Innovation, Sciences et Innovation, Science and CA 2973600 C 2022/08/09

I*I Développement économique Canada Economic Development Canada
Office de la Propriété Intellectuelle du Canada Canadian Intellectual Property Office (1 1)(21) 2 973 600
12 BREVET CANADIEN
CANADIAN PATENT
13 C
(86) Date de dépbt PCT/PCT Filing Date: 2016/02/01 (51) CLInt./Int.Cl. GOTN 27/333(2006.01)

(87) Date publication PCT/PCT Publication Date: 2016/08/11 (72) Inventeurs/Inventors:
- . BENCO, JOHN, US;
(45) Date de délivrance/lssue Date: 2022/08/09 BERGQUIST, ROBERT, US
(85) Entrée phase nationale/National Entry: 2017/07/11 e
(73) Propriétaire/Owner:
(86) N° demande PCT/PCT Application No.: US 2016/015929 SIEMENS HEALTHCARE DIAGNOSTICS INC., US
(87) N° publication PCT/PCT Publication No.: 2016/126593 (74) Agent: SMART & BIGGAR LLP

(30) Priorités/Priorities: 2015/02/03 (US62/111,293),
2015/10/09 (US62/239,492)

(54) Titre : MEMBRANES AMELIOREES SELECTIVES D'lON MAGNESIUM
(54) Title: IMPROVED MAGNESIUM ION SELECTIVE MEMBRANES

Whole Blood slope vs logP of Plasticizer
ssingle plasticizer, &blends

—
—~

5101 ]
I
% g - | % &
8
% 8 %
: 1
2 7 - %
w
£
g i =Sl §
SIS + sy ' . 2 | |
5 : : : g 10 Lk

(57) Abrégé/Abstract:

The present invention is directed to membranes, sensors, systems and process for the detection of magnesium ions in protein-
containing samples. The novel membranes, sensors, systems, and processes are based upon the discovery that the lipophilcity of
the plasticizer (or blend of plasticizers) utilized in the formulation of magnesium ion selective membranes for clinical use is inversely
proportional to the sensitivity of the plasticizer(s) and directly proportional to the use life thereof.

C an a dg http:vopic.ge.ca » Ottawa-Hull K1A 0C9 - aup.:/eipo.ge.ca OPIC

OPIC - CIPO 191



CA 02973600 2017-07-11

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
é A OO0

Organization
International Bureau
l__/))/ (10) International Publication Number
= WO 2016/126593 Al
WIPO I PCT

\

(43) International Publication Date
11 August 2016 (11.08.2016)

(51) International Patent Classification: (81) Designated States (uniess otherwise indicated, for every

GOIN 27/333 (2006.01)

kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,

(21) International Application Number: BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
PCT/US2016/015929 DO, DZ. EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(22) International Filing Date: HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
1 February 2016 (01.02.2016) KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
. MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
(25) Filing Language: English PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, SC,
(26) Publication Language: English SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(30) Priority Data: . L
62/111.293 3 February 2015 (03.02.2015) ys (84) Designated States (unless otherwise indicated, for every
62/239,492 9 October 2015 (09.10.2015) Us kind Of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
(71) Applicant: SIEMENS HEALTHCARE DIAGNOSTICS TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
INC. [US/US]; 511 Benedict Avenue, Tarrytown, New TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
York 10591 (US). DK, EE, ES, FL FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
(72) Tnventors: BENCO, John; 139 Rolling Meadow Drive, LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
: SM, TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ,
Holliston, Massachusetts 01746 (US). BERGQUIST, GW, KM, ML, MR, NE, SN, TD, TG)
Robert; 144 Purchase Street, Middleboro, Massachusetts > > > O ’
02346 (US). Published:

74

Agents: PETAJA, Kyle D. et al.; Siemens Corporation,
Intellectual Property Dept., 3501 Quadrangle Blvd Ste 230,
Orlando, Florida 32817 (US).

with international search report (Art. 21(3))

(54) Title: IMPROVED MAGNESIUM ION SELECTIVE MEMBRANES

Whuole Blood stope ve logP of Plasticizer
Saingle plasticizer, Ablends

wo 2016/126593 A1 |[IN I N0F 0 0O A O

o
>
S 10
20
sol |
g ¥ [
k) 1 %
B 8 L
b I
2 7- %
o
i !
£ 9] %
% 5 S ———
& & ¥ § g 10 11
logP {calculated)
FIG. 1

(57) Abstract: The present invention is directed to membranes, sensors, systems and process for the detection of magnesium ions in
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IMPROVED MAGNESIUM ION SELECTIVE MEMBRANES

[0001] The subject application claims benefit under 35 USC § 119(e) of U.S.
Provisional Application No. 62/111,293, filed February 3, 2015 and U.S. Provisional
Application No. 62/239,492, filed October 9, 2015.

FIELD

[0002] This disclosure relates generally to the field diagnostic testing, and more
particularly to improved magnesium (Mg?*) selective membranes for use in clinical
applications. Sensors including the membranes exhibit both excellent selectivity for
magnesium and a suitable use life in protein-based matrices such as whole blood.

BACKGROUND
[0003] Point-of-care testing refers generally to medical testing at or near the site

of patient care such as in an emergency room. A desired outcome of such tests is to
obtain rapid and accurate analytical results in order to determine a next course of action
in patient care. Point of care or “critical care” analyzers provide analytical results for a
number of different analytes in rapid succession. A number of these instruments employ
a disposable cartridge having a plurality of different sensors disposed thereon, each for
detecting a patticular target analyte/property in a sample flowing thereover or thereby.
The sensors may be suitable for the detection and/or determination of pH, carbon dioxide
partial pressure (pCOz2), oxygen partial pressure (p0O.), sodium (Na*), potassium (K*),
calcium (Ca?*), chloride (CI), hematocrit (Hct), hemoglobin (Hb), glucose, lactate,
bilirubin, CO-oximeter fractions (fO.Hb, fCO-Hb, fMetHb, fHHD), and the like, for
example.

[0004] While magnesium sensors, e.g., potentiometric ionized magnesium (iMg)
sensors, are known, their use in clinical settings has been limited. For one, known
magnesium sensors for clinical use have not been shown to be sufficiently selective for
magnesium relative to other cations in protein-based matrices. Moreover, iMg sensors
for clinical use must provide consistent performance over

Date Regue/Date Received 2020-10-29
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their use life without frequent (e.g., daily) replacement of the sensor panel. Leaching
of material from the magnesium sensor, such as the plasticizer, will reduce shelf life,
for example.

[0005] Another major source of this sensor instability and poor selectively is
the thermodynamic binding kinetics of Mg?* over other cations afforded by the
ionophore of the sensor and the relatively high aqueous desolvation energy of the
magnesium cation. Although there are many ionophores available, most
discriminate against calcium in the order of 10 to 1 even under ideal conditions.
Under clinical diagnostic conditions, discrimination degrades even further as protein-
based matrices provide further challenges and variables to magnesium detection.
For example, discrimination may be on the order of 1:1 with known sensors, whereas
the required discrimination for clinical settings is approximately 100:1. Zhang, W_;
Am. J. Biomed. Sci. 2001, 3(4), 301-312. This need forces the use of chemometric
techniques to correct the interference for other cations. Although chemometric
techniques are helpful, such methods do not improve long term stability or sensitivity
in protein-based matrices such as blood, which are critical for practical clinical use.

BRIEF DESCRIPTION OF THE DRAWINGS
[0006] FIG. 1 is a graph showing whole blood sensitivity of individual and

blended membranes for Mg®* vs. calculated logP.

DETAILED DESCRIPTION

[0007] The present inventors have surprisingly found that the lipophilicity
(logP) of the plasticizer (or blend of plasticizers) utilized in the formulation of a
magnesium-selective membrane for clinical use with protein-based matrices is
inversely proportional to the sensitivity of the membrane for magnesium in the
protein-based matrices and directly proportional to the use life thereof. Sensitivity of
magnesium in protein-based matrices is defined as the slope of the sensor output as
a function of the ionized magnesium concentration, wherein the slope is a measure
of a change in sensor voltage output versus a change in the log of ionized
magnesium concentration. Prior attempts to improve magnesium ion selective
membrane performance had suggested that the most lipophilic plasticizers available
would offer both the best selectivity and therefore the best sensitivity for magnesium
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in protein-based matrices, as well as the longest use life. See Eugster, R., et al.,
Plasticizers for liquid polymeric membranes of ion-selective chemical sensors, Analytica
Chimica Acta 289 (1994) 1-13. In contrast to conventional thought, however, the present
inventors have found that increased logP values for the plasticizer(s) lead to magnesium
ion selective membranes with reduced sensitivity to magnesium while improving use life
thereof. Accordingly, the present inventors have found that optimum magnesium ion
selective membrane performance for clinical use can be better understood and controlled
by carefully selecting the plasticizer(s) to offer more of a balance between selectivity,
sensitivity of magnesium in protein-based matrices, and use life based on its/their logP
values.

[0008] In accordance with one aspect of the present invention, there is a provided
a magnesium ion selective membrane comprising a mixture of a polymer material, a
magnesium-selective material, and a plasticizer having a measured logP value of > 5.8
and < 12.8.

[0009] In accordance with another aspect of the present invention, there is
provided a magnesium ion selective sensor including a magnesium ion selective
membrane comprising a mixture of a polymer material, a magnesium-selective material,
and a plasticizer having a measured logP value of > 5.8 and < 12.8.

[0010] In accordance with another aspect of the present invention, there is
described a process for analyzing a protein-based sample for magnesium comprising
providing a sensor comprising a mixture of a polymer, a magnesium-selective material,
and a plasticizer, wherein the plasticizer comprises a measured logP value of > 5.8 and <
12.8. The method further includes introducing a protein-containing sample to the sensor.
In an embodiment, the protein-based sample is whole blood.

[0010a] Further aspects of the present invention include:

-an assembly, comprising: a multi-use cartridge configured for disposal in
an automated point of care analyzer and for being maintained therein for a period of at
least 25 days; and a potentiometric magnesium ion selective sensor for determining
magnesium ion concentration in biological samples, the potentiometric magnesium ion
selective sensor incorporated within the cartridge and comprising a magnesium ion

Date Regue/Date Received 2021-08-27
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selective membrane that has magnesium selectivity over calcium, the magnesium ion
selective membrane comprising: a polymer material; a magnesium-selective material
comprising a single ionophore, wherein the ionophore comprises a triamide compound;
and a plasticizer comprising a measured logP value of between about 5.8 and

about 12.8, wherein the plasticizer comprises a nitrophenyl group and hydrophobic chain
extending therefrom with a structure of:

wherein R comprises a straight-chain alkyl group having 10 to 14 carbons or comprises
a 12-(4-ethyl-phenyl)-dodecyl group; and wherein the sensor has a clinical use life of at
least 25 days, whereby the sensor retains an ability to produce substantially reproducible
results over the clinical use life thereof and the amount of plasticizer lost over 25 days is
less than 50% by weight; and

- a process for analyzing a protein-based sample for magnesium
comprising: introducing at least one protein-containing sample into a multi-use cartridge
disposed in an automated point of care analyzer, the multi-use cartridge comprising a
potentiometric magnesium ion selective sensor incorporated therewithin, the
potentiometric magnesium ion selective sensor comprising a magnesium ion selective
membrane that has magnesium selectivity over calcium, the magnesium ion selective
membrane comprising: a polymer material; a magnesium-selective material comprising a
single ionophore, wherein the ionophore comprises a triamide compound; and a
plasticizer comprising a measured logP value of between about 5.8 and about 12.8,
wherein the plasticizer comprises a nitrophenyl group and hydrophobic chain extending
therefrom with a structure of:

Date regue/date received 2021-10-26
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wherein R' comprises a straight-chain alkyl group having 10 to 14 carbons or comprises
a 12-(4-ethyl-phenyl)-dodecyl group; and determining, using the analyzer, a presence of
magnesium in the at least one sample present in the multi-use cartridge wherein the
sensor has a clinical use life of at least 25 days, whereby the sensor retains an ability to
produce substantially reproducible results over the clinical use life thereof and the
amount of plasticizer lost over 25 days is less than 50%.

[0011] As used herein, the term “about” refers to a value that is + 10% of the
stated value.

[0012] As used herein, the term “logP” refers to a measure of a ratio of
concentrations of a compound in a mixture of two immiscible phases (e.g., water and 1-
octanol) at equilibrium.

[0013] As used herein, the term “subject” refers to any human and non-human
mammal.

3b
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[0014] The performance of a magnesium ion selective membrane in terms of
both its selectivity for Mg?* and its use life may be at least partially affected by the
matrix to which it is exposed. Accordingly, the properties of the membrane in
aqueous environments as reported by literature may be markedly different from the
same membrane’s performance with protein-containing matrices such as blood.
[0015] The various embodiments of a magnesium ion selective membrane as
described herein may be incorporated into any suitable ion selective electrode and/or
sensor as are well known in the art in any suitable form. In certain embodiments, the
membrane may be applied as a layer in an assembly for detecting magnesium ions
along with a polymer layer, an electrode layer, a conductor layer, and/or a transducer
layer on a substrate. Exemplary structures into which the magnesium ion selective
membrane may be incorporated are further set forth in U.S. Patent Nos. 7,384,523;
6,767,450; and 5,102,527; U.S. Published Patent Application No. 20140158536; and
WQ02014092543 A1, for example.

[0016] The sample to be introduced to the membrane may be any sample
suspected of having an amount of magnesium therein. In an embodiment, the
sample comprises a biological fluid collected by any suitable method or device
known in the art from a subject. Without limitation, the biological sample may
comprise or may derived from any one of urine, whole blood, blood serum, blood
plasma, saliva, cerebrospinal fluid, nasopharyngeal swabs, vaginal swabs, tears,
tissues, and the like. The sample may further include any suitable buffers, diluents,
or the like as are needed or desired for the particular type of sample.

[0017] In particular embodiments, the sample comprises a blood sample,
which may be a whole blood sample comprising plasma and whole blood cells; a
plasma sample; or a serum sample. When the sample is a whole blood sample, the
whole blood sample may comprise white blood cells, red blood cells, platelets, and
the like. In other embodiments, the blood sample comprises a plasma sample which
has been treated to remove a plurality of the whole blood cells using known methods
and devices such as centrifugation or commercially available porous membranes.
[0018] When provided, an electrode or electrode layer may comprise any
suitable material known in the art.  Without limitation, the electrode or electrode

layer may comprise silver, silver/silver chloride, copper, titanium, chromium, gold,
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platinum, palladium, palladium/Silver, platinum black, platinum black/palladium, platinum
oxide, iridium, iridium dioxide, and combinations thereof.

[0019] In an embodiment, the magnesium ion selective membrane comprises a
polymer, one or more plasticizers (hereinafter “plasticizer”), and a magnesium selective
material. The polymer may comprise any suitable inert and relatively stable material.
Exemplary polymer materials for use in the membrane include a polyvinyl chioride (PVC),
polystyrene, polyacrylate, polycarbonate, polyester, polyamide, polyurethane, or polyvinyl
material, or co-polymers of the above.

[0020] In one aspect, the polymer and the plasticizer are mixed with the
magnesium-selective material to provide the membrane with a selectivity for magnesium.
The magnesium-selective material may comprise an ionophore, an ion exchange
material, or a combination thereof. In an embodiment, the plasticizer is mixed with a
polymer and an ionophore with functional groups for the selective binding with ionized
magnesium in the sample. In another, embodiment, the magnesium-selective layer

comprises mixture of the polymer, the plasticizer, and an ion exchanger added to the
polymer and/or plasticizer to provide the necessary selectivity for magnesium. For
example, the ion exchanger may be dissolved within or otherwise mixed with the

plasticizer.
[0021] When present, the ionophore(s) for use with the membrane may comprise

any suitable material. In an embodiment, the ionophore comprises a triamide compound

such as those set forth below and in Philippe Buhimann and Li D. Chen, Supramolecular
Chemistry: From Molecules to Nanomaterials. lon-Selective Electrodes With lonophore-

Doped Sensing Membranes, 2012 John Wiley & Sons, Ltd.

A AL A,
| H
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[0022] In still another embodiment, the ionophore may comprise the following

compound as is set forth in Bihlmann, et al.:

\\\\\\\\

Mg

[0023] When present, the ion exchange material may comprise any suitable
material. In an embodiment, the ion exchange material comprises a lipophilic ion
exchange salt as is known in the art. For example, in a particular embodiment, the
ion exchange material comprises potassium tetrakis(4-chlorophenyl)borate.

[0024] The present inventors have surprisingly found that the logP of the
plasticizer(s) used in the formulation of the magnesium ion selective membrane
described have a much greater and different effect on use life and sensitivity for Mg®*
in protein-based matrices than previously appreciated in the art. As previously
mentioned, conventional wisdom would have led the skilled artisan to select
plasticizers having higher logP values for both selectivity and use life in a
magnesium sensor. However, the present inventors have found that the lipophilicity
of the plasticizer used is actually inversely proportional to the sensitivity of the
membranes described herein for protein-based samples. The inventors have also
confirmed that the lipophilicity of the plasticizer is directly proportional to the use life
of a sensor incorporating the membranes described herein. By “use life,” in on
embodiment, it is meant the ability of a sensor to provide reproducible results over a
time period such as 28 days. In certain embodiments, the “use life” may be
governed at least in part by the extent to which the plasticizer leaches from the
sensor.

[0025] In view of the foregoing, selecting highly lipophilic plasticizers as taught
by the literature may actually provide reduced sensitivity even though desirable use
life is provided. Thus, an approach is necessitated that balances the need for high
selectivity of the sensor for magnesium and sufficient use life for use in clinical
applications. To the inventors’ knowledge, the optimization of the logP value for an
individual plasticizer or for a blend of plasticizers to balance the need for sufficient

selectivity, sensitivity in protein matracies, and use life in clinical settings has not
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been recognized to date as critical since the relationship between logP values,
selectivity, sensitivity, and use life had not been fully realized for protein-containing
matrices.

[0026] In an embodiment, the plasticizer comprises a measured logP value of
from about 5.8 to about 12.8, and in particular embodiments from about 7.0 to about
9.0, and in a specific embodiment about 8.0. A plasticizer having a measured logP
value of greater than 12.8 will provide a sensor 10 with a magnesium sensitivity
generally insufficient for clinical use. On the other hand, if the plasticizer has a
measured logP below 5.8, the sensitivity of the layer 16 for magnesium in a blood
sample (e.g., whole blood) may be sufficient for clinical use, but use life is
compromised and may be unsuitable for multi-day use of the sensor.

[0027] The plasticizer may comprise any one or more commercially available
or synthesized plasticizers in an amount effective to provide a membrane having the
desired logP (measured logP of about 5.8 to about 12.8). In one aspect, the
plasticizer comprises one or more commercially available plasticizers. Exemplary
commercially available plasticizers include but are not limited to nitro-phenyl octyl
ether (NPOE) or any suitable compound referred to by an ETH number as is known
in the art, such as ETH 217 (1-dodecyloxy-2-nitrobenzene). Other exemplary ETH
compounds include but are not limited to ETH 220, 264, 2041, 2480, 2481, 2485,
3832, 4190, 4302, 4305, 4306, 4314, 4315, 4332, 4354, 4358, 5367, 5372, 5373,
5382, 5389, 5392, 5401, 5406, 5504, 5506, 7025, 7132, 8028, 8030, 8031, 8032,
8033, 8034, 8035, 8036, 8037, 8045, 8050, 8053, 8055, 8057, 8059, 8063, 8064,
8065, and combinations thereof. A number of these exemplary plasticizers, further
plasticizers, and the preparation thereof are described in Eugster, R., Analytica
Chimica Acta 289 (1994) 1-13 and Zhang, W., Am. J. Biomed. Sci. 2011, 3(4), 301-
312.

[0028] In accordance with another aspect of the present invention, the
selected plasticizer may be synthesized to have the desired logP value for use in the
magnesium ion selective membrane. Thus, the plasticizer may comprise or further
comprise (blended with a commercially available plasticizer) a synthesized
plasticizer, which may not be commercially available. In an embodiment, the
synthesized platicizer comprises a nitrophenyl group and a hydrophobic chain

Date Regue/Date Received 2021-03-30
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extending therefrom such as an alkyl ether or phenyl ether. In a particular embodiment,
the plasticizer comprises a compound as follows:

.

&

MT.JM B o S e
iy

nitrophenyldecylether (NPDE)

Caa
i (nitrophenylundecylether) (NPUDE)

[0029] In certain embodiments, the plasticizer may be synthesized according to

one or methods set forth in Eugster, R., Analytica Chimica Acta 289 (1994) 1-13 and
Zhang, W., Am. J. Biomed. Sci. 2011, 3(4), 301-312.

[0030] The measurement of the logP values for any plasticizer (individual
plasticizer or blend) may take place according to known methods in the art such as by
thin layer chromatography (TLC). An exemplary measurement process In set forth in
each of U. Oesch, and W. Simon, Anal. Chem., 52 (1980) 692 and O. Dinten, U.E., et al.
Anal. Chem., 63 (1991) 596. Alternatively, the logP for any individual plasticizer or blend

of plasticizers may bc calculated by known mcthods in the art such as softwarc available
from Advanced Chemistry Development, Inc. (ACD) for this purpose.

[0031] In accordance with another embodiment, without first making the blend,
obtaining the individual plasticizer, and/or making the sensor, the logP of the
plasticizer(s) may be calculated from known literature sources to provide a projected
performance profile for the associated membrane and sensor. In an embodiment, the
one or more plasticizers comprise a calculated logP value of from about 5.0 to about
13.0, and in particular embodiments from about 5.0 to about 10.0; from about 7.0 to
about 9.0; or about 8.0.

[0032] In one embodiment, when the plasticizer comprises a blend of two or more
materials, the logP value for a blend of plasticizers may be determined from a summation
of fractional logP data according to the following formula (1I):

Date Regue/Date Received 2020-10-29
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N logP = (logP4 * X4) + (logP; * X5) where X = fraction of the plasticizer by
weight. Itis appreciated that additional plasticizers could be added to the formula,
e.g., (logPs * Xa), (logPs * Xa4), etc.

[0033] The values utilized in the formula may be a measured logP value or
one obtained or calculated from literature or from suitable software as described
herein.

[0034] By way of example, in a particular embodiment, the plasticizer may
comprise a blend of ETH 8045 and NPOE in a ratio of 50:50 t0 66:34. ETH 8045
has a calculated logP value of 10 while NPOE has a caiculated logP value of 5.5. As
shown below in formulas (Il) and (li1) below, this provides a fractional (blended) sum
logP value of:

() logP = (10*0.5) + (5.5* 0.5) = 7.75 for a 50:50 blend of ETH
8045/NPQOE

(1)  logP = (10 * 0.66) + (5.5 * 0.34) = 8.47 for a 66:34 blend of ETH
8045/NPCE.

[0035] Accordingly, blends may provide logP values between those obtainable
by various plasticizers individually. Blends may also provide logP values which
effectively provide a balance between use life and sensitivity of the membrane for
magnesium. It is appreciated that actual measured logP values may differ from
those calculated from literature due to measurement and calculation methods.
[0036] A magnesium selective sensor comprising a magnesium ion selective
membrane as described herein may be incorporated within a cartridge employing a
plurality of additional sensors for the detection of one or more additional analytes as
is known in the art. The additional sensors may be suitable for the detection of one
or more of pH, carbon dioxide partial pressure (pCQOz), oxygen partial pressure (pOz),
sodium (Na®), potassium (K"), calcium (Ca*"), chloride (CI'), hematocrit (Hct),
hemoglobin (Hb), glucose, lactate, bilirubin, CO-oximeter fractions (fO,Hb, fCO,HDb,
fMetHb, fHHb), and the like, for example.

[0037] In addition, the sensors described herein may be incorporated within
such cartridges and utilized within a point of care instrument as is known in the art.
Exemplary point of care instruments, e.g., blood gas analyzers, are available from

Siemens Healthcare Diagnostics, Inc. and are currently sold under the trademarks:
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RAPIDLab 1200, RapidLab 348EX, RAPIDPoint 500, RAPIDLab 248/348,
RAPIDPoint 400/405, and RAPIDPoint 340/350 Systems.

[0038] The sensors described herein are beneficial in the clinical
determination of magnesium ion concentration in protein-based matrices such as
whole blood. Abnormal magnesium concentrations have been associated with renal
disease, hypertension, preeclampsia, diabetes mellitus, amongst other conditions.
See Zhang, W., Am. J. Biomed. Sci. 2011, 3(4), 301-312. Thus, the devices,
systems, and processes herein may advantageously improve the identification and
treatment of these conditions.

[0039] In accordance with an aspect of the invention, there is described a
process for analyzing a protein-based sample for a presence of magnesium in the
sample. The method comprises contacting a protein-containing sample with a
magnesium-selective membrane as described herein. In an embodiment, the
magnesium ion selective membrane comprises a mixture of a polymer, a
magnesium-selective material, and a plasticizer comprising a measured logP value
of > 5.8 and < 12.8. The method may further comprise determining a presence of
magnesium in the sample after the contacting.

[0040] The determining may be done qualitatively, semi-quantitatively, or
qguantitatively through the use of known standards and controls as would be well
understood by persons skilled in the art. For example, results may be compared to
values of a calibration curve created from a plurality of standard samples having
predetermined concentrations as is well-known in the art. The determined values
may be compared to predetermined threshold values such as medical decision
levels as described above.

[0041] To accomplish these objectives, the sensors may be part of a system
and the system may comprise a computing unit comprising one or more modules
configured to receive data from the sensor incorporating the membrane (and
additional sensors if provided) and determine at least one result from the data. The
computing unit may comprise, for example, a special purpose computer comprising a
microprocessor, a microcomputer, an industrial controller, a programmable logic
controller, a discrete logic circuit or other suitable controlling device. In an
embodiment, the computing unit may further comprise one or more input channels, a
memory, and output channel(s). The memory may include a computer-readable

10
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medium or a storage device, e.g., floppy disk, a compact disc read only memory
(CD-ROM), or the like. In an embodiment, the computing unit may comprise
computer readable instructions for performing any aspect of the methods or for
controlling any aspect of the components described herein.

[0042] Examples are provided herein below. However, it is understood that
the description herein is not to be limited in its application to the specific
experimentation, results, and laboratory procedures. Rather, the Examples are

simply provided as one of various embodiments and are meant to be exemplary, not

exhaustive.
EXAMPLES
Example 1: Correlation of whole blood sensitivity to plasticizer
[0043] A plurality of sensors having the blended plasticizers were made as
follows:

Membrane formulations were prepared by using a range of plasticizers,
polyvinylchloride, magnesium ionophores, and lipophilic ion exchange salts. The
materials were dissolved in a suitable organic solvent at a solids ratio of 10%. The
solutions were deposited on the sensor substrates and the solvent allowed to
evaporate yielding the formed membranes. The formulations were optimized to yield
membranes with the best obtainable magnesium selectivity over calcium and were
generally at least greater than 1:1. Formulations either had a single plasticizer or a
blend of two plasticizers to yield membranes with intermediate calculated logP.
[0044] Table 1 presents the plasticsizers tested, literature selectivity (logK),
calculated logP and their corresponding magnesium blood sensistivity slopes
(mV/dec). This data is plotted in FIG. 1.

Table 1
Plasticizer Structure Selectivity logP Blood sensitivity
Pot (mV/dec)
logK
MgCa
NPOE -1.0 5.5 9.4
0/\/\/\/\&_‘3
NO,
NPDE 6.5 8.4
0/\/\/‘\/\/\(}‘3
NO,
NPUDE 7.0 8.8
<J\O/\/\/\/\/\/CI &
NO,

1"
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ETH 217 - -1.1 7.6 7.7

NPTDE 7 8.6 7.0

ETH 8045 & e -1.3 10 5.7

[0045] FIG. 1 is a graph showing whole blood slope (mV/dec) for Mg?* for the
plurality of sensors formulated with single plasticizers and blended plasticizers vs. logP or the
fractional sum logP of the blend, respectively. As presented in FIG. 1, the results surprisingly
show that as the logP increases, there is a corresponding decrease in the sensitivity to
magnesium even though in a contradictory fashion the selectivity increases with logP. The
lower the sensitivity the more error and the less precise the measurements become. For
those skilled in the art of clinical and analytical diagnostics it will be appreciated that it is
crifical to have the highest sensitivity possible to yield the best results for patients. By
blending plasticizers in membranes, intermediate logP values can be achieved which also
exhibit the same behavior as membranes formulated with single plasticizers.

Example 2:
[0046] Membrane formulations were prepared by using NPOE or ETH 217
plasticizers with polyvinylchloride, magnesium ionophore and lipohilic ion exchange salt.
The materials were dissolved in a suitable organic solvent at a solids ratio of 10%. The
solutions were deposited on the sensor substrates and the solvent allowed to evaporate
yielding the formed membranes. The formulations were optimized to yield membranes with
the best obtainable magnesium selectivity over calcium and were generally at least greater
than 1:1.
[0047] Sensors were incorporated into RAPIDPoint systems (available from Siemens
Healthcare Diagnostics Inc.) and tested over at least 25 days. During this time, sensors
were calibrated with magnesium containing reagents and exposed to whole blood samples
at approximately 10 per business day. In addition, magnesium containing quality control
solutions were also run across least 25 days at least once every day. After testing the
membranes were removed from the sensor substrate and the amount of remaining
plasticizer was determined by UPLC™ and so the amount of plasticizer lost over time was

calculated. Table 2 presents the amount of
12
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plasticizer lost over time and shows that membranes formulated with NPOE lose

greater than 50% of its content.

Table 2
Plasticizer % by wt Plasticizer Lost
NPOE 59%
ETH 217 3.9%
[0048] The loss of plasticizer negativily impacts sensor performance. This can

be measured by many ways, for example with precision of quality control solutions
over use life. Table 3 presents the average of the total % coefficient of variation (CV)
of a 0.7 mM magnesium quality control solution over at least 25 days of testing. It
can be seen that sensors formulated with the more extractable NPOE exhibit much
higher CV and therefroe are clinically and analytlically inferior to sensors formulated

with a plasticizer possessing a higher logP.

Table 3
Plasticizer %CV
NPOE 10%
ETH 217 5%
[0049] While various embodiments of the present invention have been shown

and described herein, it will be obvious that such embodiments are provided by way
of example only. Numerous variations, changes and substitutions may be made
without departing from the invention herein. Accordingly, it is intended that the
invention be limited only by the spirit and scope of the appended claims.

[0050] The following is a non-limiting list of illustrative embodiments of the inventive
concepts disclosed above:

[0051] 1. A magnesium ion selective membrane comprising: a polymer material; a
magnesium-selective material; and a plasticizer comprising a measured logP value
of > about 5.8 and < about 12.8. It should be understood that the symbol >’ refers to
the concept of “greater than” and the symbol ‘<’ refers to the concept of “less than.”
[0052]2.The membrane of illustrative embodiment 1, wherein the polymer material
comprises a member selected from the group consisting of polyvinyl chloride,

13
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polystyrene, polyacrylate, polycarbonate, polyester, polyamide, polyurethane,
polyvinyl material, vinyl acetates, and co-polymers of any of the above.
[0053]3.The membrane in any one of illustrative embodiments 1 to 2, wherein the
plasticizer comprises a blend of two or more plasticizers.

[0054]4.The membrane of illustrative embodiment 3, wherein the blend of
plasticizers comprises a blend of ETH 8045 and nitro-phenyl octyl ether (NPOE).
[0055]5.The membrane illustrative embodiment 4, wherein a ratio of ETH 8045 to
NPOE is from about 50:50 to about 66:34.

[0056]6.The membrane in any one of illustrative embodiments 1 to 5, wherein the
plasticizer comprises a measured logP value of about 7 to about .

[0057]7.The membrane of illustrative embodiment 6, wherein the plasticizer
comprises a measured logP value of about 8.

[0058]8.The membrane in any one of illustrative embodiments 1 to 7, wherein the
magnesium-selective material comprises a member from the group consisting of one
or ionophores, one or more ion exchange materials, and a combination thereof.
[0059]9.The membrane of any one of illustrative embodiments 1 to 8, wherein the
magnesium-selective material comprises an ion exchange material.

[0060] 10.The membrane of illustrative embodiment 9, wherein the ion exchange
material comprises a lipophilic ion exchange salt.

[0061]11.The membrane of illustrative embodiment 9, wherein the ion exchange
material comprises potassium tetrakis(4-chlorophenyl)borate.

[0062]12.The membrane in any one of illustrative embodiments 1 to 8, wherein the
magnesium-selective material comprises an ionophore.

[0063]13.The membrane of illustrative embodiment 12, wherein the ionophore
comprises a triamide compound.

[0064] 14.The membrane of any one of illustrative embodiments 1 to 13, further
comprising an organic solvent.

[0065] 15.A magnesium ion selective electrode comprising the membrane in any one
of illustrative embodiments 1 to 14.

[0066] 16.A magnesium ion selective sensor comprising a membrane in any one of
illustrative embodiments 1 to 14.

[0067]17.An array of sensors comprising: the sensor of any one of claim 15 or 16 for
determining an amount of magnesium in a protein-containing sample; and at least

14
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one additional sensor for determining an amount of additional target analyte in the
protein-containing sample.

[0068]18.The array of illustrative embodiment 17, wherein the at least one additional
sensor is configured for analysis of a member selected from the group consisting of
pH, carbon dioxide partial pressure, oxygen partial pressure, sodium, potassium,
calcium, chloride, hematocrit, hemoglobin, glucose, lactate, bilirubin, and CO-
oximeter fractions.

[0069] 19.A point of care analyzer comprising the sensor of illustrative embodiment
16.

[0070]20.A point of care analyzer comprising the array of illustrative embodiment 17.
[0071]21.A magnesium ion selective membrane comprising: a polymer material; a
magnesium-selective material; and a plasticizer comprising a logP value greater than
that of NPOE but less than that of ETH 8045.

[0072]22.The membrane of illustrative embodiment 21, wherein the polymer material
comprises a member selected from the group consisting of polyvinyl chloride,
polystyrene, polyacrylate, polycarbonate, polyester, polyamide, polyurethane,
polyvinyl material, vinyl acetates, and co-polymers of any of the above.
[0073]23.The membrane of any one of illustrative embodiments 21 or 22, wherein
the plasticizer comprises a blend of two or more plasticizers.

[0074]24.The membrane of illustrative embodiment 21, wherein the blend of
plasticizers comprises a blend of ETH 8045 and nitro-phenyl octyl ether (NPOE).
[0075]25.The membrane of illustrative embodiment 24, wherein a ratio of ETH 8045
to NPOE is from about 50:50 to about 66:34.

[0076]26.The membrane in any one of illustrative embodiments 21 to 25, wherein
the plasticizer comprises a calculated logP value of about 5.0 tc about 13.0.
[0077]27.The membrane in any one of illustrative embodiments 21 to 25, wherein
the plasticizer comprises a measured logP value of > about 5.8 and < about 12.8.
[0078]28.The membrane of illustrative embodiment 27, wherein the plasticizer
comprises a measured logP value of from about 7 to about 9.

[0079]29.The sensorin any one of illustrative embodiments 27 to 28, wherein the

measured logP value is determined by thin layer chromatography.
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[0080]30.The membrane in any one of illustrative embodiments 21 to 29, wherein
the magnesium-selective material comprises a member from the group consisting of
one or ionophores, one or more ion exchange materials, and a combination thereof.
[0081]31.The membrane of illustrative embodiment 30, wherein the magnesium-
selective material comprises an ion exchange material.

[0082]32.The membrane of illustrative embodiment 31, wherein the ion exchange
material comprises a lipophilic ion exchange salt.

[0083]33.The membrane of illustrative embodiment 31, wherein the ion exchange
material comprises potassium tetrakis(4-chlorophenyl)borate.

[0084]34.The membrane of illustrative embodiment 30, wherein the magnesium-
selective material comprises an ionophore.

[0085]35.The membrane of illustrative embodiment 34, wherein the ionophore
comprises a triamide compound.

[0086]36.The membrane of any one of illustrative embodiments 21 to 35, further
comprising an organic solvent.

[0087]37.A magnesium ion selective electrode comprising a membrane in any one
of illustrative embodiments 21 to 36.

[0088] 38.A magnesium ion selective sensor comprising a membrane in any one of
illustrative embodiments 21 to 36.

[0089]39.An array of sensors comprising: the sensor of illustrative embodiment 38
for determining an amount of magnesium in a protein-containing sample; and at least
one additional sensor for determining an amount of additional target analyte in the
protein-containing sample.

[0090]40.The array of illustrative embodiment 39, wherein the at least one additional
sensor is configured for analysis of a member selected from the group consisting of
pH, carbon dioxide partial pressure, oxygen partial pressure, sodium, potassium,
calcium, chloride, hematocrit, hemoglobin, glucose, lactate, bilirubin, and CO-
oximeter fractions.

[0091]41.A point of care analyzer comprising the sensor of illustrative embodiment
38.

[0092]42 A point of care analyzer comprising the array of illustrative embodiment 39.
[0093]43.A process for analyzing a protein-based sample for magnesium
comprising: to a sensorincluding a magnesium ion selective membrane that
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comprises. a polymer material; a magnesium-selective material; and a plasticizer
comprising a measured logP value of > 5.8 and < 12.8, introducing a protein-
containing sample with the sensor; and determining a presence of magnesium in the
sample after the contacting.

[0094]44.The process of illustrative embodiment 43, wherein the protein-containing
sample comprises whole blood.

[0095]45.The process in any one of illustrative embodiments 43 to 44, wherein the
polymer material comprises a member selected from the group consisting of
polyvinyl chloride, polystyrene, polyacrylate, polycarbonate, polyester, polyamide,
polyurethane, polyvinyl material, vinyl acetates, and co-polymers of any of the
above.

[0096]46.The process of any one of illustrative embodiments 43 to 45, wherein the
plasticizer comprises a blend of two or more plasticizers.

[0097]47.The process of illustrative embodiment 46, wherein the blend of
plasticizers comprises a blend of ETH 8045 and nitro-phenyl octyl ether (NPOE).
[0098]48.The process of illustrative embodiment 47, wherein aratio of ETH 8045 to
NPOE is from about 50:50 to about 66:34.

[0099]49.The process of any one of illustrative embodiments 43 to 38, wherein the
plasticizer comprises a measured logP value of from about 7 to about 9.

[00100] 50. The process in any one of illustrative embodiments 43 to 49, further
comprising: further comprising providing one or more additional sensors for detection
of a presence of an additional analyte or property in the sample selected from the
group consisting of pH, carbon dioxide partial pressure, oxygen partial pressure,
sodium, potassium, calcium, chloride, hematocrit, hemoglobin, glucose, lactate,
bilirubin, and CQO-oximeter fractions; and detecting the presence of the additional
analyte or property in the sample.

[00101] 50. A process for analyzing a protein-based sample for magnesium
comprising: contacting a protein-containing sample with a sensor comprising a
membrane as set forth in any one of illustrative embodiments 1-14 and 21-36; and
determining a presence of magnesium in the sample after the contacting.

[00102] 51.The process of illustrative embodiment 50, wherein the protein-

containing sample comprises whole blood.

17



CA 02973600 2017-07-11

WO 2016/126593 PCT/US2016/015929

[00103] 52.The process in any one of illustrative embodiments 50 to 51, further
comprising: providing one or more additional sensors for detection of a presence of
an additional analyte or property in the sample selected from the group consisting of
pH, carbon dioxide partial pressure, oxygen partial pressure, sodium, potassium,
calcium, chloride, hematocrit, hemoglobin, glucose, lactate, bilirubin, and CO-
oximeter fractions; and detecting the presence of the additional analyte or property in

the sample.
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CLAIMS:
1. An assembly, comprising:

a multi-use cartridge configured for disposal in an automated point of care
analyzer and for being maintained therein for a period of at least 25 days; and

a potentiometric magnesium ion selective sensor for determining magnesium ion
concentration in biological samples, the potentiometric magnesium ion selective
sensor incorporated within the cartridge and comprising a magnesium ion
selective membrane that has magnesium selectivity over calcium, the magnesium

ion selective membrane comprising:
a polymer material;

a magnesium-selective material comprising a single ionophore, wherein

the ionophore comprises a triamide compound; and

a plasticizer comprising a measured logP value of between about 5.8 and
about 12.8, wherein the plasticizer comprises a nitrophenyl group and
hydrophobic chain extending therefrom with a structure of:

wherein R comprises a straight-chain alkyl group having 10 to 14 carbons
or comprises a 12-(4-ethyl-phenyl)-dodecyl group; and

wherein the sensor has a clinical use life of at least 25 days, whereby the
sensor retains an ability to produce substantially reproducible results over
the clinical use life thereof and the amount of plasticizer lost over 25 days
is less than 50% by weight.
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2. The assembly of claim 1, further comprising at least one additional sensor for
determining an amount of additional target analyte in the protein-containing
sample, wherein the at least one additional sensor is incorporated within the
cartridge.

3. The assembly of claim 2, wherein the at least one additional sensor is configured
for analysis of a member selected from the group consisting of pH, carbon dioxide
partial pressure, oxygen partial pressure, sodium, potassium, calcium, chloride,
hematocrit, hemoglobin, glucose, lactate, bilirubin, and CO-oximeter fractions.

4. The assembly of claim 1, wherein the R' in the structure of the plasticizer is a
12-(4-ethyl-phenyl)-dodecyl group.

5. The assembly of claim 1, wherein the polymer material of the magnesium ion
selective membrane comprises a member selected from the group consisting of
polyvinyl chloride, polystyrene, polyacrylate, polycarbonate, polyester, polyamide,
polyurethane, polyvinyl material, vinyl acetates, and co-polymers of any of the
above.

6. The assembly of claim 1, wherein the plasticizer of the magnesium ion selective
membrane comprises a blend of two or more plasticizers.

7. The assembly of claim 1, wherein the plasticizer of the magnesium ion selective
membrane comprises a measured logP value of about 7 to about 9.

8. The assembly of claim 1, wherein the plasticizer comprises a measured logP
value of about 8.

9. The assembly of claim 1, wherein the magnesium-selective material of the
magnesium ion selective membrane comprises an ion exchange material.

10.  The assembly of claim 9, wherein the ion exchange material comprises potassium
tetrakis(4-chlorophenyl)borate.

11.  The assembly of claim 1, wherein the potentiometric magnesium ion selective

sensor comprises a substrate upon which the magnesium ion selective membrane
20
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and at least one additional layer are applied, and wherein the at least one
additional layer is selected from the group consisting of a polymer layer, an
electrode layer, a conductor layer, a transducer layer, and combinations thereof.

12. A process for analyzing a protein-based sample for magnesium comprising:

introducing at least one protein-containing sample into a multi-use cartridge
disposed in an automated point of care analyzer, the multi-use cartridge
comprising a potentiometric magnesium ion selective sensor incorporated
therewithin, the potentiometric magnesium ion selective sensor comprising a
magnesium ion selective membrane that has magnesium selectivity over calcium,
the magnesium ion selective membrane comprising:

a polymer material;

a magnesium-selective material comprising a single ionophore, wherein
the ionophore comprises a triamide compound; and

a plasticizer comprising a measured logP value of between about 5.8 and
about 12.8, wherein the plasticizer comprises a nitrophenyl group and
hydrophobic chain extending therefrom with a structure of:

wherein R comprises a straight-chain alkyl group having 10 to 14 carbons
or comprises a 12-(4-ethyl-phenyl)-dodecyl group; and

determining, using the analyzer, a presence of magnesium in the at least
one sample present in the multi-use cartridge

wherein the sensor has a clinical use life of at least 25 days, whereby the

sensor retains an ability to produce substantially reproducible results over
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13.

14.

15.

16.

17.

18.

the clinical use life thereof and the amount of plasticizer lost over 25 days
is less than 50%.

The process of claim 12, wherein the protein-containing sample comprises whole
blood.

The process of claim 12, wherein the polymer material comprises a member
selected from the group consisting of polyvinyl chloride, polystyrene, polyacrylate,
polycarbonate, polyester, polyamide, polyurethane, polyvinyl material, vinyl
acetates, and co-polymers of any of the above.

The process of claim 12, wherein the plasticizer comprises a blend of two or more
plasticizers and the blend of two or more plasticizers and the blend of plasticizers
comprises a blend of 1-[12-(4-ethylphenyl)dodecyl] 2-nitrophenyl ether and nitro-
phenyl octyl ether (NPOE).

The process of claim 12, wherein the multi-use cartridge further comprises one or
more additional sensors for detection of a presence of an additional analyte or
property in the sample selected from the group consisting of pH, carbon dioxide
partial pressure, oxygen partial pressure, sodium, potassium, calcium, chloride,
hematocrit, hemoglobin, glucose, lactate, bilirubin, and CO-oximeter fractions, and
wherein the method further comprises the step of detecting the presence of the

additional analyte or property in the sample present in the multi-use cartridge.

The process of claim 12, wherein the R" in the structure of the plasticizer is a
12-(4-ethyl-phenyl)-dodecyl group.

The process of claim 12, further comprising the steps of:

introducing at least a second protein-containing sample into the multi-use
cartridge disposed in the automated point of care analyzer; and

determining, using the analyzer, a presence of magnesium in the second sample
present in the multi-use cartridge.

22
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19.  The process of claim 12, further comprising the step of passing at least one
quality control solution through the multi-use cartridge disposed in the automated
point of care analyzer.

20.  The process of claim 12, further comprising the step of maintaining the multi-use
cartridge within the automated point of care analyzer for a period of at least
25 days.
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