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A test sheet far the determination of the presence of a substance having peroxidase-like activity in a throw-in-the-bowl fecal
occult blood test, includes a specimen test area and a positive control area. The test area has deposited thereon a test ink
having at least one oxygen donor reagent and a chromogen reagent capable of being oxidized by the oxygen donor In the
presence of bland or a substance having peroxidase-like activity, to provide a visually observable change of color. The test ink
also Includes a water soluble polymer for immobilizing the chromogen and oxygen donor. The positive control area has
deposited thereon the test ink and a substance having the peroxidase-like activity.
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ABSTRACT OF THE DISCLOSURE

A test sheet for the determination of the presence of a
substance having peroxidase-like activity in a throw-in-the-
bowl fecal occult blood test, includes a specimen test area
and a positive control area. The test area has deposited
thereon a test ink having at least one oxygen donor reagent
and a chromogen reagent capable of béing oxidized by the
oxygen donor in the presence of blood or a substance having
peroxidase~like activity, to provide a visually observable
change of color. The test ink also includes a water soluble
polymer for immobiliZing the chromogen and oxygen donor.

The positive control area-has deposited thereon the tést ink

and a substance having the peroxidase-like activity.
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The present invention relates generally to an occult
blood test product, of the type to be physically placed into
a toilet bowl containing a fecal-specimen, for detecting the
presence of fecal‘occult-blood in an aqerus solution. More
particularly, the present inventien relates to an improved,
reliable fecal occult blood test product which may be
utilized with a minimum of human intervention. The
principles of the.present invention may be employed in the
testing for occult blood, ferritin and myoglobin in various
biological fluids.

In general terms, the testing of a fecal specimen for
occult blood is based on the well-known principle that blood
(more particularly hemoglobin) will function as a catalyst
and cause oxygen to be liberated from an oxygen donor, with

the liberated oxygen thus causing a color change in a

- chromogenic substance. As such, the test for fecal occult

blood is not only well-known, but numerous oxygen donors,
numerous chromogens and numerous donor-chromogen pairs have
been suggested in the prior literature. In considering the
chromogens and oxygen donors which may be used, it should be
appreciated that the fecal occult blood test is frequently
referred to as a test for the presence of a substance having

a peroxidase-like activity.
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In addition, there”are severalprincipal styles cf
fecal occult blood test products which have been marketed or
described in the literatures. These include slide products,
tape prcducts, wipe products, and throw~in-the-bowl
products.- Slide products require the patient to retrieve
part of the stool specimen and, using a'SPatula or
equivalent deVice, place part of the specimen on a paper
part of the slide which is thereafter submitted to a
laboratory where a developing.solutiOn is applied to the
slide. Tape products are typically utilized by a physician '
after a rectal examination in which instance the physician
smears a stool sample on a thin, narrow tape and then a
developing solution is applied to the tape. 1In both of
these types of products, the chromogen'is guaiac, and the
oxygen donor or developing solution is hydrogen peroxide.

A third type of product is often referred to as the
wipe type of product where a form of toilet paper is impreg-
nated with a suitable chemical, typically the chromogen, and
after a bowel movement, the patient self-wipes the anal

area, and thereafter may apply the developing solution to

the paper. As may be appreciated, in each of these types

of products there is a need for the patient (or physician)
to physically handle or physically contact the fecal
specimen. Thus, there is a natural reluctance to employ

these types of products, notwithstanding thet they are well-

-2 -
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known as beneficial screening agents, to assist in the early
detection of colorectal cancer and other gastrointestinal
disorders. . .

In November 1979, U.S. Patent No. 4,175,923 issued.tb
William Friend. This patent described a fecal occult blood
test product of the throw-in-the-bowl type where a guaiac ‘
impregnated sheet was sprayed with a developing solution
(hydrogen peroxide) and then placed into a toilet bowl

containing a fecal specimen. If blood was present, the

blood catalyzed a chromogenic reaction, and a blue color was

observed in the toilet bowl. The product described in the
Friend patent also included a positive monitor ﬁhich would
turn blue if the chemicals were functioning properly.
However, the product as described in the Friend patent still
required patient intervention in that the patient was .
required to apply the developer to the test product.

U.S. Patent No. 4,541,987, to Gaudagno issued,
September 17, 1985, rélates to a throw-in-the-bowl type of
product which included both positive and negative test
monitors. A product generally in accordance with the

teadhings of the Guadagno patent has been successfully

"marketed by Helena Laboratories Corporation, of Beaumont,

Texas, under their trademark CS-T. Helena Laboratories

Corporation is the Assignee of the Guadagno patent and

Applicant of the present invention. The CS~-T brand of fecal
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occult blood test product is commercially successful'and
medically reliable.

In addition to the CS-T brand of fecal occult blood
test product, which is in the nature of a test pad or
sandwich of dry chemicals between layers of paper, a thin
film type of product for throw-in-the-bowl fecal occult

blood testing is known. However, the film type product has

not met with success in the market place even though it does

" not require patient intervention. The film type product

' does not include self-contained controls or monitors, and

the product as marketed has heretofore utilized an external
type of positive monitor which must be dropped into the '
toilet bowl.

Thus, there is a need for a less expensive, reliable,
easy to use throw-in—the-bonl type of fecal occult blood

test product which is easy tO manufacture and provides

consistent, reliable results, and which also includes built-

in or self-contained positive and negative monitors. These
self-contained monitors, of course, aid the patient because
the monitors inform the patient if a positive or a negative
result should be ignored as being induced by contaminants or
being the result of loss of activity by the chromogen or
oxygen donor. In this fashion, a patient will know tO

repeat a test rather than rely upon false test results.
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The test product is, in a preferred embodiment, a sheet

of filter paper upon which the chromogen and oxygen donor

are printed as a test ink. Thus, the test ink includes at

least one oxygen donor reagent and at least one chromogen

reagent capable of undergoing a visible color change when

OxXygen is liberated by the oxygen donor. The test ink may

include a stabilizer for preventing premature interaction

between the oxygen donor and the chromogen. The test ink ie

printed on the test sheet in the specimen test area and in

the positive monitor area but not in the negative monitor

area. A polymer barrier is then printed over the test ink.

Lastly, a positive monitor_ink 1s printed in the positive

monitor area, on top of the polymer barrier. The purpose of

the positive monitor ink is that if the chemicals are




10

15

20

2012830

functioning properly, then there will be a visible color
change in the positive monitor area. Thus, the positive
monitor ink includes a substance which will catalyze the

liberation of oxygen from the oxygen donor reagent.

The foregoing objects and advantages of the present
invention, together with other advantages which may be
attained by the principles.of the present invention, will
become more apparent upon reading the fOlloﬁing detailed
description of the invention in conjunction with the
drawings.

In the drawings,.the Single Figure illustrates the test

product of the present invention.

The single Figure illustrates a tast product or test
pad 10 in accordance with the present invention. The pad'
10 is illustrated as a generally rectangular sheet having a

large test area 12, which may advantageously OoCCupy

-approximately more than half of the surface area of the

sheet, and a monitor or control region 14 which may include
a positive monitor test area 16 and a negative monitor test
area 18. The two monitor test areas 16, 18, are

approximately equal to each other in size. Suitable legends

- 6 -
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or directions 20, 22 and 24 may be included on the test

product.

The entire test pad 10,-in accordance with the
principles of the present invention, may be a sheet of water
insoluble matrix or material such as Whatman filter paper
having fibers or interstitial spaces. A suitable
alternative to‘the whatman filter paper would be Schleidher
& Schuell No. 596 filter paper.' The overall dimensions of
the sheet may be 10 x 13 cm. The paper as described is of
the short fiber type which is sufficiently water repellant
for thé desired purpose such that the paper does not
prematurely shred when initially immersed into an aqueous
solution;"It should be pointed 6ut that all dimensions and
ratios of the specimen test area and monitor areas are for
illustratiVe purposes and should not be taken as a '
limitation on the present invention.

A test ink is deposited, i.e., printed on the entire
sheet except the negative monitor test area 18. The

printing deposits the test ink onto the test sheet, and the

terms "printing" and "depositing" are used in the broad

sense to include not only placing the ink on the surface of
the sheet but also to include any desired degree of
impregnation of the ink into the sheet. The test ink
includes at least one chromogen reagent which will undergo a

visible color change in the preSence of liberated oxygen,
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and at least one oxygen donor reagent which will liberate
oxygen when catalyzed by the presence of hemoglobin. It
should be appreciated that the prior art literature,lists br
catalogs virtually hundreds of chromogens and virtually
hundreds df oxygen donors, but the prior art does not
necessarily indicate which chromogen~-donor pairs or cbuples
are sulitable for detecting hemoglobin and which are
printable and which may be suitably isolated as to preclude
premature interaction as will be hereinafter described.
According to the principles of the present invention, we
have discovered that a preferred chromogen is 3,3',5,5'-

tetramethylbenzidine and a preferred oxygen donor is cumene

hydroperoxide (a,a'-dimethylbenzyl hYdroperoxide),

However, it must be appreciated that it is not satisfactory
to merely determine the appropriate quantities of the above
two ingredients (or the appropriate quantities of all the

other ingredients) necessary to achieve the desired

sensitivity, mix them together and depoSit them on the test

sheet. This does not assure desired sensitivity nor
reproducibility of results nor reliability. Thus, it is not
merely satisfactory to calculate molarities and provide
suitable quantities of chromogen, oxygen donor and any other
ingredients for a stoichiometrically balanced reaction.

Such a procedure would produce a test composition which

- would function properly in the 1aboratory, such as in a test

- 8 -
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tube, but not necessarily be mechanically printable and not
necessarily be functional under normally occurring
conditions. In addition, in the system described herein,
the chromogen is a solid at room temperature and must be
dissolved or solubilized in a solvent which will be inert or
inactive relative to the detection of hemoglobin. According
to the principles of the present invention, a preferred
solvent or surfactant 1is alkvlphenoxypolyethoxyethanol which
is marketed as Triton X~105 by Sigma Chemical Co.

As will be further described, the positive monitor area'
will contain a substance having peroxidase-like activity,
preferably hemoglobin. During the manufacture of the test
product and thereafter until the test product is immersed in
a toilet bowl, it is important to prevent the positive
monitor from catalyzing a reaction between the oxygen donor
and the chromogen. For this reason, it may be desirable for
the test ink to include a stabilizing agent which prevents
the chromogen and oxygen donor from interacting prematurely.
A suitable stabilizer is triethanolamine borate, as
described in United States Patent No. 4,071,318. However,
the stabilizer must be encapsulated and put into solution as
part of the preparation of the test ink. To accomplish this
objective, the triethanolamine borate is dissolved 1in a

X

foaming agent such as Stepanol AM which is distributed by

the Stephan Company of Northfield, Illinois. Furthermore,

*+trade marks
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the preferred foaming agent provides certain additional
benefits such as increasiog the hydrophilic nature of the
test sheet. .

We have further discovered that an alternative, equally
satisfactory stabilizer is boron phosphate which may also be
dissolved in a foaming agent. Lastly we have discovered
that within the tolerances of mechanically printing the ink,
and using accelerated degradation tests as described in U. S.
Patent No. 4,071,318, substantially equivalent results have
been obtained without either of the above two stabilizing
agents. .

In addition, the test ink includes:one Oor more water
soluble polymers which encapsulate the test ink and fuoction
as a moisture barrier against ambient moisture, e.g.,
humidity. The moisture barrier should be solid at room
temperature, and a preferred polymer is polyvinylpyr-
rolidone. Preferably a low molacular weight PVP may be used
such as PVP 30. The PVP also tends to render the test area
12 of the sheet 10 hydrophilic, SO that the test area 12
wets more readily than the unprinted negative monitor area
18.

As will be readily appreciated by those skilled in the
art, the actual concentrations of the ingredients of the
composition of the test ink may be varied, which will also

result in varying the sensitivity of the test product 10 and

- 10 -




10

15

20

25

2012330

the intensity of the color which develbps in a positive
test. Therefore, although the invention provides a distinct
color reaction when as little as 1.5 to 2.0 mg of hemoglobin
per 100 ml of test sample, for a particular application the
sensitivity of the kit may be increased to be outside this
sensitivity range.

It.should be appreciated that the present invention
relates to a fecal occult blood test product which is to be
utilized by patients within the privacy of their homes.
Thus, the results of the use of the specimen test sheet will
not be interpreted by medically skilled or medically ex-
perienced personnel. For this reason, we have included yet
another ingredient in the test ink, namely, a color enhancer
such as 6-methoxyquinoline.

In the preparation of the test sheet, the test ink may
be deposited on the sheet by various printing techniques
such as using an offset press, an ink stamp pad, a flexopre-
ss, etc. Various adjustments may be made in the formulation
which'is hereafter described depending upon the.specific
printingteehnique employed. The formulation hereafter
described is suitable for use with an offset prese,or a
conventional ink stamp pad. '

After the test ink is printed on the entire test sheet

except the negative monitor area 18, then a polymer barrier

is printed over the entire sheet. Thereafter, a positive

- 11 -
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monitor ink must be applied to the positive monitor test
area 16. A preferred formulation for the positivé monitor
test ink is a 3% solution of crystalline hemoglobin in
Triton X-100 which is ground on a 3 roller mill and then
printed or deposited in the positive monitdr area.

A test ink made according to the following example has
been evaluated for sensitivity and reproducibility of
results. When compared to commercially available fecal
occult blood test products which have been approved by the
United States Food and Drug Administration, comparable

results are achieved by the following formulation.

Example of Test Ink
22.5 grams of Triton x~103}

1.0 gram of 3,3',5,5’ tetramethylbenzidine;

6.0 grams of a 10% solution of triethanolamine borate
in Stepanol AMj:(Optional) or 6.0 grams of a 10%
solution of boron phosphate in Stepanol AM,
(optional);

6.0 grams of Stepanol4mM:

2.5 grams of a 5% solution of polyvinylpyrrolidone-30

in Triton X-100%

'10.0 grams of cumene hydroperoxide; and

1.0 gram of 6-methoxyquinoline.

* Trade marks
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_ggthod of Formulating the Test Ink

We believe that the method of formulating the test ink,
i.e., the sequence of adding the ingredients, is important
for a successful fecal occult blood test product. First,
the chromogen is dissolved in the Triton X-lOO%solvent. The
stabilizer, if it is to be utilized, is prepared separately,
i.e., 6.0 grams of a 10% solution of either boron phosphate

x
or triethanolamine borate in Stepanol AM. The stabilizer is

then added to the chromogen. Then, the additional Stepanol

AM is added. This becomes the first portion of the test

ink. Then, separately, 2.5 grams of a 5% solution of PVP-30

. *
in Triton X-100 is prepared. To this solution the oxygen

donor is added and to this combination the color enhancer is
then added. This becomes the second portion of the test |
ink. The second portion of the test ink is then added to
the first portion of the test ink.

The method of preparing the test sheet will now be
explained. The tést ink is printed on the entire test sheet
excluding the negative monitor test area 18. Then, a
polymer barrier is printed on the test ink. The polymer
barrier is 10.0 grams of a 5% solution of PVP-30-in Triton
X—lOOf Lastly, the positive test ink formulation as
described above was printed in the positive'monitor test
area 16 on top of the polymer barrier.' The test sheet

prepared according to the aforementioned formulation

- 13 -
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produced acceptable results comparable to the results
obtained with FDA-approved COmmercially_available fecal
qccult blood test prOducts.

The preferred printing technique heretofore utilized is
a dual head offset preés. On the first pass of the sheet
through the press, the first head prints the test ink and
the second head prints the graphics or legends. Then'the
sheet is sent through the press a second time. During this
second péss through the press, the first head prints the
polymer barrier and the positive test ink is printed by the
second head. It should be appreciated that alternate
printing equipment may be used and that the foregoing
explanatibn is merely exemplary.

It should be pointed out that while the above

 formulation is given as a preferred commercial example,

there are, of course, ranges for each of the ingredients.
The'range for each ingredient may vary by + or - 15% aé long
as there is an excess of oxygen donor. Although the amounts
of ingredients may be changed, we believe that the specific
sequence or order of combiningnthe ingredients is of impor-
tance. Also, certain ingredients mayibe substituted for
those listed in the above formulation without departing from
the spirit and scope of the present invention.

A distinction should be made betweén the fOrmulation of

the present invention and the prior art. While the prior

- 14 -
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film_type product uses many of the same ingredients as
described herein, there appears to be at least two
significant differences. For example, the present invention
utilizes about 40-60% of Triton X-lOS as a bridge, or
surfactant, or solubilizing agent whereas the prior formula
includes only a'small percentage of that type of ingredient.
In addition, whereas the present invention includes only a
small amount of PVP, functioning as a moisture barrier, the
PVP is the predominant ingredient, apparently constituting
about 75% of the formulation of the prior product. Thus,
the mere presence of similar or identical ingredients in the
prior art, without regard to their proportions and
functions, may inaccurately Suggest that the present
formulation taken as a whole is a mere trivial variation of
prior formulations. .

In addition to the foregoing, we believe that the
combination of foaming agent, solvent and encapsulator
provides superior results insofar as stability and print-
ability.

The use of the fecal occult blood test product of the
present invention will now be summarized. After the patient
has completed a bowel movement, the test sheet is merely
dropped into the toilet bowl. If the chromogen undergoes a
color change within the specimen test area, the resuit of

the test is considered positive for fecal occult blood.

- 15 -
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Conversely, the absence of a color change is considered as a
negative result indicating the absence of fecal occult
blood. The wvalidity of thé test is confirmed by a color
change in the positive monitor tést'area and Sy the absence
of a color change in the negative monitor test area. After
the results of the test have been visually obServed, the
test sheet is disposed Of by merely flushing the toilet
bowl. ' '

The foregoing is a complete description of a preferred
embodiment of the present invention. The invention may be

modified as to ingredients and amounts while taking into

account the functions of the ingredients. The invention,

therefore, should be limited only by the scope of the

following claims.
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1. A test sheet for the determination of the presence of a substance having
peroxidase-like activity in an aqueous solution comprising:

a sheet having a specimen test area and a positive monitor area and a negative
monitor area, said sheet comprising an inert water imnsoluble matrix;

said specimen test area having deposited thereon a first composition comprising
at least one oxygen donor reagent, at least one chromogen reagent capable of being
oxidized by the oxygen donor 1n the presence of a substance having the peroxidase-like
activity, to provide a visUally observable change of color; said chromogen reagent
being dissolved or solubilized i a solvent which 1s inert or inactive relative to
hemoglobin;

one or more water soluble polymers which encapsulates said chromogen and
oxygen donor reagents and functions as a moisture barrier against ambient moisture:

said test area including an excess amount of oxygen donor reagent relative to the
amount of chromogen reagent; and

said positive monitor test area having deposited thereon said first composition

and a second composition comprising a substance having peroxidase-like activity.

2. A test sheet as claimed in claim 1 wherein the matrix is a sheet comprising

fibers of cellulose.
3. A test sheet as claimed in claim 1 wherein the oxygen donor reagent and the

chromogen reagent are deposited on the same surface of the sheet.
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4. A test sheet as claimed in claim 1 wherein said second composition includes

e
v

crystalline hemoglobin.

5. A test sheet as claimed in claim 1 wherein the chromogen reagent includes 3,3,

3,5 -tetramethylbenzidine, and the oxygen donor agent includes cumene hydroperoxide.

6. A test sheet as claimed in claim 1 wherein the first composition further contains

between about 10% and about 14 % stabilizer by weight.

7. A test sheet as claimed in claim 5 wherein said cumene hydroperoxide is present
in an amount from about 15% to about 25% by weight and said 3,3', 5,5'-

tetramethylbenzadine is present in an amount from about 1% to about 4%.

8. A method of making a test kit for the determination of the presence of a
substance having peroxidase-like activity comprising the steps of:

providing a sheet having a specimen test area and a positive monitor area, said
sheet comprising an inert water insoluble matrix;

applying a test ink to said specimen test area and said positive control area said
test ink comprising at least one oxygen donor reagent, at least one chromogen reagent
capable of being oxidized by the oxygen donor in the presence of a substance having
the peroxidasé-like 'activity, to provide a visually observablge change of color; said
chromogen reagent being dissolved or solubilized in a solvent which is inert or inactive

relative to hemoglobin;
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encapsulating said chromogen and oxygen donor reagents in at least one water

T —————

soluble polymer which functions as a moisture barrier against ambient moisture;

said test area including an excess amount of oxygen donor reagent relative to the

amount of chromogen reagent; and

applying a positive monitor ink on said test ink in said positive monitoring area,

said positive monitor ink comprising a substance having the peroxidase-like activity.

9. The method of claim 8 wherein the oxygen donor reagent and chromogen

reagent are applied on the same surface of the sheet.

10.  The method of claim 8 wherein said sheet further comprises a negative control

area characterized by the absence of test ink and positive monitor k.

11.  The method of claim 8 wherein the applying of said inks involves the step of

printing.

12.  The method of claim 8 wherein the at least one chromogen 1s 3,3", 5,5'-

tetramethylbenzidine and the step of applying the test ink includes applying a water

soluble polymer for encapsulating said chromogen and said oxygen donor for providing

a moisture barrier.

13, A test sheet as claimed in claim 1, wherein said test area includes a color

enhancer.
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14.  The method of claim 8, further including the step of applying a color enhancer

to said test area.
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