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A METHOD OF DIFFERENTIATING BETWEEN BLOOD AND CONTROL
SOLUTIONS CONTAINING A COMMON ANALYTE

BACKGROUND OF THE INVENTION

[0001] This invention relates generally to measuring analytes in biological fluids, such as

whole blood samples, using optical instruments. Such instruments normally will be tested using
solutions that mimic the usual biological sample and contain a known amount of the analyte.
The present invention is concerned with identifying a sample as a test solution, commonly called
a control solution. More particularly, the invention relates to preventing optical instruments
from including in their retained history of measurements those made of the analyte in control
solutions. That is, avoiding errors that may occur when the retained history does not accurately
report the content of samples previously measured, but includes the results obtained with control
solutions.

[0002] The quantitative determination of analytes in biological fluids is of great importance in
diagnosing and treating medical problems, such as measuring the glucose level in biological
fluids, which is important to diabetic individuals. The present invention will be described as it is
applied to measuring glucose in blood samples. However, the invention may be applied to other
analytes measured in optical instruments.

[0003] Both electrochemical and optical methods are used to measure the glucose content of
blood. This invention relates to optical measurements. Color changes developed by chemical
reactions with the glucose in blood can be measured optically by several types of instruments,
including diffuse reflectance, transmittance, absorbance, diffuse transmittance, total
transmittance and the like. For example, diffuse reflectance is used in the methods described in
U.S. Patent Nos. 5,611,999 and 6,181,417. Light from light emitting diodes (LEDs) is directed
onto a substrate that has been in contact with blood and has developed an optically measurable
response. Reflected light is directed to a photodetector where the amount of light received is
measured, and correlated with the amount of glucose in the blood sample. In the examples
below the absorbance of light was used.

[0004] Several types of chemical reactions have been used to cause a change that is

detectable by optical instruments. These include reacting glucose with glucose oxidase or
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glucose dehydrogenase to develop colors which indicate the quantity of glucose in the sample
being tested. See for example U.S. Patent No. 4,689,309. The present invention is not
considered to be limited by the type of the chemical reaction used to determine the amount of
glucose in blood, provided only that the response to glucose in the sample is detectable by
optical instruments.

[0005]  In order for accurate measurements to be assured, control solutions containing known
amounts of glucose are used to verify that the instrument is operating properly. The composition
of control solutions has been the subject of a number of patents and publications. Representative
are U.S. Patent Nos. 3,920,580; 4,572,899; 4,729,959; 5,028,542; and 5,605,837, WO 93/21928;
WO 95/13535; and WO 95/13536. While control solutions containing blood serum have been
used, the more recent patents have been concerned with replacing serum-based control solutions
with solutions free of serum, since serum-free solutions are more consistent and stable than those
containing serum. The control solution should behave in a manner similar to blood if glucose is
to be accurately measured. It will be evident that the composition must be stable over lengthy
periods of storage before use. Further, the composition must allow the glucose to react with the
reagents that produce color in a manner corresponding to that of glucose contained in a blood
sample. Also, the composition should not respond to the light used to illuminate a sample in a
way that interferes with the reading of the color developed by reaction of the glucose content
with the reagents. Thus, improving the composition of control solutions has been of
considerable interest in the art.

[0006]  Although some control solutions do not add color, others do include colored additives
to provide the appearance of blood. For example, U.S. Patent No. 3,920,580 suggests adding red
dye and U.S. Patent No. 5,605,837 includes a suspension of black particles.

[0007] A problem arising in certain instruments relates to the need to distinguish between
measurements made with blood samples and those made with control solutions, which are
frequently used to assure that the test equipment is performing correctly. If the control solution
is formulated to respond in a manner similar to that of a whole blood sample, the instrument does
not recognize that a control solution is being tested rather than a blood sample. That is, the
glucose content is determined independently of the rest of the sample so that the control solution

provides an accurate reading. However, it is common for such instruments to record the glucose
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measurement and store it, since the history of glucose measurements can be very useful in
treating a diabetic patient. Obviously, the glucose content of control solutions should not be
included in the recorded history, unless that data can be identified and separated from the glucose
measurements of blood samples. Of course, that could be done manually by the user, but
through inadvertence the glucose history could be distorted. It would be preferable that the user
not be responsible for separating the glucose measurement made of control solutions and blood
sample.

[0008] In U.S. Patent No. 5,723,284 electrochemical measurement of glucose in blood is
discussed. The ‘284 patent proposed to modify the control solutions so that the meter would
recognize that a control solution was being measured and take appropriate action to prevent the
results from being included in the blood sample results. The present invention includes a means
for recognizing the presence of a control solution in instruments that measure glucose or other

analytes by optical means, as will be described in detail below.

SUMMARY OF THE INVENTION
[0009] The invention distinguishes between analytes in biological fluids, particularly glucose

in whole or lysed blood, and the analyte in control solutions used to test the performance of an
optical instrument. The control solution contains a label, i.e. a substance not found in the normal
biological sample, which is recognized by the optical instrument as identifying the control
solution. In one example, the optical instrument employs an LED emitting light with a
wavelength in the range of from about 600 to about 800 nm corresponding to a characteristic
wavelength absorbed by the identifying substance. Preferably, the labeling substance is a dye or
a member of the group of water soluble dyes or dyes that can be made water soluble upon
addition of surfactants or the like. Typically, the peak absorbance of the dye is within a narrow
spectral range that is readily identified as associated with the control solution.

[00010] In one aspect, the invention is a method of distinguishing between measurements
made of glucose in blood samples and glucose in control solutions. A label substance is added to
the control solution, which is recognized by the optical instrument as a control solution, rather

than as a blood sample.
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[00011] In another aspect, the invention is a method of measuring glucose in a blood sample
by an optical instrument, wherein a control solution is used to test the performance of the optical
instrument, and the control solution contains a substance which serves as a label and which is
recognized by the optical instrument as identifying the presence of a control solution.

[00012] In a further aspect, the invention is directed to an optical instrument for measuring
glucose in whole blood, lysed blood, plasma, or serum by reaction of the glucose with a test
strip. The instrument includes a LED-emitting light at a wavelength which characterizes a
substance that labels control solutions used to test the performance of the optical instrument.
The LED used to detect the labeling substance emits a wavelength absorbed by the label, which
is different than the wavelength of the LED used to detect glucose.

[00013] In a preferred embodiment, the optical instrument compiles glucose measurements

made of whole blood samples, while excluding glucose measurements made of control solutions.

BRIEF DESCRIPTION OF THE DRAWINGS
[00014] FIG. 1 is an absorbance spectra of the formazan product of WST-4 tetrazolium salt,

and of the dye indocyanine green according to one example.
[00015] FIG. 2 is an absorbance spectra of lysed whole blood, the formazan product of WST-4

tetrazolium salt, and the dye indocyanine green according to one example.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

DETECTION OF GLUCOSE BY OPTICAL METHODS

[00016] Detection of glucose by optical methods may be broadly divided into those that
employ glucose oxidases and those that employ glucose dehydrogenases. Although the methods
are similar they use different enzymes, mediators and indicators.

[00017] When glucose oxidases are used, the glucose in a sample (e.g., blood) is oxidized to
gluconic acid with the release of hydrogen peroxide. The hydrogen peroxide is said to oxidize
an indicator (e.g., in the presence of a peroxidase) to produce a measurable optical response (e.g.,
a color that indicates the amount of glucose in the sample). Some recent patents have suggested

that the glucose is converted first to the gluconic acid and then to gluconolactone, while others
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have suggested that the gluconolactone is formed first and then hydrolyzed to gluconic acid.
Regardless of which process sequence is correct, glucose oxidase enzymes have been used
widely in dry test strips for measuring the glucose content of blood.

[00018] When glucose dehydrogenase enzymes are used, a co-factor is included (e.g., NAD or
PQQ), an indicator and a mediator, such as a diaphorase enzyme or an analog thereof. The co-
factor is reduced in the presence of the enzyme and the glucose is oxidized to gluconic acid or
the gluconolactone as described above. Thereafter, the reduced co-factor is oxidized by the
diaphorase or an analog thereof. In this process an indicator, such as a tetrazolium salt, is
reduced to produce a colored derivative, which can be measured and correlated with the amount
of glucose in the sample being tested.

[00019] In the present invention, either of these methods may be employed, since the invention
is directed to the use of a control solution by which the performance of the optical instrument is
checked to assure that measurements of glucose in whole blood are accurate and reliable.

[00020] The methods described above are commonly used in connection with dry test strips
containing reagents which react with glucose in a biological sample or a control solution to
produce a color, which can be correlated with the amount of glucose present in the sample.
While the color developed can provide a semi-quantitative measure of the glucose contained in
the sample, for example by comparison of the color with a chart of color versus glucose content,
more accurate results are obtained by exposing the colored test strip to a light source, measuring
the extent of color development by the indicator used, and correlating the results with the glucose
content of the sample.

[00021] Control solutions are generally water-based compositions having several basic
components that mimic the related biological sample. For measuring glucose in blood, a
polymer or polymers is included to provide the solution with the physical characteristics of
whole blood. Examples include, but are not limited to, polyethylene oxide, polyhydroxyethyl
methacrylate, and polyvinyl pyrrolidone. Typically, the solution comprises from about 5 to
about 30% (w/v) polymer. The second component is glucose in a predetermined amount,
typically in the range of from about 30 to about 500 mg/dL. A buffer is added to maintain a
suitable pH, typically in the range of from about 5 to about 8. Examples include, but are not

limited to, citric acid/sodium citrate, phosphoric acid, sodium Hepes, and sodium phosphate.
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Finally, according to the invention, the solution will contain a labeling substance that produces a
characteristic response when exposed to LED light having a wavelength in the range of the peak
absorption by the labeling substance. The labeling substance will have a response in a range that
is different from that used to determine the glucose content of the control solution. Preferably,
the substance used to identify the control solution and to distinguish it from a blood sample will
be a dye or a member of the group of water soluble dyes or dyes that can be made water soluble
upon addition of surfactants.

[00022] In one embodiment, the dye indocyanine green is added to the control solution. As
will be seen in the examples below, this dye absorbs light at about 780 nm, making it possible to
readily distinguish the presence of the dye and, thus, the presence of control solution.

[00023] In the examples below, a dye having a response to light reaching a peak in the 700-820
nm region is used to signal that the control solution is being measured. As will be seen, a
commonly used indicator for the presence of glucose has a response having a peak in the range
of from about 500 to about 650 nm. The separation of the peaks is sufficient to both identify the
control solution and to measure the amount of glucose present.

[00024] When glucose is measured in whole blood using the optical response of an indicator,
the presence of the red blood cells may interfere with the detection of the indicator response. In
control solutions, the blood is not present and it is only necessary to assure that the components
of the control solution do not interfere with detection of the indicator for the glucose content and

the added labeling compound that indicates the presence of a control solution.

EXAMPLE 1

[00025] The dye indocyanine green (Sigma Aldrich) was dissolved in a phosphate-buffered
saline solution. The absorbance spectra of this solution was measured with a Hewlett-Packard
Model 8453 diode-array UV-visible spectrophotometer and the results were plotted in FIG. 1.
As shown in FIG. 1, the maximum absorbance was found to be at about 780 nm.

[00026] A commercially available tetrazolium salt, WST-4 (Dojindo) was dissolved in 100
millimolar potassium phosphate buffer having a pH of about 7.5. The WST-4 was reduced to the
equivalent formazan dye by addition of ascorbic acid, thus simulating the production of a colored

indicator in glucose tests. The solution was measured and the results were plotted in FIG. 1 for
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comparison with the absorbance spectra of the dye indocyanine green. The peak of the
absorbance of the formazan was about 550-600 nm, clearly being distinguished from the

absorbance of the dye.

EXAMPLE 2

[00027] Whole blood was lysed with a hypotonic solution of water and then diluted in
phosphate buffered saline. The absorbance of the lysed blood was measured as in Example 1
and the results plotted in FIG. 2 along with the two absorbance plots of FIG. 1. The maximum
absorbance of the lysed blood was about 400 nm, a wavelength clearly distinguished from those
of the formazan and indocyanine green. It can be concluded that if blood is lysed as part of a
glucose test, that it will not interfere with the labeling dye that indicates the presence of a control
solution.

Alternative Embodiment A

[00028] A control solution for testing the performance of an optical instrument adapted to
measure the concentration of glucose in blood in proportion to the optical response of an
indicator, the solution comprising a labeling substance recognized by the optical instrument as
identifying the presence of the control solution.

Alternative Embodiment B

[00029] The control solution of Alternative Embodiment A wherein the labeling substance has
a characteristic response to excitation by a light-emitting diode in the optical instrument that is
distinguishable from the response of the indicator.

Alternative Embodiment C

[00030] The control solution of Alternative Embodiment A wherein the labeling substance has
a peak absorbance of light that is distinguishable from the absorbance of the indicator.

Alternative Embodiment D

[00031] The control solution of Alternative Embodiment C wherein the labeling substance is
indocyanine green.

Alternative Embodiment E

[00032] The control solution of Alternative Embodiment D wherein the labeling substance is

distinguished from a tetrazolium salt indicator.
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Alternative Process F

[00033] A method of distinguishing between measurements in an optical instrument of glucose
in blood and glucose in a control solution used to test the performance of the optical instrument,
the method comprising the act of adding to the control solution a labeling ;ubstance recognized
by the optical instrument.

Alternative Process G

[00034] The method of Alternative Process F wherein the labeling substance has a
characteristic response to excitation by a light-emitting diode in the optical instrument that is
distinguishable from the response of the indicator.

Alternative Process H

[00035] The method of Alternative Process F wherein the labeling substance has a peak
absorbance of light that is distinguishable from the absorbance of the indicator.

Alternative Process I

[00036] The method of Alternative Process F wherein the labeling substance is indocyanine
green.

Alternative Process J

[00037] The method of Alternative Process I wherein the labeling substance is distinguished
from a tetrazolium salt indicator.

Alternative Process K

[00038] A method of measuring the glucose in blood by an optical instrument, the method
comprising the acts of testing the performance of the instrument by adding a control solution
containing a known amount of glucose to a test strip adapted to react with the glucose and
produce an optical response from an indicator and measuring the response, the control solution
contains a labeling substance recognized by the optical instrument and distinguished from the
response of the indicator.

Alternative Process L

[00039] The method of Alternative Process K wherein the labeling substance has a
characteristic response to excitation by a light-emitting diode in the optical instrument that is

distinguishable from the response of the indicator.
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Alternative Process M

[00040] The method of Alternative Process K wherein the labeling substance has a peak
absorbance of light that is distinguished from the absorbance of the indicator.

Alternative Process N

[00041] The method of Alternative Process M wherein the labeling substance is indocyanine
green.

Alternative Process O

[00042] The method of Alternative Process N wherein the labeling substance is distinguished
from a tetrazolium salt indicator.

Alternative Embodiment P

[00043] An optical instrument for correlating the glucose content of blood samples with the
optical response obtained by contact of the sample with a test strip adapted to provide the optical
response by reaction with the blood sample, the optical instrument comprising a light-emitting
diode to excite a response from a labeling substance in a control solution used to distinguish the
control solution from the blood samples.

Alternative Embodiment Q

[00044] The optical instrument of Alternative Embodiment P wherein the optical instrument
compiles glucose measurements and excludes such measurements made of control solutions.

Alternative Embodiment R

[00045] The optical instrument of Alternative Embodiment P wherein the labeling substance
has a peak absorbance of light distinguished from the peak absorbance of an indicator used to
measure the amount of glucose present.

Alternative Embodiment S

[00046] The optical instrument of Alternative Embodiment R wherein the substance 1is
indocyanine green.

Alternative Process T

[00047] A method of distinguishing control solutions from biological samples in optical
instruments used to measure analytes in such biological samples, the method comprising the acts

of adding to the control solutions a substance that labels the control solution and enables the
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optical instruments to identify the control solutions and distinguish the control solutions from the
biological samples.

Alternative Process U

[00048] The method of Alternative Process T wherein the labeling substance is a dye adapted
to being dissolved in the control solution, the dye-absorbing light at a wavelength distinguished
from the wavelength of light characterizing the analyte.

[00049] While the invention is susceptible to various modifications and alternative forms,
specific embodiments are shown by way of example in the drawings and described in detail. It
should be understood, however, that it is not intended to limit the invention to the particular
forms disclosed, but on the contrary, the intention is to cover all modifications, equivalents, and
alternatives falling within the spirit and scope of the invention as defined by the appended

claims.
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CLAIMS:

1. A control solution for testing the performance of an optical instrument
adapted to measure the concentration of glucose in blood in proportion to the optical
response of an indicator, the solution comprising a labeling substance recognized by the
optical instrument as identifying the presence of the control solution.

2. The control solution of claim 1, wherein the labeling substance has a
characteristic response to excitation by a light-emitting diode in the optical instrument
that is distinguishable from the response of the indicator.

3. The control solution of claim 1, wherein the labeling substance has a peak
absorbance of light that is distinguishable from the absorbance of the indicator.

4. The control solution of claim 3, wherein the labeling substance is
indocyanine green.

5. The control solution of claim 4, wherein the labeling substance is
distinguished from a tetrazolium salt indicator.

6. A method of distinguishing between measurements in an optical
instrument of glucose in blood and glucose in a control solution used to test the
performance of the optical instrument, the method comprising the act of adding to the
control solution a labeling substance recognized by the optical instrument.

7. The method of claim 6, wherein the labeling substance has a characteristic
response to excitation by a light-emitting diode in the optical instrument that is
distinguishable from the response of the indicator.

8. The method of claim 6, wherein the labeling substance has a peak
absorbance of light that is distinguishable from the absorbance of the indicator.

9. The method of claim 6, wherein the labeling substance is indocyanine
green.

10.  The method of claim 8, wherein the labeling substance is distinguished
from a tetrazolium salt indicator.

11. A method of measuring the glucose in blood by an optical instrument, the
method comprising the acts of testing the performance of the instrument by adding a

control solution containing a known amount of glucose to a test strip adapted to react
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with the glucose and produce an optical response from an indicator and measuring the
response, the control solution contains a labeling substance recognized by the optical
instrument and distinguished from the response of the indicator.

12.  The method of claim 11, wherein the labeling substance has a
characteristic response to excitation by a light-emitting diode in the optical instrument
that is distinguishable from the response of the indicator.

13.  The method of claim 11, wherein the labeling substance has a peak
absorbance of light that is distinguished from the absorbance of the indicator.

14.  The method of claim 13, wherein the labeling substance is indocyanine
green.

15.  The method of claim 14, wherein the labeling substance is distinguished
from a tetrazolium salt indicator.

16.  An optical instrument for correlating the glucose content of blood samples
with the optical response obtained by contact of the sample with a test strip adapted to
provide the optical response by reaction with the blood sample, the optical instrument
comprising a light-emitting diode to excite a response from a labeling substance in a
control solution used to distinguish the control solution from the blood samples.

17.  The optical instrument of claim 16, wherein the optical instrument
compiles glucose measurements and excludes such measurements made of control
solutions.

18.  The optical instrument of claim 16, wherein the labeling substance has a
peak absorbance of light distinguished from the peak absorbance of an indicator used to
measure the amount of glucose present,

19.  The optical instrument of claim 18, wherein the substance is indocyanine
green.

20. A method of distinguishing control solutions from biological samples in
optical instruments used to measure analytes in such biological samples, the method
comprising the acts of adding to the control solutions a substance that labels the control
solution and enables the optical instruments to identify the control solutions and

distinguish the control solutions from the biological samples.
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21.  The method of claim 20, wherein the labeling substance is a dye adapted
to being dissolved in the control solution, the dye-absorbing light at a wavelength

distinguished from the wavelength of light characterizing the analyte.
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