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COMPOSITION AND METHOD FOR REDUCING THE RATE OF
OXYGEN LOSS FROM AQUEOUS SOLUTIONS

FIELD OF THE INVENTION

The present invention is related to the field of electrochemical sensors, and calibration _

solutions, particularly to the increased accuracy and effective life span of oxygen sensors.

BACKGROUND OF THE INVENTION

In a variety of clinical situations it is important to measure certain chemical
characteristics of the patient’s blood such as pH, hematocrit, the concentration of calcium ions,
potassium 101ns, chloride ioné, s.odi'um 10ns, glucose, lactate, creatinine, urea, the partial pressure
of oxygen (02), carbon dioxide (CO»), and the like. These situations range from a routine visit of
a patient in a physician’s office to monitoring of a paﬁent during open-heart surgery. The
réquired speed, accuracy, and other performance characteristics vary with each situation.

T)fpicélly, electrochemical sensor systems which provide blo-od chemistry analysis are
stand-alone machines 6r are adapted to be connected to an extracorporeal shunt or an ex vivo
blood source such as a heari/lung machine used to sustain a patient during surgery. Tllué, for
example, small test samples of ex vivo blood can be diverted off-line -ﬁ(_)m either the venous or
arterial flow lines of a heart/lung machine directly to a chamber ebesed to a bank of rhicro;e'~
electrodes which generate electrical signals proportional to chemical charaéteristics of the real
time flowing blood sample. ' . .

Electrochemical seasor systems are analytical tools combining a Chemical or biochemaical
recognition cdlnponent (e.g., an enzyme) with a physical tfansduCer such as a platinum electtode.
The chemical or biochemical recognition component is capable of selectively interacting with an
analyte of interest and of generating, directly or indirectly, an electrical signal through the
transducer. Electrochemical sensor systems play an increasing role in solving analytical and

clinical problems, and find applications in the field of medical diagnostics.
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The selectivity of certain biochemical recognition components makes it possible to
develop electrochemical sensors that can accurately detect certain biological analytes even in a
complex analyte mixture such as whole blood. Despite the high degree of selectivity of
electrochemical sensors, the accuracy of such sensors depends on calibrating the sensor against a
calibration solution that includes a known concentration of analyte. If the actual concentration of
the analyte in the calibration solution is different from the concentration assumed to be in the
solution, then the sensor may be improperly calibrated and the sensor readings may be
inaccurate. The oxygen in a calibration solution may be removed by, for example, the oxidation
of other components of the solution or contaminants in the solution. The amount of oxidation
that occurs in the calibration solution is unpredictable and, over a period of time, may lead to an
oxygen content in the calibration solution different from the oxygen content estimated to exist
from the preparation of the solution. A calibration solution in which the oxygen content is
unknown and may be different from the estimated value may lead to an incorrect calibration of
the sensor and inaccurate sensor readings.

SUMMARY OF THE INVENTION

One objective of the present invention is to provide a system and a method for increasing

the accuracy and effective life span of an electrochemical sensor system, in particular a
calibrating solution required for the calibration of an oxygen sensor of the electrochemical sensor
system. According to the invention described herein, the addition of choline to an oxygen-
containing solution such as a calibrating solution, for example, reduces the rate at which oxygen
is lost from the solution. The reduction in the rate of loss of oxygen content of the solution
stabilizes the oxygen content in the solution over a period of time. The stabilized oxygen content
in a calibration solution increases the effective life span of the calibration solution’s ability to
accurately calibrate an oxygen sensor.

In one aspect of the present invention, a solution for the calibration of an oxygen sensor
includes a selected concentration of choline and a known oxygen content. The concentration of
choline is sufficient to reduce a rate of loss of oxygen content in the solution, and the known
oxygen content is at a level sufficient to calibrate an oxygen sensor. In one embodiment, the rate
of loss of oxygen in the solution is in the range of about 0.05 millimeters of mercury/month
(mmHg/month) to about 5.0 mmHg/month. In one embodiment, the choline in the solution
includes choline chloride. In alternative embodiments, other choline salts such as choline
hydrogen citrate, choline bitartrate, choline bicarbonate, tricholine citrate, choline ascorbate,

choline borate, choline gluconate, choline phosphate, choline di(choline)sulphate and dicholine
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mucate may be sources of choline in the solution. In one embodiment, the choline cohcentration
in the solution is 1n the range of about 5 millimoles/liter (mmol/L) to about 100 mmol/L. In
another embodiment, the choline concentration in the solution is about 20 mmol/L.

In one embodiment of the invention, the oxygen content in the solution is in the range of
about 10 mmHg to about 300 mmHg. In other embodiments of the invention, the oxygen content
in the solution 1s about 100 mmHg or about 180 mmHg.

In one embodiment of the present invention, the solution for the calibration of an oxygen
sensor further includes CO,. The solution may also include helium gas. In another embodiment
the solution may include Na* K, Ca™, and/or HCOs". Such compounds may function as
calibration standards for electrochemical sensors specific to the compound. In another
embodiment, the solution further includes a surfactant. The solution may also include an inert
preservative and/or a biological buffer.

In one aspect of the present invention, a container of calibration solution for calibrating
an electrochemical sensor includes a selected concentration of choline and a known
concentration of oxygen. The container for holding the calibration solution is substantially gas-
impermeable. According to this aspect of the invention, the concentration of choline is sufficient
to reduce a rate of loss of oxygen content in the solution, and the oxygen content in the solution
is at a level sufficient to calibrate an oxygen sensor. In one embodiment, the container includes
at least one flexible wall that allows for contraction of a volume of the container. The flexible
wall allows the volume of the container to decrease as the solution is drawn out of the container.
In another embodiment, the container enclosing the calibration solution is sealed to prevent a
headspace that includes a gas.

In one embodiment of the container, the choline in the solution includes choline chloride.
In alternative embodiments of the container, other choline salts such as choline hydrogen citrate,
choline bitartrate, choline bicarbonate, tricholine citrate, choline ascorbate, choline borate,
choline gluconate, choline phosphate, choline di(choline)sulphate and dicholine mucate, may be
included in the solution. In one embodiment of the container, the choline concentration in the
solution is in the range of about 5 mmol/L to 100 mmol/L. In another embodiment, the choline
concentration in the solution is about 20 mmol/L.

In another embodiment of the container, the oxygen content in the solution is in the range

of about 10 mmHg to 300 mmHg. In other embodiments of the invention, the oxygen content in
the solution is about 100 mmHg and about 180 mmHg.



10

15

20

235

30

35

CA 02494671 2005-01-25
WO 2004/011931 PCT/US2003/023138

In yet another embodiment of the container, the solution for the calibration of an oxygen
sensor further includes CO,. In other embodiments of the container the solution may further
include helium gas, Na*, K, Ca™", and/or HCO3". Such compounds may function as calibration
standards for electrochemical sensors specific to the compound. In another embodiment, the
solution further includes a surfactant. The solution may also include an inert preservative and/or
a biological buffer.

In another aspect, the invention relates to a method of reducing a rate of loss of oxygen
content 1n a solution. The method includes providing a solution that includes oxygen dissolved
in the solution. The method also includes adding choline to the solution, wherein the choline is
added in an amount sufficient to reduce the rate of loss of oxygen content in a solution. In one
embodiment, 20 mmol/L choline is added to the solution. In another embodiment, choline is
added to the solution in the range of about 5 mmol/L to 100 mmol/L. In another embodiment,
choline further includes choline chloride. In yet another embodiment, oxygen in the solution is
about 100 mmHg or about 180 mmHg. In another embodiment, oxygen in the solution is in the
range of about 10 mmHg to about 300 mmHg.

In another embodiment of the method, the solution includes a calibration solution. In
other embodiments, choline salts such as choline hydro gen citrate, choline bitartrate,' choline
bicarbonate, tricholine citrate, choline ascorbate, choline borate, choline gluconate, choline
phosphate, choline di(choline)sulphate and dicholine mucate may be included in the solution. In
another embodiment, the solution further includes CO,. In another embodiment, the solution
further includes helium gas. In other embodiments of the method, the solution may further
include Na*, K*, Ca™, HCOj', a surfactant, an inert preservative, and/or a biological buffer.

These and other objects, along with advantages and features of the present invention
herein disclosed, will become apparent through reference to the following description, the
accompanying drawings, and the claims. Furthermore, it is to be understood that the features of
the various embodiments described herein are not mutually exclusive and can exist in various
combinations and permutations.

BRIEF DESCRIPTION OF THE DRAWING

The foregoing and other objects, features and advantages of the present invention

disclosed herein, as well as the invention itself, will be more fully understood from the following
description of preferred embodiments and claims, when read together with the accompanying
drawings. The drawings are not necessarily to scale, emphasis instead generally being placed

upon illustrating the principles of the invention.
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FIG. 1 1s a schematic diagram of the components of an electrochemical sensor apparatus
including a sensor cartridge with a bank of sensors and a thermal block for accelerated hydration

and calibration of the sensors.

FIG. 2 depicts a bar graph of rates of loss of oxygen concentration of solutions in the

presence or absence of choline chloride.
DETAILED DESCRIPTION OF THE INVENTION

The present invention relates to electrodes and electrochemical sensor systems for
measuring oxygen levels of aqueous samples including, but not limited to, blood, serum or other
body tluids. Specifically, the invention is directed to improving the effective life span of
calibration solutions for calibrating an oxygen sensor by stabilizing the oxygen content of the
calibration solution over an extended period of time.

Definitions

In order to more clearly and concisely point out and describe the subject matter which
applicant regards as the invention, the following definitions are provided for certain terms used
in the following description and claims.

As used herein, the term “electrode™ refers to a component of an electrochemical device
that makes the interface between the external electrical conductor and the internal ionic medium.
The 1nternal 1onic medium is typically an aqueous solution with dissolved salts. The medium
may also include proteins in a stabilizing matrix.

Electrodes are of three types: working or indicator electrodes, reference electrodes, and
counter electrodes. A working or indicator electrode measures a specific chemical species, such
as an 1on. When electrical potentials are measured by a working electrode, the method is termed
potentiometry. All 1on-selective electrodes operate by potentiometry. When current is measured
by a working electrode, the method 1s termed amperometry. Oxygen measurement is performed
by amperometry. Working electrodes may also function by including an enzyme as part of an
enzyme layer that 1s part of a composite layer that is in close contact with the electrode. The
enzyme, which is specific to a particular analyte, may produce hydrogen peroxide, a by-product
of the catalytic reaction of the enzyme on the analyte. Hydrogen peroxide is detected by the
electrode and converted to an electrical signal. A reference electrode serves as an electrical
reference point in an electrochemical device against which electrical potentials are measured and
controlled. In one embodiment, silver-silver nitrate forms the reference electrodes. Other types
of reference electrodes are mercury-mercurous chloride-potassium chloride or silver-silver

chloride-potassium chloride. A counter electrode may act as a sink for the current path.
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As used herein, the term “sensor™ 1s a device that responds to variations in the
concentration of a given chemical species, such as glucose or oxygen, in a sample, such as a body
fluid sample. An electrochemical sensor is a sensor that operates based on an electrochemical
principle and requires at least two electrodes. For ion-selective measurements, the two
electrodes include an 1on-selective electrode and a reference electrode. Amperometric enzyme
electrodes additionally require a third electrode, a counter electrode. Moreover, enzyme sensors
based on two electrodes, a working and reference electrode, are also common.

As used herein, the term “ion selective electrode” generally refers to a silver wire coated
with silver chloride in contact with a buffer solution containing a chloride concentration (the
mmner solution). The buffer solution may be covered with a polymeric ion-selective membrane
that is in contact with the test solution. The ion selective membrane typically includes a high
molecular weight polyvinyl chloride (PVC), a plasticizer, an ionophore specific to a particular
10n, and a borate salt. The surface of the polymeric membrane is in contact with the test sample
on one side and the inner buifer solution on the other side of the membrane.

As used herein, the term “calibration” refers to the process by which the response
characteristics of a sensor to a specific analyte are determined quantitatively. To calibrate a
sensor, the sensor may be exposed to at least two reagent samples, each reagent sample having a
different, known concentration of an analyte. The responses, i.e., signals, measured by the
sensor, relative to the concentrations of the analyte in the two different reagent samples, serve as

retference points for measurements of the analyte in samples having unknown concentrations of

the analyte.

As used herein, the term “oxygen content” refers to the amount of oxygen dissolved in a
solution. The oxygen content of a solution may be measured in terms of millimeters of mercury
(mmHg). The oxygen content of a solution is analogous to the concentration of an analyte in the
solution.

As used herein, the term “starting time point” refers to a time point during the life span of
an oxygen-containing solution such as, for example, a calibration solution. The starting time
point of the solution may, for example, coincide with or immediately follow the solution being
placed into a sealed container. The age of the solution is measured from the starting time point
of the solution.

As used herein, the term “original oxygen content” refers to the oxygen content of a

solution at the starting time point of the solution.
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As used herein, the term “rate of loss of oxygen content” refers to a rate that
oxygen 1s lost from a particular solution 1n a particular container or environment. The rate
of loss of oxygen content is experimentally determined by measuring the loss of oxygen

content from a solution over a series of time points. Time points may be measured, for

example, daily, weekly, or monthly.

As used herein, the term “estimated rate of loss of oxygen content” refers to, for example,

~amedian or average of rates of loss of oxygen concentration from a plurality of batches of a

solution. Each balch of the plurality of batches must have identical compositions, identical
methods of preparation, and exist in identical containers or environments for the estimated rate of
loss of oxygen content calculated from the plurality of batches to be representative of the rate of
loss of ox-ygen content for any one of the batches. Any variation in the COmpositions, methods of
preparation or contamers or environments between the batches may 1ncrease the variability of
the rates of loss of oxygen content among the batches. An estimated rate of loss of oxygen
content calculated from a plurality of non-identical batches may not be representative of any

single batch and thus may not accurately represent the rate of loss of oxygen content for any one

-solution.

As used herein, the term “estimated oxygen cootent” refers to a value of oxygen content
that is calculated by the electrochemical sensor system in order to, for example, estimate the
amount of oxygen in the calibration solution. The estumated oxygen content of the calibration
solution is calculated by determining the product of the estimated rate of loss of oxygen content
for the calibration solution and the time elapsed since the starting time point of the calibration
solution. The resulting product is subtracted from the original oxygen content to determine the
estimated oxygen content. The estimated oxygen content is the oxygen content value assigned by
the electrochemical sensor system to the cahbranon solution. The est1mated oxygen content of
the calibration solution is the value used by the electrochemical sensor system in callbratmg the .
OXYygen Sensor.

Electrochenﬁcal Sensor System

Refemng to FIG. 1, the exemplary electrochemical sensor system 8 employs a Sensor
assembly, generally 1nd1cated at 10, mcorpmatmo a plurahty of electrodes 9 adapted to make

electrical measurements on a sample such as a blood sample introduced to the sensor assembly

'10. Blood samples may be obtained by, for example, phlebotomy or are derived on a periodic

basis from an extracorporeal blood flow circuit connected to a patient d_ur.mg, tor example, open

heart surgery. An electrochemical system of a similar type is described in

U.S. Patent Nos. 6,960,466; 6,872,297; and 6,652,720.  An electrochemical system is the

g
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GEM Premier 3000™ system manufactured by Instrumentation

Laboratory, Lexington, Massachusetts 02421.

The electrochemical sensor system 8 includes a disposable cartridge 37. A cartridge of a

similar type 1s set forth in detail in U.S. Patent No. 4,734,184.

Electrochemical system § also includes a pump 26 for drawing

fluids to the electrodes 9, a heater block assembly 39 of a suitably adapted blood chemistry
analysis machine, and a microprocessor 40.

In one embodiment of the invention, the electrochemical sensor system 8 incorporates in
the cartridge 37 at least two prepackaged containers 14 and 16, each containing a calibration
solution having known values of the parameters to be measured by electrochemical sensor
system 8. Lor purposes of reference, the solution contained within the prepackaged contamer 14
will be termed calibration solution A, and the solution contained within the prepackaged
container 16 will be termed calibration solution B. In another embodiment of the mvention, the
electrochemical sensor system § may include a third prepackaged container 23 containing
calibration solution C. Each of the prepackaged containers 14, 16, and 25 contains a sufficient
quantity of its respective calibration solution to allow electrochemical sensor system 8 to be

calibrated a substantial number of times before the prepackaged container 16 becomes empty,

e.g., 1000 times with calibration solution B or 100 times with calibration solution A.

Calibration Solutions and Containers

In one embodiment of the invention, a composition ot calibration solution A, prepared at
57°C and at atmospheric pressure tonometered with 9% CO;, 14% O, and 77% helium gas, 1s as
follows: pH = 6.9; partial pressure of CO, (pCO») = 63 mmHg; pO, = 100 mmHg; Na™ = 100
mmol/L; K= 7 mmoV/L; Ca’ =2.5 mmol/L; HCO; = 11.5 mmol/L; glucose = 150
milligram/deciliter (mg/dL); lactate = 4 mmol/L; creatine = 0.4 mmol/L; creatinine = 0.3
mmol/L; a biological buffer, e.g., 3-Morpholinopropanesulfonic acid (MOPS) = 100 mmol/L ; a
surfactant, e.g., polyoxyethylene 23 lauryl ether (Brij® 35) = 50 milligram/liter (mg/L); an'd an
inert preservative, e.g., 2-methyl-4-i1sothiazolin-3-one hydrochloride (MIT) = 0.3 grarh/liter (g/L).

~ Inanother embodiment of the invention, a composition of calibration solution B, |
prepared at 37°C and at 700 mmHg absolute pressure tonometered with 27% O,, 5% CO,, and
68% helium gas, is as follows: pH = 7.4; pCO, =34 mmHg; pO, = 180 mmHg; Na" = 140

mmol/L; K" =3.5 mmol/L; Ca" = 1.0 mmol/L; HCO3 = 20.0 mmol/L; choline chloride = 20
3
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mmol/L; a biological buffer, e.g., MOPS = 100 mmol/L; a surfactant, e.g., Brij® 35 =50 mg/L;
and an inert preservative, e.g., MIT = 0.3 g/L.

In yet another embodiment of the invention, calibration solution C contains an aqueous
solution of Na”, K+, Ca’™, and HCOs" salts with concentrations of Na™ = 140 mmol/L, K" =4
mmol/L, Ca™ = 0.2 mmol/L, and HCO;™ = 13 mmol/L; 15 mmol/L of m-phenylenediamine, 20
mmol/L of sulfite; 50 mg/L of a surfactant, e.g., Brij® 35; 0.3 g/L of an inert preservative, e.g.,
MIT; 50 mmol/L of a biological buffer, e.g., MOPS; pH = 7.2; and pCO, = 30 mmHg.

The reference solution may contain AgNO3 = 0.5 mmol/L; KNO3; = 1 mol/L: and a
surfactant, e.g., Brij® 35 = 150 g/L..

The compositions of the calibration solutions A and B are chosen so that for each of the
characteristics measured by electrochemical sensor system 8, e.g., a concentration of Na', a pair
of values are obtained that are spaced over the range of permissible values that are measured by
electrochemical sensor system, providing a balanced 2-point calibration for the instrument. The
composition of the calibration solution C is selected to enable low level oxygen calibration.

The calibration solutions A and B compositions are prepared by premixing all of the

constituents in a certain order, starting with the biological buffer, and then adding the salts of the
Na", K", Ca"", and HCO5 ions, e. g., sodium bicarbonate salt (NaHCO3). Glucose, lactate,

creatine, and creatinine may be added to calibration solution A before or after the addition of the

salts. The solution is then tonometered with oxygen and CO, mixed with helium to produce the
desired level of pCO; and pO,.

Choline, in the form of, e.g., choline chloride, is added to calibration solution B during
the addition of the salts. The concentration of choline may be selected from the range of about 5
mmol/L to about 100 mmol/L. The choline concentration may be, for example, about 20
mmol/L.. Choline may also be added n the form of, e.g., one or more of the following
compounds: choline hydrogen citrate, choline bitartrate, choline bicarbonate, tricholine citrate,
choline ascorbate, choline borate, choline gluconate, choline phosphate, choline
di(choline)sulphate and dicholine mucate

The choline in calibration solution B reduces the rate of loss of oxygen content in
calibration solution B. The mechanism by which choline reduces the rate of loss of oxygen
content in a solution may be as follows. Choline may function by preventing the oxidation of
other compounds present in the solution, and by doing so prevent consumption of the oxygen in
the solution in the oxidation reaction. Choline may function to block the oxidation of the

compounds by, for example, interacting with the oxygen molecule, the compound to be oxidized,
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or both. Choline in the solution may also alter the aqueous environment of the solution making it
less conducive to an oxidation reaction.

The surfactant and the inert preservative are also added to the solution during the
preparation of calibration solution A or B. These two constituents may be added to calibration
solution A or B at any point during the preparation of these solutions.

The calibration solution C is prepared by a slightly different procedure. The biological
buffer and certain salts (salts of Na*, K*, and Ca"" ions) are added to water and the solution is
tonometered with helium to bring the pO, to less than 30 mmHg. Then, the remaining chemicals
(sulfite, e.g., sodium sulfite; salt of HCO;3 10ns, e.g., sodium bicarbonate; and m-
phenylenediamine) are added to the solution and the final mixture 1s tonometered with mixture of
pCO, and helium to produce the desired pCO; level. The surfactant and the inert preservative
are also added to the solution during the preparation of calibration solution C. These two
constituents may be added to calibration solution C at any point during the preparation of this
solution.

The temperature and pressure at which the calibration solutions are prepared and their
method of packaging may be selected such as to preclude the possibility of dissolved gases going
out of solution into the container and to minimize the tendency for gases to permeate through the
extremely impermeable materials of the container. The calibration solutions may be packaged
with the solutions completely filling the containers, so that there is no headspace, by evacuating
the containers prior to filling in a manner which will be subsequently described. Elimination of a
headspace in the container is important to prevent oxygen dissolved in the calibration solution
from diffusing out of solution into the headspace. Diffusion of oxygen from the solution into the
headspace may cause the rate of loss of oxygen concentration in the solution to increase in an
unpredictable manner.

By filling the calibration solution into the evacuated and flexible walled prepackaged
containers 14, 16, 23 at elevated temperatures and subatmospheric pressure, the solution will not
have a tendency at a lower use temperature to outgas and thus produce gas bubbles in the
container. Were outgassing to occur, the concentrations of the gases in the solution would be
affected, possibly creating an unpredictable oxygen concentration in the solution. Similarly, the
calibration solutions are preferably not packaged at a pressure that 1s too low, 1.e., not below
about 625 mm of mercury, because the absorptive capacity of the solution for gases may increase
as the packaging pressure decreases, and below that pressure value the absorptive capacity of the

solution may be sufficiently high to draw gases in through the slight inherent permeability of
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even the most gas impervious flexible packaging material, over long periods of time.
Accordingly, a packaging pressure in the range of 625 - 700 mm of mercury is preferred.

In one embodiment, the calibration solution may be prepared at a temperature in excess of
its intended use temperature, thereby reducing the tendency for outgassing of the dissolved gases
at the lower temperature. This cooperates with the reduced pressure packaging to minimize the
possibility of outgassing. Calibration solutions A and B may each be, for example, prepared at a
temperature above their respective intended use temperature at a controlled pressure close to
atmospheric pressure. Through use of elevated temperature (e.g., 37°C), the calibration solutions
may be prepared at about atmospheric pressure without any possibility of subsequent
microbubbles within the container or gas transfer through the container when packaged in a zero
headspace flexible gas impervious container.

The calibration solution prepackaged containers 14, 16; 23 may be formed from
envelopes. These envelopes may be formed, for example, of rectangular sheets, heatsealed at the
edges and heatsealed at one corner to an inlet stem of the valve 18 that is used for filling
purposes. In the illustrated preferred embodiment, the prepackaged containers 14, 16, and 23 and
the prepackaged container lines 20, 22, and 25 are formed in a unitary cluster with the valve 18
so that gas phase dead space in the lines 20, 22, 25 is thereby avoided. In a preferred procedure
for purging and ﬁlling the envelope bags, a bag is first evacuated and then filled with the
prepared solution. The bag is then shaken while the excess solution continually flows out of the
bag. This process removes any residual gas bubbles from the bag. The solution is then sealed in
the container. In a preferred embodiment, prepackaged containers 14, 16, and 23 include gas-
impermeable containers that substantially prevent oxygen from diffusing into or out of the
container, either of which would alter the estimated oxygen content used for calibrating the
OXygen Sensor.

The calibration solutions in the prepackaged containers 14, 16, and 23 have excellent
stability and a long shelf life. When the calibration solutions A, B, and C are at use temperature
and atmospheric pressure, there is minimal possibility of any outgassing from the liquid to form
gas bubbles within the prepackaged containers 14, 16, and 23. To further improve the shelf life
of the calibration solution B and all embodiments of the invention that include calibration
solution B, the tluctuation in oxygen content in the calibration solution B may be stabilized.
Choline chloride may be added to calibration solution B to reduce the rate of loss of oxygen

content of the solution, thus stabilizing the oxygen content in the solution.
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Oxvgen Sensor Calibration

The oxygen sensor of the electrochemical sensor system may be calibrated at an upper
calibration point with reference to the calibration solution B and at a lower calibration point with
reference to the calibration solution C. The calibration solution C has an oxygen concentration
of approximately zero as é result of the oxygen scavenger sulfite present in the solution. In one
embodiment according to the invention, the calibration solution B is originally formulated to
contain an original oxygen content of 180 mmHg.

The oxygen content of calibration solution B tends to decrease over time and thus differs
from the original oxygen content at a time point following the starting time point of the solution.
This decrease in the oxygen content may be measured by the rate of loss of oxygen content of
calibration solution B. The underlying cause of the rate of loss of oxygen content of the
calibration solution B may be the diffusion of oxygen out of the solution or an oxidatidn reaction
occurring in the solution. The rate of loss of oxygen content of the solution may also vary
unpredictably between different batches of an identical calibration solution due to, for example,
variations 1n materials from which the calibration bag is made, variations in the process of
sealing the calibration bag, variations in storage temperature during the shelf life, and impurities
that may be present in the calibration solution B.

An unpredictable rate of loss of oxygen content in the calibration solution B may cause
the estimated oxygen content to differ from the oxygen content of calibration solution B. This
difference in values between the estimated oxygen content and the actual oxygen content of
calibration solution B may result in the miscalibration of the oxygen sensor. Calibration of an
oxygen sensor occurs by assigning the value of the estimated oxygen content of calibration
solution B to the measurement by the oxygen sensor of the oxygen content of calibration solution
B. The degree to which the estimated oxygen content of calibration solution B differs from the
oxygen content of calibration solution B is the degree of error of the calibration of the oxygen
Sensor.

Choline, when added to a solution containing oxygen, decreases the rate of loss of oxygen
content from a solution, and thus stabilizes the oxygen content in the solution. A stabilized rate
of loss of oxygen content reduces the potential degree of difference between the estimated
oxygen content and oxygen content in the calibration solution B, thus allowing for an increased
accuracy 1n the calibration of the oxygen sensor. The increased accuracy of the calibration of the
oxygen sensor also extends the useful life span of the calibration solution B. The extended

useful life span of calibration solution B is due to the increased amount of time that must elapse
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for a difference between the estimated oxygen content and oxygen content of calibration solution
B to become sufficiently large to prevent an accurate calibration of the OXygen sensor.
EXEMPLIFICATION

Test samples of different calibration solutions labeled sample 1, sample 2, sample 3,
sample 4, and sample 5, were prepared as follows. Samples 1 and 2 were identical to calibration
solution B without added choline chloride. Samples 1 and 2 contained 15 and 30 units/ml of
heparin, respectively. Heparin is a compound known to increase oxygen decay rates, and added
to samples 1-5 functions to simulate an oxygen degrading compound that may be found in
calibration solution B. Samples 3, 4, and 5 were identical to calibration solution B with 20
mmol/L of added choline chloride. Sample 3 and 4 included 30 units/m! of heparin and were
otherwise identical in their composition. Sample 5 differed from samples 3 and 4 by including
60 units/m] of heparin. Thus, samples 2, 3, and 4 had identical concentrations of heparin,
samples 3 and 4 included choline chloride, and sample 2 did not include choline chloride.

For the test, the oxygen concentrations of the five sample types were analyzed once a
month for a period of 6 months. Referring to FIG. 2, a bar graph including the rate of loss of
oxygen content of the five test samples is depicted. Each of the five bars depicted in FIG. 2
represents the average of three identical independently prepared samples. A significant reduction
in rates of loss of oxygen content is present in samples that included choline chloride. The
choline chloride in calibration solution B as part of an electrochemical sensor system solution
functions similarly in lowering oxygen decay rates and thus increases the effective life span of
the calibration solution B.

Choline added to calibration solution B at a concentration of 20 mmol/L or greater 1S
sufficient to reduce the rate of loss of oxygen content in calibration solution B sufficiently to
extend the effective life span of calibration solution B. Concentrations of choline less than 20
mmol/L may not reduce the rate of loss of oxygen content in calibration solution B to the same
extent as a concentration of 20 mmol/L. A concentration of choline of 100 mmol/L or lower is
sufficient to minimize the potential interference of choline with analytes in calibration solution
B, or with electrodes in which calibration solution B makes contact. The addition of choline to
calibration solution B in concentrations greater than 100 mmol/L increases the potential that
interference may occur between choline in calibration solution B and analytes in calibration
solution B, or between choline in calibration solution B and electrodes which contact calibration

solution B.
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The function of choline in calibration solution B is readily applied to other oxygen-
containing solutions. An aspect of the invention relates to a method of stabilizing the oxygen
content of a solution by the addition of choline to the solution. This method is applicable to any
type of solution that contains dissolved ox&gen and 1t 1s beneficial for the oxygen content of the
solution to remain stable. This includes solutions related to clinical, pharmaceutical, and
industrial applications.

The invention may be embodied in other specific forms without departing from the spirit
or essential characteristics thereof. The foregoing embodiments are therefore to be considered in
all respects illustrative rather than limiting of the mvention described herein. The scope of the
invention is thus indicated by the appended claims rather than by the foregoing description, and
all changes which come within the meaning and range of equivalency of the claims are therefore
intended to be embraced herein. :

What 1s claimed 1s:
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CLAIMS:

1. A solution for calibration of an oxygen sensor,

the solution comprising:

a selected concentration of choline; and

a known oxygen content,

whereln sald selected concentration of choline 1is

sufficient to reduce a rate of loss of oxygen content in

sald solution, and said known oxygen content in said

solution 1s sufficient for calibration of the oxygen sensor.

2. The solution of claim 1, wherein said rate of 1loss

of oxygen content 1n said solution 1s in a range of

about 0.05 mmHg/month to about 5.0 mmHg/month.

pr—

3. The solution of claim 1 or 2, wherein choline

comprises choline chloride.

4 . The solution of claim 1 or 2, wherein choline

comprises a compound selected from the group consisting of
choline hydrogen citrate, choline bitartrate, choline
bicarbonate, tricholine citrate, choline ascorbate, choline
borate, choline gluconate, choline phosphate, choline

di(choline)sulphate and dicholine mucate.

5. The solution of any one of claims 1 to 4, wherein

P

the concentration of said choline is in a range of

about 5 mmol/L to about 100 mmol/L.

0. The solution of any one of claims 1 to 4, wherein

the concentration of said choline is about 20 mmol/L.

ﬁ

7. The solution of any one of claims 1 to 6, wherein

said oxygen content is in a range of about 10 mmHg to

about 300 mmHg.
15
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8 . The solution of

claim 7,

content 1s about 100 mmHg.

o
——

9. The solution of

content 1s about 180 mmHg.

10. The solution of any one

comprising CO,.

11. The solution of any one

comprising helium gas.

12. The solution of any one

comprising Na“.

N

The solution o: one

13. any

1

comprising K'.

of one

14 . The solution any

comprising Ca'".

The solution of one

15. any

comprising HCOj; .

16. The solution of any one

comprising a surfactant.

17. The solution of any one

comprlsing an inert preservative.

gl

18. The solution of any one

P
—

comprlsing a biological buffer.

19. The solution of any one

whereiln salid oxygen

) | i1

of

of

of

N

h

of

of

of

of

claims

claims

claims

claims

claims

clalms

claims

claims

claims

to

to

Lo

Lo

to

Lo

to

to

Lo

cy

10,

11,

12,

13,

14,

15,

1o,

17,

claims 1 to 18,

sald solution 1s stored in a container comprising a

substantially gas-impermeable wall.

10

claim 7, whereln said oxygen

further

further

further

further

further

further

further

further

further

whereiln



10

15

20

29

CA 02494671 2008-07-23

19369-14

—

20. The solution of any one of claims 1 to 18, wherein

sald solution 1s stored in a contalner comprising at least

one flexible wall.

271. The solution of any one of claims 1 to 18, wherein

sald solution 1s stored 1n a sealed container adapted to

prevent a headspace comprilising a gas.

'.-‘ F

22 . A method of reducing a rate of loss of oxygen

content 1n a solution, comprising:

providing the solution having a known oxygen

content; and

""

adding an amount of choline to the solution,

wherein said choline amount i1is sufficient to

o

reduce salid rate of loss of oxygen content in the solution.

23, The method of claim 22, wherein the amount of

—
—

choline added to said solution 1s in a range of

apbout 5 mmol/L to about 100 mmol/L.

l]

24 . The method of claim 23, wherein the amount of

choline added to the solution is about 20 mmol/L.

pr——

25. The method of any one of claims 22 to 24, wherein

the choline comprises choline chloride.

20. The method of any one of claims 22 to 24, wherein

choline comprises a compound selected from the group
consisting of choline hydrogen citrate, choline bitartrate,
choline bicarbonate, tricholine citrate, choline ascorbate,
choline borate, choline gluconate, choline phosphate,

choline di({choline)sulphate and dicholine mucate.
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The method of

any

one of claims 22 to 260,

whereln

sald oxygen content 1s 1n a range of about 10 mmHg to

about 300 mmHg.

28 .

The method of claim 27,

content 1s about 100 mmHg.

29.

whereln sailid oxygen

The method of claim 27, wherein said oxygen

content i1s about 180 mmHg.

30.

said

31.

said

32.

salid

33.

said

34.

salid

35.

said

36.

sald

37.

said

38.

salid

39.

saild

The

solution

The

solution

The

solution

The

solution

The

solution

The

solution

The

solution

The

solution

The

solution

The

solution

method of

COMpPrises

method of

comprilses

method of

comprises

method of

cComprises

method of

comprises

method of

COMPrises

method of

COMPrises

method of

COmMPrises

method of

COmMpPrises

method of

any one of claims 22 to

a calibration solution.

any one of claims 22 to

COa,.

any one of

helilum gas.

any one otf

Na™.

any one of

K+

any one of

Ca++

any one of

HCOs .

any one of

claims

claims

claims

claims

claims

claims

a surfactant.

22

22

22

22

22

2.2

CO

CO

TO

TO

TO

to

any one of claims 22 to

an inert preservative.

any one of claims 22 to

comprises a biological buffer.
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29,

30,

31,

32,

33,

34,

35,

36,

37,

38,

whereiln

wherein

whereiln

whereiln

whereiln

wherein

wherein

wherein

wherein

whereiln
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