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(57) ABSTRACT 

The subject invention comprises electrochemical methods 
and devices for in vitro detection of an ischemic event in a 
patient sample. Following addition of a known amount of a 
transition metal ion to the patient sample, electrodes are used 
to measure the current or potential di?‘erence of non-seques 
tered transition metal ion in the sample. The amount of 
non-sequestered transition metal ion in the sample re?ects 
the degree of modi?cation to albumin that is the result of an 
ischemic event. 
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Cobalt Dependent Current Peaks Measured by a 
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Cobalt Dependent Current Response Measured by 
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Cobalt Dependent Response in the Presence of 
Increasing Concentrations of Albumin 
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ELECTROCHEMICAL DETECTION OF ISCHEMIA 

RELATEDNESS OF THE APPLICATION 

[0001] The subject application is a divisional of co-pend 
ing U.S. Ser. No. 10/304,610, ?led Nov. 26, 2002, Which 
claims the bene?t of priority from US. Ser. No. 60/333,677, 
?led Nov. 26, 2001. All priority applications, as Well as all 
other references cited herein, are incorporated in their 
entirety by reference. 

FIELD OF INVENTION 

[0002] This invention pertains to in vitro diagnostic 
devices using electrochemical detection of an analyte. In 
particular, this invention uses redox reactions, as revealed by 
amperometric and potentiometric measurements in all forms 
(coulometry, voltammetry, ion selective electrode, chrono 
amperometry etc.), as an indication of an ischemic event by 
detecting all modi?cations to albumin. 

BACKGROUND OF INVENTION 

[0003] Ischemia is the state of imbalance of oxygen supply 
and demand in a part of the body often due to a constriction 
or an obstruction in the blood vessel supplying that part. The 
tWo most common forms of ischemia are cardiovascular and 
cerebrovascular. 

[0004] Cardiovascular ischemia is generally a direct con 
sequence of coronary artery disease, and is usually caused 
by rupture of an atherosclerotic plaque in a coronary artery, 
leading to formation of thrombus (blood clot), Which can 
occlude or obstruct a coronary artery, thereby depriving the 
doWnstream heart muscle of oxygen. Prolonged ischemia 
can lead to cell death or necrosis, and the region of dead 
tissue is commonly called an infarct. Patients suffering an 
event of acute cardiac ischemia often present to a hospital 
emergency room With chest pain and other symptoms and 
signs, such as changes to an electrocardiogram (ECG). This 
type of presentation is referred to as Acute Coronary Syn 
drome (ACS). Apatient diagnosed With ACS requires imme 
diate treatment to avoid irreversible damage to the heart 
muscle. 

[0005] Cerebral ischemia is often due to narroWing of the 
arteries leading to the brain. 

[0006] Early symptoms of ischemia, Which may include 
headache, diZZiness, sensory changes, and temporary loss of 
certain motor function, are referred to as a Transient 
Ischemic Attack (TIA). TIAs are a precursor to cerebrovas 
cular accident (CVA or stroke). 

[0007] The continuum of ischemic disease includes ?ve 
conditions: (1) elevated blood levels of cholesterol and other 
lipids; (2) build-up of atherosclerotic plaque and subsequent 
narroWing of the arteries; (3) reduced blood How to a body 
organ (as a result of arterial narroWing or plaque rupture and 
subsequent thrombus formation); (4) cellular damage to an 
organ caused by a lack of oxygen; (5) death of organ tissue 
caused by sustained oxygen deprivation. Stages three 
through ?ve are collectively referred to as “ischemic dis 
ease,” While stages one and tWo are considered its precur 
sors. It is important to distinguish betWeen the state of 
ischemia and the disease that leads to it. For example, a 
patient With coronary artery disease is not alWays in the state 
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of cardiac ischemia, but a person in the state of cardiac 
ischemia almost invariably suffers from coronary artery 
disease. 

[0008] Together, cardiovascular and cerebrovascular dis 
ease accounted for 778,000 deaths in the US. in 1998 (2002 
Heart and Stroke Statistical Update, 2002 American Heart 
Association). Additionally, as many as 3 to 4 million Ameri 
cans suffer from What is referred to as “silent ischemia.” This 
is a condition Where ischemic heart disease is present 
Without the usual and classic symptoms of chest pain or 
angina. 
[0009] There is a pressing need for the development and 
utiliZation of blood tests able to predict injury to the heart 
muscle and coronary arteries. Successful treatment of car 
diac events depends largely on detecting and reacting to the 
presence of cardiac ischemia in time to minimize damage. 
Cardiac enZymes, speci?cally the creatine kinase isoenZyme 
(CK-MB) and other markers of cardiac necrosis, speci?cally 
myoglobin and the Troponin I and Troponin T biochemical 
markers, are utiliZed for diagnosing heart muscle injury. 
HoWever, these enZymes and markers are only capable of 
detecting the existence of cell death or necrosis, and there 
fore have limited or no value in patients Who have ischemia 
Without necrosis, such as those in an ischemic state prior to 
myocardial infarction. Additionally, these enZymes and 
markers do not shoW a measurable increase until several 
hours after the onset of necrosis. For instance, the cardiac 
troponins do not shoW a measurable increase above normal 
in a person’s blood test until about four to six hours after the 
beginning of a heart attack and do not reach peak blood level 
until about 18 hours after such an event. Thus, the primary 
shortcoming of using markers of cardiac necrosis for diag 
nosis of ischemic states is that these markers are only 
detectable after heart tissue has been irreversibly damaged. 

[0010] An array of tests are available for diagnosis of 
cardiac ischemia, particularly in the emergency room (see, 
for example, Selker, HP et al. (1997) Annals Emergency 
Medicine 29:13-87). The accepted standard of care is the 12 
lead electrocardiogram (ECG or EKG) that, nevertheless, 
has a clinical sensitivity of less than 50% (see for example, 
Selker, H P et al. (1997) Annals Emergency Medicine 
29: 13-87 and Selker, H P et al. Emergency Diagnostic Tests 
for Cardiac Ischemia, BlackWell Science ISBN 0-632 
04304-0 (1997)). Other diagnostic tests include echocardio 
graphy, and radionuclide myocardial perfusion imaging. 

[0011] Diagnosis of coronary artery disease is done either 
by imaging (e.g., coronary angiography) or by provocative 
testing, Where the intent is to deliberately induce cardiac 
ischemia and observe the effects. For example, in the ECG 
exercise stress test, the patient is exercised at an increasing 
rate to see if symptoms of ischemia are evoked, or if changes 
indicative of ischemia can be observed on the ECG. Stress 
ECG is commonly used as an initial screen for coronary 
artery disease, but is limited by its accuracy rates of only 
25-50% (see for example, Froelicher, V F et al. (1988) Ann. 
Intern. Med. 128(12):965-974). Another commonly used 
diagnostic test is myocardial perfusion imaging, in Which a 
radioactively tagged chemical is injected during stress test 
ing. Normally metaboliZing cardiac tissue is able to take up 
the radioactively tagged chemical, and is visualiZed using 
conventional imaging techniques (PET or SPECT scanning) 
thereby alloWing differentiation betWeen viable and dam 
aged cardiac tissue. 
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[0012] The present invention, however, is believed to be 
advantageous over the knoWn methods of diagnosis in that 
it is a simple blood test Which Will offer comparable accu 
racy at far loWer costs and decreased risk and inconvenience 
to the patient. It is believed that the present invention 
provides speci?city and sensitivity levels that are compa 
rable in accuracy to current diagnostic standards. 

[0013] Although there are Well established biochemical 
markers of myocardial necrosis Which can be detected in a 
blood sample using a point of care (POC) instrument, other 
than as described beloW in relation to the ACBTM Test, there 
are no Well established biochemical markers for ischemia, 
and presently no POC instrument for detection of ischemia. 
An ideal test Would be a blood test, preferably administered 
With a small, simple device providing quick, accurate results 
that can be used to test for disease, for example at the 
bedside of a patient With minimal amount of discomfort. 

[0014] One component of blood is human serum albumin 
(HSA). Exposure of HSA to ischemic tissue produces modi 
?cations to the N-terminus (Bar-Or, D. et al. (2000) J. 
Emerg. Med. 19:311-315; PCT/US99/22905), and possibly 
other sites, on the albumin molecule. The N-terminus of 
albumin has been Well characterized as being the primary 
binding site for several transition metals such as cobalt, 
nickel and copper (Sadler, P. et al. (1994) Eur. J. Biochem. 
220:193-200; Lakusta, H. et al. (1979) J. Inorg. Biochem. 
11:303-315; Gasmi, G. et al. (1997) J. Peptide Res. 49:500 
509; Predki, P. et al. (1992) Biochem. J. 287:211-215; 
Lussac, J. et al. (1984) Biochem. 23:2832-38; Matsuoka, J. 
et al. (1993) J. Biol. Chem. 268:21533-37). Once the N-ter 
minus and possibly other sequestering binding sites have 
been modi?ed by exposure to ischemic tissue, they are 
rendered unable to bind metals. This altered albumin is 
referred to herein as Ischemia Modi?ed Albumin (IMA). 
Therefore, if a knoWn amount of a transition metal is added 
to a biological sample (patient sample comprised of Whole 
blood, serum or plasma, urine, cerebrospinal ?uid, saliva 
and the like), normal albumin and IMA can be differentiated 
by monitoring the amount of non-binding metal. Metal 
added to the sample Will be sequestered at the N-terminus 
and possibly other sites on albumin more frequently in a 
non-ischemic sample than in an ischemic sample in Which 
albumin has been modi?ed in such a Way that it can no 
longer bind the metal. The metal not sequestered at the 
N-terminus and possibly other sites on albumin in the 
samples can then be detected and quanti?ed using the 
Albumin Cobalt Binding (ACB) Test (Ischemia Technolo 
gies, Inc., Denver, Colo.), Which, as described in PCT/US99/ 
22905, ?led Oct. 1, 1999, and Us. Pat. No. 5,227,307, uses 
calorimetric methods to determine the amount of IMA 
present in the sample. PCT/US99/22905 also provides a 
detailed description of the N-terminal modi?cations to albu 
min during an ischemic event. Studies have been conducted 
demonstrating the clinical utility of IMA via the ACB test in 
diagnosing and risk stratifying patients. 

[0015] The ACB Test uses a laboratory chemistry analyZer 
to quantify IMA, but presently, there are no POC tests for 
ischemia. An ideal test Would be a blood test, preferably 
administered With a small, simple device providing quick, 
accurate results referenced to a standard curve With a quality 
control system that can be used to test for disease at the 
bedside of a patient With minimal amount of discomfort. The 
aim of this invention is to provide such a diagnostic test. 
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[0016] It is an object of the subject invention to provide a 
diagnostic test that detects a change in a biological molecule 
by detecting a signal produced or altered by the change in 
the biological molecule, Wherein the change relates to the 
binding of a metal to a portion of the biological molecule. 

[0017] Another object is to provide a diagnostic test that 
determines a difference in current or potential measurements 
in biological ?uids from ischemic patients and non-ischemic 
individuals, Wherein the samples are ?rst combined With 
cobalt or another transition metal. 

[0018] It is another object of the subject invention to 
provide an electrochemical assay for detecting a biological 
condition via detection of metal binding With a biological 
sample, Wherein there is a difference in signal relative to the 
amount of additives such as metal, complexing reagent or 
other reagents added to the biological sample Where the 
signal is standardized using a calibration and quality control 
system. 

[0019] Another object of the subject invention is to use 
data processing techniques to identify features of the elec 
trochemical output data from an electrochemical assay for 
determining the differences betWeen ischemic and non 
ischemic individuals. 

[0020] It is a further object of the subject invention to 
provide an apparatus for assaying a patient’s condition at the 
patient’s bedside. 

SUMMARY OF THE INVENTION 

[0021] The subject invention concerns the electrochemical 
detection of non-sequestered transition metal ion in a bio 
logical sample to Which a knoWn amount of transition metal 
has been added. The amount of non-sequestered metal ion 
re?ects the degree of ischemia modi?ed albumin, Which in 
turn can be used to determine the occurrence or non 

occurrence of an ischemic event. 

[0022] In one embodiment, the subject invention concerns 
a method for in vitro detection or measurement of albumin 
derivatives, Which can be diagnostic of an ischemic event. 
This method comprises the steps of: providing a patient 
sample comprising albumin and/or derivatives thereof in a 
vessel that is connected to an electrochemistry apparatus; 
operating the electrochemistry apparatus to utiliZe an elec 
trochemical technique; optionally offsetting a background 
characteristic electrochemical output signal of the sample; 
adding a knoWn (optionally excess) amount of a transition 
metal to the sample, Whereby at least some of the ion binds 
to said albumin metal sequestering sites and remaining ion 
is non-sequestered; optionally adding an indicator or ampli 
?er to the sample to bind to the non-sequestered ion; 
measuring the characteristic electrochemical output signal 
associated With the non-sequestered ion; optionally using a 
standard curve to convert the output signal into a value; 
Whereby the measured or the converted value, if it exceeds 
a predetermined value, can be diagnostic of an ischemic 
event. In this embodiment, the characteristic electrochemi 
cal output signal may be current or voltage. 

[0023] In another embodiment, the subject invention com 
prises a method for in vitro detection or measurement of 
albumin derivatives, Which can be diagnostic for an 
ischemic event comprising: providing a patient sample com 
prising albumin and/or derivatives or modi?cations thereof 
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in a vessel having a reference electrode, a Working electrode 
and an optional auxiliary electrode, said electrodes being 
connected to a potentiostat; operating the potentiostat to 
apply a potential to the sample; optionally offsetting a 
background current from redox reactions in the sample to 
Zero; adding a knoWn (optionally excess) amount of a 
transition metal ion to the sample, Whereby at least some of 
the ion binds to said albumin N-terminus and possibly other 
sequestering sites and the remaining ion is non-sequestered; 
optionally providing an indicator or ampli?er to the sample 
to bind to the non-sequestered metal ion; permitting the 
reaction of ion and albumin to reach equilibrium or a 
predetermined processing time; and measuring the current 
associated With the non-sequestered ion. The measured 
current can then be referenced to a standard curve and 
converted to a value. The measured current, or the converted 
value, is related to the concentration of the non-sequestered 
metal ion, and is therefore related to the amount of IMA. 
Thus, a predetermined value can be established, beloW 
Which the sample can be said to be non-ischemic, and above 
Which the sample can be said to be ischemic. 

[0024] In measuring the non-sequestered metal ion, it is 
possible to measure not only free metal, i.e., metal not bound 
to albumin, but also metal ion that is bound to albumin, but 
in such a manner as to remain non-sequestered from detec 
tion. As used herein, “non-sequestered” ions refer not only 
to free ion that is not bound to albumin, but also to ions that 
are loosely associated With albumin but Which remain non 
sequestered. Non-sequestered metal ions may be measured 
directly by electrochemical techniques or using an indicator 
or ampli?er complexes such as dimethylglyoxime (DMG), 
dithiothreitol (DTT) or common covalent chelating agents 
such as EDTA and the like, according to methods knoWn in 
the art. Indicators or ampli?ers may be incorporated into the 
electrode amalgam, or may be added to the sample vessel 
before, during or after addition of the metal ion. Indicators 
and ampli?ers may also be attached to a solid-phase in such 
a manner as to remain capable of binding metal ions, thereby 
alloWing for phase separation of the indicator/ampli?er 
signal from the reaction mixture. The indicators/ampli?ers 
bind to the non-sequestered metal ion and permit the mea 
surement of the metal ion in the current embodiment of the 
subject invention. While the detection of current associated 
With non-sequestered metal ions may be enhanced by the use 
of indicators or ampli?ers, it may also be possible to detect 
the current associated With non-sequestered metal ions With 
out indicators or ampli?ers. 

[0025] In another embodiment, the subject invention com 
prises a method for in vitro detection or measurement of 
albumin derivatives Which may be diagnostic for an 
ischemic event comprising: providing a patient sample com 
prising albumin and/or derivatives or modi?cations thereof 
in a vessel having an ion selective electrode and a reference 
electrode, Wherein the tWo electrodes are connected to an 
electrostat or a voltmeter, and Wherein the ion selective 
electrode comprises a barrier that is selectively permeable to 
a transition metal ion; operating the electrostat/voltmeter to 
measure the potential difference betWeen the reference elec 
trode and the ion selective electrode in contact With the 
sample; optionally offsetting the background potential dif 
ference of the sample; adding a knoWn (optionally excess) 
amount of the transition metal ion to the sample, Whereby at 
least some of the ion binds to the N-terminus and possibly 
other sequestering sites of the albumin and the remaining ion 
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is non-sequestered; optionally providing an indicator or 
ampli?er to the sample to bind With the non-sequestered 
metal ion; permitting the non-sequestered metal ion to cross 
the membrane of the ion selective electrode; and measuring 
the voltage associated With the ion activity difference across 
the ion selective electrode’s barrier. This voltage change can 
be related to a standard calibration curve and converted to a 
value. The measured voltage, or the converted value, is 
related to the concentration of the non-sequestered metal 
ion, and is therefore related to the amount of IMA. Thus, a 
predetermined value can be established, beloW Which the 
sample can be said to be non-ischemic, and above Which the 
sample can be said to be ischemic. 

[0026] The subject invention also comprises a device for 
in vitro electrochemical detection or measurement of albu 
min derivatives Which can be diagnostic for an ischemic 
event comprising: an electronics module housing having a 
display means, a data entry and control means, an aperture, 
internal contacts in said aperture for electrical continuity 
With the display means, a poWer source, and optionally a link 
to a laboratory information system; and a sample analysis 
strip comprising a sample Well, and a plurality of electrodes, 
Wherein each electrode is positioned in the sample Well and 
connected via a corresponding trace to a corresponding 
contact on the strip; Wherein insertion of the strip into the 
module housing engages each strip contact With its corre 
sponding module contact, Which permits electrical continu 
ity With the display means, Whereby the albumin derivatives 
may be detected and/or measured. The link to a laboratory 
information system is possible via several means, including 
a direct electrical connection, an infrared link or a Wireless 
link. This device can be used With either the current or the 
potential difference embodiments for detection of an 
ischemic event in a biological sample. 

[0027] In a further embodiment, the invention provides a 
device for in vitro electrochemical detection or measurement 
of albumin derivatives in a sample Which may be diagnostic 
for an ischemic event. This device comprises: a housing 
having an aperture for receiving a sample analysis strip, the 
sample analysis strip having a sample Well, a plurality of 
electrodes positioned in the sample Well and a like plurality 
of ?rst contacts interconnected to the electrodes; control 
means Within the housing; and a plurality of second contacts 
in the aperture electrically coupled With the control means 
for interconnecting With the plurality of ?rst contacts When 
the sample analysis strip is inserted Within the aperture. 
Upon insertion of the sample analysis strip into the aperture, 
each ?rst contact engages a corresponding second contact 
Whereby the albumin derivatives can be detected or mea 
sured by said control means. This device can include a link 
to a laboratory information system, Which may be a direct 
electrical connection, an infrared link or a Wireless link. The 
device may also have display means Within the housing 
Which is electrically coupled With the control means; the 
display means displays information indicative of detected 
albumin derivatives. The device may also have data entry 
means electrically coupled to the control means. The control 
means includes means for measuring a characteristic elec 
trochemical output signal associated With the sample in the 
sample analysis strip; and means for determining Whether 
the electrochemical output signal exceeds a predetermined 
value, Whereby an ischemic event is indicated. The electro 
chemical output signal can be a current associated With 
non-sequestered metal ion in the sample to Which has been 
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added a known amount of a transition metal ion. Altema 
tively, the electrochemical output signal can be a potential 
difference measured by an ion selective electrode Which has 
a barrier that is selectively permeable to a transition metal 
ion, Where the potential difference is measured in sample to 
Which a knoWn amount of a transition metal ion has been 
added. 

[0028] All references cited herein are incorporated in their 
entirety by reference. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0029] FIG. 1 illustrates the components required for an 
electrochemical measuring device. 

[0030] FIG. 2 illustrates the basic components of a func 
tioning potentiostat. 
[0031] FIG. 3 shoWs a graph of cobalt dependent current 
peaks measured by an adsorption technique. 

[0032] FIG. 4 shoWs a graph of the cobalt dependent 
current peaks measured by a complexing ligand using a 
voltammetry technique. 
[0033] FIG. 5 shoWs a data output pro?le of a cobalt 
current response measured by amperometry. 

[0034] FIG. 6 shoWs a cobalt dependent current response 
measured by cyclic voltammetry. 

[0035] FIG. 7 shoWs a cobalt dependent response in the 
presence of increasing concentrations of albumin. 

[0036] FIG. 8 shoWs a cobalt dependent response in the 
presence of increasing concentrations of copper. 

[0037] FIG. 9 shoWs a signi?cant population difference 
betWeen normal and modi?ed albumin present in a biologi 
cal ?uid as measured by cyclic voltammetry. 

[0038] FIG. 10 illustrates a hand held, point of care device 
suitable for practicing the methods of the subject invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0039] The folloWing de?nitions are provided to assist in 
the understanding of the subject invention. 

[0040] “IMA” refers to ischemia induced modi?cations to 
albumin that affect the transition metal binding capacity of 
the molecule. IMA includes albumin N-terminal derivatives, 
albumin With derivatiZed non N-terminal metal binding 
sites, Which When non-derivatiZed, are capable of seques 
tering metals from detection, and full length albumin that 
has a copper occupied N-terminus. 

[0041] “Albumin N-terminal derivatives” refers to those 
species of albumin that are altered or truncated at the 
N-terminus as a result of an ischemic event. Speci?cally, the 
derivatives include those albumin species lacking 4, 3, 2 and 
l N-terminal amino acids, as Well as a full-length albumin 
that is acetylated or otherWise derivatiZed at its terminal Asp 
residue. Albumin-terminal derivatives cannot form albumin 
metal complexes and may be found in the blood of ischemic 
patients. 
[0042] “Excess amount” of metal ion or “excess metal 
ion” refers to addition of an amount of metal ion that Will 
substantially exceed the stoichiometrically available albu 
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min metal ion binding sites such that substantially all 
full-length albumin is bound to metal ion at its N-terminus 
and substantially all albumin is bound to metal ion at other 
metal binding/sequestering sites, if any. 

[0043] An “indicator”, “ampli?er” or “complexing agent” 
is a compound that forms a complex With the transition 
metal that is non-speci?cally bound to the albumin, e.g., at 
non-N-terminus functional sites including thiol groups. 
Examples of indicators or ampli?ers are DMG, DTT and 
common divalent chelating agents such as ethylenediamine 
tetraacetic acid (EDTA) and the like. These compounds 
permit or enhance the measurement of the contribution of 
the non-sequestered metal ions that are loosely associated 
With albumin, to the current or voltage in the subject 
embodiments. See, e.g., Lee et al. (1980) Am. J. Med. 
Technol. 46(l2):853-7; and Wang et al. (2000) Anal. Chem. 
72(14):3218-22. 
[0044] “Non-sequestered” ions, as discussed above, 
means free ions that are not bound to albumin, and ions that 
are loosely associated With albumin but Which remain non 
sequestered, i.e., capable of measurement by direct or indi 
rect electrochemical techniques. Indirect electrochemical 
techniques involve the use of complexing agents. 

[0045] “Patient sample” means any patient sample that 
contains albumin (full length and/or derivatives), and can 
include Whole blood, serum, plasma, other blood fraction, 
urine, saliva, cerebrospinal ?uid, breast milk or the like. 
“Predetermined processing time” refers to a selected time 
after addition of the transition metal at Which measurements 
are consistently taken. The predetermined processing time 
may be shorter than the time required for the achievement of 
equilibrium. 

[0046] “Predetermined value” refers to that current value, 
potential difference value, a value derived from a standard 
curve or the like that has been determined by clinical tests 
With normal individuals and ischemic patients to be the 
cutoff value above Which an ischemic event is indicated. 

[0047] “Sequestered” ions are metal ions that are coordi 
nated (bound) to albumin in such a manner as to be rendered 
incapable of reacting With a complexing agent or in such a 
manner as to prevent the complexing agent from stripping 
the bound metal from albumin. 

[0048] “Transition metal” refers to any transition metal of 
the Periodic Table. A preferred transition metal is cobalt. 

[0049] According to the subject invention, albumin modi 
?ed at the N-terminus and possibly other metal sequestering 
sites, can be differentiated from non-modi?ed albumin by 
monitoring the current resulting from redox reactions of 
transition metals, or potentiometrically as With an ion selec 
tive electrode. Both systems require only that the metal 
analyte bound at the N-terminus and possibly other metal 
sequestering sites of albumin not be detectable electro 
chemically. 

[0050] A current measurement resulting from a redox 
reaction can be made by applying a potential speci?c to the 
analyte of interest to the system. In a more speci?c case, a 
knoWn concentration of a metal is introduced to the sample. 
As the metal is sequestered at the N-terminus or elseWhere, 
it is no longer available to participate in an electrochemi 
cally detectable reaction and therefore can no longer be 
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detected. The time interval for current stabilization Will be 
dependent on the binding kinetics of the metal to the metal 
sequestering sites on albumin. IMA cannot sequester metals 
to the same degree as non-IMA albumin, therefore the 
resulting current in a sample With a relatively large amount 
of modi?ed albumin (an ischemic sample) Will be different 
than a sample With very little modi?ed albumin (a normal 
sample). The type of reaction taking place Will determine the 
type of current ?oW. For example, if an oxidizing potential 
is applied, the analyte present in the reaction is being forced 
from M+QM2++ej rendering electron(s) free for current 
How. The converse is true for a reducing potential is applied 
as the reaction is noW being forced from M++e_—>M(s), 
Where the system must provide electrons. Therefore, the 
increased free metal results in a negative current ?oW Within 
the system. The Working electrode measures a net current 
?oW regardless of the direction in Which current ?oWs. This 
system is sensitive enough such that only small variations in 
the analyte Will result in signi?cant changes in net current 
?oW. An ampli?cation system as described herein may or 
may not be incorporated into the system to increase sensi 
tivity. 

[0051] Potential difference measurements can also be used 
to measure the amount of IMA in a sample. Measurements 
can be made by placing both the reference electrode and the 
ion selective electrode (speci?c for the analyte being mea 
sured) or a combination electrode (also speci?c to the 
analyte being measured) into the sample. A potential mea 
surement of the sample is made based on the amount of 
analyte that can be measured by the ion selective electrode 
and the reference electrode. The analyte in the proper ratio 
With albumin can then be added. The potential difference 
betWeen the ion selective electrode and the reference elec 
trode Will change depending on the amount of analyte left 
after the analyte is sequestered by albumin and When suf 
?cient migration of the analyte to the ion selective electrode 
has taken place. 

Current Detection Methods 

[0052] Although there are a variety of techniques for 
electrochemical detection of an analyte, in the current 
embodiment, the electrochemical system measures current 
changes. A general electrochemical system, as shoWn in 
FIG. 1, requires tWo or three electrodes, a Working electrode 
2, reference electrode 4 and optional auxiliary electrode 6, in 
contact With each other via a solution in a vessel 8. The 
electrodes are connected to a potentiostat 10 that applies a 
potential and measures a current Which is transferred as a 
signal to an appropriate output device such as a computer 12 
or strip chart recorder. 

[0053] Conceptually, a potentiostat consists of tWo elec 
trodes in a solution, one of Which is the reference electrode 
against Which all voltage measurements are referenced. 
HoWever, in general, reference electrodes only act properly 
as a reference When there is no current passing through 
them. Therefore, depending on the amount of current being 
produced it may be necessary to have an additional elec 
trode, an auxiliary electrode, through Which current can 
pass, but Which is kept at the same voltage as the reference 
electrode. The basic components of a functioning poten 
tiostat are shoWn in FIG. 2. Three electrodes, the reference 
4, Working 2, and auxiliary 6 electrodes, are placed in a 
solution containing the ionic species to be measured. A 
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current is passed betWeen the auxiliary electrode 6 and the 
Working electrode 2. As the current is changed (increased or 
decreased, or change in polarity), the voltage betWeen the 
Working electrode 2 and the reference electrode 4 is mea 
sured, and the current adjusted until the voltage is Zero. At 
this point, the voltage at the Working electrode 2 is exactly 
the same as the voltage at the reference electrode 4, but no 
current is passing through the reference electrode 4. The 
precise details of a Working potentiostat are Well knoWn to 
those skilled in the art. 

[0054] Redox reactions involve the transfer of electron(s). 
An oxidiZed species is one that has given up electron(s) to 
another species. The species that accepts the electron(s) is 
then said to be a reduced species. The direction in Which 
these electrons How is driven by a standard redox potential 
(designated by Bo). Redox half reactions for cobalt are: 

c62++2 e*—>c6(s)E°=-0.2s2 Volts 

[0055] E° are set relative to a standard hydrogen reference 
electrode (at standard temperature, pH and activity), and 
therefore must be adjusted based on the type of reference 
electrode being used. For example, a Ag/AgCl reference 
electrode requires a shift in E° by 0.197 Volts. So Co3++ 
e_QCo2+ Would noW require —2.ll7 Volts to drive the 
reaction. Potentials more positive than E° Will force the 
species to be in the oxidiZed form While potentials less than 
E° Will force the species into the reduced form. This is in 
compliance With the Nemst equation for a half reaction, 
Which states: 

[0056] E=Applied potential 
= tan ar re ox otent1a o t e react1on 0057 E° S d d d p ' l f h ' 

(adjusted for the type of reference electrode being used) 

[0058] R=a constant of 8.314 J/K~mol 

[0059] 
[0060] 
[0061] 
[0062] 
[0063] 

[0064] As electrons are passed from one species to another 
they can be detected as current and quanti?ed. 

T=Temperature in K 

n=number of electrons transferred in the reaction 

F=Faraday’s constant (9.648><l04 C/mol) 
[Red]=the concentration of the reduced species 

[Ox]=the concentration of the oxidiZed species 

[0065] Redox reactions can be measured in complex 
matrices, i.e., mixtures or solutions of many materials. 
Systems for measurement of these reactions require that a 
potential can be applied to the system relative to a reference 
electrode. The system requires a potentiostat capable of 
applying the appropriate potential, measuring the current 
Within Working range, and an offset capable of removing 
background current; a Working electrode; a reference elec 
trode and possibly the use of an auxiliary electrode. 

[0066] The Working electrode is the site at Which the 
reaction of interest (i.e. the transfer of electrons) occurs. The 
Working electrode can be any solid-state electrode including, 
but not limited to, platinum, carbon, graphite, gold and 
mercury/metal amalgam. These solid-state electrodes may 
or may not be required to be separated from matrix proteins 
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to prevent protein build up on the electrode surface. Polymer 
coatings or some other ?lter or barrier separation may be 
used. Polymer coatings may include, but are not limited to, 
per?uorosulfonate (Na?onTM) and cellulose acetate. The 
Working electrode may also be a semi-solid state or liquid 
electrode including, but not limited to, carbon paste, mer 
cury ?lm and mercury drop electrodes. 

[0067] The reference electrode provides a relative point 
for the Working electrode to maintain the desired potential. 
Reference electrodes can be made from silver Wire, silver/ 
silver chloride, platinum, carbon, graphite, gold as Well as 
any other solid-state, semi-solid state, and liquid electrode. 

[0068] The auxiliary electrode acts to maintain a Zero 
current (preventing current build up) betWeen the reference 
electrode and the Working electrode such that the only 
current being measured is resulting from the analyte. Aux 
iliary electrodes may be any of the solid-state electrodes 
indicated above. 

[0069] Working electrodes may be used as a substrate onto 
Which a species is adsorbed via a redox reaction and then 
removed and measured With a second redox reaction (see 
Joseph Wang, Analytical Electrochemistry, 2nd edition, John 
Wiley and Sons, 2002). Such techniques are commonly 
referred to as adsorption or stripping voltammetry. Example 
1 describes and FIG. 3 shoWs the results of such a technique. 
It Was found that increasing concentrations of cobalt added 
to the sample resulted in corresponding increases in mea 
sured current, demonstrating that the current being gener 
ated is in fact cobalt dependent. 

[0070] Complexing agents (i.e., indicators or ampli?ers) 
may be added to systems to enhance the signal response of 
a non-sequestered analyte. Example 2 describes and FIG. 4 
illustrates that addition of an excess amount of complexing 
agent to samples containing increasing concentrations of 
cobalt ion can enhance the measured current associated With 
the non-sequestered metal ion. The complexing agent forms 
a complex With the metal ion, and this complex is measur 
able in the form of current. Control experiments in Which 
only Co ion or complexing agent Was added did not produce 
a current at the same potentials. The current-generating 
potential applied to detect the complex of metal ion and 
complexing agent is typically different from the current 
generating potential applied to detect free metal ion in the 
sample. 
[0071] Using the complexing agent technique to detect 
non-sequestered cobalt ion, it has been found that individu 
als that test positive for ischemia using the ACBTM Test had 
non-sequestered cobalt complex concentrations as indicated 
by measured current that shoWed a signi?cant separation 
from measured current for non-ischemic samples. 

[0072] Direct measurement of cobalt in a biological 
sample can be made using amperometric or scanning vol 
tammetric techniques as described in Examples 3 and 4 and 
as illustrated in FIGS. 5 and 6. Such methods can be used 
to generate standard curves useful in diagnosis of clinical 
samples. 

[0073] The speci?city of cobalt binding to albumin has 
been described for the ACB Test (Journal of Clinical Ligand 
Assay on Cardiac Markers. Accepted for Publication sum 
mer 2002), and is further supported by electrochemical 
studies as described in the Examples. As described therein, 
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for a constant concentration of Co ion in a sample, the cobalt 
current peak is inversely dependent on the concentration of 
albumin present in the sample. 

[0074] Modi?cations to albumin are believed to occur as 

a result of exposure to ischemic tissue (PCT/US99/22905, 
?led Oct. 1, 1999). One such proposed modi?cation is 
copper bound to the metal sequestering sites on albumin of 
Which the N-terminus is the primary site. As described in the 
Examples, samples containing albumin that has been com 
plexed With increasing concentrations of copper demon 
strate increasing current due to the available cobalt ion. 

[0075] As further described in the Examples, it has been 
observed that there is a strong correlation betWeen diagnosis 
of an ischemic event via the subject electrochemical meth 
ods and diagnosis via the established ACB Test method. 

Potential Differences Methods 

[0076] Potential differences can be measured When there is 
a change in species activity relative to tWo “compartments.” 
Ion selective electrodes are commonly used to measure these 
types of potential differences. Ion selective electrodes selec 
tively measure activity of a species on the inner compart 
ment of the electrode (on one side of the membrane) relative 
to the outer compartment (the outside of the membrane, or 
the bulk solution). The differences in activity on either side 
of the membrane lead to an electric potential difference 
across the membrane. lon(s), for Which the membrane is 
selective, di?fuse across the membrane based on their con 
centration gradient. The side of the membrane With loW 
activity Will eventually build up charge in common (+/—) 
With the migrating ion preventing further ion migration at 
Which time a constant potential betWeen the tWo compart 
ments is reached. 

[0077] The potential difference betWeen the tWo compart 
ments, derived from the free energy equation, is as folloWs: 

[0078] E=the resulting potential difference 

[0079] R=constant (8.315 J/(mol-K) 

[0080] T=Temperature in K 

[0081] n=charge on the ion 

[0082] Al=the activity of the ion in one compartment 

[0083] A2=the activity of the ion in the second compart 
ment 

[0084] Activity is often used to estimate ion concentra 
tions. 

[0085] There are four basic types of ion selective elec 
trodes: glass membrane electrodes, solid-state electrodes, 
liquid-based electrodes, and compound electrodes. 

[0086] Glass membrane electrodes are typically used for 
monovalent cations. The most common example is a pH 
meter that is selective for H+, although different glass 
compositions are selective for different monovalent cations. 

[0087] Solid-state electrodes use an inorganic salt as the 
membrane in Which the ion of interest can be captured in a 
pocket in the crystal lattice. The ions can then migrate 
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through the crystal lattice by moving from one adjacent 
pocket to the next. A common example is the ?uoride 
electrode. 

[0088] Liquid-based electrodes use a hydrophobic poly 
mer membrane saturated With a hydrophobic liquid ion 
exchanger. In this case, the hydrophobic polymer membrane 
may have an ion “transporter” dissolved into it. An example 
Would be apo-cyanocobolamine dissolved into an organic 
solvent Which Would be a selective ion exchanger for cobalt 
in a hydrophobic membrane. 

[0089] Ion selective electrodes can be scaled doWn to 
microelectrodes With tip diameters as small as 10 um 
alloWing for very small volume measurements. Ion selective 
electrodes respond only to the uncomplexed ion, and can be 
“?ne tuned” for selectivity relative to other (potentially 
interfering) ions by changing parameters discussed above. If 
the ionic strength of the solution remains constant during a 
measurement then the activity coe?icient remains constant 
as Well, and the measured activity of the ion is equivalent to 
the concentration of the ion. 

The Apparatus 

[0090] The device illustrated herein in FIG. 10 can be 
used in either the current or the potential difference embodi 
ments of the invention. The device consists of an electronics 
module of suitable siZe to be held in the hand. It is housed 
in a rugged Water resistant plastic material suitable for 
hospital use Where it may be in contact With body ?uids such 
as blood, and therefore must be easily cleanable. The hous 
ing 14 contains the read electronics, poWer source (e.g., 
battery), and other components required to perform the 
measurement operations. 

[0091] On the housing are one or more function keys 16 
and 20 that can be used by the operator for initiating the 
measurement operation, altering parameters, and entering 
data such as patient ID. For clarity, FIG. 10 shoWs three 
function keys, but there could be any number from Zero to 
a full keyboard to alloW text input. 

[0092] A feature that may also be available on the housing 
is a mechanism for communication With a laboratory infor 
mation system (mechanism not shoWn). For example, this 
could be a direct electrical connection (e.g., RS232 serial, 
and l00BaseT Ethernet communications), an infrared link 
(transmission via infrared light pulses) or a Wireless link 
(radio transmitter/receiver). 
[0093] On the front of the housing in vieW of the operator 
is optionally a display 18 Which is used for displaying results 
of the potential difference or current measurements, and 
other communications such as system status, fault condi 
tions, battery loW indicator and the like. 

[0094] At one end of the housing is an aperture 30 into 
Which the sample strip is inserted to alloW the results to be 
read. 

[0095] The sample strip is also illustrated in FIG. 10. The 
strip 22 may be disposable and preferably is made of an 
insulating and Waterproof material. It contains a sample Well 
or vessel 26. In the Well are electrodes 24, as described 
above. Each electrode 24 is connected via its corresponding 
conductor or trace 32 (Which could be a printed conductor or 
a Wire), Which is electrically continuous With its correspond 
ing strip contact 28. 
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[0096] In use, a sample of body ?uid (e.g., blood, urine, 
saliva) is introduced to the sample Well. After a suitable 
time, the test device is introduced into the aperture 30 in the 
housing 14. (Note: to minimiZe operator handling of a 
“loaded” strip, and therefore contact With biohaZard, it may 
be better to add the biological sample to a strip that has 
already been inserted into the aperture). Electrical contact is 
made betWeen the strip contacts 28 and contacts in the 
module aperture (not shoWn) Which are in electrical conti 
nuity With the electronics Which are also connected to the 
optional display 18. Electrical measurements are made on 
the sample via the electrodes 24. After the display 18 
indicates the results of the measurement sequence and/ or the 
results of the test, the disposable test device may be removed 
from the module and discarded. 

[0097] As is appreciated by those of skill in the art, 
alternatives to the device of FIG. 10 such as table top 
devices can be used to practice the subject invention. Addi 
tionally, the subject methods can be automated to reduce 
processing time and costs associated With analyses. 

Applications 
[0098] The methods described herein for the diagnosis of 
an ischemic event have many clinical applications. In one 
embodiment, the subject methods can be used to detect 
exercise-induced ischemia. Levels of ischemia in patients at 
rest and during exercise can be compared to assess patients 
With knoWn or suspected ischemic conditions. Initially, a 
patient sample may be obtained and analyzed; then the 
patient undergoes a treadmill test or other exercise; another 
patient sample may then be obtained and analyZed; and the 
results of the tests are compared. These steps may be 
repeated at additional times (e.g., 3 months, 6 months or 1 
year later) for further assessment. This application is useful 
in assessing the patency of an in-situ coronary stent or the 
e?icacy of a percutaneous cardiac intervention (e.g., an 
angioplasty procedure). 

[0099] The subject method can also be used to detect the 
existence of ischemia provoked by exercise in an otherWise 
asymptomatic patient (silent ischemia). Again, the a sample 
is taken from the patient, the patient is subject to a treadmill 
test or the like, and a second sample is obtained. Detection 
of ischemia in an otherWise asymptomatic patient can reduce 
the severity of coronary artery disease or other ischemic 
conditions. Silent ischemia may also be detected With a 
single sample, i.e., not in the context of an exercise-induc 
tion test. 

[0100] In another embodiment, the subject methods can be 
used as a method for ruling out the existence of ischemia in 
a patient, particularly in patients that possess one or more 
cardiac risk factors. Such risk factors include: age greater 
than 50, history of smoking, diabetes mellitus, obesity, high 
blood pressure, high cholesterol, and strong family history 
of cardiac disease. Ruling out an ischemic event is important 
in proper allocation of medical resources: patients Who are 
knoWn to not be experiencing an ischemic event need not 
receive the full gamut of tests and treatment reserved for 
those patients Who are in fact experiencing acute coronary 
syndrome. In one embodiment of this application, an initial 
sample is obtained from the patient, Who is then subjected to 
an exercise treadmill test or other exercise, folloWed by the 
taking of a second sample. Comparison of the test results 
Will reveal Whether the ischemic event is induced only under 
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the elevated metabolic conditions of exercise. Additionally, 
ruling out an ischemic event may also be done With a single 
patient sample, i.e., not in the context of the exercise 
induction test. 

[0101] The subject methods can be used to evaluate a 
patient presenting With angina or angina-like symptoms to 
detect the occurrence of a myocardial infarction. The results 
of the subject methods and the results of an ECG are 
compared for consistency in indicating ischemia and myo 
cardial infarction. 

[0102] Additionally, the subject methods can be used in 
the assessment of the ef?cacy of a percutaneous cardiac 
intervention such as an angioplasty procedure. Patient 
samples are taken before and at predetermined times after 
the procedure to assess the patient’s ischemic status. 

[0103] The subject methods can be used to supplement 
ECG results so as to determine the occurrence or non 

occurrence of an ischemic event. This application may ?nd 
particular use in patients undergoing surgery. 

[0104] The subject methods can also be used to detect the 
occurrence of a temporally-limited ischemic event in a 
patient Temporally-limited ischemia includes ischemic 
events associated With, e.g., exercise or drug use. 

[0105] The subject method can also be used to detect an 
ischemic event in a patient suffering from stroke-like signs. 
Use of the subject methods in this situation permits the 
distinction betWeen an ischemic stroke and a hemorrhagic 
stroke. 

[0106] Additionally, the subject methods can be used to 
assess the ef?cacy of thrombolytic or other drug therapy 
such as drugs to attenuate an ischemic event by conditioning 
ischemic myocardium. Patient samples are obtained before 
and at predetermined times after the drug therapy to detect 
any reduction in ischemic events due to the therapy. 

[0107] Further, the subject methods can be used for the 
detection of placental insufficiency in a pregnant Woman. 
The sample is typically taken from the mother; the presence 
of IMA can be indicative of an ischemic condition in the 
placenta 

EXAMPLES 

Example 1 

Correlation of Cobalt Concentration With Measured 
Current 

[0108] Adsorption or stripping voltammetry Was used to 
correlate increasing cobalt concentration in a sample With 
generated current. Cobalt Was added to a biological ?uid and 
alloWed time to bind to non-modi?ed albumin. The kinetics 
of cobalt binding to albumin Were tested previously and 
shoWed the binding reaction Was faster than 1 minute. A 
series of potentials Were applied, in this case in the form of 
a cyclic voltammogram, although potentials may also be 
applied step-Wise, resulting in a redox reaction of the 
available cobalt, thus causing cobalt to adsorb to the Work 
ing electrode. A second cobalt redox reaction measured the 
amount of cobalt absorbed to the electrode in the form of 
current as a range of potentials is scanned. Cobalt dependent 
current peaks generated in this fashion are shoWn over a 
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concentration range of 56-174 mM cobalt in FIG. 3. A 
change in current consistent With a change in cobalt con 
centration Was observed demonstrating that the current 
being generated is in fact cobalt dependent. 

Example 2 

Use of Complexing Agents to Enhance Current 
Associated With Non-Sequestered Metal Ion 

[0109] The complexing agent DMG Was added to samples 
to enhance the signal response of cobalt ion. Increasing 
concentrations of cobalt Were added to a biological sample 
and alloWed to bind to non-modi?ed albumin. A constant 
concentration of DMG Was then added in excess of the 
cobalt concentration to the sample and voltammetry tech 
niques Were used to detect the Co(DMG)2 complex in the 
form of current. In this case, a cobalt concentration range of 
0.094-l.780 mM Was used and shoWed the appropriate 
change in current value relative the change in cobalt con 
centration. In control experiments, cobalt and DMG Were 
added separately and shoWed no current response at the 
appropriate potentials, indicating that the signal generated is 
dependent on the formation of Co(DMG)2 complex and is 
therefore proportional to the amount of available cobalt 
present in the system. 

[0110] Further Work Was done using the complexing tech 
nique to demonstrate the clinical utility in determining the 
population difference betWeen ischemic and non-ischemic 
individuals. Ischemia positive samples Were determined 
using the ACBTM Test (Ischemia Technologies, Inc., Denver, 
Colo.) using the 95th percentile of the upper limit of normal 
as the de?ned cutolf (National Committee for Clinical 
Laboratory Standards, How to De?ne and Determine the 
Reference Intervals in the Clinical Laboratory; Approved 
Guideline, NCCLS 1995; Document C28-A Vol. 15 No. 4). 
Any value higher than this is regarded as “ischemic”, and 
any value loWer than this is regarded as “non-ischemic”. A 
tWo-tailed t-test shoWed that electrochemical techniques 
using a cobalt complexing agent shoWed a signi?cant sepa 
ration betWeen ischemic and non-ischemic samples 
(p-value=0.0l). 

Example 3 

Measurement of Cobalt Ion Using Amperometry 

[0111] Available cobalt added to a biological sample can 
be directly measured using an amperometric technique. In 
these experiments, cobalt Was added to the sample sequen 
tially over time, While a potential appropriate to drive a 
redox reaction Was applied to the system. As is shoWn in 
FIG. 5, the change in cobalt concentration in the sample Was 
detected as changes in output current, demonstrating a 
saturating relationship With cobalt at high concentrations. 

Example 4 

Measurement of Cobalt Ion Using Scanning 
Voltammetry 

[0112] Available cobalt may also be measured directly in 
a biological sample using cyclic voltammetry or similar 
scanning potential techniques such as step voltammetry. 
Cobalt, excess to the amount of albumin present in the 
sample, Was added and alloWed to bind to non-modi?ed 
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albumin. The appropriate potential range Was then scanned 
such that a cobalt dependent current Was measured. FIG. 6 
shoWs the resulting plot of increasing cobalt current 
response over an increasing range of cobalt concentrations 
(0-1200 uM), indicating that the current response is cobalt 
dependent and that a relative concentration range can easily 
be detected. 

Example 5 

Speci?city of Cobalt Binding to Albumin as 
Measured by Current 

[0113] The speci?city of cobalt binding to albumin is 
supported by an illustration of the dependence of the cobalt 
current peak on the concentration of albumin present in the 
sample. Biological samples Were spiked With increasing 
concentrations of albumin. A constant concentration of 
cobalt Was then added to each sample and alloWed to bind 
to non-modi?ed albumin. The appropriate potential range to 
produce a cobalt current peak Was then scanned. FIG. 7 
shoWs the expected decrease in the cobalt current response 
With increasing concentrations of albumin, Which is indica 
tive that albumin sequesters cobalt from detection by elec 
trochemical methods. 

Example 6 

Increased Current and Cobalt Ion With Increased 
Copper 

[0114] One of the proposed ischemia mechanisms 
involves the binding of copper to the N-terminus of albumin 
during an ischemic event. Ischemic samples Were simulated 
by adding increasing concentrations of copper to a normal 
sample, a method that has shoWn an average increase in 
ACB value of 60% at 1 mM copper. Cobalt Was then added 
to the sample and the appropriate potential range Was 
scanned to produce a cobalt dependent current peak result 
ing from the redox reaction of cobalt. FIG. 8 shoWs the 
response in the electrochemical system under these condi 
tions. As copper concentrations increase and the copper 
becomes bound to the sequestering sites on albumin, there 
are feWer sites available to sequester cobalt and therefore 
there is an increase in the cobalt current response. At 1 mM 
copper, the increase in electrochemical output signal (cur 
rent) is approximately 30%. The increased current is due to 
cobalt because there Will be no competition in binding to the 
primary site as copper has a higher af?nity for albumin than 
does cobalt (1016 and 104 respectively). In addition, the 
redox potential for copper does not overlap With the redox 
potential of cobalt. 

Example 7 

Correlation of Diagnosis via Current Detection 
Method and Diagnosis via ACB Test Method 

[0115] Normal samples loaded With copper give an 
increased ACB value resulting in a shift from the normal to 
the ischemic range. Copper loaded samples determined by 
the ACB Test to be in the ischemic range and samples 
determined by the ACB Test to be non-ischemic Were used 
to create tWo populations of samples. These samples Were 
tested by the addition a constant concentration of cobalt and 
scanning the appropriate potentials to produce a cobalt 
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current peak. The resulting current response from these 
populations Was used to determine if the populations could 
be statistically separated by this method. A tWo-tailed t-test 
Was used and shoWed a signi?cant population difference 
(p-value=0.0040) as shoWn in FIG. 9. 

Example 8 

Potential Difference Method for Detection of 
Ischemia 

[0116] Ion selective electrodes (ISE) are commonly used 
in the clinical setting to measure electrolytes (e.g., Na+ and 
K+) in biological samples. Valinomycin is often used to 
make a membrane selective for potassium (Cattrall, R. Wt al. 
(1974) Anal. Chem. 46(14):2223-6). ISE have also been 
shoWn to be useful in measuring copper binding to serum 
albumins (Mohanakrishnan, P. et al. (1982) J. Pharm. Sci. 
71(10):1180-2), thus demonstrating the ability of ISE to 
measure free metal ions in a complex sample matrix. Altura 
et al. (1996) Scand. J. Clin. Lab. Invest. Suppl. 224:211-34, 
demonstrated that there Was no observable difference 
betWeen ISE signals obtained from plasma and serum 
samples When measuring magnesium concentrations. 

[0117] As discussed herein and in PCT/US99/22905, an 
existing method for detecting albumin-cobalt binding 
(ACB) involves the detection of free cobalt in a patient 
sample using a colorimetric reaction. The subject example 
demonstrates hoW free cobalt can be detected in biological 
samples using an ion selective electrode and then correlating 
the results to the current ACB Test format. 

Ion Selective Electrode Design 

[0118] 1. A cobalt selective membrane is made by making 
a saturated solution of apo-cobolamine in a non-aqueous 
solvent such as 3-nitro-o-oxylene. The solvent is placed in 
a glass tube and apo-cobolamine is added such that the 
total concentration of apo-cobolamine is too high to 
totally dissolve into the non-aqueous solvent. This mix 
ture serves as the cobalt selective membrane. 

[0119] 2. A glass capillary tube either With or Without a 
?lament and a pre-pulled inner diameter of 1.0-1.5 mm 
serves as the electrode body. 

[0120] 3. The inside of the glass capillary tube is cleaned 
by running acetone through it. This Wash Will remove any 
petroleum products introduced during manufacturing. 

[0121] 4. The acetone residue is rinsed aWay by running 
de-ioniZed Water through the tube and baking in an oven 
for 30 minutes to dry. 

[0122] 5. The capillary tube is pulled in an electrode puller 
and the tip opening is adjusted such that the outer tip 
diameter is 10-70 um. The tip opening can be adjusted by 
either “bumping” the tip With a glass rod, or the tip can be 
snipped using a raZor blade or dissection scissors. 

[0123] 6. The electrode can then be silaniZed by placing 1 
drop of chlorodimethylsilane in the tip of the electrode 
using a micro Hamilton syringe. 

[0124] 7. The electrode is then placed in an oven at 1800 
C. for 1 hour With the tip upright such that the evaporative 
fumes from the chlorodimethylsilane Will pass through 
the small tip. 






