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(57) Abstract

A device according to the present invention has a fluid cell (13) with a driving fluid therein, and a breakable barrier (22) for selectively
containing the driving fluid in the fluid cell. The device also includes a sample cell (25) having a collection chamber (28) capable of receiving
a sample to be analyzed, capable of receiving the driving fluid from the first cell, and capable of allowing the sample to mix with the
driving fluid to provide a mixed sample. In addition, the device has a filter (36) capable of capturing particulate matter contained within
the sample, and a fluid collection reservoir (45). The device contains one or more types of antibodies capable of attaching to an analyte of
interest. The invention also includes a method of using the device to detect an analyte.
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ANALYZING STRIP HAVING A FLUID CELL

AND A METHOD OF ANALYZING A SAMPLE

CROSS CLAIM TO RELATED APPLICATION
This application claims the benefit of U.S.
Provisional Application No. 60/122,140, filed February

26, 1999, which is hereby incorporated by reference.

BACKGROUND OF THE INVENTION
1. Field Of The Invention

The present invention relates generally to devices
and methods for detecting and determining the amount of
an analyte in a biological sample. More specifically,
the invention relates to a device and a method for
determining blood levels of hormones including, but not
limited to, luteinizing hormone (LH), estradiol,
follicle-stimulating hormone (FSH), thyroid-stimulating
hormone (TSH), and/or progesterone. Additionally, the
invention relates to detection and determination of

endocrine dysfunctions in humans and other mammals.

2. Discussion of Related Art
Physiological changes in humans and other mammals

are often accompanied by changes in concentration of
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various blood components. For example, ovulation in
human and other mammalian females is preceded by a surge
in the plasma concentration of LH in the blood.
Commonly available tests used to detect this surge are
urine based. Urine tests have several drawbacks. They
are awkward and often messy, and, more importantly, they
are not as accurate as blood tests. In order for a
detectable concentration of LH to be accumulated in the
urine, the hormone must be released by the pituitary,
circulate in the blood, be sequestered in the kidneys,
and finally excreted. The completion of these processes
can take as long as 12 hours after the actual plasma
surge for sufficient amount of LH to accumulate in the
urine. Only after such time can LH be detected by these
tests. Since ovulation follows the LH surge by 12-18
hours, ovulation could take place by the time the user
"predicts" ovulation using the urine test. Such a delay
severely diminishes the fertile window, which usually
lasts only a couple of days, and eliminates the
potential for urine tests to be used in a contraceptive
manner.

In addition, such urine tests do not provide
gquantitative results. Instead, they indicate whether
the concentration of LH is higher than normal or lower

than normal, a characteristic that prevents urine tests
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from being used by women whose LH peak may not be as
high as that of an average woman, for whom the urine
tests are calibrated.

A more accurate method for LH surge detection is a
blood test. Theoretically, the LH level can be known
nearly instantaneously, maximizing a female's
reproductive window. Currently, however, the results of
a clinical blood test are not available for 12-24 hours,
and the high cost (typically - $90) prevents wide spread
use.

Therefore, it is highly desirable to have a method
and device for detecting LH, and other female
reproductive hormones, in a more timely and cost
effective manner.

LH is not the only analyte of interest. It is also
desirable to detect basal plasm estradiol and FSH
levels. Basal plasma estradiol and FSH levels are used
by fertility clinics to determine the potential for in
vitro fertilization (IVFE) success. Basal estradiol
levels are taken on the third day of the menstrual
cycle, when the concentration should be at its lowest.
Studies show that where day-three estradiol was greater
than 75 pg/mL, there were no successful IVF pregnancies.
Furthermore, where estradiol was greater than 45 pg/M1

and FSH was greater than 17 IU/L, there were also no
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successful IVF pregnancies. In addition, where both
basal estradiol and FSH are low (less than 46 pg/M1l and
18 IU/L, respectively), then IVF can be successful 33.8%
of the time. Also, it has been observed that basal FSH
and estradicl levels obtained simultaneously on
day~-three of the menstrual cycle are essential tests for
determining ovarian reserve in infertile patients. The
term "o;arian reserve" reflects the future capacity of
the ovaries to produce viable eggs. The primary reason
that FSH levels would be elevated is that the follicles
are not maturing in response to hormonal stimulation by
the pituitary. As a result, the pituitary secretes more
FSH. Failure to respond reflects an absence of viable
ova in the ovaries, and carries with it a poor prognosis
for future pregnancies.

Similarly, the cause for a particular patient's
infertility can be diagnosed by monitoring wvarious
hormones. For example, elevated basal FSH indicates
exhaustion of the ovaries, and offers a poor prognosis.
In other cases, however, the cause for infertility is
unrelated to the functioning of the reproductive system
itself. For example, a disruption in TSH levels can
cause an otherwise healthy reproductive system to become
dysfunctional. 1In cases where the problem can be

pinpointed to a secondary source, such as thyroid
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dysfunction, treatment can be highly successful. A less
expensive method to screen patients for thyroid function
will allow physicians to screen more patients more
frequently.

Another area where a cheaper and faster means of
detecting and determining the levels of various hormones
is in the detection of luteal phase defects, which
affect 1-3% of infertile couples, and 1/3 of women with
spontaneous abortion. The luteal phase is the time in a
normal menstrual cycle after the ovum has ruptured, but
preceding menses. Insufficient production of estradiol,
progesterone, and/or LH during this time will prevent
the endometrium and/or ovum from developing adequately,
making implantation impossible. If a physician
determines the ovaries respond well enough (i.e. there
are viable eggs left), then other endocrine problems,
such as luteal phase defects, can be controlled via
appropriate medications. A more cost-effective means of
screening patients for endocrine problems will,
therefore, allow more pregnancies to be saved.

In any of the above hormone assays, high costs and
problematic methodology requires an infertile or
amenorrheic woman to undergo many batteries of hormone
tests, often with samples taken on several successive

days. Therefore, a need exists to provide an effective
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and inexpensive device and method to allow a user to
obtain prompt and reliable information of a particular

hormonal state of the user.

SUMMARY OF THE INVENTION

Accordingly, it is an object of the present
invention to provide a device and method for providing
analysis of the levels of hormones in blocod including,
but not limited to, LH, estradiol, FSH, TSH, and/or
progesterone, to predict certain physiological changes.
Examples of such physiological changes include, but are
not limited to, determination of ovarian state and
proper function of the reproductive system, as well as
detection of endocrine causality of infertility in human
and other mammalian females.

It is a further object of the present invention to
provide a device and method for rapid detection of
analytes in a biological sample. In particular, the
device of the present invention serves to determine the
blood level of various hormones, such as, for example,
estradiol, FSH, TSH, and/or progesterone, of a patient,
and for providing the results to a user. The device of
the present invention may be operated with very little
skill, and requires a minimum number of actions by the

user to obtain a dependable analytical result.
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A device according to the present invention has a
fluid cell with a driving fluid therein, and a breakable
barrier for selectively containing the driving fluid in
the fluid cell. The device also includes a sample cell
having a collection chamber capable of receiving a
sample to be analyzed, capable of receiving the driving
fluid from the first cell, and capable of allowing the
sample to mix with the driving fluid to provide a mixed
sample. In addition, the device has a filter capable of
capturing particulate matter contained in the sample,
and a fluid collection reservoir. The device contains
one or more types of antibodies capable of attaching to
an analyte of interest.

A method according to the present invention begins
by providing a device, such as that described above, and
providing a sample to the collection cell. Next, the
barrier is broken to provide the driving fluid to the
collection cell, where the sample and the driving fluid
are mixed. Then a first type of antibody is introduced
to the sample. The first type of antibody has an
affinity for the analyte of interest to form a tagged
analyte. The method also includes filtering to remove
particulate matter in the sample, and detecting the

tagged analyte in the detection cell. The method may
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also collect the driving fluid in the collection
reservoir.
Other objects and advantages of the present
invention will become apparent to those skilled in the
5 art from the following detailed description read in
conjunction with the attached drawings and claims

appended hereto.

BRIEF DESCRIPTION OF THE DRAWINGS
10 For a fuller understanding of the nature and
objects of the present invention, reference should be
made to the following detailed description taken in
conjunction with the accompanying drawings, in which:
Figure 1A is a perspective view of a device
15 according to the present invention;
Figure 1B is a cross-sectional view of the device
shown in Figure 1;
Figures 2 and 3 are perspective views of devices
according to the present invention; and
20 Figures 4A and 4B show steps of a method according

to the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION
Figures 1A and 1B show a device 10 according to the

25 present invention. The device 10 includes a fluid cell
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13 having driving fluid 16 therein and a breakable
barrier 19 for selectively containing the driving fluid
16 in the fluid cell 13. The driving fluid 16 may
include water, a buffer and blocking agents. Suitable
buffers include phosphate, tris, glycine and the like,
generally in the molarity of 0.1 to 3.0. Suitable
blocking agents include bovine serum albumin, diluted
serum, non-fat dry milk, and casein. Other additives in
the driving fluid may include heparin or an anti-
microbial substance.

The breakable barrier 19 may be made from Mylar
with a metalized coating including aluminum.
Alternatively, the breakable barrier 19 may be made from
a polymer with a fluorine treated gas barriexr. The
breakable barrier 19 is preferably located at a first
edge 22 of the fluid cell 13 and may be broken by
increasing the pressure in the fluid cell 13, for
example by squeezing the fluid cell 13 between a thumb
and index finger. When the breakable barrier 19 is
broken, the driving fluid 16 flows into another cell,
such as the sample cell 25.

The sample cell 25 has a collection chamber 28
capable of receiving a sample to be analyzed. For
example, the sample cell 25 may have an orifice 31

through which the sample, such as a drop of blood, may
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be deposited. The sample cell 25 is capable of
feceiving the driving fluid 16 upon breaking the
breakable barrier 19, and is capable of allowing the
sample to mix with the driving fluid 16 to provide a
mixed sample.

The device shown in Figures 1A and 1B also has a
filter 33 capable of capturing particulate matter from
the mixed sample. The filter 33 may include glass
fibers and may be contained in a filter cell 36. As the
mixed sample moves through the filter 33, particulate
matter in the mixed sample is captured in the filter 33
to provide a filtered mixed sample to another cell, such
as the first antibody cell 39.

The first antibody cell 39 has a first type of
antibody capable of attaching to an analyte of interest
in the filtered mixed sample. If the analyte of
interest is in the filtered mixed sample, the first type
of antibody combines with the analyte to form a tagged
analyte in the filtered mixed sample.

The first type of antibody may be provided in the
first antibody cell 39 via a porous nonreactive carrier
matrix. Such matrices are commonly used for nucleic
acid and protein binding. The matrix may include
nitrocellulose or nylon. When the carrier matrix is

nitrocellulose, the first type of antibody can be
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directly immobilized on the carrier matrix without the
need of a chemical treatment. However, for other
matrices, immobilization can be accomplished by well
known techniques, such as treatment with cyanogen
bromide or carbonyldiimidazole.

The first antibody may include a monoclonal
antibody, a polyclonal antibody, or fragments thereof.
The particular choice for the first type of antibody
will depend upon the analyte to be detected. For
example for the detection of LH, specific antibodies to
LH can be immobilized on the carrier matrix.
Furthermore, the first type of antibody may include a
chromophore, fluorophore in order to make detection
easier. Once the filtered mixed sample flows through
the first antibody cell 39, the filtered mixed sample
flows into another cell, such as the detecting cell 42.

The detecting cell 42 may have a second type of
antibody capable of attaching to the tagged analyte, if
present in the filtered mixed sample, to provide a
secondary tag on the tagged analyte (the "secondarily
tagged analyte”). Alternatively, or in addition, the
second type of antibody may be capable of attaching to a
second analyte of interest. 1In that situation, the
second type of antibody attaches to the second analyte

to provide a labeled analyte. The second type of
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antibody is preferably immobilized within the detecting
cell to capture and retain the analyte of interest. The
second type of antibody may be a monoclonal antibody, a
polyclonal antibody, and/or fragments thereof. The
second type of antibody preferably includes a detectable
molecule or complex, such as a chromophore and
fluorescent molecules and complexes.

The detecting cell 42 provides the tagged analyte,
the secondarily tagged analyte, and/or the labeled
analyte, as the case may be, for detection and analysis.
The detecting cell 42 preferably allows the filtered
mixed sample to flow out of the detecting cell 42. The
device may include a collection cell 45 having a fluid
collection reservoir 48 for receiving fluid from the
detecting cell 42. The collection reservoir 48 may be
an empty chamber, or alternatively, may have an
absorbent material 49 therein for capturing fluid. 1In
addition, the detecting cell 42 preferably includes one
or more translucent sides 50 for permitting the tagged
analyte, the secondarily tagged analyte and/or the
labeled analyte to be detected, as further described
below.

Figure 2 depicts an alternative embodiment of the
present invention, in which the filter cell 36 is placed

between the fluid cell 13 and the sample cell 25.
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Figure 3 depicts another embodiment of the present
invention in which the first antibody cell 39 has been
eliminated. Instead of providing a separate cell for
housing the first type of antibody, the first type of
antibody is included in the driving fluid 16.
Alternatively, the first type of antibody may be
included in the filter 33.

Fluorescent labeled antibodies having an affinity
for specific analytes are available commercially or can
be prepared by using techniques known in the art. For
example, kits for fluorescent tagging and labeling of
antibodies are available commercially as molecular
probes or from Pierce.

It may be preferable to store the first type and/or
the second type of antibody in a light protected
compartment until the device is ready to be used. To
prevent light from inhibiting the effectiveness of the
device 10, the device 10 is preferably wrapped in a
light impermeable substance, such as a metallic foil.

Figures 4A and 4B show steps bf a method according
to the present invention. The method begins by
providing a device (step 100) similar to that described
above. Next, a sample, such as human blood, is provided
(step 103) to the collection cell. The barrier is

broken to release the driving fluid (step 106) in the
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fluid cell. The barrier may be broken by increasing the
pressure inside the fluid cell, for example by squeezing
the fluid cell between the index finger and thumb of a
person.

The sample is mixed (step 109) with the driving
fluid to provide a mixed sample, and a first type of
antibody is provided (step 112) to the sample. If the
analyte of interest is present in the sample, the first
type of antibody will tag the analyte. The filter is
used (step 115) to remove particulate matter introduced
by the sample, and the device is analyzed (step 118) for
the presence of tagged analytes.

One or more additional steps may be added to the
method. For example, a second type of antibody may be
provided (step 121) to the mixed sample. The second
type of antibody may or may not have an affinity for the
same analyte of interest as the first type of antibody.
The method may also include collecting (step 124)
driving fluid in the collection reservoir.

It will be recognized that the intensity of the
color, fluorescence, or luminescence of the tagged
analyte, the secondarily tagged analyte and/or the
labeled analyte, as the case may be, is indicative of
the amount of the chromophore, fluorophore, luminescent

or other label. Therefore measuring such intensity is
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indicative of the amount of the analyte(s) of interest
in the sample. The color intensity may be measured by
comparison to a color chart. In addition, the color
intensity may be measured by focusing a light 51 on the
detecting cell 42, and receiving transmitted light with
a detector 54, or by using the apparatuses described in
U.S. Patent application serial number 09/208,648, which
is hereby incorporated by reference.

Although the present invention has been described
with respect to one or more particular embodiments, it
will be understood that other embodiments of the present
invention may be made without departing from the spirit
and scope of the present invention. Hence, the present
invention is deemed limited only by the appended claims

and the reasonable interpretation thereof.
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What is claimed is:

1. An analyzing device, comprising:

a first cell having driving fluid therein and a
breakable barrier for selectively containing the driving
fluid in the first cell;

a second cell having a collection chamber capable
of receiving a sample to be analyzed, capable of
receiving the driving fluid when the barrier is broken,
and capable of allowing the sample to mix with the
driving fluid to provide a mixed sample;

a filter capable of capturing particulate matter
contained in the sample;

a fourth cell having a first type of antibody
capable of attaching to an analyte of interest in the
mixed sample to form a tagged analyte;

a fluid collection reservoir for receiving fluid

from the sample cell.

2. The device of claim 1, further comprising a fifth
cell having a second type of antibody capable of

attaching to the tagged analyte.
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3. The analyzing device of claim 1, wherein the

driving fluid is a buffered solution.

4. The analyzing device of claim 2, wherein the second

type of antibody is a mono-clonal antibody.

5. The analyzing device of claim 2, wherein the second

type of antibody is a poly-clonal antibody.

6. The analyzing device of claim 2, wherein the fifth

cell has a translucent side.

7. The analyzing device of claim 1, wherein the

driving fluid includes a blocking agent.

8. The analyzing device of claim 1, wherein the
driving fluid includes a second type of antibody capable

of attaching to the analyte of interest.

9. The analyzing device of claim 1, wherein the filter

includes glass fibers.

10. The analyzing device of claim 1, wherein the first

type of antibody 1s a mono-clonal antibody.
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11. The analyzing device of claim 1, wherein the first

type of antibody is a poly-clonal antibody.

12. The analyzing device of claim 1, wherein the first

type of antibody is tagged with a chromophore.

13. The analyzing device of claim 1, wherein the first

type of antibody is tagged with a fluorophore.

14. An analyzing device, comprising:

a fluid cell having driving fluid therein and a
breakable barrier for selectively containing the driving
fluid in the fluid cell, wherein the fluid contains a
first type of antibody capable of attaching to an
analyte to form a tagged analyte;

a sample cell having a collection chamber capable
of receiving a sample to be analyzed, capable of
receiving the driving fluid from the fluid cell, and
capable of allowing the sample to mix with the driving
fluid to provide a mixed sample;

a filter capable of capturing particulate matter
contained in the sample; and

a fluid collection reservoir for receiving the

fluid from the sample cell.
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15. The analyzing device of claim 14, further
comprising a cell having a second type of antibody

therein capable of attaching to the tagged analyte.

16. The analyzing device of claim 15, wherein the cell
having the second antibody therein has a translucent

side.

17. The analyzing device of claim 14, further

comprising a detection cell having a translucent side.

18. An analyzing device, comprising:

a fluid cell having driving fluid therein and a
breakable barrier for selectively containing the driving
fluid in the fluid cell:;

a first antibody cell having a first type of
antibody capable of attaching to an analyte of interest
to form a tagged analyte, and which is capable of being
carried by the driving fluid to provide a modified
driving fluid;

a sample cell having a collection chamber capable
of receiving a sample to be analyzed, capable of

receiving the modified driving fluid, and capable of
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allowing the sample to mix with the modified driving
fluid to produce a mixed sample;

a filter capable of capturing particulate matter
contained in the sample;

a second antibody cell having a second type of
antibody capable of attaching to the tagged analyte; and

a collection cell having a fluid collection
reservoir for receiving fluid from the second antibody

cell.

19. The analyzing device of claim 18, wherein the

second antibody cell has a translucent side.

20. A method of detecting an analyte of interest in a
sample, comprising:

providing a device having (A) a fluid cell
including a driving fluid therein and a breakable
barrier for selectively containing the driving fluid in
the fluid cell, and (B) a collection cell including a
collection chamber capable of receiving a sample to be
analyzed, capable of receiving the driving fluid from
the fluid cell, and capable of allowing the sample to
mix with the driving fluid to provide a mixed sample,
and (C) a filter capable of capturing particulate matter

contained in the sample, and (D) a first type of
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antibody capable of attaching to an analyte of interest
in the sample to form a tagged analyte, (E) a detection
cell, and (F) a fluid collection reservoir for receiving
fluid from the detection cell;

providing the sample to the collection cell;

breaking the barrier to provide the driving fluid
to the collection cell;

mixing the sample with the driving fluid to provide
a mixed sample;

providing the first type of antibody to the sample,
the first type of antibody having an affinity for the
analyte of interest to form the tagged analyte;

filtering the sample in the filter;

detecting the tagged analyte in the detection cell;

collecting driving fluid in the collection

reservoir.

21. The method of claim 20, wherein the barrier 1is

broken by increasing a pressure within the fluid cell.

22. The method of claim 21, wherein the pressure within

the fluid cell 1is increased by squeezing the fluid cell.

23. The method of claim 20, wherein the sample is

blood.
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