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Description

Background of the Invention

[0001] This application relates to reagents for electrochemical test strips such as the type commonly used in detection
of blood glucose, and to compositions, test strips and related methods making use of such reagents.
[0002] A large fraction of biosensors, measured both by commercial value and academic interest, involve harnessing
the specificity of an oxidoreductase enzyme towards a specific molecule (or "analyte") of interest. The oxidoreductase
enzyme in these biosensors is used to catalyze the transfer of electrons off the specific molecule of interest and onto a
chemical that is more readily detectable by some transduction mechanism, or vice versa. Transduction mechanisms
include measuring concentrations by electrochemical, electrical or optical means. Chemicals that are more readily
detectable by these transduction mechanisms are called "mediators" because of their intermediary role between the
biological enzyme and the sensing mechanism in the biosensor.
[0003] A subset of the oxidoreductase enzymes are the oxidases, which use oxygen already present in a sample as
a mediator, often forming hydrogen peroxide as the moiety which has accepted the electrons from the enzyme. Biosensors
based on detection of hydrogen peroxide formed an early generation of devices but these were commercially hampered
by the difficulty of detecting the peroxide, which is electrochemically detectable only at a catalytic electrode such as
platinum.
[0004] Several methods to overcome this difficulty were developed. Of some relevance to this invention are the dis-
closures of Lau et al (US 7,135,100 and US 7,608,180) where different salts of ferricyanide were used to facilitate transfer
of electrons off the hydrogen peroxide (formed when oxygen acts a mediator to regenerate enzyme) and into the electrode.
Thus, the ferricyanide in this system does not act as a mediator with respect to the enzyme, but rather acts at one step
removed from the enzyme. The salts of Lau are chosen for their solubility in organic solvents and polymers and low
solubility in water, which is a criterion aimed at tackling another difficulty with peroxide-mediated biosensors. This is that
the analyte of interest is often in a biological sample in the presence of catalase, which decomposes peroxide without
release of the electrons. Methods such as the use of membranes had to be developed in biosensors to keep the catalase
away from the peroxide generated and membrane-soluble ferricyanides developed so that the signal could reach the
electrode and be detected.
[0005] Another response to the problems of these peroxide-based biosensors was the development of reagent systems
for biosensors based on oxidase enzymes that could operate without the need for oxygen mediation. Such systems
commonly used potassium ferricyanide as a direct mediator to restore enzyme to an active state. Salts of ferricyanide
other than the potassium salt have been mentioned in combination with oxidoreductase enzymes before and include:
’sodium ferricyanide’ (as in US 7,816,145, US 7,749,766, US 7,582,123, US 7,169,273, US 6,258,254) or ’an alkali metal
ferricyanide (e.g., potassium or sodium ferricyanide)’ US 6,187,751. In three other examples, salts of ferricyanide are
listed indiscriminately: ’the metal ion includes, for example, alkali metal ion such as lithium, sodium, and potassium ion;
alkaline earth metal ion such as magnesium and calcium ion; and also aluminium and zinc ion’ (Kadota et al US 5,858,695)
or targeted towards a solubility in organic solvents (Lau et al US 7,135,100 and US 7,608,180 mentioned above). Cheng
(Analytica Chimica Acta, Vol. 251, 1-2, p. 35-38, 1991) presents a cyclic voltammetry study on the characterization of
ion pairing between hexacyanoferrate and tetramethylammonium ions. Talbott et al. (Microchemical Journal, Vol. 37, 1,
p. 5-12, 1988) describes a chronoamperometric methodology, which is based on the selective oxidation of β-D-glucose
with benzoquinone and glucose oxidase.
[0006] Potassium ferricyanide is a good mediator for a variety of oxidoreductase enzymes. Even for oxidase enzymes
such as glucose oxidase, potassium ferricyanide at high concentrations (∼100 mM or greater) is a sufficiently fast mediator
that it can mostly outcompete the less concentrated oxygen in a sample, which then becomes only an interferent. The
solubility of potassium ferricyanide in water gives another advantage of biosensor formulations that contain it; when
ferricyanide is present in large amounts (for example, Walling et al in US 5,508,171 define a useful range for potassium
ferricyanide ’from about 0.15 molar (M) to about 0.7 M’ in their sensor) it can support an adequate counter reaction at
the counter electrode to balance the reaction at the working electrode. The counter reaction provides sufficient current
and anchors the chemical potential so that no reference electrode is needed nor is it necessary for the counter electrode
to be larger than the working electrode. This means sensors can be simplified to two-electrode sensors with electrodes
of the same size and material. Other work using this type of reagent is found in WO 97/00441, US 5,708,247 and US
6,258,229.
[0007] However, and perhaps as a consequence of its widespread use, problems with potassium ferricyanide are
widely recognized. These include sensitivity to oxygen because even if the ferricyanide can out-compete the oxygen as
a mediator, the ferrocyanide produced is still susceptible to oxidation by oxygen. Another problem of ferricyanide is the
tendency for some of the ferricyanide to transform into ferrocyanide, even in a dried reagent over a prolonged period, if
the potassium ferricyanide is left in intimate contact with the enzyme. Various methods of creating formulations have
been disclosed to ameliorate this problem: Nankai et al (US 5,120,420) deposit their enzyme and potassium ferricyanide
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in layers separated by a ’hydrophilic high molecular substance layer’ to keep them apart and ensure ’excellent preservation
properties,’ while Walling et al (US 5,508,171) use a microcrystalline cellulose to disperse the potassium ferricyanide.
[0008] With the increase in emphasis for faster test times and improved accuracy, the slow mediation rate of potassium
ferricyanide (requiring higher concentrations) and its tendency to produce ferrocyanide in the dried reagent mean the
ferricyanide ion is falling out of favour as a component in biosensor reagents. To this end, mediators have been developed
that do not need such high concentrations to outcompete oxygen e.g. the metal bipyridyl ("bpy") complexes of US
5,378,628, US 5,393,903, US 5,437,999, US 5,410, 059, US 5,589,326, US 5,846,702, metal pyridyl-imidazole complexes
of US 6,605,201, US 6,676,816, US 7,074,308 and the bidentate imidazole complexes of US 7,090,756. These types
of complex, however do not always have the high solubilities to support the necessary counter reaction and so the strip
construction has to be more complex, with the introduction of a reference or Ag/AgCl counter/reference electrode. Types
of high-solubility Os complexes have been described in US5,589,326 but the cost of osmium complexes makes this
approach markedly more expensive than potassium ferricyanide for disposable strips.
[0009] It is possible to supplement the activity of potassium ferricyanide by adding a second mediator, including those
described above; this generally results in the problem of accentuating the worst features of both mediators, in particular:
(a) the oxidation potential required must suit the highest mediator oxidation potential, (b) the loss of signal due to oxygen
will be dominated by the worst of the two mediators in this respect, and (c) the size of the signal will only be that of the
best performing mediator. Furthermore, the addition of a second mediator to a formulation containing potassium ferri-
cyanide accentuates the production of ferrocyanide in the dried reagent. Methods around these problems have to be
developed and these include Guo et al’s method of physical separation of reagent components on two electrodes in a
sandwich (US 6,033,866).
[0010] A partial solution to the problem is presented by Harding et al, US 2007/0295616-A1, where careful selection
of electrode potentials allows two electron-transfer species to act in concert rather than in parallel. In this system, a
mediator regenerates the enzyme, and a shuttle compound serves as the primary or even the only electroactive species
for transfer of electrons to and from the electrodes. Specific combinations of mediator and shuttle compounds disclosed
in the application include [Os(MeBpy)2(Im)2]2+/3+ or [Os(Mebpy)2Pic]+/2+ as mediators and ferri/ferrocyanide as the
shuttle. US Patent No. 5,508,171 also discloses some systems in which two mediators are employed.

Summary of the Invention

[0011] The present invention is directed to a dry reagent composition, a test strip, and a method for testing for an
analyte in a liquid sample as defined in the appended claims.
[0012] The present application provides solutions to many of the problems associated with potassium ferricyanide
mediators including in particular the shelf stability of test strips containing the reagent through the use of carefully selected
ferricyanide salts. Thus, in a first aspect, the present application relates to a dry reagent composition comprising:

(a) an active redox enzyme that oxidizes an analyte as a specific substrate to produce an inactive reduced form of
the enzyme; and
(b) tetramethylammonium ferricyanide.

[0013] Tetramethylammonium ferricyanide is a salt of ferricyanide, wherein the salt of ferricyanide consists of ferricy-
anide and positively charged counter ions, said positively charged counter ions being selected such that the salt of
ferricyanide is soluble in water to at least twice the maximum analytical concentration of the analyte in the sample but
less than the solubility of potassium ferricyanide and/or such that the ferricyanide salt has a lower E0

eff at a concentration
of 100 mM that is less than that of 100 mM potassium ferricyanide.
[0014] The E0

eff can be measured for the entirety of the salt of ferricyanide, or for just the crystalline phase thereof.
Another exemplary salt of ferricyanide is rubidium ferricyanide.
[0015] The "maximum analytical concentration" is the upper end of the designed dynamic range for a given sensor.
In the case of blood glucose, this value is commonly 600 mg/dL.
[0016] The dry reagent may also contain additional electron transfer mediator(s), buffering agents and wetting agents.
In preferred embodiments, cations associated with such additional agents are at least mainly the same, and preferably
all the same as the positively charged counter ion of the salt of ferricyanide.
[0017] The invention further relates to electrochemical test strips that comprise metal electrodes and the dry reagent
composition of the invention. This dry reagent of the invention substantially and surprisingly increases the shelf life of
the electrochemical test strip prior to application of sample without impairing the quality of the test results obtained. In
accordance with this aspect of the invention, electrochemical test strips for detection of an oxidizable analyte such as
glucose in a sample, comprise:

(a) first and second non-reactive electrodes;
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(b) a sample cell for receiving a liquid sample, wherein a liquid sample disposed within the sample cell is in contact
with the first and second electrodes; and
(c) a dry reagent in accordance with the invention.

The dry reagent is disposed such that upon application of a liquid sample to the test strip the dry reagent dissolves in
the sample within the sample cell. The specification also describes a liquid composition comprising the reagent of the
invention in an aqueous liquid carrier. Such a liquid composition is obtained when a liquid sample such as blood is
introduced into a sample chamber of a test strip, or when a liquid carrier is mixed with a reagent prior to application to
the test strip. Such a composition may also be used during manufacturing to deliver reagent composition to a test device,
prior to subsequent drying for storage and distribution.
[0018] The invention also provides a method for detecting analyte in a liquid sample by applying the sample to a test
strip of the invention, wherein the enzyme in the dried reagent is selected to be specific for the analyte; and then applying
an external signal to the test strip to generate a signal indicative of the amount of analyte in the sample. In specific
embodiments, the external signal is a potential applied between the first and second electrodes, and the signal indicative
of the amount of analyte is a current.
[0019] The specification also describes a method for formulating a shelf stable reagent for use in electrochemical
detection of an analyte. The method comprises the steps of

(a) selecting an oxidoreductase enzyme that oxidizes/reduces the analyte as a specific substrate;
(b) selecting a salt of ferricyanide, wherein the salt of ferricyanide consists of ferricyanide and selected positively
charged counter ions, said positively charged counter ions being selected such that the salt of ferricyanide is soluble
in water, and the salt of ferricyanide or the crystalline phase of the ferricyanide salt has a solubility in water at least
twice the maximum analytical concentration of the analyte in the sample but less than the solubility of potassium
ferricyanide and/or such that the ferricyanide salt has a lower E0

eff at a concentration of 100 mM that is less than
that of 100 mM potassium ferricyanide; and
(c) combining the selected enzyme and the selected salt of ferricyanide to form a shelf stable electrochemical test
reagent for use in detection of the analyte.

Brief Description of the Drawings

[0020]

Fig. 1 shows a set of reactions occurring in a test strip containing a dry reagent in accordance with a first embodiment
of the invention when a sufficient potential is applied to the electrodes.
Figs. 2A, 2B and 2C show alternative sets of reactions that may occur when in a test strip containing a dry reagent
in accordance with a second embodiment of the invention when a sufficient potential is applied to the electrodes.
Fig. 3 shows a test strip in accordance with the invention.
Fig. 4 shows measured current as a function of glucose concentration for a test strip made using a dry reagent
containing glucose oxidase, potassium ferricyanide and Os(dmbpy)2 PicCl. The aging conditions were that strips
were held in desiccator vials at 50 °C; aging times are as noted in the figure.
Fig. 5 shows measured current as a function of glucose concentration for a test strip made using a dry reagent
containing glucose oxidase, TMA ferri and Os(dmbpy)2 PicCl. Aging is as for Figure 4.
Fig. 6 shows changes in baseline current (no glucose in test liquid) for different salts of ferricyanide as a function
of aging time. Aging is as for Figure 4.
Fig 7 shows the correlation between the baseline current from strips held at 50 °C in desiccator vials with the
saturated solubility of the ferricyanide salt in the reagent in those strips
Fig 8 shows the evolution of the baseline current with aging time for strips held at 50 °C in desiccator vials. The
reagents are as described in Example 15.
Fig 9 shows a plot of chemical potential as measured by an ORP electrode against the log of the concentration ratio
of ferri vs ferro.
Fig 10 shows the absorbance intensity at 420 nm of potassium ferricyanide as a function of ferricyanide concentration
Fig 11 shows example UV/Vis spectra for a variety of saturated ferricyanide solutions all diluted 800:1.
Fig. 12 shows the effect of various buffer types on enzyme stability in TMA ferri containing dry reagents.
Fig. 13 shows effect of various buffer types on baseline current.
Fig. 14 demonstrates the minimum amount of active enzyme required for a stable assay.
Fig. 15 demonstrates the stability of enzyme activity in a test strip containing a reagent in accordance with the
invention during accelerated aging.
Figs. 16 and 17 show the stability and consistency of slope and baseline in test strips made with amounts of enzyme
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above a preferred threshold.

Detailed Description of the Invention

[0021] The present application relates to a reagent composition and to electrochemical test strips that include this
composition for use in the detection of an analyte.

Definitions

[0022] As used in the specification and claims of this application, the following definitions of terms are applicable:
[0023] In general, the term "analyte" refers to a substance of interest in a sample, of which the presence or amount
is to be determined. In the case of the present application, the term analyte refers specifically to a compound that (a) is
not directly oxidizable or reducible at a metal or other non-reactive electrode in aqueous solution, at a potential difference
of less than 1 V; and (b) is directly oxidizable or reducible by a redox enzyme in aqueous solution. Various analytes that
meet these characteristics have been disclosed for detection by "biosensors" including, without limitation glucose, cho-
lesterol, and those other analytes listed in Table 1. While the examples in this application refer to glucose, which is a
preferred analyte, other analytes and corresponding enzymes may be substituted without departing from the scope of
the present invention, and any example or structure in which glucose is employed is completely applicable to other
analytes with appropriate changes in enzyme and electroactive species.
[0024] The term "active redox enzyme’ refers to an enzyme that is in a redox state that allows it to oxidize or reduce
a selected analyte as a specific substrate. This oxidation or reduction produces an inactive form of the enzyme which
can no longer perform this function. In any given reagent in accordance with the invention, the enzyme will be selected
to have the desired analyte as a specific substrate. Examples of analyte/enzyme pairs are listed in Table 1 which is
based in part on Table I of US Patent No. 4,225,410. The term "electron transfer mediator" refers to a chemical compound
that has the ability to regenerate active redox enzyme from inactive enzyme formed by reaction with the analyte. The
electron transfer mediator must have an electrochemical potential sufficient to oxidize or reduce the inactive form of the
enzyme to regenerate the active form in a sample applied to a test strip (commonly an aqueous medium such as blood,
urine or saliva). Thus, the analyte that is of interest controls the selection of enzyme, and the enzyme controls the
selection of the electron transfer mediator in the reagent.
[0025] The term "test strip" refers to an assemblage of parts that includes electrodes and a reagent appropriate for
the electrochemical detection of at least one analyte, and a connector for attachment of the strip to a meter. The test
strip may have multiple electrode sets and reagents for multiple analytes, or for multiple determinations of the same
analyte. In specific embodiments, the test strip is a single use, disposable element.
[0026] The term "meter" refers to an electronic device that associates with a test strip to provide an integrated test
unit for determination of one or more analytes in a sample when the sample is applied to a test strip associated with a
meter. In general, the meter applies potential to the test strip to stimulate the electrochemical reactions, and detects and
analyzes the resulting signals. However, the meter could perform only part of these functions, for example application
of potential and detection of signal, with analysis being performed in a separate component.
[0027] The terms "TMA ferri," "TMA ferro," and "TMA couple" refer, respectively, to tetramethylammonium ferricyanide,
tetramethylammonium ferrocyanide, and to the combination of TMA ferri and TMA ferro in a common solution as a redox
couple.
[0028] The term "sufficient potential" refers to a potential difference between electrodes which is large enough to result
in the oxidation and reduction of the ferricyanide couple (for example a TMA couple) at the electrodes. A voltage may
be applied to one or both electrodes to create the potential difference between the electrodes.
[0029] The term "solubility" refers to the amount of a compound that can be dissolved in water. It can be expressed
in a variety of ways (e.g., mass of compound per mass of water, mass of compound per volume of water, defined in
actual units or expressed as a % value) but the most valuable unit for comparison in this disclosure, at least for the
ferricyanide salts, is in moles of compound per liter (Molar, M) since this allows direct comparison of the ferricyanide
content. Solubilities of ferricyanide salts are appropriately compared at conventional temperatures that would be asso-
ciated with the storage and use of the strip, for example 25°C.
[0030] The term "soluble in water" when applied to the ferricyanide salts used in the invention indicates a degree of
solubility sufficient to achieve concentrations in an aqueous sample, such as blood, that are suitable for performing an
electrochemical assay. For most purposes, this means a solubility sufficient to achieve concentrations of at least 80 mM,
although the actual concentration in an operating test strip device need not be this high. The lower limit of solubility is
set by the concentration of oxidized mediator that is necessary at the negative electrode to ensure that current is limited
by the concentration of reduced species at the positive electrode; this limit depends on the amount of reduced species
generated by the maximum concentration of analyte. For glucose, glucose oxidoreductases typically catalyse oxidation
of only the beta-D-glucose, which is 64% of the total glucose, and generate 2 moles of ferrocyanide per mole of glucose,
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so for a maximum analytical blood glucose concentration of 600 mg/dL (i.e., 33.3 millimolar (mM)) 42.7 mM ferrocyanide
will be generated. At least twice this concentration of ferricyanide (i.e., 85.4 mM) is desirable in the reagent to have an
excess left over after forming ferrocyanide so that the oxidation of ferrocyanide at the positive electrode remains current
limiting. For potassium ferricyanide, this would correspond to a solubility of at least 28.1 g/L and for compounds with
cations of higher weight than potassium it is even greater. In contrast, US 7,135,100 indicates that the compounds with
low water-solubility have a maximum solubility of 20 g/L.
[0031] The term "E0

eff" refers to an electrode potential for a given electroactive species at the concentration of interest
and in the presence of ions of interest. The electrode potential of ferricyanide is an expression of the equilibrium repre-
sented by the following chemical half-reaction:

(Fe(CN)6)3- + e- → (Fe(CN)6)4-

Ferricyanide + electron → ferrocyanide
[0032] Electrochemists recognize that the standard electrode potential E0 can be used in equations like the Nernst
equation to determine the ratio of the two chemical species at any particular chemical potential, E: 

where R is the gas constant, T the absolute temperature (in Kelvin), n the number of electrons transferred in the half
reaction (which is 1 for ferricyanide), F is Faraday’s constant, [ferri] is the concentration of the ferricyanide ion, (Fe(CN)6)3-

, and [ferro] is the concentration of the ferrocyanide ion, (Fe(CN)6)4-. This equation sets the expectation that chemical
potential, E, is independent of the nature of the cations in the system and that the standard electrode potential, E0 can
be determined from the chemical potential of a solution where [ferri] = [ferro]. The converse is also expected, that E0

can be used to predict other concentration ratios from measurements of the electrode potential or, conversely, to predict
electrode potentials from ratios of [ferri]/[ferro]. However, electrochemists also recognize that at increasing concentra-
tions, direct use of concentration values leads to errors and that these should be substituted by thermodynamic activities.
[0033] Beyond the ideal Nernst equation, research by Hanania et al (J. Phys Chem 1967, 71, pp2022-2030) has
explored the idea that the ferricyanide and ferrocyanide ions form complexes or ion pairs with cations in solution. This
work has set the commonly used databook value of E0 = 356 mV vs the standard hydrogen electrode, which is the limit
at infinite dilution, but also has explored the equilibria that exist between higher concentrations of potassium ions,
ferricyanide and ferrocyanide in detail. In addition, the influence of other salts (alkali metal and tetraalkylammonium
salts) on the electrode potential has also been briefly explored. Hanania et al report that although the tetraalkylammonium
ferricyanide salts give lower electrode potentials, addition of "neutral salts like KBr and NaCl... give an immediate dramatic
rise in the reduction potential". Thus, any determination of E0 will depend not just on the concentrations but also on the
particular complexes that may be present. The term E0

eff is a form of E0 that is applicable for the particular salt at a
particular total concentration of reduced and oxidized species.
[0034] In the dry reagent of the invention, when additional salts that include a cationic counter ion are present in the
reagent, it is preferred that this cationic counter ion be at least mainly the same as the positively-charged counter ion in
ferricyanide salt employed. The term "mainly the same" means that in the dry reagent as a whole, less than 25% of the
positively-charged counter ions are different from the counter ion of the ferricyanide. It will be appreciated that an
additional material may have substantially all of its counter ions different if the amount of additional material employed
is small relative to the amount of the salt of ferricyanide on a molar basis, and that the importance of keeping the counter
ions the same increases as the relative amount of additional material increases. In specific embodiments, less than
10%, and more preferably less than 5% of the positively-charged counter ions are different from the counter ion of the
ferricyanide.
[0035] In some embodiments, "essentially all" of the cationic counter ions associated with additional materials are the
same as the positively-charged counter ion in the ferricyanide salt employed. As used in this context, the term "essentially
all" does not require that there are no other detectable counter ions, but that any such counter ions would be considered
impurities in the additional material added. In specific embodiments, the purity of the additional material is a salt that
has at least 98% purity for the compound including the counter ion that is the same as positively-charged counter ion
in the salt of ferricyanide.
[0036] The term "shelf-stable reagent" refers to a dry reagent that, when in contact with gold electrodes has a shelf
life that is greater than that of otherwise identical composition in which potassium ferricyanide is used as the ferricyanide
component under identical conditions. Shelf life may be evaluated using accelerated aging techniques and measured
on the basis of a comparison of results achieved with a glucose containing liquid (for example a reference standard) in
any measurement system, or changes in background current (measured with no glucose input into the sample chamber)
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in systems that shuttle oxidized and reduced mediator between the electrodes.
[0037] The term "counter ion" refers to the portion of an ionic compound that balances the charge of the portion of the
compound that performs the function for which it is employed. Thus, in TMA ferri, the ferricyanide ion provides the
electron transfer function, and the TMA is a cationic counter ion.
[0038] The term "baseline signal" refers to the signal that occurs when a sample containing no analyte is tested with
the reagent. In biosensors prepared with reagents containing sodium or potassium ferricyanide, when the baseline signal
increases on storage of the dried reagent, it shows that ferrocyanide has been or is being generated (since this is the
molecule being detected). The ultimate source of electrons that give the baseline increase need not be established, but
it is often associated with the presence of an oxidoreductase enzyme in the reagent.
[0039] The term "non-reactive electrode" refers to an electrode that does not by intention participate in the electro-
chemical reaction for detection of analyte under analytical conditions. Examples of non-reactive electrodes include metal
electrodes (gold, platinum, palladium and the like) and carbon electrodes which accept or release electrons without
changing the chemical nature of the electrode. This is in contrast to reactive electrodes, such as Ag/AgCl, in which the
reaction of silver/silver ions occurs to support the generation of measureable signal.

Dry Reagent Composition

[0040] In accordance with a first aspect, the present invention provides a dry reagent composition comprising:

(a) an active redox enzyme that oxidizes an analyte as a specific substrate to produce an inactive reduced form of
the enzyme; and
(b) tetramethylammonium ferricyanide.

[0041] Tetramethylammonium ferricyanide is a salt of ferricyanide, wherein the salt of ferricyanide consists of ferricy-
anide and positively charged counter ions, said positively charged counter ions being selected such that the salt of
ferricyanide is soluble in water to at least twice the maximum analytical concentration of the analyte in the sample but
less than the solubility of potassium ferricyanide and/or such that the ferricyanide salt has a lower E0

eff at a concentration
of 100 mM that is less than that of 100 mM potassium ferricyanide.
[0042] As discussed further below, the mechanism by which changing the counterion from potassium can enhance
reagent stability and shelf life is not apparent. One possibility initially considered by the inventors is that having a lower
E0

eff results in less conversion of the ferricyanide to ferrocyanide and therefore decreased baseline increase with storage
time. However, when the E0eff of rubidium salts was taken into account, it became apparent that this explanation was
inconsistent with the experimental results. Ultimately, the inventors found that there was a correlation between the
solubility of the salt in water and the effect observed. In hindsight, this can be explained based on the thermodynamics
of crystallization as discussed below. However, it cannot be ruled out that a sufficiently lower E0

eff alone or in combination
with solubility considerations would not achieve the same effect, and the invention therefore need not be limited to only
one mechanistic understanding.
[0043] Fig. 1 shows a set of reactions occurring in a test strip containing such a reagent composition, with glucose as
the exemplary analyte, glucose oxidase as the exemplary enzyme and TMAferri as the ferricyanide salt according to
the invention. Glucose reacts with oxidized enzyme glucose oxidase (GOX(ox)) to produce gluconic acid and reduced
enzyme (GOX(red)). GOX(red) reacts with TMA ferri to regenerate GOX(ox) and TMA ferro. This much of the reaction can
occur without potential applied at the electrodes 10, 11. When a sufficient potential V is applied to the electrodes 10,
11, electrons can be transferred 12 from electrode 11 to a TMA ferri that is adjacent to electrode 11 to form TMA ferro,
while electrons are being transferred 13 from a molecule of TMA ferro that is adjacent to electrode 10 to produce TMA
ferri. This electron transfer reaction results in a measureable current. Current also is generated by the same transfer 13
after diffusion 14 of TMAferro from electrode 11 to electrode 12, either of which can be used to provide an indication of
glucose concentration. Numerous methods for analyzing these currents are known in the art (for example from US
Patents Nos. US Patents Nos. 7,501,052, 6,284,125; 5,942,102; 5,352,351; and 5,243,516, and US Publication No. US-
2005-0265094-A1), and any type of analysis can be used to analyze the current resulting from the use of this dry reagent
composition.
[0044] A reference salt of ferricyanide to be employed may be selected based on the solubility; the salt must be soluble
in water and have a lower solubility than potassium ferricyanide, or based on a value of E0

eff relative to E0
eff of potassium

ferricyanide in 100mM solution. Table 2 lists experimental values for E0
eff and solubility for various salts of ferricyanide.

As can be seen, E0
eff values and the solubilities of sodium ferricyanide and cesium ferricyanide are both greater than

for potassium ferricyanide. On the other hand, rubidium ferricyanide and tetramethylammonium ferricyanide have lower
solubilities. In addition, the tetramethylammonium salt according to the invention has a substantially lower value for E0

eff.
[0045] Other examples of salts of ferricyanide are triammonium ferricyanide and other ammonium or alkylammonium
salts. The alkyl groups are selected in size and number so that the salt is water soluble. In general, the alkyl groups of
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the alkylammonium ions contain from 1 to 3 carbon atoms. The alkyl groups in the alkylammonium ions may be all the
same, or may be different. Thus, specific additional examples of alkylammonium ions include tetraethylammonium,
trimethylammonium, triethylammonium, dimethyethylammonium, n-propylammonium, The ions in the ferricyanide salt
may all be the same. As used in the present application, the term "all the same" refers to a practical rather than an
absolute limitation and does not exclude impurity amounts of other counterions that are impractical to remove by cost-
acceptable purification techniques. Mixed ion species in which the ions of the ferricyanide are not all the same are also
within the scope of the present invention.
[0046] The determination of solubility serves to guide the reagent design to a change of the cation in the ferricyanide
salt so that thermodynamics favors earlier crystallization of the ferricyanide during reagent drying compared to the usual
potassium ferricyanide. Rather than perform extensive formulation experiments, such salts can be readily identified by
measuring the solubility of any ferricyanide salt in water and comparing it with that for potassium ferricyanide, or using
book values such as those available from Messinger et al. A Dictionary of Chemical Solubilities, Bound 1941, available
online from GoogleBooks . Whilst it is possible to do this by a variety of methods, an efficient method is comparing the
absorbance spectrum of two saturated solutions, one with potassium ferricyanide and another similar solution that differs
only in the substitution of the ion of interest for potassium ions. The absorbance peak at 420 nm is characteristic of the
ferricyanide ion and is substantially free from interference from ferrocyanide although corrections for ferrocyanide may
be applied using the intensity of absorbance at 320 nm. Alternatively, the ratio of ferricyanide to ferrocyanide in the
starting sample can be determined from the Nernst equation if E°eff is known and the electrode potential of solution is
measured. Methods of determining an electrode potential are presented in Examples 4 and 5 that remove much of the
uncertainty in the starting materials and produce an estimate of E°eff (100 mM), the effective electrode potential according
to the Nernst equation determined from experimental data where [ferri] + [ferro] = 100 mM, i.e. in concentrated solution.
[0047] In a reagent, using a salt of ferricyanide that has a lower solubility and/or a lower E°eff (100 mM) than potassium
ferricyanide is a way of achieving improved stability in the baseline. However, this can still be improved upon. The key
of the technique is to make sure the ferricyanide crystallizes as the reagent dries and does not leave a residue of some
other ferricyanide salt with a higher solubility. Undesired salts can be excluded in either of two ways.
[0048] First, if other components of the reagent contain cations that can form undesired salts, alternatives should be
sought that contain only the cations of choice in the desired ferricyanide salt. Other ions are frequently found in, for
example, buffer salts included to give control of the reagent pH. In the case of an acetate buffer in a rubidium ferricyanide
formulation, for example, a buffer stock solution should be formulated using only acetic acid and not acetic acid with
sodium or potassium acetate. The pH is then brought to the desired level by titrating the acetic acid with the rubidium
hydroxide, thus forming a stock solution of acetate buffer free of sodium or potassium ions that can be used in the
formulation. Other preparative methods that exclude undesirable cations will be familiar to those skilled in the art and
are within the scope of this invention. By excluding undesirable cations, the only salt of ferricyanide that can crystallize
will be the desired salt and so desired, stable phase will be achieved.
[0049] Second, in certain cases it is possible to have undesirable cations present, as long as they do not form significant
amounts of crystals of the undesirable ferricyanide salt. This can be achieved as a consequence of the solubilities of
different phases and some choices of cation may help in this. For example, tetramethylammonium ferricyanide is only
soluble at room temperature up to concentrations of about 0.158 M, while potassium ferricyanide is soluble up to 1.11
M at room temperature. The first phase to seed ferricyanide crystal nuclei will therefore be tetramethylammonium ferri-
cyanide and this will then be the preferred crystalline phase under conditions of rapid evaporation. It should be understood,
however, that this is a less effective method than exclusion of undesirable ions and may only be generally reliable when
the undesirable ions are present in small concentrations.
[0050] The dry reagent of the invention may optionally further comprise an electron transfer mediator that is not a salt
of ferricyanide. This electron transfer mediator has an electrochemical potential in aqueous medium sufficient to oxidize
the inactive reduced form of the enzyme to regenerate active redox enzyme. Numerous compounds suitable for this
purpose are known in the art including those described in US 5,378,628, US 5,393,903, US 5,437,999, US 5,410, 059,
US 5,589,326, US 5,846,702, US 6,605,201, US 6,676,816, US 7,074,308 and US 7,090,756. In specific embodiments,
the electron transfer mediator is an osmium coordination complex such as Os(dmbpy)2 PicCl or Os(dmbpy)2 Im2Cl.
These mediators do not have a cationic counter ion. However, if the mediator has a cationic counter ion, then it is
desirable to have this counter ion be at least mainly the same as the positively-charged counter ion of the salt of
ferricyanide.
[0051] Figs. 2A - 2C show sets of reactions that may occur when a dry reagent containing both TMA ferri and an
electron transfer mediator are used to measure glucose. In Fig. 2A, both the mediator couple and the salt of ferricyanide
(TMA ferri) are capable of being oxidized and reduced at the potential applied between electrodes 10 and 11. Thus,
both components function as primary current sources through diffusion processes 14 and 23. In Fig. 2B, the reduction
reaction 21 of mediator occurs at electrode 10, but the reverse oxidation of the mediator does not occur at electrode 11.
Thus, most of the current 14 due to diffusion between electrodes is generated through the oxidation and reduction of
the salt of ferricyanide. In Fig. 2C, the mediator is regenerated by a redox reaction 24 with the salt of ferricyanide. The
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current is entirely the result of oxidation and reduction of the salt of ferricyanide at the electrodes.
[0052] Other electron transfer reactants, such as a catalyst that acts as an electron transfer intermediate between the
mediator and the TMA ferri may also be included in the reagent of the invention. (See Fig. 8 of US Patent Publication
No. 20070295616). In general, however, it has been observed by the inventors that increasing the number of such
materials in the dry reagent has a negative impact on stability of the dry reagent.
[0053] The dry reagent of the invention (with or without the electron transfer mediator), may also include an optional
buffering agent to optimize activity of the enzymatic reaction. In specific embodiments, this buffering agent is a zwitterion
buffering agent comprising a positively-charged buffer counter ion and a buffer conjugate base. Specific examples of
suitable conjugate bases are the conjugate base of 3-[N-Tris(hydroxymethyl)methylamino]-2-hydroxypropanesulfonic
acid (TAPSO), the conjugate base of piperazine-1,4-bis(2-hydroxypropanesulfonic acid) (POPSO), the conjugate base
of 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid (HEPES) and the conjugate base of N-Tris(hydroxymethyl)methyl-
2-aminoethanesulfonic acid (TES). In specific embodiments, the positively-charged buffer counter ion comprises the
same counter ions as the salt of ferricyanide, is mainly the same as the counter ions in the salt of ferricyanide, or has
essentially all of the positively-charged buffer counter ion the same counter ion as the salt of ferricyanide.
[0054] In particular embodiments and reference examples, the dry reagent composition comprises:

(DR1)

(a) an active redox enzyme that oxidizes an analyte as a specific substrate to produce an inactive reduced form
of the enzyme; and
(b) tetramethylammonium ferricyanide.
Tetramethylammonium ferricyanide is a salt of ferricyanide, wherein the salt of ferricyanide consists of ferricy-
anide and positively charged counter ions, said positively charged counter ions being selected such that the
salt of ferricyanide is soluble in water to at least twice the maximum analytical concentration of the analyte in
the sample but less than the solubility of potassium ferricyanide and/or such that the ferricyanide salt has a
lower E0

eff at a concentration of 100 mM that is less than that of 100 mM potassium ferricyanide.

(Example DR2) The dry reagent of paragraph (DR1), wherein the salt of ferricyanide includes alkylammonium ions
as positively-charged counter ions.

(Example DR3) The dry reagent of paragraph (DR2), wherein the alkyl groups of the alkylammonium ions contain
from 1 to 3 carbon atoms.

(DR4) The dry reagent of paragraph (DR3), wherein the salt of ferricyanide includes tetramethylammonium ions as
positively-charged counter ions. In some preferred embodiments, all of the positively-charged counter ions introduced
with the salt of ferricyanide are tetramethylammonium ions.

(Example DR5) The dry reagent of paragraph (DR1), wherein the salt of ferricyanide includes rubidium ions as
positively charged counter ions.

[0055] (DR6) The dry reagent of any of paragraph (DR1) to (DR5), wherein the positively charged counter ions in the
salt of ferricyanide are all the same.
[0056] (DR7) The dry reagent of any of paragraphs (DR1) to (DR6), wherein the reagent further comprises an electron
transfer mediator that is not a salt of ferricyanide, said electron transfer mediator having an electrochemical potential in
aqueous medium sufficient to oxidize the inactive reduced form of the enzyme to regenerate active redox enzyme.
[0057] (DR8) The dry reagent of paragraph (DR7), wherein the electron transfer mediator is an osmium coordination
complex.
[0058] (DR9) The dry reagent of paragraph (DR 8), wherein the osmium coordination complex is Os(dmbpy)2 PicCl.
[0059] (DR10) The dry reagent of paragraph (DR8), wherein the osmium coordination complex is Os(dmbpy)2 Im2Cl.
[0060] (DR11) The dry reagent of any of paragraphs (DR7) to (DR10), further comprising a reduced form of the electron
transfer mediator, wherein the amount of said reduced form of the electron transfer mediator relative to the oxidized
form of the electron transfer mediator is such that a solution of the reagent has a baseline comparable to the steady-
state baseline signal that is produced by a solution of an aged dry reagent in the absence of the reduced form of the
electron transfer mediator.
[0061] (DR12). The dry reagent of any of paragraphs (DR1) to (DR11), further comprising a salt of ferrocyanide, said
salt of ferrocyanide consisting of ferrocyanide and the same positively-charged counter ions as the salt of ferricyanide,
wherein the amount of ferrocyanide relative to ferricyanide is such that a solution of dried reagent has a baseline
comparable to the steady-state baseline signal that is produced by a solution of an aged dry reagent containing just the
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ferricyanide and enzyme components of the dried reagent.
[0062] (DR13) The dry reagent of any of paragraphs (DR1) to (DR12), further comprising one or more additional
compounds in salt form wherein the cations present in the additional compounds are essentially the same as the cations
in the salt of ferricyanide.
[0063] (DR14) The dry reagent of any of paragraphs (DR1) to (DR13), further comprising a zwitterion buffering agent
comprising a positively-charged buffer counter ion and a buffer conjugate base.
[0064] (DR15) The dry reagent of paragraph (DR14), wherein the buffer conjugate base is the conjugate base of 3-[N-
Tris(hydroxymethyl)methylamino]-2-hydroxypropanesulfonic acid.
[0065] (DR16) The dry reagent of paragraph (DR14), wherein the buffer conjugate base is the conjugate base of N-
Tris(hydroxy-methyl)methyl-2-aminoethanesulfonic acid.
[0066] (DR17) The dry reagent of any of paragraphs (DR14 to (DR16), wherein the positively-charged buffer counter
ion comprises the same counter ions as the salt of ferricyanide.
[0067] (DR18) The dry reagent of any of paragraphs (DR14) to (DR16), wherein essentially all of the positively-charged
buffer counter ion is the same as the counter ion in the salt of ferricyanide.
[0068] (DR19) The dry reagent of any of paragraphs (DR1) to (DR18), further comprising a zwitterionic wetting agent
comprising a hydrophilic head group including an amine and a sulphonate, and a hydrophobic aliphatic tail of 10 to 16
carbon atoms.
[0069] (DR20) The dry reagent of paragraph (DR19), wherein the hydrophobic tail of the zwitterionic wetting agent is
a 12 carbon atom tail.
[0070] (DR21) The dry reagent of any of paragraphs (DR1) to (DR20), wherein the enzyme is glucose oxidase.

Liquid Composition

[0071] The dry reagent as described above can be combined with an aqueous liquid to form a liquid composition.
[0072] In some examples, the aqueous liquid is a sample to be tested for analyte, for example, a body fluid such as
blood, interstitial fluid, urine or saliva. The dry reagent is substantially solvated and dispersed in the aqueous liquid so
that electron transfer reactions as described in Figs. 1, and 2A-2c can occur.
[0073] When the liquid composition is formed or introduced into the sample cell of a test strip for measurement of
analyte, the concentration of enzyme in the aqueous liquid is preferably 18 mg/ml or greater and more preferably 27
mg/ml or greater.
[0074] When the reagent contains Os(dmbpy)2 PicCl and the liquid composition is formed or introduced into the sample
cell of a test strip for measurement of analyte, the Os(dmbpy)2 PicCl is suitably present at a concentration of from 0.5
to 2.0 mg/ml and more preferably 0.8 to 1.0 mg/ml.
[0075] When a buffering agent is present in the reagent, the buffering agent suitably has a concentration in the liquid
composition sufficient to provide a buffer capacity to pH 6.8 in excess of 22 mM. When the buffering agent comprises
the conjugate base of 3-[N-Tris(hydroxymethyl)methylamino]-2-hydroxypropanesulfonic acid (TAPSO), the concentra-
tion of buffering agent is suitably 50 to 200 mM. Suitably, the buffering agent maintains the pH of the liquid composition
in the range of pH 7 to 8 which is compatible with most enzymes.
[0076] A liquid composition may also be used during manufacture of test strips. The liquid composition containing the
reagent is placed onto an electrode or into the sample chamber and allowed to dry. The concentration of the reagent in
the liquid composition is sufficient to deliver an amount of reagent that will achieve operative levels of the enzyme, the
salt of ferricyanide and the electron transfer mediator (if present) when a sample volume is added to the test strip.
[0077] Thus, in some examples, the liquid of the composition comprises:

(Example LC1). the reagent of any of paragraphs (DR1) to (DR 21) and an aqueous liquid carrier, for example blood,
interstitial fluid, urine or saliva.

(Example LC2). The liquid composition of paragraph (LC1), wherein the concentration of enzyme in the aqueous
liquid carrier is 27 mg/ml or greater.

(Example LC3). The liquid composition of paragraph (LC1) or (LC2), wherein the reagent contains Os(dmbpy)2
PicCl at a concentration of from 0.8 to 1.0 mg/ml.

(Example LC4) The liquid composition of any of paragraphs (LC1) to (LC3), wherein buffering agent is present in
the reagent and has a concentration in the liquid composition sufficient to provide a buffer capacity at pH 6.8 in
excess of 22 mM.

(Example LC5) The liquid composition of paragraph (LC4), wherein the buffering agent comprises the conjugate
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case of 3-[N-Tris(hydroxymethyl)methylamino]-2-hydroxypropanesulfonic acid, and the concentration of buffering
agent is 50 to 200 mM.

(Example LC6) The liquid composition of any of paragraphs (LC1) to (LC5), wherein the buffering agent maintains
the pH of the composition in the range of pH 7 to 8, preferably 7.6 to 7.8.

Test Strip

[0078] The invention also provides a test strip that incorporates the dry reagent as discussed above. As pictured in
Fig. 3, the test strip comprises

(a) first electrode 31 in one part of the strip construction 32 and second electrode 33 in a second part of the strip
construction;
(b) a sample cell 35 for receiving a liquid sample formed by assembling the strip 38, wherein a liquid sample disposed
within the sample cell 35 is in contact with the first and second electrodes 31, 33; and
(c) a dry reagent deposited on exposed electrode 31 before assembly and
(d) exposed surfaces 36 that allow electrical contact to be made to the electrodes 31 and 33.

The dry reagent is disposed such that upon application of a liquid sample to the test strip the dry reagent dissolves in
the sample within the sample cell. For example, as shown and is conventional in commercially available test strips, the
dry reagent may be disposed within the sample cell prior to application of a liquid sample.
[0079] The first and second electrodes are suitably made from an inert material with suitable conduction e.g. carbon
or a metal such as gold, palladium or platinum. In some embodiments with carbon electrodes, the carbon is prepared
in the form of a screen-printable ink. In some embodiments, at least one of the first and second electrodes comprises
palladium. In some embodiments, both of the first and second electrodes comprise palladium. In other embodiments,
at least one of the first and second electrodes, or both of the first and second electrodes comprise gold. The electrodes
may be of equal or different size, and may be made from the same or different materials.
[0080] The electrodes may be in a facing configuration as shown in Fig. 3, but may also be in a coplanar configuration.
When in the facing configuration, the dry reagent may be suitably disposed as described in US-2005-0258036 A1, on
one electrode and extending upwards along the walls of the cells in a U-shaped configuration.
[0081] To minimize the amount of sample required for performing the test, the sample cell is preferably quite small,
for example having a volume of less than 1 ml, preferably less than 500 nl, more preferably less than 300 nl. Such sample
volumes are known and used in conventional commercially available test strips, consistent with the well understood goal
of reducing sample volume to the extent possible to minimize pain to a person undergoing testing.
[0082] In some embodiments of the invention, the test strip comprises

(TS1)

(a) first and second non-reactive electrodes;
(b) a sample cell for receiving a liquid sample, wherein a liquid sample disposed within the sample cell is in
contact with the first and second electrodes; and
(c) a dry reagent in accordance with any one of claims 1 to 6, wherein said dry reagent is disposed such that
upon application of a liquid sample to the test strip the dry reagent dissolves in the sample within the sample cell.

(TS2) The test strip of paragraph (TS1), wherein the dry reagent is disposed within the sample cell prior to application
of a liquid sample.

(TS3). The test strip of paragraph (TS1) or (TS2), wherein the first and second electrodes are metal electrodes.

(TS4). The test strip of any of paragraphs (TS1) to (TS3), wherein at least one of the first and second electrodes
comprises palladium.

(TS5). The test strip of paragraph (TS4), wherein both of the first and second electrodes comprise palladium.

(TS6). The test strip of any of paragraphs (TS1) to (TS3), wherein at least one of the first and second electrodes
comprises gold.

(TS7). The test strip of paragraph (TS6), wherein both of the first and second electrodes comprise gold.
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Method for testing for analyte

[0083] A further aspect of the present invention is a method for testing for an analyte in a liquid sample. The method
comprises the steps of:

(a) applying a liquid sample to a test strip incorporating a dry reagent as described above; wherein the enzyme in
the dried reagent is selected to be specific for the analyte;
(b) applying an external signal to the test strip to generate a signal indicative of the amount of analyte in the sample.

[0084] In some examples, the liquid sample is blood. In specific embodiments of the invention, the analyte is glucose
and the enzyme is glucose oxidase.
[0085] In specific embodiments of the invention, the external signal is a potential applied between the first and second
electrodes of the test strip, and a current is measured as the signal indicative of the amount of analyte in the sample.
Methods for making measurements of this type are known in the art, for example from the patents and publications noted
above, and may be referred to as amperometric measurements. Coulometry is related to amperometry in that the total
charge passed in a period of time (integral of the current signal) is measured.
[0086] In other embodiments of the invention, the applied signal is a current, and what is measured is a potential. (See
US Patent No. 5,413,690 and US Publication 2010/002 5265).
[0087] In some embodiments the method of the invention is:

(MT1) A method for testing for an analyte in a liquid sample comprising the steps of:

(a) applying a liquid sample to a test strip in accordance with any of paragraphs (TS1) to (TS7); wherein the
enzyme in the dried reagent is selected to be specific for the analyte; and
(b) applying an external signal to the test strip to generate a signal indicative of the amount of analyte in the
sample.

(MT2). The method of paragraph (MT1), wherein the external signal is a potential that is applied between the first
and second electrodes of the test strip, and a current is measured as the signal indicative of the amount of analyte
in the sample.

(MT3) The method of paragraph (MT1) or (MT2), wherein the liquid sample is blood.

(MT4) The method of any of paragraphs (M1) to (M3), wherein the analyte is glucose and the enzyme is glucose
oxidase.

Method for forging a shelf stable reagent

[0088] In a further aspect, the specification describes a method for forming a shelf-stable reagent for use in testing
for an analyte such as glucose. This is of particular relevance when the reagent is stored in test strips with gold electrodes
because of the potential for gold electrodes to interact with the reagent.
[0089] In specific examples, the method includes:

(Example SS1) A method for forming a shelf stable electrochemical test reagent for use in detection of an analyte
comprising the steps of:

(a) selecting an oxidoreductase enzyme that oxidizes/reduces the analyte as a specific substrate;
(b) selecting a salt of ferricyanide, wherein the salt of ferricyanide consists of ferricyanide and selected positively-
charged counter ions, said positively-charged counter ions being selected such that the salt of ferricyanide is
soluble in water, and such that the salt of ferricyanide or the crystalline phase of the salt of ferricyanide has a
solubility in water and/or a lower E0

eff at a concentration of 100 mM than potassium ferricyanide; and
(c) combining the selected enzyme and the selected salt of ferricyanide to form a shelf stable electrochemical
test reagent for use in detection of the analyte.

(Example SS2) The method of paragraph (SS1), wherein the selected salt of ferricyanide includes alkylammonium
ions as positively-charged counter ions.

(Example SS3) The method of paragraph (SS2), wherein the alkyl groups of the alkylammonium ions contain from
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1 to 3 carbon atoms.

(Example SS4). The method of paragraph (SS3), wherein the salt of ferricyanide includes tetramethylammonium
ions as positively-charged counter ions.

(Example SS5). The method of paragraph (SS3), wherein the salt of ferricyanide includes rubidium ions as positively
charged counter ions.

(Example SS6). The method of any of paragraphs (SS1) to (SS5), wherein the positively-charged counter ions in
the selected salt of ferricyanide are all the same.

(Example SS7). The method of any of paragraphs (SS1) to (SS6), wherein the reagent further comprising the step
of selecting an electron transfer mediator that is not a salt of ferricyanide, said electron transfer mediator having an
electrochemical potential in aqueous medium sufficient to reduce/oxidize the inactive reduced form of the enzyme
to regenerate active redox enzyme, and including the selected electron transfer mediator in the reagent.

(Example SS8). The method of paragraph (SS7), further comprising the step of including in the reagent a reduced
form of the electron transfer mediator, wherein the amount of said reduced form of the electron transfer mediator
relative to the oxidized form of the electron transfer mediator is such that a solution of the reagent has a baseline
comparable to the steady-state baseline signal that is produced by a solution of an aged dry reagent in the absence
of the reduced form of the electron transfer mediator.

(Example SS9). The method of paragraph (SS7) or (SS8), wherein the electron transfer mediator is an osmium
coordination complex.

(Example SS10) The method of paragraph (SS9), wherein the osmium coordination complex is Os(dmbpy)2 PicCl.

(Example SS11) The method of paragraph (SS9), wherein the osmium coordination complex is Os(dmbpy)2 Im2Cl.

(Example SS12) The method of any of paragraphs (SS1) to (SS11), further comprising the step of including in the
dry reagent a salt of ferrocyanide, said salt of ferrocyanide consisting of ferrocyanide and the same positively-
charged counter ions as the salt of ferricyanide, wherein the amount of ferrocyanide relative to ferricyanide is such
that a solution of dried reagent has a baseline comparable to the steady-state baseline signal that is produced by
a solution of an aged dry reagent containing just the ferricyanide and enzyme components of the dried reagent.

(Example SS13) The method of any of paragraphs (SS1) to (SS12), further comprising the step of adding a zwitterion
buffering agent comprising a positively-charged buffer counter ion and a buffer conjugate base to the reagent.

(Example SS14) The method of paragraph (SS13), wherein the buffer conjugate base is the conjugate base of 3-[N-
Tris(hydroxymethyl)methylamino]-2-hydroxypropanesulfonic acid.

(Example SS15). The method of paragraph (SS13), wherein the conjugate base is the conjugate base of N-Tris(hy-
droxy-methyl)methyl-2-aminoethanesulfonic acid.

(Example SS16) The method of any of paragraphs (SS13) to (SS15), wherein the positively-charged buffer counter
ion comprises the same counter ions as the selected salt of ferricyanide.

(Example SS17) The method of any of any of paragraphs (SS 13) to (SS 15), wherein the positively-charged buffer
counter ion consists essentially of the same counter ion as the selected salt of ferricyanide.

(Example SS18) The method of any of paragraphs (SS1) to (SS 17), further comprising the step of adding a zwit-
terionic wetting agent comprising a hydrophilic head group including an amine and a sulphonate, and a hydrophobic
aliphatic tail of 10 to 16 carbon atoms to the reagent.

(Example SS 19). The method of paragraphs (SS18), wherein the hydrophobic tail of the zwitterionic wetting agent
is a 12 carbon atom tail.

(Example SS20) The method of any of paragraphs (SS1) to (SS19), wherein the enzyme is glucose oxidase.
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Buffer Composition

[0090] In a further aspect, the specification describes a buffer solution comprising a buffering agent formed from 3-[N-
Tris(hydroxymethyl)methylamino]-2-hydroxypropanesulfonic Acid, and the tetramethylammonium salt of the conjugate
base of 3-[N-Tris(hydroxymethyl)methylamino]-2-hydroxypropanesulfonic Acid.

Benefits of the Invention

[0091] Ferricyanide (generally potassium ferricyanide) is a well-understood and relatively inexpensive electron transfer
mediator which continues to be used in various commercial test strips, in particular for measurement of glucose. However,
as noted above, potassium ferricyanide has problems. The present invention overcomes these problems, and thus
facilitates the continued use of ferricyanide in this capacity.
[0092] Fig. 4 shows measured current as a function of glucose concentration for a test strip made using a dry reagent
containing glucose oxidase, potassium ferricyanide and Os(dmbpy)2 PicCl (See example 11) after various periods of
accelerated again. As can be seen, the measured current at any given concentration substantially increases with aging
time. Fig. 5 shows the results of the same experiment in test strips that contain TMA ferri in place of potassium ferricyanide.
There are no changes in the amount of current measured regardless of the aging time.
[0093] Without intending to be bound by any specific mechanism, it is believed that this change in current results from
conversion of part of the ferricyanide to ferrocyanide during the aging process. This results in a baseline current between
the electrodes that occurs even in the absence of glucose in the sample. Fig. 6 shows the relationship of this baseline
current for various salts. TMA ferri is clearly the best of the salts tested. However, rubidium ferricyanide is also superior
because the increase in baseline current tends to level out to a lower level than the potassium salt, making it easier to
compensate for changes due to aging. The correlation between the baseline after 14 days of aging at 50 °C and the
saturated solubility of the salt is shown in Fig 7. Again, without intending to bound to any specific mechanism, it is believed
these results show that a glassy phase forms in the reagent as the final parts of the wet reagent dry out; the amount of
ferricyanide trapped in this glassy phase is dependent on the solubility of the ferricyanide salt and a set portion of this
ferricyanide converts to ferrocyanide to give the baseline signal, until a limiting ratio of ferri : ferro is reached.
[0094] A baseline signal that changes over the course of the strip shelf life is a large source of error in strip performance.
This error can be managed by either specifying poorer performance tolerances for a strip or a shorter shelf life of the
product. There is therefore a benefit not only in having a low limit for the highest baseline but also from having only a
small change in the baseline over the course of the strip shelf life. From aging experiments like those of Figures 4, 5
and 6 it is possible to establish the limit of the baseline rise, which usually stabilizes by 14 days at 50 °C. It is therefore
an advantage to introduce ferrocyanide into the wet reagent before making strips so that the baseline of freshly made
strips will already be at this level at the start of the strip life. Alternatively, a different reducing agent can be added to the
solution to generate ferrocyanide in situ. It is an advantage if this reducing agent is another of the already identified
components of the reagent, since this prevents introducing impurities. It is a particular advantage if that component is
an electron transfer mediator for the enzyme, for example Os(dmbpy)2 PicCl, since the reduced form of this type of
compound is preparatively much easier to handle (the reduced forms of such complexes often have lower solubility so
are more easily isolated and, because of their electronic configuration, their purity can be established by the standard
analytical technique of n.m.r., whereas the oxidized forms cannot). The stability of the baseline can be examined by
comparing strips where the reduced mediator has been used in a reagent compared to strips where the same reagent
has been oxidized first with PbO2 to force the baseline current lower. This is described in Example 15 and the effect is
illustrated in Fig 8, which shows that the presence of a reduced component in the reagent gives a more stable baseline
current from the sensor.
[0095] In addition, the reagent of the present invention experiences less loss of enzyme activity as test strips age.
This allows the use of less enzyme in each test strip while being able to maintain high levels of performance.

Example 1 Synthesis of tetramethylammonium ferricyanide

[0096] Dowex 50WX2-200(H) ion exchange resin was added to DI water and shaken to form a slurry. This slurry was
poured into a glass column with a glass porous frit and PTFE stopcock. The column was also wrapped with UV filtering
plastic. More slurry was added and the liquid run out until the depth of resin settled out to give a column volume of 58
ml. The column was rinsed with DI water: initially the eluent was orange but rinsing was continued until the eluent ran
clear. 20 ml of 1M HCl was added and run through the column: this caused the column volume to shrink to 45 ml. The
acid was rinsed out of the column until the pH of the eluent was ∼ pH6 (measured on pH paper) by which time the column
volume had also restored to 58 ml by swelling of the resin. 25 collection pots were assembled, each with volume > 10
ml and each was charged with 400 ul of a 25 wt% solution of tetramethylammonium hydroxide in water. 8 ml of 1M
potassium ferricyanide was added to the column; by the time all 8 ml had run into the column the eluent out the bottom



EP 2 737 078 B1

15

5

10

15

20

25

30

35

40

45

50

55

was showing a yellow tinge and was pH ∼4. Collection of the eluent was started in the first collection pot and an immediate
precipitate formed but this dissolved as the contents of the pot became acidic. The eluent collection was switched to the
next pot every time the contents became acidic and for all of the first eight pots precipitate was observed that dissolved
when the contents became acidic. The ninth to 15th pots became acidic without complete dissolution of the precipitate,
and the supernatant was green and very concentrated. This colour was a paler yellow for the sixteenth pot and by the
seventeenth pot no precipitate formed, and the eluent became paler and paler. Collection was stopped at this point and
the acidified contents of all pots were combined; they were then neutralized with more of the 25 wt% solution of tetram-
ethylammonium hydroxide in water and the total volume of the hydroxide required for neutralization was calculated as
8.6 ml (including the contents of 17 collection pots). This is equivalent to 2.15 g of tetramethylammonium hydroxide i.e.
23.58 mmoles, which compares well with the 24 mmoles of potassium ions exchanged from the original potassium
ferricyanide solution. The neutralized, yellow solution of tetramethylammonium ferricyanide was cooled in an ice bath
and the crystals grew as flakes which were isolated by suction filtration and dried in a vacuum desiccator, yield 2.517
g, 67% based on the dihydride. Higher yields can be obtained by cooling in a salt-ice bath (> 80% after 2 hours).

Reference Example 2 Synthesis of rubidium ferricyanide

[0097] The ion-exchange column was prepared as in Example 1 and 20 collection pots with volume between 3-10 ml
were prepared, each being charged with 200 ul of a 50 wt% solution of rubidium hydroxide in water. 10 ml of potassium
ferricyanide were added and run into the column. The collection of the eluent was performed under fluorescent lights
that were fitted with UV-absorbent covers. The eluent collection was started with the first pot and switched to the next
pot every time the contents became acidic, monitored by pH paper. The pot solutions were clear and yellow, except
when the contents become extremely acidic, in which case they become green. This yellow colour was a paler yellow
for the eighteenth pot and by the nineteenth pot the eluent had became paler and paler. Collection was stopped at this
point and the acidified contents of all pots were combined; they were then neutralized with more of the 50 wt% solution
of rubidium hydroxide in water and the total volume of the hydroxide required for neutralization was calculated as 3.4
ml (including the contents of 17 collection pots). This is equivalent to 28.87 mmoles of rubidium hydroxide, which compares
well with the 30 mmoles of potassium ions exchanged from the original potassium ferricyanide solution. The neutralized,
yellow solution of rubidium ferricyanide was concentrated by heating gently on a hot plate until the nearly boiling solution
showed the first evidence of crystals forming (at about 12 ml) and cooling the concentrated solution allowed orange
ferricyanide crystals to slowly form. The crystals were isolated by suction filtration and dried in a vacuum dessicator.
The yield of rubidium ferricyanide is approximately 3.66g, 78% based on MWt of rubidium ferricyanide at 468.39g/mol.

Reference Example 3 Synthesis of rubidium ferrocyanide

[0098] The filtrate from Example 2 was mixed with ethanol to generate a 50:50 aqueous ethanol solution, which
generated an immediate precipitate of a pale yellow color. Heating this solution to boiling and then slowly allowing the
alcohol to distil off gave a clear solution that was allowed to cool slowly overnight to give pale yellow crystals. The crystals
were isolated by suction filtration and dried in a vacuum desiccator, to give 1.05 g of rubidium ferrocyanide trihydrate,
1.72 mmoles based on a rmm of 607.87 g/mol and a further 17.2% of the initial ferricyanide recovered.

Example 4 Measuring the effective electrode potential of potassium ferricyanide

[0099] Stock solutions of potassium ferricyanide (0.3293g in 10ml, 100 mM, labeled ’A’) and potassium ferrocyanide
(0.4224g of the trihydrate in 10 ml, 100 mM, labeled ’B’) were prepared. 4ml of stock solution A was measured out and
the chemical potential of the solution was measured using an ORP electrode. Further ORP measurements were taken
after adding the following aliquots of stock solution B: 40 ul, 46 ul (i.e. 86 ul total), 100 ul (186 ul total), 214 ul (400 ul
total), 460 ul (860 ul total), 1000 ul, (1860 ul total), 2140 ul (4000 ul total). Similarly, 4ml of stock solution B was measured
out and the chemical potential of the solution was measured using an ORP electrode. Further ORP measurements were
taken after adding the following aliquots of stock solution A: 40 ul, 46 ul (i.e. 86 ul total), 100 ul (186 ul total), 214 ul (400
ul total), 460 ul (860 ul total), 1000 ul, (1860 ul total), 2140 ul (4000 ul total). The data of total volumes of A and B in
each solution and the ORP reading of each were entered in a spread sheet for fitting to the Nernst equation. The
concentrations of the stock solutions were not assumed to be pure: stock solution A was assumed to have an unknown
concentration ’a’ mM of ferricyanide and hence a concentration 100-a mM of ferrocyanide and an initial value of a = 99.9
mM was set in the spreadsheet. Similarly, stock solution B was assumed to have an unknown concentration ’b’ mM of
ferrocyanide and hence a concentration 100-b mM of ferricyanide with an initial value of b = 99.9 mM being set in the
spreadsheet. Concentrations of ferricyanide and ferrocyanide were then calculated for each mixture and a graph of ORP
reading vs log([ferri]/[ferro]) was plotted. The values of ’a’ and ’b’ were varied until the graph became linear and the slope
of the mixtures was close to 59.4 mV per decade of change in the concentration ratio. The intercept of the ORP axis
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with log([ferri]/[ferro]) = 0 was determined and this was the measure of E°(100 mM), the standard electrode potential
according to the Nernst equation but measured at [ferri] + [ferro] = 100 mM. The results are shown in Fig 9

Example 5 Measuring the effective electrode potential of tetramethylammonium ferricyanide

[0100] Stock solutions of tetramethylammonium ferricyanide (0.470g of the dihydrate in 10ml, 100 mM, labeled ’A’)
and tetramethylammonium ferrocyanide (0.4964g in 5 ml, 100 mM, labeled ’B’) were prepared. The chemical potentials
of the stock solutions were measured. ORP readings of the following mixtures of the stock solutions were also measured:
{0.3 ml A + 2.7 ml B}, {0.15 ml A + 2.85 ml B}, {0.3 ml A + 2.7 ml B}, {0.75 ml A + 2.25 ml B}, {1.5 ml A + 1.5 ml B}, {2.25
ml A + 0.75 ml B}, {0.3 ml A + 2.7 ml B}. The data of total volumes of A and B in each solution and the ORP reading of
each were entered in a spread sheet for fitting to the Nernst equation as described in Example 4 and the results are
shown in Fig 9.

Example 6 Calibrating the absorbance of potassium ferricyanide

[0101] A stock solution of 1 M potassium ferricyanide was prepared by dissolving 1.6463 g of potassium ferricyanide
in water, made up to a volume of 5 mL in a volumetric flask. 1 mL of this solution was placed in a 100 mL volumetric
flask and diluted to 10 mM by making the volume up to 100 mL with water. Dilutions of this 10 mM solution were prepared
in cuvettes to cover the concentration range from 0.025 to 4.5 mM and the UV/Vis spectrum of the dilution recorded as
soon as the solution was prepared. The absorbance of a water sample was subtracted to correct for the baseline
absorbance. The absorbance intensity of the peak at 420 nm was measured from the baseline-subtracted spectrum and
plotted against concentration of the cuvette solution. The graph was inspected to determine the linear range of the
absorbance and an absorbance per mole of ferricyanide determined from data within this linear range as shown in Fig 10.

Example 7 Measuring the saturated concentration of tetramethylammonium ferricyanide

[0102] A sample of tetramethylammonium ferricyanide crystals was placed on a sheet of aluminium foil and the foil
folded over to cover the sample. This was placed carefully in a mortar and the crystals crushed by tapping with a pestle.
The foil and crushed crystals were lifted out of the pestle and the crushed crystals poured into an eppendorf tube. A
small amount of water was added and the solution was shaken to dissolve as much solid as possible, then left for at
least an hour to equilibrate. The sample was inspected to assure that some solid still remained and then 10 uL of the
solution was extracted with a pipette and mixed into 990 uL of water in a cuvette. The cuvette was placed in a UV/Vis
spectrometer and the absorbance spectrum recorded between 200 and 600 nm. The absorbance at 420 nm was used
in combination with the calibration of Example 6 to determine the saturated concentration: the TMAferri absorbance was
1.5317 at 420 nm and the calibration slope was [ferricyanide] = 1.03 x absorbance, giving [ferricyanide] = 1.58 mM for
the 100:1 dilution and 0.158 M for the saturated concentration of TMA ferrri. Example spectra for a variety of saturated
solutions measured by this method are shown in Fig 11.

Example 8 Synthesis of TMA salt of TAPSO buffer, pH 7.5

[0103] 5.18 g of 3-[N-Tris(hydroxymethyl)methylamino]-2-hydroxypropanesulfonic Acid (TAPSO) were weighed in a
100 ml beaker and 30 ml of water was added to dissolve the solid. Sufficient 25 wt% tetramethylammonium hydroxide
was added to bring the pH to 7.5 and the contents of the beaker were then poured into a 50 ml volumetric flask. The
beaker was rinsed to make sure all the TAPSO was transferred into the volumetric flask and the volume of solution was
brought up to 50 ml with more water.

Example 9 Formulation method for reagents for test strips.

[0104] 3.66 ml of DI water is measured into a 20 ml beaker and 1.25 mL of TAPSO buffer pH 7.5 (which has been
adjusted to this pH using the cation of choice according to the method of Example 8) is added followed by 90 uL of a
5% solution of Zwittergent 312. 5 mg of bis-4,4-dimethylbipyridylosmium(II)picolinate chloride is added and 5 millimoles
of the desired ferricyanide salt is weighed out and added to the solution which is then stirred for 5 mins. 135 mg of
glucose oxidase (Aspergillus niger, supplied by BBI Enzymes, Catalogue No. GO3A) is weighed out and added carefully
to the slowly stirred solution, which is left to stir gently for a further 5 mins. The solution is filtered through a 5 um filter
into an opaque black plastic sample tube with a screw-top lid. The pH is checked and acidifed to pH 7.5 using small
amounts of 1 M HCl if found to be too alkaline.
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Example 10 Test strip construction

[0105] A glucose sensor was made as a disposable test strip where the sample chamber is formed from two palladium
electrodes, 1.5 x 2.0 mm held facing each other by an adhesive spacer 0.085 mm thick to form a conduction cell. The
sample chamber had a nominal volume of 255nl. 300 nl of reagent solution from Example 9 was introduced into the
sample chamber during construction and dried.

Example 11 Analyte Measurements Using Test strips

[0106] Glucose solutions of different concentrations in phosphate-buffered saline solution were introduced into the
test strips of example 10. A potential of 300 mV was applied to the electrodes. The application of potential is triggered
by introduction of sample between the electrodes. The stable steady-state current that occurs 5 seconds after applying
the potential was measured.
[0107] Test strips were subject to accelerated aging conditions for period of up to 14 days at 50° C in a desiccator.
Fig. 4 shows measured current as a function of glucose concentration for a test strip made using a dry reagent containing
glucose oxidase, potassium ferricyanide and Os(dmbpy)2 PicCl after various periods of accelerated again. Fig. 5 shows
the results of the same experiment in test strips that contain TMA ferri in place of potassium ferricyanide.

Example 12 Baseline Measurements Using Test strips

[0108] Conversion of ferricyanide to ferrocyanide can result in baseline rises because interconversion of the two ions
can occur even in the absence of any initial analyte in the sample. The susceptibility of a formulation to baseline rises
is often slight. However, with a shelf life of two or more years, even a slight inclination to a rising baseline can result in
dramatic shifts in sensor performance over the course the sensor lifetime. To be able to assess the susceptibility of a
formulation to baseline rises it is therefore important to have a method of accelerating the rate of baseline rise. Such
accelerated aging is often achieved by placing the stored sensors in a raised-temperature environment.
[0109] The change in strip baselines on aging is shown in Fig 6 which presents data collected from sensors made
with reagents prepared with a range of cations as in Example 9. The change in baseline between day 0 and day 14
found in these formulations is shown in Figure 7 as a function of solubility of the ferricyanide salt. As can be seen in
Figure 7, all salts with solubility that is lower than the potassium salt have improved baseline stability, while salts with
higher solubility have worse baseline stability. This demonstrates the utility of solubility as a way of selecting a suitable
ferricyanide for giving a low baseline rise in a formulation, as well as showing the impact on baselines that such formu-
lations have.

Example 13 Effect of Buffering Agent on Reagent Stability

[0110] Studies have been done to identify simple organic compounds that provide a hydrophilic environment to limit
enzyme instability, and for stabilizing glucose oxidase in the presence of potassium ferricyanide, alanine anhydride has
been found particularly suitable by the present inventors. However, in changing to tetramethylammonium ferricyanide,
this has had to be reviewed. The TMA+ ion provides a less ionic environment than K+ and it has been found by the
inventors that simple hydrophilic stabilizers provide less stability than before. The stability can be improved by increasing
the ionic nature of the reagent, but the need to avoid alkaline metal cations limits the choices. A series of Zwitterions
have proved effective, presumably because these increase the ionic nature of the reagent without introducing extra free
cations.
[0111] The inventors have determined that presence of a buffer in the reagent that has good buffering capacity between
pH 7 and 8 and is Zwitterionic in nature would help with overall reagent stability. These two properties describe a range
of buffers first identified for stabilizing biochemical reactions by Good et al (N.E. Good, G.D. Winget, W. Winter, T.N.
Connolly, S. Izawa, and R.M.M. Singh, Biochemistry, 1966, 5, 467-477). Two "Goods buffers" that have proved their
worth as enzyme stabilizers in the dried reagent are TAPSO and TES.
[0112] To test the effectiveness of TMA-TAPSO and TMA-TES in maintaining enzyme stability in a dry reagent, a
series of reagent formulations were made up with 27 mg/ml Glucose Oxidase, 1 mg/ml Os(dmbpy)2 PicCl, 100 mM
TMAferri, 2.6 mg/ml Surfactant 10G and a buffer/stabilizer as set forth in Table 3. Strips were made with each of the
formulations that were similar to those of Example 10 but which employed gold electrodes and these were aged for up
to 40 days at 50° C.
[0113] Since loss of enzyme activity results in a change in the slope of the calibration curve (signal versus glucose
concentration), strips were removed periodically throughout the aging process and used to generate calibration curves.
The change in the slope of the calibration curve as a result of aging was determined. Table 3 includes a numerical value
for the amount of slope change at 14 days of aging. Fig. 12 shows the slopes in graphical format and Fig. 13 shows the
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intercept. TMA-TAPSO is superior to TMA-TES, and both are far superior to the comparison stabilizers.

Example 14 Minimum Enzyme Amount

[0114] Two base formulations were prepared as follows: (1) 100mM KFerri, 100mM potassium phosphate pH 6.2, 1
mg/ml OzPic, 2.6 mg/ml Surfactant 10G, 50mM alanine anhydride, 1 wt% silica dispersion; (2) 100mM TMAFerri, 100mM
TAPSO pH 7.5, 1 mg/ml OzPic, 0.9 mg/ml Zwittergent 312. Varying amount of glucose oxidase were added to each
base formulation and the final formulations were incorporated into test strips that were similar to those of Example 10
but which used gold electrodes. Glucose containing samples were evaluated in the test strips. Fig. 14 shows the de-
pendence of the slope of current versus glucose concentration (essentially a calibration curve) on glucose oxidase
concentration.
[0115] These two formulations are quite different and yet both show the same general form of reaching a plateau in
slope by about 18mg/ml GOx. This is therefore the minimum amount of active enzyme required for stable performance
and excess must be added to compensate for activity lost over the course of the strip lifetime.
[0116] The amount of active enzyme in a single strip is a difficult thing to measure but it is possible using an autotitrator
to monitor the rate of acid produced by the enzyme as a relative measure of the enzyme activity. A graph of how this
measure of enzyme activity changes over time for strips held in desiccators vials at 50°C is shown in Fig15. The reagent
in the strips contained 100mM TMAferri, 1mg/ml OzPic, 27mg/ml GOx 100mM TAPSO pH 7.5 and 2.6mg/ml Surfactant
10G.
[0117] The susceptibility to testing conditions provides a degree of uncertainty to the readings but it is probable that
the loss of enzyme activity is extremely limited over the storage period. The period investigated in Fig 16 of 56 days at
50°C can be equated to an equivalent time at the typical upper storage temperature of 30°C using a factor of eleven,
which suggests this accelerated-aging period is equivalent to a real shelf life of over 1 year and 8 months without
significant loss of enzyme activity. Due consideration, however, must be made of the uncertainty in estimating the actual
shelf life.
[0118] Accordingly, to account for up to 25% enzyme loss as a consequence of aging on the shelf, and manufacturing
variations in the amount of enzyme actually dispensed to a test strip, it is desirable to configure test strips with sufficient
enzyme to result in an initial concentration of at least 27 mg/ml when the enzyme is dissolved in the maximum volume
of the sample chamber.
[0119] For formulations above this minimum there is no evolution in slope or intercept on aging, as shown in Figs 16
and 17, and all slopes and baselines for enzyme concentrations above this minimum overlap, suggesting excess enzyme
does not modify the strip performance, at least at the concentrations investigated here.

Example 15 Effect of degree of oxidation in wet reagent on baseline of dry reagent

[0120] A batch of strips was made as in example 10 using a reagent like the one of Example 9, and so the reagent
contained 1 mg/mL of the mediator bis-4,4-dimethylbipyridyl-osmium(II)picolinate chloride; the solution potential as
measured by an ORP electrode was 308 mV vs Ag/AgCl. Three other batches of strips were made, the first using a
portion of the same reagent but oxidizing it by stirring with PbO2 until the electrode potential rose to 384 mV. A second
reagent was made that was similar to the first, except it contained only 0.7 mg/mL of the mediator and its solution potential
was 314 mV vs Ag/AgCl and a portion of this was oxidized with PbO2 until the electrode potential rose to 390 mV; the
two remaining batches of strips used these two reagents. The strips were aged in desiccator vials at 50 °C and the
progress of the baseline signal was followed by periodic testing (at day 0, 28 and 56); results are shown in Figure 8.

Table 1

Analyte Enzyme

Glucose Glucose Oxidase, Glucose dehydrogenases

Urea (BUN) Urease

Creatinine Creatinase

Uric Acid Uricase

Cholesterol Cholestrol oxidase

Lactic Acid / Pyruvic Acid Lactate dehydrogenase (LDH)
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Claims

1. A dry reagent composition for determination of an analyte in a sample using an electrochemical sensor, comprising:

(a) an active redox enzyme that oxidizes the analyte as a specific substrate to produce an inactive reduced
form of the enzyme; and
(b) tetramethylammonium ferricyanide.

2. The dry reagent composition of claim 1, wherein the reagent further comprises an electron transfer mediator that is
not a salt of ferricyanide, said electron transfer mediator having an electrochemical potential in aqueous medium
sufficient to oxidize the inactive reduced form of the enzyme to regenerate active redox enzyme.

3. The dry reagent composition of claim 2, wherein the electron transfer mediator is an osmium coordination complex
such as Os(dmbpy)2 PicCl or Os(dmbpy)2 Im2Cl.

4. The dry reagent composition of any of claims 1 to 3, further comprising a zwitterion buffering agent comprising a
positively-charged buffer counter ion and a buffer conjugate base, for example, wherein the buffer conjugate base
is the conjugate base of 3-[N-Tris(hydroxymethyl)methylamino]-2-hydroxypropanesulfonic acid or N-Tris(hy-
droxymethyl)methyl-2-aminoethanesulfonic acid.

5. The dry reagent composition of any of claims 1 to 4, further comprising a zwitterionic wetting agent comprising a
hydrophilic head group including an amine and a sulphonate, and a hydrophobic aliphatic tail of 10 to 16, for example
12, carbon atoms.

6. The dry reagent composition of any of claims 1 to 5, wherein the enzyme is glucose oxidase.

7. A test strip comprising:

Table 2

Cation present E0
eff vs Ag/AgCl at 0.1 M [ferri] + [ferro] Solubility at room temperature

Sodium 238 1.31 M

Potassium 228 1.09 M

Rubidium 248 1.05 M

Cesium 255 1.40 M

TMA 191 0.170 M

Table 3

Formulation Name Buffer/stabilizer Reagent pH Drop in slope over 14 days at 50 °C (uA/mM 
glucose)

Alanine anhydride pH 
7.0

50 mM alanine anhydride 7.0 0.83

Xylitol pH 7.0 50 mM Xylitol 7.0 0.86

TAPSO pH 6.5 100 mM TAPSO 6.5 0.26

TAPSO pH 7.0 100 mM TAPSO 7.0 0.00

TAPSO pH 7.5 100 mM TAPSO 7.5 0.30

TES pH 6.5 100 mM TES 6.5 0.25

TES pH 7.0 100 mM TES 7.0 0.21
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(a) first and second non-reactive electrodes, preferably metal electrodes and more preferably palladium and/or
gold electrodes;
(b) a sample cell for receiving a liquid sample, wherein a liquid sample disposed within the sample cell is in
contact with the first and second electrodes; and
(c) a dry reagent composition in accordance with any one of claims 1 to 6, wherein said dry reagent composition
is disposed such that upon application of a liquid sample to the test strip the dry reagent dissolves in the sample
within the sample cell, preferably, wherein the dry reagent composition is disposed within the sample cell prior
to application of a liquid sample.

8. A method for testing for an analyte in a liquid sample such as blood comprising the steps of:

(a) applying a liquid sample to a test strip in accordance with claim 7; wherein the enzyme in the dried reagent
composition is selected to be specific for the analyte;
(b) applying an external signal to the test strip to generate a signal indicative of the amount of analyte in the
sample.

9. The method of claim 8, wherein the external signal is a potential that is applied between the first and second
electrodes of the test strip, and a current is measured as the signal indicative of the amount of analyte in the sample.

Patentansprüche

1. Trockenreagenz-Zusammensetzung zur Bestimmung eines Analyten in einer Probe unter Verwendung eines elek-
trochemischen Sensors, umfassend:

(a) ein aktives Redoxenzym, welches den Analyten als spezifisches Substrat oxidiert, um eine inaktive reduzierte
Form des Enzyms herzustellen; und
(b) Tetramethylammoniumferricyanid.

2. Trockenreagenz -Zusammensetzung nach Anspruch 1, wobei das Reagenz weiterhin einen Elektronentransfer-
Mediator umfasst, welcher kein Salz von Ferricyanid ist, wobei der Elektronentransfer-Mediator ein elektrochemi-
sches Potential im wässrigen Medium hat, das ausreichend ist, die inaktive reduzierte Form des Enzymes zu
oxidieren, um das aktive Redoxenzym zu regenerieren.

3. Trockenreagenz-Zusammensetzung nach Anspruch 2, wobei der Elektronentransfer-Mediator ein Osmium-Koor-
dinationskomplex wie Os(dmbpy)2PicCl oder Os(dmbpy)2Im2Cl ist.

4. Trockenreagenz-Zusammensetzung nach einem der Ansprüche 1 bis 3, weiterhin umfassend ein zwitterionisches
Puffermittel, welches ein positiv geladenes Puffer-Gegenion und eine puffer-konjugierte Base umfasst, zum Beispiel
wobei die puffer-konjugierte Base die konjugierte Base von 3-[N-Tris(hydroxymethyl)methylamino]-2-hydroxypro-
pansulfonsäure oder N-Tris(hydroxymethyl)methyl-2-aminoethansulfonsäure ist.

5. Trockenreagenz-Zusammensetzung nach einem der Ansprüche 1 bis 4, weiterhin umfassend ein zwitterionisches
Benetzungsmittel, umfassend eine hydrophile Kopfgruppe, welche ein Amin und ein Sulfonat umfasst, und eine
hydrophobe aliphatische Restgruppe von 10 bis 16, zum Beispiel 12, Kohlenstoffatomen.

6. Trockenreagenz-Zusammensetzung nach einem der Ansprüche 1 bis 5, wobei das Enzym Glucoseoxidase ist.

7. Teststreifen umfassend:

(a) erste und zweite nichtreaktive Elektroden, vorzugsweise Metallelektroden und insbesondere vorzugsweise
Palladium- und/oder Goldelektroden;
(b) eine Probenkammer, um eine flüssige Probe zu empfangen, wobei eine flüssige Probe, die in der Proben-
kammer angebracht ist, mit den ersten und zweiten Elektroden in Kontakt ist;
(c) eine Trockenreagenz-Zusammensetzung gemäß einem der Ansprüche 1 bis 6, wobei die Trockenreagenz-
Zusammensetzung so angebracht ist, dass nach Applikation einer flüssigen Probe auf den Teststreifen das
Trockenreagenz sich in der Probe innerhalb der Probenkammer löst, vorzugsweise wobei die Trockenreagenz-
Zusammensetzung in der Probenkammer vor der Applikation einer flüssigen Probe vorliegt.
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8. Methode zum Testen eines Analyten in einer flüssigen Probe, wie zum Beispiel Blut, umfassend die Schritte:

(a) Anwenden einer flüssigen Probe auf einen Teststreifen gemäß Anspruch 7; wobei das Enzym in der Tro-
ckenreagenz-Zusammensetzung ausgewählt ist, spezifisch für den Analyten zu sein;
(b) Anwenden eines externen Signals auf den Teststreifen, um ein Signal zu generieren, das die Menge des
Analyten in der Probe angibt.

9. Methode nach Anspruch 8, wobei das externe Signal ein Potential ist, das zwischen den ersten und zweiten Elek-
troden des Teststreifens angelegt ist, und wobei ein Strom gemessen wird als das Signal, das die die Menge des
Analyten in der Probe angibt.

Revendications

1. Composition de réactif sec pour la détermination d’un analyte dans un échantillon par utilisation d’un capteur élec-
trochimique, comprenant :

(a) une enzyme rédox active qui oxyde l’analyte en tant que substrat spécifique pour produire une forme réduite
inactive de l’enzyme ; et
(b) du ferricyanure de tétraméthylammonium.

2. Composition de réactif sec selon la revendication 1, dans laquelle le réactif comprend en outre un médiateur de
transfert d’électrons qui n’est pas un sel de ferricyanure, ledit médiateur de transfert d’électrons ayant dans un milieu
aqueux un potentiel électrochimique suffisant pour oxyder la forme réduite inactive de l’enzyme pour régénérer
l’enzyme rédox active.

3. Composition de réactif sec selon la revendication 2, dans laquelle le médiateur de transfert d’électrons est un
complexe de coordination de l’osmium tel que Os(dmbpy)2PicCl ou Os(dmbpy)2Im2Cl.

4. Composition de réactif sec selon l’une quelconque des revendications 1 à 3, qui comprend en outre un agent tampon
zwitterionique comprenant un contre-ion tampon chargé positivement et une base conjuguée au tampon, par exemple
dans laquelle la base conjuguée au tampon est la base conjuguée de l’acide (3-[N-tris(hydroxyméthyl) méthylamino]-
2-hydroxypropanesulfonique ou de l’acide N-tris(hydroxyméthyl)méthyl-2-aminoéthanesulfonique.

5. Composition de réactif sec selon l’une quelconque des revendications 1 à 4, qui comprend en outre un agent tampon
zwitterionique comprenant un groupe de tête hydrophile comprenant une amine et un sulfonate, et une queue
aliphatique hydrophobe ayant 10 à 16, par exemple 12 atomes de carbone.

6. Composition de réactif sec selon l’une quelconque des revendications 1 à 5, dans laquelle l’enzyme est la glucose
oxydase.

7. Bandelette réactive, comprenant :

(a) une première et une deuxième électrode non réactives, de préférence des électrodes métalliques et plus
particulièrement des électrodes en palladium et/ou en or ;
(b) une cellule à échantillon, destinée à recevoir un échantillon liquide, un échantillon liquide disposé à l’intérieur
de la cellule à échantillon étant en contact avec la première et la deuxième électrode ; et
(c) une composition de réactif sec selon l’une quelconque des revendications 1 à 6, ladite composition de réactif
sec étant disposée de telle sorte que, après application d’un échantillon liquide sur la bandelette réactive, le
réactif sec se dissolve dans l’échantillon à l’intérieur de la cellule à échantillon, de préférence où la composition
de réactif sec est disposée à l’intérieur de la cellule à échantillon avant application d’un échantillon liquide.

8. Procédé pour l’essai d’un analyte dans un échantillon liquide tel que du sang, comprenant les étapes de :

(a) application d’un échantillon liquide sur une bandelette réactive selon la revendication 7, l’enzyme se trouvant
dans la composition de réactif sec étant choisie de façon à être spécifique de l’analyte ;
(b) application d’un signal externe à la bandelette réactive pour générer un signal indicatif de la quantité d’analyte
dans l’échantillon.
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9. Procédé selon la revendication 8, dans lequel le signal externe est un potentiel qui est appliqué entre la première
et la deuxième électrode de la bandelette réactive, et un courant est mesuré en tant que signal indicatif de la quantité
d’analyte dans l’échantillon.
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