and high color 13, the
blood cholesterol level is in the borderline range of 200 mg/dl to 239 mg/dl. If the
15 strip'color matches the high color 13 or is even a darker color, such as a darker
blue if the TMB system ‘is used, the blood cholesterol is in the high range, which
is greater than or equal to 240 mg/dl. These ranges are established by the U.S.
Department of Health and Human Services of the National Institutes of Health,
National Cholesterol Education Program (Report of the Expert Panel).

20 _
The following examples depict more specific embodiments of the present invention,
but should not be considered limitative thereof.

_ EXAMPLE 1.
25 Cholesterol test strips

Dry chemistry reagents may be coated on a number of different membranes such
as nylon, polysulfone, polyvinylidene difluoride, polyester, cellulose or glass

fibre. Preferentially the membrane is a positively charged nylon such as:



The reagents may be applied to the reagent nenbrane pad matrix or matrices
in any suitable manner, including dipping, spraying, and the like. In the
preferrgd enbodi nents, the reagents are added sequentially in two
additions, as they require - 13 - different solvents. The reagent test
strips conprising the various |ayers as described herein may be assenbl ed
so that the initial screening |ayer cones into contact with the biol ogical
sanple first, the final screening | ayer o~ La&yers second, and the reagent
pad last. In the preferred enbodi nents, each one of the layers described is
5 i n i nti natBiodynet B.c.8vwm ram PallBiosuppprt dGlenaCove,dNY), ZetabinduDi8 em

shoul d be avoi d in.the copnstryction of.the deyjces s t.he revent those
particul ar portiefdb‘?{grbﬂ“ote[ﬂ@'_ Qgﬁ"‘g"é"f WREFHMP ST _%P%B@?%Tfm"ﬁ@%ﬁ’@vi ce may
al so contain sargécgﬁaﬁgﬁ’emﬂ gg,teﬁggﬁjxégpmﬁ'es, sui t abl e supports or housings

for the |ayers, rriers an in accordance with its intended
applications. Supports, housings, and carrigers are 10 general |y nade

frominert materjals chosen frpopm vari ous sourcsei) i.ncl udi ng, certain
ol asti cs, Saper Shegibeve mentipheshmepibrancs ez coated with TEABENHin  (WE SEPhe ¢ est

strips and | ayerﬁﬁ%&?é”ﬁﬁ@@%ﬁﬁigp%e Hemfiine Wk ﬂhﬁ’i@ﬂg{j ?ﬁ\ﬁ’and%?;lgispﬂ]pﬁtgai n

on intended use. exanpl e of a suitable asse ef'erence
is made to Fi gurbaséd sglutiordcedritdiningape 1 defining a bl ood sanple inlet
aperture 2 is positioned over glycine paper 3 so that aperture 2 is
centered on top of paper 3. Polycarbonate |layer 4 is centered under this

assenbly, with reage bl ggenderneath. This multilamel | ar
structure is affi xedrgtzggg gggil?@ét alnsgpg ghavi ng an aperture 10 in 1(a) or 8

in 1(b). 20 I n Fil@guo2g B 3),5 Sheeteamethydbemzidinggot t om t ape 9 with a readi ng
t 8. Readi
aperture eading 100 ml of 50 % (w/v) dioctyl sulfosuccinate, sodium salt in methanol,

75.8 ml of 0.66 M sodium cholate in water.

- The membranes were then dried at 56 °C for 15 to 20 minutes. To avoid
15 ° damage to certain of these membranes, the solvent, dimethyl sulfoxide, was -
replaced or reduced in concentration by methanol. In such cases, the equivalent

amount of 3,3’,5,5’-tetramethylbenzidine was added as a 0.2 M solution in

acetonitrile or as a 2 M solution in dimethyl sulfoxide.

20 In a second step, the dry membrane was coated in an aqueous solution containing
reagents added in the following sequence with thorough mixing between each

addition:

20g, dextran mol.wt. 5,000,000 - 40,000,000,
25 43g sucrose,
5g Gantrez AN-139 Polymer (GAF Cherﬁical Co.),
50 ml of 1 M phosphate, pH 7.2 (0.745 moles Na,HPO,, 0.255 moles
KH,PO),
10g polyvinyl-pyrrolidone, mol. wt. 40,000, and



aperture 8 is positioned so that it aligns with aperture 2 (and 10 where
applicable). The colorinmetric response is read fromthe bottomthrough
aperturg 8, either visually by turning the device over to | ook at the
results”and possibly conpare with a color chart, or by contacting the test
strip with an instrument capable of 25 el ectronically detecting the
result. One skilled in the art will appreciate that suitable instrunents
useful for this purpose mght be simlar t-o 3éhese commercially avail abl e
such as OneTouch [err] available fromLifescan Inc., the Tracer [err],
Accu- Chek[err] [err],25000ufhebf ehol¢stérak pkidase] ,150000-uBite lof dorspradish

Freedonferr], and the Ref]otron rom Boehringer Nannhei m Cor porati on,
Cinitek[err] 100 SysP&RYidaw @‘{JM?}[(@%SFTPP estex_gselam;s &J\}éﬂqpé‘P}F’é‘ WRasen1AAes

Di vision of Mles Labgratoiifisof Tgpi dimat[err] 11/T available from Behring
Di agnostics Inc., Conpani on'{ err avai | abl e from Medi sense, Inc., and the
Answer[err] product avail able from Wanpol e Laborat-ories. Qher suitable
instrunments are simlar to those descgribed in U S patent_#4, 935,6346. 5 The
reagent str¥ps akheieeated membranicevas drsd farsld 1920 Bunptesat3hdhdhel d col or
chart reagent test such as that shown in Figure 2. The user obtains a
reaction color where the colorinetric reaction has taken place through a

chol esterol det eThe fest sthipniand ay ilksahredis Riguradb) hak asseatblaeby plabing. a §ham
strip 1 is placed behind the color chart 3 10 .so that the strip col or
in the reactive %&nBmssquareesggentdnembigne Ruer he dgading holeipate heqadheyivg sidg of| ¢

L 2122 FEBIRDHEPHEE BARE, T Sl SRR, 1,
strip colofo polystyrene plastic handle, and adhesive (such das 3M A415). The next layer is a
12.7 mm x 19 mm polycarbonate or polyester membrane with the 0.6 um pore
size and 3 x 107 pores/cm? (such as Nucleopore’s 0.6 um polycarbonate or
polyester membrane). Polycarbonate membrane overlaps the reagent membrane
and binds to the adhesive underneath serving as the final barrier to red cells.
15 This membrane was also coated with a 2 g/l of Triton X-100 in water and dried. -
The blood separation filter is the next layer which is covered by a 19 mm x 19
mm single side adhesive tape so that blood application hole on the adhesive tape
is directly above the reading hole on the plastic handle beneath. The blood
separation filter is a 5 mm x 5 mm square paper such as Sigma’s medium
20 thickness blotting paper or Whatman .31 ET Chrom paper coated with the
solution containing: 250 g/l glycine, 5.5 g/l NaCl and 2.978 g/I disodium
- ethylenediamine-tetraacetate (EDTA). The paper is then dried for 15-20 min at
56 °C.

25 The cholesterol test strip as assembled above can be used as a semi-quantitative
visual test or a semi-quantitative or quantitative meter test. For the meter-based
test, the strip is inserted into a meter receiving port with the blood receiving side
facing up. When prompted by the meter a drop of blood (about 20 ul) is applied

to the strip. The meter gives results as soon as the maximum color is detected,



mat ches the borderline color 11 or is between borderline and high color 13,
the bl ood cholesterol level is in the borderline range of 200 ng/dl to 239
mg/dl . kf the 15 strip color nmatches the high color 13 or is even a
darker color, such as a darker blue if the TMB systemis used, the bl ood
cholesterol is in the high range, which is greater than or equal to 240
ng/ dl . These ranges are established by the U S. Departnent of Health and
Human Servi ces of the National Institutes of 1#ealth, National Chol estero
Educati on Program (Report of the Expert Panel). 20 The foll ow ng exanpl es
depi ct nore specwhich ismsoallyrwnﬂ githin twe minetesntFarrthe seriogquantitaive tvisuialitesyta

be consi dered I| t at here MPLE 1. .25 . g
Chol esterol test Eqpr? é WPg‘r?f’s[? SRy ATIET hg MiButes, e 915 P the ARdipg of
di fferent nenbr aFﬁg o?tiﬁé‘te'éﬁstﬁ}i'19EomBﬂleM5tH|tﬁé’E€lorEﬁ‘ﬁrYV' nyl i dene difluoride,
pol yester, cellulose or glass fibre. Preferentially the menbrane is a

positively charged nyl on such as: - 15 -_Bi-odyne B, 0.8 umfrom Pal |

Bi osupport (d en Cove, NY), Zetabind, O. ﬁ:)ée’ggm? Cuno Inc. (Meriden,
on

Connecticuty or a Magna Nylon from M cro I nc. (Westborough,
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organi ¢ sol vent based sol uti on cont ai ni ng:
The test strip was constructed as described in Example 1 but instead of using the
single polycarbonate or polyester membrane, two polycarbonate or polyester
10 membranes with 1.0 um pore size and pore density of 2 x 107 pores/cm? were
used. This test strip is illustrated in Figure 1a. Membranes were also coated
with a solution made from 2 g/l of Triton X-100 in water and dried. To improve
binding of strip layers, the first polycarbonate membrane is smailer (10 mm x 10
mm) and it is placed above the reagent membrane using the island placing
15 technique. The second polycarbonate membrane, 12.7 mm x 19 mm, overlays
the first polycarbonate membrane binding to the adhesive on the plastic handle
‘below as well as to the.adhesive tape on the blood application above. The larger
polycarbonate membrane also overlays the blood separation filter which is now
between the larger polycarbonate membrane and the adhesive tape on the blood

20 application side.

Polycarbonate and polyester membranes used have ranged in pore sizes from 0.2
to 3 um and in pore density from 2 x 10° to 3 x 10° pores/cm’. Preferably use
~one polycarbonate or polyester membrane with 0.6 um pore size and 3 x 10
25 pores/cm? or two polycarbonate or polyester membranes with the 0.8 to 1 um

pore size and 2 x 107 to 3 x 107 pores/cm?.



824 nm of dimethyl sulfoxide, 10 12.02 g

3,3 ,5, 5 -tetranet hyl benzidine, 100 m of 50 % (wv) dioctyl

sul f_osucgi nate, sodiumsalt in nethanol, 75.8 nl of 0.66 M sodiumchol ate
irn water. The nmenbranes were then dried at 56 [err] for 15 to 20 m nutes.
To avoid 15 damage to certain of these nenbranes, the solvent, dinethyl
sul foxi de, was replaced or reduced in concentration by nmethanol. In such
cases, the equival ent amount of 3,3',5,5 -tetgaret hyl benzi di ne was added as
a 0.2 Msolution in acetonitrile or as a 2 Msolution in dinethyl

sul f oxi de. 20 In a second step, the EXAMPILIE ®ne was coated in an
-aqueous sol ution containing reagents added in the foll ow ng sequence wth
t horough mi xi ng between each addi Aitgrnatedlpodseparatipmiiltess = 5, 000, 000 -

40, 000, 000, 25 43g sucrose, 5g Gantrez AN 139 Pol yner (CGAF

Chem cal Co.), 50 mMl of 1 M phosphate, pH 7.2 (0.745 noles [err], 0.255
nmol es [err], 109 Induphémedperivientationlohe initial hlovd sephPatfdPOfilterndbscribed ihGhe

25, 000 units of chol esterol oxidase, 150,000 units of horseradi sh
per oxi dase #nd 2dExampie d wasesibatityied guithe thedfellowingsfiiligrs withognash pults, i pase to
a final volunme of 11.
LK9 or LK6 membranes developed by Pall Biosupport (Glen Cove, NY)
treated with a solution of 20 % glycine (w/v) and 0.05 % SDSl (w/v) in
water and dried.
10
Cellulose paper, such as Sigma’s medium thickness blotting paper, -
Whatman 31 ET Chrom paper, Schleicher & Schuell 903, 598 or 740-E
analytical paper, coated with the solution containing: 50 g/l glycine, 50
g/ serine and 4.4 g/l NaCl. Paper was dried for 15-20 min at 56 °C.
15
Cellulose paper, such as Sigma’s medium thickness blotting paper,
Whatman 31 ET Chrom paper, Schleicher & Schuell 903 or 740-E
analytical paper, coated with the solution containing: 180 g/l glycine, 5.5
g/1 NaCl and 2.978 g/ disodium ethylenediamine-tetraacetate (EDTA) and
20 additional layer of 0.1 mm thick glass fibre, such as ED-100 from

Ahlstrom Filtration, Inc.

Further experimentation with regard to the second screening layer was
also performed:

25
The polycarbonate or polyester membranes in Example [ or both
polycarbonate or polyester membranes in Example 2 were substituted with
a polysulfone membrane, UltraBind KV-3000 (Gelman Sciences) treated .

with 10 % (w/v) BSA in water or a polyvinylidene difluoride membrane,



5 -+ The coated nenbrane was dried for 15 to 20 minutes at 56 [err]. The
test strip (and as illustrated in Figure 1b) was assenbled by placing a-6
mM X 6 n square reagent nmenbrane over the reading hole onto the adhesive
side of the polystyrene plastic handle. The reading hole was cut through
both the 10 pol ystyrene plastic handl e, and adhesive (such as 3M A415).
The next layer is a 12.7 mmx 19 mm pol ycarbonate or pol yester nenbrane
with the 0.6 urn pore size and 3 x [err] pera9/ferr] (such as Nucl eopore's
0.6 urn polycarbonate or pol yester menbrane). Pol ycarbonate nenbrane

overl aps the reagent ruiar Rurpared(Millipbre} redtéd wittiheater solutioharof da fihcaseinvomg

as the final barrier t ed cells. 1 Thi s nbrape was al so coat ed
with a2 g/l of Tri tori%lg%?{ (inétt%ﬁ % @yERTPlag The fest l“&das%séfﬂ%nsr%?@f N

filter is the next |a m@ioa i singl e side
adhesive tape so that )%F%o 'a;g)%l@Bﬁﬁééﬁo%uggﬂ@ﬁgggﬁhéﬁﬁgtape IS

directly above the reading hole on the plastic handl e beneath. The bl ood
separation filter is a5 nmx 5 mm squaréxpaper such as Sigma's nedi um 20
t hi ckness bl%tting paper or Watman .31 AYIPLE, per coated with the

sol ution containing: 250 g/l glycin : m 2.978 g/l disodium
et hyl enedi am ne-tetraacetate (EDTA). eﬁ/plg‘pl)[lér I'S ?\ﬁsgﬂr dried for 15-20 mn

at 56 [err]. 25 The chol esterol test strip as assenbl ed above can be

used as a sem -quantitative visual test or a sem -quantitative or
quantitative neterhetieagent mambraac pad for-analysis af chplesierpl wasrqogteddnitygastaps by

L 2 ELS" S AR B 1565 o) 6, T g 0 i
strip. The xeter rgénibrane dsedated #sthIne dreanict fobvenhased solutiba cohtinieg:ect ed,
571 ml water,
360 ml isopropanol,
33 ml of 30 % CHAPS,
35 ml of 284 mg/ml water solution of sodium cholate,
15 5 g dimethyl amino benzoic acid (DMAB),
10 g 3-methyl-2-benzothiazolinone hydrazone (MBTH-HCI).

The membrane is then dried at 56 °C for 15 to-20 minutes' and than coated in an
aqueous solution containi'ng: ' |
20 308 ml water,
100 mil of 1 M MES buffer, pH 6.0, -
80 mi of 500 mg/ml sucrose in water,
83 ml of 6 % (w/v) Gantrez AN-139 Polymer (GAF Chemical Co.),
430 ml of enzyme solution in 0.1 M phosphate buffer, pH 7.0 containing:
25 200,000 units cholesterol esterase, 100,000 units of lipoprotein lipase,
50,000 units cholesterol oxidase, 170,000 units of horseradish peroxidase.



- 17 - which is usually well within two mnutes. For the sem -quantitative
visual test, a drop of blood is applied to the strip. After two mnutes the
coI or on the readi ng side of the test strip is conpared to the color chart.
5 EXAMPLE 2 Chol esterol test strips with
two pol ycarbonate nmenbranes The test strip was constructed as described in
Exanple 1 but instead of using the single polycarbonate or polyester
menbrane, two pol ycarbonate or pol yester %020 - nenbranes with 1.0 urn pore
size and pore density of 2 x [err] pores/[err] were used. This test strip
isillustrated in Figure la. Menbranes BXAMBLEGS.coated with a sol ution
made from2 g/l of Triton X-100 in vvaterﬁﬁ*cd dried. To inprove binding of
strip layers, the first polycarbonate ne 9%t smal | er (10 mMm x 10 mm)
and it is placed above the reagent nmenbrane using the island placing 15
techni que. The second pol ycarbonate nmenbrane, 12.7 nmmx 19 nm overlays the
first polycar boriEteereagenit nzembraneniti cogted dn ttive, staph dyyi dippiog) andhehqnl dryingcfondsdl e
bel ow as wel | as 0 thﬁb&d sive t e on he bl ood ap atjion above. The
| arger pol ytar bdf aﬂ‘s‘B et"I’Fé“tHP%E éﬁS it &% oFganiGe,
whi ch is now betgaRRR biked 'séfu%ﬁ BB G%lﬁ&?s"@%ﬁ@#@?ﬂ"%@he adhesi ve
tape on the bl ood 20 appl i cation side. Polytarbonate 'an pol yester
menbr anes used have rlaamjeditérn pore sizes from0.2 to 3 umand in pore
density from2 x [er;igbo 3 xﬁherr] pores/[err]. Preferably use one
pol ycar bonate or pol SFCAUYPane with 0.6 urn pore size and 3 x [err] 25
pores/[err] or two pcy[yﬁgrdmgmgpaﬁ Y& tRld {ﬁqp]}ﬁnes wth the 0.8 to 1
um pore size and 2 x [erfP] to x{er pores/ferr].”

10 40 g 3-methyl—2-benzoth1azolm0ne hydrazone (MBTH-HCI).

The membrane is then dried at 56 °C for 15 to 20 minutes and than coated in an
aqueous solution containing:
6 ml water,
15 10 mg EDTA, -
0.668 g sodium citrate
0.523 g citric acid
2 ml of 6 % (w/v) Gantrez AN-139 Polymer (GAF Chemical Co.) in
water,
20 3000 units of horseradish peroxidase,

6000 units of glucose oxidase.



\

- 18 - EXAMPLE 3. AIZernatﬁl‘ch*separation filters In further

experi nment ati on, the’ mm I separation filter described in the
llowing filters with good results, LK9

Exanpl e f1 was substi o
or 'LK6 nmenbr anes devel oped- by Pal "8 osupport (d en Cove, NY) treated with

a solution of 20 % glycine (wWv) and 0.05 % SDS (wv) in water and dri ed.
10 Cel | ul ose paper, such as Sigma's nedi umthickness blotting paper,

What man 31 ET Chrom paper, Schleicher & Sehuigl |- 903, 598 or 740-E

anal ytical paper, coated with the solution containing: 50 g/l glycine, 50

g/l serine and 4What/i$ chiakd if?aper was dried for 15-20 mn at 56 [err]. 15
Cel | ul ose paper, such as Sigma's nedi umthickness blotting paper,. Watman
31 ET Chrom papet, Sclestestapéder thegietpminationsf gp apalytecing hiojegieal fluidhper |
coated with the é‘%éﬁ'ﬁ containing: 180 g/l glycine, 5.5 g/l Nad and
2.978 g/ disodi Uum yé]'enedi am ne-tetraacetate (EDTA) and 20

addi tional |ayer of Oardinitialthydedphilicscsedniny yeguch as ED- 100 from Ahl strom
Filtration, Inc. Further experinentation with regard to the second

screeni ng |9yer was attsleagsone dingbhydrophilic screening layer positioned proximate to and
adjoining said first layer; and
at least one hydrophilic reagent membrane pad into which is incorporated
a dry chemical reagent detection system for such analyte, positioned
proximate to and adjoining said final screening layer.
10
2. The test strip of claim | wherein said final screening layer or layers
comprise a material selected from the group consisting of polycarbonate, .

polyester, polysulfonate, and nylon.

15 3. The test strip of claim 2 wherein said final screening layer or layers

comprise polycarbonate.

4, The test strip of claim 3 wherein the pore size of such polycai'bonate
‘material ranges from about .2 micron to about 3 microns.

20 ' o
5. The test strip of claim 4 wherein said polycarbonate material comprises

about 2x10° to about 1x10® pores per square centimeter.

6. The test strip of claim 5 comprising two final screening layers.

25
7. The test strip of claim 5 wherein said initial screening layer comprises a
material selected from the group consisting of cellulose, polysulfone, polyester,

and glass fibers.



25 The pol ycar bonat e OIWS in Exanple 1 or both

pol ycar bonate or pol yesd(/b/ ranes i anple 2 were substituted with a
pol ysul f one nmenbrane, U} W&I 0 (Celman Sciences) treated . with 10
%- (W v) BSA in water or a fo % di fl uori de nenbrane, - 19 - 2
urn Durapore (MI1ipore) treat ed wist Mater solutions of 1 %casein or 10 %
.BSA or 0.1 to 1 %glycerol. The resulting test strips could accommbdat e
approximately 30 ul of blood for anal ysis- %2 -

EXAMPLE 4. MBTH DMAB Cheni stry The reagent menbrane pad for anal ysis of
chol est erol was8coat Gtieitesttstip of elpim Fywhreini saiyl mitikl tstreenidg Jayey chaprikes t o 20
mn at 65 [err]. In the first step the 10 menbrane is coated with the
organi ¢ sol vent EYSH€P3PET-ut i on cont ai ning: 571 m water, 360 m '
i sopropanol, 33 mM of 30 % CHAPS, 35 m of 284 ng/m water solution of

sodi um chol ate, 15 5 g dinethyl am no benzoic acid (DVAB), 10 g
3- et hyl - 2- benz @t hi aZhkitesrserippficlaing lewlidyBibHatdCiengent hwemisrahe pad comptibaa
dried at 56 [err] for 15 to 20 m nutes and than coated i n an agueous

sol ution c&nt ai Anhehemical detection system capable of detecting an analyte selected from the

group consisting of glucose, cholesterol, uric acid, protein, and creatinine.

10.  The test strip of claim 9 wherein said reagent membrane pad comprises a
dry reagent chemical detection system capable of detecting cholesterol.

10 ‘
11.  The test strip of claim 7 wherein said reagent membrane comprises a dry

reagent chemical detection system capable of detecting cholesterol.

'12.  The test'strip of claim 11 wherein said dry reagent cholesterol detection
15 system comprises cholesterol esterase activity, cholesterol oxidase activity, and a

chromogenic detection system.

13.  The test strip of claim 12 wherein said cholesterol detection system
comprises horseradish peroxidase and a hydrogen peroxide chromogenic detector.
14.  The test strip of claim 13 further comprising a chemical agent
incorporated into said reagent membrane to prevent excessive wash-out of said

chromogenic detection system.

25 15.  The test strip of claim 14 wherein said chemical agent comprises a high

molecular weight polymer.

16.  The test strip of claim 15 wherein said chemical agent comprises dextran.



20" - 308 M water, 100 ml of 1 M MES buffer, pH 6.0, 80 ml of 500
| % (Wv) Gantrez AN 139 Pol yner (GAF

Chem cal Co.), 43 olution in 0.1 M phosphate buffer, pH 7.0
.cont ai n| ng: 25 . !mih“ﬂu!ﬁ runi ts chol esterol esterase, 100,000 units
of lipoprotein I| ts chol esterol oxidase, 170,000 units of

hor ser adi sh per oxi dase. - 20 - EXAMPLE S. 3 ucose test The reagent
menbrane is coated in two steps by dipping Zhd-then drying for 15 5 to

20 min at 65 [err]. In the first step the menbrane is coated with an

organi ¢ sol vent 1Based dnyl magtmn tt:sbntrm mehgd for Glmdctestlorpafémanmtm@ 346): 5

m water, ’(92952 |tr|I]<§‘:i di met hyl am no benzoic acid (DMAB), 10
I

40 g 3- met hyI ydrazone (MBTH-HCl). The nenbrane is
then dried at 56 [er ahoarhGunt Of i 1N Biofdpical BafipleQatbRdedted fNthadegous
sol ution contai ni ng: 5%plfiﬁﬂgwat er, 15 g 10 %DTA . 668 g sodi um
citrate strip of claim 1; .

5 allowing said sample to travel through said screening layers;

and observing said reagent membrane pad for a color change. -

18. A method for the detection of an analyte in a biological sample
comprising the steps of:
10 applying an amount of said biological sample in liquid form to an initial
hydrophilic screening layer;
allowing said sample to pass through said initial layer to at least one final
screening layer; “
allowing said sample to pass through said at least one final screening
15 layer to a reagent membrane pad; and
observing said reagent pad to detect a chromogenic reaction indicative of

the presence or absence of analyte.

19.: The method of claim 18 wherein said at least one final screening layer is

20 selected from the group consisting of polycarbonate and polyester membranes.

20. The method of claim 19 wherein said analyte is cholesterol.



0.5283 g citric acid 2 mM of 6 % (wv) Gantrez AN 139 Pol yner (GAF Chem cal

Co.) in water, 20 3000 units’ of horseradi sh peroxi dase, 6000
units of glucose oxi dase. - 21 - What is clained is: 1. Atest strip for
the deternination of an analyte in a biological fluid conprising: an
initial hydrophilic screening |ayer; 5 at |least one fina

hydrophilic screening |layer positioned proxinmate to and adjoining said
first layer; and at |east one hydrophilic reagent nenbrane pad into which
Is incorporated a dry chem cal reagent. ggtection system for such anal yte,
posi tioned proximate to and adjoining sard final screening |layer. 10 2.
The test strip of claiml1 wherein said final screening |ayer or |ayers
conprise a material selected fromthe group consi sting of polycarbonate,

pol yester, polysul fonate, and nylon. 15 3. The test strip of claim
2 wherein said final screening |ayer or eenpri se pol ycarbonate. 4.
The test strip of claim3 wher eThis She@ HROS Fe of such pol ycar bonat e

Ll Il"ll IIII I il!

DEVICE AND METHOD FOR CONDUCTING BIOLOGICAL ASSAYS
CONTAINING PARTICULATE SCREENING SYSTEM

ABSTRACT

Described herein is a device and method for conducting
blologlcal assays comprising the use of a particulate
screening system to remove contaminating substances
from the biological sample. The Particulate screening
system comprises an initial hydrophilic screening
layer, at least one final hydrophilic screening layer,
and a reagent membrane pad with at least one
hydrophilic microporous membrane having incorporated
within it a colorimetric detection system for such
analyte. The device and method of the invention are
adapted to detect, and in some cases quantltatlvely or
semi-quantitatively measure, an analyte present in a
biological fluid so that a color change is observed
when said fluid is brought into contact with the
reagent membrane pad containing the detection system.
The system is particularly suited in glucose or
cholesterol detection devices where presence of
pParticulate matter in the biological sample, most
notably red blood cells, would be a hindrance to the
.analyt1ca1 results.

(figure 13a)



mat erial ranges fromabout .2 mcron to about 3 mcrons. 20 5. The test
strip of claim4 wherein said polycarbonate material conprises about [err]
to- about [err] pores per ‘square centineter. 6. The test strip of claimb
conprising two final screening |layers. 25 7. The test strip of claim5b
wherein said initial screening |layer conprises a material selected fromthe
group consisting of cellul ose, polysulfone, polyester, and glass fibers.

- 22 - 8. The test strip of claim?7 whein said initial screening | ayer
conprises glycine paper. 9. The test strip of claim1 wherein said
reagent nenbrane pad conprises a 5 dry chem cal detection system
capabl e of detecting an analyte selected fromthe group consisting of

gl ucose, cholesterol, uric acid, protein, and creatinine. 10. The test
strip of claim9 wherein said reagent nmenbrane pad conprises a dry reagent
chem cal detection system capable of detecting cholesterol. 10 11. The

test strip of claim7 wherein said reagent nenFrtKB gﬁsprises a dry reagent
chem cal detection system capabl e of detectinglc e rol. 12. The test

strip of claim1l wherein said dry reagent chol esterol detection 15
system conpri ses chol esterol esterase activity, chol esterol oxidase
activity, and a

'é
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chrombgeni ¢ detection system 13. The test strip of claim12 wherein said
chol esterol detection system conprises horseradi sh peroxi dase and a

hydr ogen peroxi de chronogeni c detector. 20 14. The test strip of claim13
further cdfprising a chenical agent 'incorporated into said reagent nenbrane
to prevent excessive wash-out of said chronopgenic detection system 25

15. The test strip of claim 14 wherein_said chem cal agent conprises a
hi gh nol ecul ar wei ght pol yner. 16. The?{®st strip of claim15 wherein
sai d chem cal agent conprises dextran. - 23 - 17. A dry reagent test

strip nethod for the detection of an analyte in a biological sanple
conprising: applying an anmount of a liquid biological sanple to be tested
to the test strip of claim1; 5 allowing said sanple to trave

t hrough said screening | ayers; and observing said reagent nenbrane pad for
a color change. 18. A nmethod for the detection of an analyte in a

bi ol ogi cal sanple conprising the steps of: 10 appl yi ng an anount
of said biological sanple in liquid form gnitial hydrophilic
screening |layer; allow ng said sanple to/pass .throu idinitial layer to
at | east one final

FIG.2
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Iayes;EélRQ\HrBEgQRIarﬁlp%ﬁc?%’nyg’sgsmtlmloagh said at | east one

reening 15 | aygr to a reagent nenbrane pad; and
ving said reagent n,’-!r‘l to-detdct - a r\hrnn‘ngnnl e reaction—indicative—of

:-p@(Tﬁ@EErREAcBSMe of analyte. 19. The nethod of  cl ai m 18 wherein

jpardatteast—one finat_screening rayer 1s 20 Selected fromthe group
7lonsisting of polycarbonate and pol yester menbranes. 20. The net hod of
- klaim19 wherein said analyte is chol esterol.

DEVICE AND METHOD FOR CONDUCTING BIOLOGICAL ASSAYS CONTAINING
'PARTICULATE SCREENING SYSTEM

Described herein is a device and method for conducting biological assays comprising the use of
a particulate screening system to remove contaminating substances from the biological sample.
The Particulate screening system comprises an initial hydrophilic screening layer (3), at least
one final hydrophilic screening layer (4) and a reagent membrane pad (5) with at least one
hydrophilic microporous membrane having incorporated within it a colorimetric detection
system for such analyte. The device and method of the invention are adapted to detect, and in
some cases quantitatively or semi-quantitatively measure, an analyte present in a biological
fluid so that a color change is observed when said fluid is brought into contact with the reagent

" membrane pad (5) containing the detection system. The System is particularly suited in glucose

: or cholesterol detection devices where presence of particulate matter in the biological sample, -
most notably red blood cells, would be a hindrance to the analytical results.

Fig. 1A
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