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None

OPTIMA TESTNAME: XO (WELL MODE) 20071117 13:16:17
BMG LABTECH D123 XO (WELL MODE) Luminescence 11/17/2007, 1:16:13 PM
Luminescence, well mode Kinetic window 1 2 J 4
Plate type: ~ COSTAR 96 No. of intervals 112
Kin. interval time [s) 2.00
Meas. start time [g) 0.0
" Meas. interval time [s} | 1.00] - - -
Gain: 3500 To allow comparision of different kinetic windows all
Emission filter: lens measurement values are normalized to 1 sec.
Required value [%]: 0 Volume group 1 2 | 3] 4
Volume jul] 20 - - -
Used pump
Positioning delay []: 0.2 Pump speed [uls) 310
Shaking width {mm]: 1 Smart dispensing used
Shaking mode; orbital Pump syringe vol. {ml] | 0.5
Additional shaking:  2s before plate reading  Injection start time [s] | 120.0
Shaking after inject. [s]i 92

Reading directions: 3

Target temperature [*C): 25
Calculation Stari1: 55 Stop1:59  Start2: 60 Stop: 76

Comment:

Signatures

Software version control: 2.10R2
Software version evaluation: 2.10 R2 B:0004

Serial number; 413-3190
User; USER
Audt traif |Saturday, November 17, 2007 - 2:03:28 PM, User 'USER': Data record created by performing

test protocol 'XO (WELL MODE)'

(started: Saturday, November 17, 2007 - 1:16:17 PM) using reader 413-3190.

Saturday, November 17, 2007 - 2:03:40 PM, User 'USER'; Automatic initialization of
gvaluation settings done during first opening of

test run.

Saturday, November 17, 2007 - 2:37:39 PM, User 'USER': Settings have been changed.
Saturday, November 17, 2007 - 2:52:19 PM, User 'USER'": Settings have been changed.
Monday, December, 2007 - 7:57:52 AM, User 'USER". Settings have been changed.

Figure 9
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Pos. delay [s]: 0.2
Reading direct: 3

OPTIMA Testname:  XO (WELLMODE)  2007/12/15 13:57:07 OO Hide protocol settings
BMG LABTECHID 12,3, XO (WELL MODE) Luminescence 12/15/2007, 1:57.03 PM 338.dof
Luminescence, well mode Kinetic window 1 2 3 4
Microplate: ~ COSTAR 96 No. of intervals 12| - - -
Kin. intervaltime[s] | 2.00
Meas. start ime [s] 0.0 -
Meas. interval time [s] | 1.00 .
No.| Emission]Gain Volume group 1 2 3 4
11 lens 13900 Volume [ul] A -
injection starttime [s] [ 1200 | -
Shaking after inject. [s]| 92 -

Additional shaking: 2s before plate reading
Calculation Start1: 50 Stop1: 58

Start2: 59 Stop2: 112

Comment: | |
Calculation:{Maximum |+] , Chromatic Table content
ATable1 Rangel _[¥] 1 _|v| [Rawdata |+
B 2459 2582
C
D
E
F
q
1 2 3 4 5 6 7 8 9 0 1 12
ATabIeZ Range2 |w. 1 _|v] [Rawdata |
(B: 14501815026
D
E
F
;
T1 2 3 4 5 6 7 8 9 0 1 12
ble 3
ATa%leecalcuIation: [TableZ - Table1 [+]
CB: 4256714673
D
E
F
g A
1 2 3 4 5 6 7 8 9 0 1 1

Fg ure 11



US 2011/0171671 Al

Jul. 14,2011 Sheet 12 of 23

Patent Application Publication

aulyuex NN oc m
auiyuex Wn og *

000c

2L eunbiH

(0os) awny

00G1 0001 00S

suiyuex N og
sonauny apow 9eld

00001}

00002
0000¢€
0000V

0000S

N
90U90SaUIWNT 9AljEj9Y



US 2011/0171671 Al

Jul. 14,2011 Sheet 13 of 23

Patent Application Publication

odAy
NN oL YiIM ADIN —e—

odAy
WN Z iIM ADW —e—

Nueg pooig ADW ——

gL ainbiy
(08s) awii|
002 00l 0

odAH N OLSA INNZ SA |BSEg
(areand pioy) ewse|d jueg pooig ADW

———e

0002

ocov

0009

0008

00001

000cL

N1y



Patent Application Publication  Jul. 14,2011 Sheet 14 0of23  US 2011/0171671 Al

10 uM Ino
PNP activity at 60 and 120 seconds; XO at 60 sec
1,000,000

800,000 ey e ——
2 600,000 ggg)
d
@ 400,000 —s— Injectmrtiineessidgy1(320

200,000 sec)

0

0 50 100 150 200
Time (sec)

Figure 14A

ProMedDX 10372027 Plasma (H'eparin)
10 uM Ino/PNP versus 10 uM Hypo Std

16000 .
14000 v —— Promed 10372027
12000 ; » c10uMino
5 10000 | | -+ Promed 10372027
@ 8000 . ¢ 10 uM Ino
6000 5 -
4000 Q&1 | ~*— Promed 10372027
2000 -y with 10 uM hypo
O B

0 50 100 150 200
Time (sec)

Figure 14B
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10 uM Hypo with UA

1,000,000
800,000 &
S 600,000 I —— 74.4 uM UA (gout)
7 —s— 37.2 uM UA (normals)

400,000 —a—10 uM Hypo
200,000

0

0 50 100 150 200
Time (sec)
Figure 15A
ProMedDX 11136468 Plasma (Heparin)

Normals (no dilution vs 1:100 vs 1:100 with SAX)
12000
10000  Frmemiommses N— —— Promed Blk

, 11136468

5 8000 7 ™% e
1000 1:100 dil and SAX
e ] -
2000 : it an
0 .

0 50 100 150 200
Time (sec)

Figure 158
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—»— #2558 N ormal; hypo 351

ProMedDx Plasma (Heparin) ng/ml
Normals basal total ino/hypo (n=6)
45000 —e— #2559 Nomal; hypo 389
40000 ng/m
35000 —o— #7652 Normal; hypo 407
- 30000 ng/mL
3 gim
& 25000 -
20000 —s— #7653 Nomnal; hypo 339
15000 - ng/mL
10000 """ 1
5000 " | —&— #7654 Normal; hypo 208
0 ng/mL
0 100 200
Time (sec) —— #7655 Normal; hypo 309
ng/mL
Figure 17A
' —+— #7150 ¢TnT 0.54 ug/l
ProMedDx Plasma (Heparin) hypo 3,422 ng/ml
¢TnT Patients (acute MI) & total inofhypo (n=6)
—— #7157 ¢TnT 0.62 ug/L
45000 hypo 1,866 ng/ml
40000 i % i |
35000 , | | —=— #7156 cTnT 0.69 ug/l
5 30000 . by y hypo 1,208 ng/ml
g 25000 T $ |
20000 . y N ” —o— #6441 cTnT 0.53 ug/l
15000 " | S hypo 8,459 ng/ml
10000 -
5000 : ; - v | —=— #6442 cTnT 0.60 ug/L
0 ' ' g hypo 4,019 ng/ml
0 100 200
, —— #6738 ¢TnT 0.60 uall
Time (sec) hypo 4,533 ng/ml

Figure 17B
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ProMedDX 10372028 Plasma (Heparin)
Normals (repeatability, same day, n=3)

12000
—— Promed Bik
10000 10372028
8000
6000 —— Blk 10372028
4000 —— Blk 10372028
2000

0 50 100 150 200
Time (sec)

Figure 19A

ProMedDx Plasma (Heparin)
1.5 uM hypo (repeatability, same day, n=3)

45000
40000
35000 — #2558 Normal; 1.5
30000 UM hypo
25000
20000 —*= #2558 Normal; 1.5
15000 pM hypo
10000
5000 . . —%— #2558 Normal; 1.5
() mm—— —— pM hypo
0 100 200

Time (sec)

Figure 19B
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METHOD FOR DIAGNOSING ACUTE
CARDIAC ISCHEMIA

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention

[0002] Theinvention generally relates to the early detection
of ischemic events such as cardiac ischemia. In particular, the
invention provides methods for detecting inosine and/or
hypoxanthine, or metabolic by-products thereof, as early
biomarkers of ischemia.

[0003] 2. Background of the Invention

[0004] Cardiovascular diseases (e.g. acute myocardial inf-
arction (MI)) are the leading cause of mortality in the world
[Naudziunas et al., 2005; Okrainec et al., 2004; Dorner et al.,
2004, AHRQ, 2000]. Each year in the US, approximately 7-8
million patients present with non-traumatic chest pain and
seek emergency medical treatment [Morrow et al., 2007].
Current emergency medical evaluation on these patients sus-
pected of having acute M1 includes obtaining patient history,
signs and symptoms, vitals, electrocardiogram (ECG) and
blood evaluation for specific cardiac biomarkers [Beyerle,
2002; AD.AM. Inc., 2005; Lees, 2000]. However, the pet-
cent diagnostic accuracy of acute MI when using patient signs
and symptoms, ECG and c-troponin is only approximately
50%. With the addition of the recently FDA cleared albumin
cobalt binding assay, the diagnostic accuracy improves to
approximately 70%; hence the need for additional research
for biomarkers of acute cardiac ischemia to further improve
patient diagnostic accuracy is important.

[0005] The hospital emergency department blood evalua-
tion determines levels of several specific endogenous cardiac
protein biomarkers (e.g. cardiac troponin I and T (cTnl,
cTnT), creatine kinase-MB (CK-MB) isoform, and myoglo-
bin). However, these protein biomarkers are indicative of
cardiac tissue necrosis, and are typically detected hours after
the acute cardiac event (infarct), and not at the time of acute
cardiac ischemia.

[0006] One recent published scientific editorial requested
the need for early onset biomarkers of acute cardiac ischemia
prior to cardiac tissue necrosis [Morrow et al., 2003]. Ideally,
these early onset biomarkers would aid emergency medical
services (EMS) personnel in the rapid diagnosis and treat-
ment of initial acute cardiac ischemia (potentially acute MI),
thus increasing the survival rate of acute MI victims every
year. One research group [Bhagavan et al., 2003] addressing
the scientific editorial request, describes a blood measure-
ment for ischemia modified albumin (IMA), which appears at
an elevated level in the bloodstream from patients undergoing
an ischemic cardiac event; however the author’s state that the
colorimetric test would not discriminate between cardiac
ischemic patients with and without acute MI (e.g. angina),
and recent clinical evaluations of the test assay have reported
significant false positive results.

[0007] This technology is described in U.S. Pat. No. 7,282,
369 to Par-Or et al. (Oct. 16, 2007) which teaches rapid
methods for the detection of ischemic states and kits foruse in
such methods. The methods are based on detecting and quan-
tifying the existence of an alteration of the serum protein
albumin which occurs following an ischemic event. Methods
for detecting and quantifying this alteration include evaluat-
ing and quantifying the cobalt binding capacity of circulating
albumin, analysis and measurement of the ability of serum
albumin to bind exogenous cobalt, detection and measure-
ment of the presence of endogenous copper in a purified
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albumin sample and use of an immunological assay specific
to the altered form of serum albumin which occurs following
an ischemic event. Also taught is the detection and measure-
ment of an ischemic event by measuring albumin N-terminal
derivatives that arise following an ischemic event, including
truncated albumin species lacking one to four N-terminal
amino acids or albumin with an acetylated N-terminal Asp
residue.

[0008] U.S. Pat. No. 7,063,782 to Wayment et al (Jun. 20,
2006) teaches 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 difference of non-sequestered transition
metal ion in the sample. The amount of non-sequestered
transition metal ion in the sample reflects the degree of modi-
fication to albumin that is the result of an ischemic event.
However, several clinical studies have reported the test to
have significant false positive results.

[0009] There is an ongoing need to discover and develop
methods for detecting early onset biomarkers of acute cardiac
ischemia.

SUMMARY OF THE INVENTION

[0010] The present invention is based on the development
of methods to rapidly diagnose whether a patient has or is
experiencing an ischemic event by detecting metabolic by-
products of xanthine oxidase (XO) activity in a biological
sample from the patient. The method is especially useful in
emergency situations where a correct diagnosis may be a
matter of life or death, and must be made as quickly and
accurately as possible. The methods provide medical practi-
tioners (especially emergency medical personnel) with the
ability to rapidly distinguish, for example, early cardiac
ischemia from other possible causes of chest pain which have
fewer serious immediate consequences (e.g. anxiety, heart
burn, etc.), and thus fosters early, appropriate treatment of
patients. In addition, the methods may be used to monitor, on
an ongoing basis, cardiac patients or persons considered to be
at risk of experiencing or undergoing an adverse ischemic
event to insure early detection and intervention. In one
embodiment, a chemiluminescent method is used to detect
metabolic by-products of XO activity, for example, hydrogen
peroxide (H,O,) and/or superoxide anion radicals. These
products may be generated by the action of XO on the sub-
strates hypoxanthine and/or xanthine.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] FIG. 1. Schematic drawing of cardiac cellular
adenosine triphosphate (ATP) catabolism due to oxidative
stress and potential oxygen reperfusion injury due to free
radical generation.

[0012] FIG. 2. A, High-performance liquid chromato-
graphic diode array detection (HPLC-DAD) chromatograms
overlay of control (025-2501.D) and 20-min global cardiac
ischemia (026-2601.D) mouse perfusate samples. Inosine
(retention time/5.9 min) and high-performance liquid chro-
matography-electrospray  ionization-mass  spectrometry
(HPLC-ESI/MS) identifying inosine (MW/268 Da) as an
early biomarker of global cardiac ischemia is demonstrated in
the ischemic mouse heart perfusate.

[0013] FIG. 3. Profile of adenosine triphosphate (ATP)
catabolism by-products found in Krebs solution versus rep-
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erfusion time after 20-min mouse global cardiac ischemia.
Inosine (ug ml™) levels were 0, 7.5, 2.1, 1.1, 0.4 and not
detected for sample time points 0, 1, 3, 5, 10 and 20 min,
respectively.

[0014] FIG. 4A-E. Chromatograms illustrating (A) 2000
ng/mL hypoxanthine (RT ~5.3 min), uric acid (RT ~5.8 min),
xanthine (RT ~7.2 min), adenosine (RT ~10.7 mM) and
inosine (RT ~10.9 min) in deionized water, (B) low standard
of 250 ng/mL. hypoxanthine and inosine in blank plasma, (C)
blank plasma, (D) plasma sample from healthy female subject
and (B) plasma sample from hospital emergency room female
patient.

[0015] FIG. 5. Graph of mean percent inosine remaining
after plasma PNP metabolism when stored at 4° C. Square
symbols represent fortified amounts of 2000 ng/ml of
inosine and hypoxanthine in blank plasma (n=3), diamond
symbols represent fortified amounts of 250 ng/mL of inosine
and hypoxanthine in blank plasma (n=3) and triangle symbols
represent fortified amount of 2000 ng/mL inosine only in
blank plasma (n=3).

[0016] FIG. 6. Plot of inosine [uM] to hypoxanthine [pM]
(ino/hypo) conversion ratio versus reperfusion time (min).
The plot represents data from one animal heart preparation in
group Group IV to 1 mM SA and ischemic experimental
conditions. Ino/hypo conversion ratio is highest in the 1 min
reperfusion sample and returns to a constant ratio before
dropping to zero as aerobic conditions presumably deactivate
ADA and PNP enzymes in the cardiac myocytes.

[0017] FIG. 7. Diagram of enzymatic conversions of
inosine and hypoxanthine components with generation of
hydrogen peroxide as a by-product, which can react with
luminol or lucigenin and HRP to generate visible blue light
(chemiluminescence).

[0018] FIG.8. Diagram of typical reagent addition, injector
time points and resulting PHOLASIN® emission (chemilu-
minescence).

[0019] FIG. 9. BMG luminometer set points used for flash
mode experiments.

[0020] FIG.10. Typical BMG output luminescence scan for
sample analysis of 10 uM hypoxanthine in plasma. Range one
(background RLU measurement between 100 and 120 sec)
and range two (peak height RLU measurement between 120
sec and 222 sec).

[0021] FIG.11.BMG spreadsheet (Excel®) computations,
method and data processing set points, and file name are
documented for GLP compliance. Results are reported in
spread sheet cells based on microplate sample well location
(96 well plates).

[0022] FIG. 12. Chart of relative luminescence units
(RLUs) versus time (sec) for 30 pM xanthine/XO plate mode
kinetics. The profile demonstrates successful equipment
setup and operation using a commercial test kit for antioxi-
dant evaluation (ABEL 61-M, Knight Scientific). Two indi-
vidual samples overlay with analysis time ~30 min.

[0023] FIG. 13. Chart demonstrating a significantly
reduced analysis time by utilizing increased amounts of XO
(from ~10.3 mU/ml to ~676 mU/ml) and continuous micro-
plate mixing. Analysis time ~3.7 min.

[0024] FIG. 14A-B. Charts depicting inosine and PNP
incubation time and conversion study. A, evaluation of 60 and
120 sec PNP incubation times, with 120 sec demonstrating
the complete conversion of inosine to hypoxanthine. B, the 10
1M inosine with PNP conversion RLU responses (1=2) over-
lays completely against the 10 uM hypoxanthine standard.
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[0025] FIG. 15A-B. Charts demonstrating effects of uric
acid (human physiological levels) on PHOL ASIN® lurnines-
cence signal. A, high levels of uric acid (in buffer) can quench
the luminescence by more than 50%. B, treatment of plasma
(1:100 dilution) and use of strong anion exchange (SAX) can
reduce antioxidant effect on the luminescence signal and
increase method sensitivity.

[0026] FIG. 16. Chart demonstrating the effect of uricase
on basal uric acid levels (normal healthy individual) and with
fortification of 10 uM hypoxanthine. The generation of
hydrogen peroxide (by-product) from uricase enzymatic con-
version of uric acid to allantoin caused XO inactivity (poten-
tially from hydrogen peroxide product inhibition on XO
effect).

[0027] FIG. 17A-B. Charts demonstrating healthy normal
individuals and patients with confirmed acute MI (hospital
documented elevated levels of ¢TnT). A, all cTnT patient
samples RLU response were clearly above the calculated
99% cut-off reference value (5,944 RLU) for healthy normal
individuals (n=6 for each group). B, HPLC values for total
hypoxanthine and ¢ TnT values (from ProMedDx) are listed in
the legend.

[0028] FIG. 18A-B. A, hypoxanthine standard curve in
assay buffer ranging from 2.3 to 30.3 uM demonstrating
sufficient linearity and B, back-calculated hypoxanthine con-
centrations.

[0029] FIG. 19A-B. Charts demonstrating repeatability of
the luminescence assay. Healthy normal individual (basal
level, ~0.5 uM hypoxanthine) and fortified sample (1.5 uM
hypoxanthine) assayed three consecutive times. Overlay of
profiles demonstrate plasma sample repeatability.

[0030] FIG. 20. Schematic representation of the assay inte-
grated within the diagnosis of a cardiac ischemic event.

[0031] FIG. 21. Schematic of competitive binding immu-
noassay.

[0032] FIG. 22. Schematic of enzyme-immunoassay.
[0033] FIG. 23A-B. Schematic of point of use hand held

device. A, flow chart or procedure; B, schematic representa-
tion of device.

DETAILED DESCRIPTION

[0034] The present invention is based on the development
of methods to rapidly diagnose the occurrence of an ischemic
event in a patient, by detecting, in a biological sample from
the patient, the metabolic by-products (e.g. various reactive
oxygen species, ROS) generated by the activity of the enzyme
xanthine oxidase (XO). For example, the method is especially
useful to rapidly distinguish, at an early stage, acute, cardiac
ischemia from other possible conditions in a patient who is
experiencing chest pain, thus allowing appropriate follow-up
treatment. The method is particularly valuable in emergency
situations where emergency personnel otherwise, when using
less rapid and less reliable prior art methods, lose valuable
time in diagnosing or even misdiagnosing conditions such as
cardiac ischemia.

[0035] In one embodiment, the by-products that are
detected are one or both of H,O, and superoxide anion radical
(O*>—, SAR). These by-products are typically generated by
the action of XO on one or more of the substrates hypoxan-
thine and xanthine. XO converts hypoxanthine to xanthine
and xanthine to uric acid, with concomitant generation of
by-products H,0, and SAR. The by-products may be gener-
ated by exposing a biological sample to XO. Alternatively, in
some embodiments, the biological sample is first exposed to
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the enzyme purine nucleoside phosphorylase (PNP) in order
to convert inosine in the sample to hypoxanthine. Subsequent
exposure of the sample to XO generates H,O, and SAR. In
the first embodiment, which does not utilized PNP, XO acts
on endogenous hypoxanthine and xanthine (hypoxanthine
and xanthine that are already present in the sample). In the
second embodiment, XO acts on both the endogenous hypox-
anthine and xanthine, as well as on the hypoxanthine that is
produced by the action of PNP.

[0036] The biological samples that are obtained and tested
according to the method may be any that contain elevated
levels of inosine and/or xanthine and/or hypoxanthine as a
result of ischemia and one or more or all of these substances
may be measured. Examples of such biological samples
include but are not limited to biological fluids such as blood,
plasma, saliva, spinal or brain fluid, breath or aerosol
samples, urine, etc.

[0037] Theischemic event thatis detected may be or be due
to a variety of conditions such as cardiac ischemia, stroke,
stable and unstable angina, acute coronary syndrome, and
other conditions that are known to be associated with
ischemia.

[0038] In order to detect XO metabolic by-products, in
some embodiments of the invention, chemiluminescent
methods are used while in other embodiments of the inven-
tion, immunological methods are employed. Depending on
the embodiment of the assay that is employed, the sensitivity
of the assay 1s at least in the uM range, and may extend to the
nM or even pM range for detecting the by-products.

Chemiluminescent Methods

[0039] In one embodiment of the invention, the methods
involve the use of chemiluminescence to indirectly detect
inosine and/or hypoxanthine by measuring the level of one or
more metabolic by-products of inosine and/or hypoxanthine.
By “metabolic by-products” we mean substances, com-
pounds or other chemical entities that are produced during a
chemical reaction in which inosine and/or hypoxanthine are
enzyme substrates for the enzyme XO. Herein, “metabolic
by-products” may also be referred to as “by-products of
enzyme reactions”, “metabolites”, “by-products” or other
similar terms or phrases that are recognized by those of skill
in the art. In one embodiment, the metabolites are by-prod-
ucts of the catalysis of hypoxanthine by the enzyme xanthine
oxidase (XO). In another embodiment, the metabolites are
by-products of the catalysis of inosine and hypoxanthine by
the enzymes purine nucleoside phosphorylase (PNP) and
xanthine oxidase (X0O). Biological enzymes PNP and XO are
specific for enzymatic conversions of inosine and hypoxan-
thine, respectively. The PNP enzyme converts inosine to
hypoxanthine and XO converts hypoxanthine to xanthine,
followed by XO conversion of xanthine to final product uric
acid (in human species). Each time XO reacts with one mole
of hypoxanthine and with one mole of xanthine, the metabolic
by-products of each XO enzymatic turnover is the production
of one mole of hydrogen peroxide (H,0,) and two moles of
superoxide anion radical (O,.). Both of these by-products
can become substrates for luminescence (e.g. chemilumines-
cence) type reactions and the present invention is based on the
development of rapid and accurate chemiluminescent assays
that detect and measure the level (quantity, amount, etc.) of
one or both of H,O, and (O,™.). The by-products may also be
substrates for colorimetric, phosphorescent or fluorescent
type reactions that allow for measurable detection.
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[0040] In general, the methods of the invention involve
obtaining a blood or plasma sample from a patient that is or
has recently experienced chest pain. Typically, a blood
sample is obtained using a suitable technique, many of which
are known to those of skill in the art. For example, lithium
heparin tubes are known and may be used. The plasma com-
ponent of whole blood is separated, e.g. by centrifugation,
filtration, etc. or other suitable methods. Typically, a molecu-
lar weight cutoff (MWCO) filter in the range of 5,000 to
50,000 is sufficient, with a range of 10,000 to 35,000 being
preferable. Centrifugation at e.g. ~1000xg for about 1-10
minutes or less will usually be appropriate, and is well within
the purview of one of skill in the art to determine. Suitable
aliquots ofthe plasma sample are then treated according to the
methods of the invention to convert inosine and hypoxanthine
in the sample to species that are readily detected by chemi-
luminescence, as follows.

PNP Reaction

[0041] In this embodiment of the invention, aliquots of
plasma are combined with PNP, e.g. the plasma may be trans-
ferred into a suitable reaction vessel and an appropriate quan-
tity of PNP is then added to the reaction vessel, or plasma may
be added to a reaction vessel that already contains PNP. In
either case, the combining/mixing of the plasma and PNP is
carried out under conditions that allow the PNP to convert
inosine in the sample to hypoxanthine. Suitable reaction ves-
sels include but are not limited to, for example, plates con-
taining wells such as 96-well plates, various known glass and
plastic test tubes, by spotting the reaction mixture onto a
substrate, within various known hollow microfibers, etc. Ina
preferred embodiment, the reaction vessel is a 96-well plate.
Generally, the volume of plasma that is utilized is in the range
of from about 1 pl to about 200 pl, and preferably is about 20
. In addition, the plasma aliquot may be diluted as well, e.g.
appropriate media may be in the reaction vessel and the
plasma added to it, or added to the reaction vessel after the
plasma had been added. Generally, the amount of dilution will
be in the range of from about 0 to about 100-fold, or from
about 0 to about 50 fold, or from about 0 to about 25-fold, or
from about 0 to about 10-fold. Suitable dilution buffers
include any that allow the enzyme reactions to proceed at a
sufficient rate (e.g. at least about 10%, 20%, 30%, 40%, 50%,
60%, 70%, 80%, 90%, 100% or possibly even more) of the
rate that is displayed under optimal standardized conditions,
so as to achieve detectable amounts of product within the
rapid time frame of the assay. At the same time, the buffers
utilized in the assay must not interfere with the chemilumi-
nescence that is generated e.g. they must permit at least about
10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, or even
100% of the maximal possible luminescence. Generally,
these two objectives can be achieved by using buffers which
buffer in a pH range of from about 7.0 to 8.0, or preferably
from about 7.2 to about 7.8, and more preferably at or about
pH 7.4. In other words, the buffers that are utilized buffer at or
near physiological pH, as understood by those of skill in the
art. Buffers of choice include but are not limited to, for
example, various phosphate buffers (e.g. dibasic sodium
phosphate, potassium phosphate, etc.); various Tris buffers
that buffer at or near pH 7.4; Zwitterionic “Good’s” buffers
that buffer at or near pH 7.4; borate buffers; imidazole buffers,
amino acid containing buffers (e.g. histidine), and others that
will occur to those of skill in the art. In a preferred embodi-
ment, the buffer is 20 mM dibasic sodium phosphate, pH 7.4.
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[0042] As will be understood by those of skill in the art, to
minimize experimental variability, each assay preferably is
carried out at least in duplicate, possibly triplicate, or with
even higher numbers of identical repetitive aliquots. PNP
enzyme is added to each reaction to achieve a final concen-
tration that is generally in the range of from about 100 to
about 1000 mU/ml, or from about 200 to about 900 mU/ml, or
from about 300 to about 700 mU/ml, typically from a stan-
dardized stock solution. Those of'skill in the art will recognize
that the amount of enzyme that is used may be varied and/or
optimized depending on several factors (e.g. temperature,
volume, method of detection, etc.). The PNP is incubated in
the reaction vessel with the plasma under conditions that are
favorable for quantitative conversion of inosine to hypoxan-
thine, e.g. at a constant temperature in the range of from about
20° C. to about 40° C., and preferably in the range of from
about 25° C. to about 37° C., and most preferably at 25° C. or
at 37° C. Generally, the incubation reaction is allowed to
proceed for a time period in the range of from about 60
seconds to about 5 minutes or less. Conversion is typically
complete after about 120 seconds of incubation. Although
those of skill in the art will recognize that longer incubations
may be used if desired, in the interest of reducing the time
required for this rapid assay, while still achieving quantitative
conversion of the substrates, a preferred reaction time is 120
seconds.

[0043] Alternatively, PNP may also be added to the sample
during the centrifugation (plasma separation) step in order to
further speed the procedure. For example, a sufficient quan-
tity of PNP may be added directly to the blood sample before
centrifugation; or PNP may be added to plasma before the
plasma is transferred to the reaction vessel, or the sample tube
used for collecting the blood sample may be coated or par-
tially coated with PNP, etc. Any suitable strategy for combin-
ing the plasma sample with PNP or for contacting the sample
with PNP may be used, so long as conditions are such that
inosine in the plasma is substantially converted to hypoxan-
thine. Examples include but are not limited to immobilizing
the enzyme on a substrate (e.g. beads, strips, etc.), or even
spotting (placing or otherwise transferring) the sample onto a
suitable substrate and exposing the substrate, to a solution of
enzyme, etc.

[0044] The PNP enzyme that is utilized may be from any
suitable source. In some embodiments, the PNP is human
PNP. In other embodiments, other sources are used, e.g. bac-
terial PNP.

XO Reaction

[0045] Thereafter, (i.e. preferably after about 120 seconds)
a suitable quantity of XO enzyme is mixed with the reacted
sample to effect the quantitative conversion of hypoxanthine
to xanthine. In most embodiments, XO1is added directly to the
plasma/PNP mixture in the reaction vessel. However, as dis-
cussed above, in some embodiments, PNP is not used and the
blood or plasma sample is contacted with XO to convert
endogenous hypoxanthine and xanthine. XO enzyme is
added to each reaction to achieve a final concentration that is
generally in the range of from about 100 to about 1000
mU/ml, or from about 200 to about 900 mU/ml, or from about
300 to about 700 mU/ml. Those of skill in the art will recog-
nize that the amount of enzyme that is used may be varied
and/or optimized depending on several factors (e.g. tempera-
ture, volume, method of detection, etc.). The XO is incubated
in the reaction vessel with the plasma under conditions that
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are favorable for quantitative conversion of hypoxanthine to
xanthine and xanthine to uric acid, e.g. at a constant tempera-
ture in the range of from about 20° C. to about 40° C., and
preferably in the range of from about 25° C. to about 37° C.,
and most preferably at 25° C. or at 37° C.

[0046] Generally, production of by-products begins imme-
diately upon the addition of XO. Monitoring of the produc-
tion of by-products may begin any time after addition of XO,
and preferably immediately after, since the reaction is sub-
stantially over after about 30 seconds. The luminescent signal
may be monitored throughout the reaction, or may be moni-
tored at one or more selected time intervals.

[0047] Those of skill in the art will further understand that
rather than “adding” XO to the sample, the sample may be
contacted with XO by some other means, e.g. XO may be
immobilized on beads, strips, or other substrates, etc., and the
sample may be brought into contact with the enzyme by an
appropriate means, e.g. dipping or spotting, etc. In addition,
the sample may be spotted or otherwise located or placed onto
a suitable substrate and the substrate may then be exposed to
a solution of enzyme, etc. Further, in some embodiments,
both PNP and XO may be co-located on a suitable substrate.

Chemiluminescent Measurement

[0048] As will be understood by those of skill in the art, the
precise manner in which by-product measurement is carried
out depends on which by-products (H,0, or SAR, or both) are
measured, and which reagent is used to detect the by-product
(s). Detection reagents are typically added to the reaction
mixture either together with or before the addition of XO and,
as discussed above, the reaction is monitored immediately.
[0049] In one embodiment of the invention, SAR are
detected. Since one mole of hypoxanthine generates 4 moles
of superoxide anion radicals (SAR) as a by-product of XO
activity, using a chemiluminescent material that reacts with
SAR should theoretically provide more luminescence signal
than would H,O,, potentially increasing the sensitivity two
fold in comparison. Thus, when SARs are measured, very
high sensitivity is achieved even at low concentrations or
inosine and hypoxanthine in the blood sample. Examples of
reagents that can be used in the detection of SAR include but
are not limited to lucigenin (bis-N-methylacridinium); PHO-
LASIN®; and others that may occur to those of skill in the art.
PHOLASIN® utilizes the highly sensitive bioluminescent
photoprotein PHOLASIN® from the bivalve mollusc Pholas
dactylus. In a preferred embodiment, PHOLASIN® is used.
[0050] However, in other embodiments of the invention,
H,0, may be detected. In this case, reagents including butnot
limited to horseradish peroxidase/lucigenin, horseradish per-
oxidase/luminol, etc. may be utilized. If using luminol or
lucigenin as the luminescent material, the hydrogen peroxide
(which has both oxidizing and reducing capabilities) reacts
with the horseradish peroxidase (HRP) (or other peroxidase)
enzyme to generate hydroxyl radical, which in turn reacts
with luminol to generate measurable blue light ~450 nm.
Thus an amplification of the signal (one mole of hypoxan-
thine and xanthine generates two moles of hydrogen perox-
ide) occurs. Preferably, the reaction is also carried out with
signal enhancers.

[0051] Signal enhancers may be added to any of the lumi-
nescence reactions described herein to increase the detectable
signal produced by reaction of the by-product with a chemi-
luminescent reagent. Examples of signal (sensitivity)
enhancers include but are not limited to Adjuvant-K™ (which
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is specific for PHOLASIN®), and other that may occur to
those of skill in the art. The use of an enhancer may be
especially important since this is a rapid assay and does not
generally require “clean-up” of the sample prior to analysis.
Therefore, substances that interfere with the enzyme reac-
tions or with the luminescent labeling or signal may still be in
the sample. In other embodiments of the invention, some
“clean-up” techniques may be employed, which include but
are not limited to strong anion exchange (SAX) for removal of
organic acids, other solid phase extractions (e.g. silica), the
addition of base to salt out organic acids, various liquid/liquid
extractions, etc.

[0052] In other embodiments of the invention, more than
one by-product is detected. For example, both H,O, and
SARs may both be detected, either in the same reaction mix-
ture, or in parallel side-by-side reactions, one of which mea-
sures H,O, and the other of which measures SAR.

[0053] Typically, the chemiluminescent reagent’s reaction
with a by-product is detected at a characteristic wavelength,
usually a wavelength at which the signal is maximal, or at
which other substances in the reaction do not interfere sig-
nificantly. Those of skill in the art are familiar with obtaining
such measurements. Generally a suitable automated lumi-
nometer is utilized as described in Example 4 below, and any
such means for measuring a suitable wavelength of light
produced in proportion to the about of by-product(s) of inter-
est may be used in the practice of the invention.

Time Required for Assay

[0054] The assay of the present invention is a rapid assay,
i.e. it can generally be completed in about 10 minutes or less,
after a blood sample is obtained from the patient. Those of
skill in the art will realize that the time frame of the assay does
not take into account transporting the sample to a lab where
the analysis takes place, but assumes that the time begins one
the blood sample is in the hand of a skilled professional, i..
one who is trained to carry out the assay. Likewise, the end
point of the assay is considered to be the time as which data
can be read out from the instrument that is used 1o measure
luminescence. In some embodiments of the invention, the
time required for the assay is about 10 minutes or less, 9
minutes or less, 8 minutes or less, 7 minutes or less, 6 minutes
or less, 5 minutes or less, 4 minutes or less, 3 minutes or less,
2 minutes or less, or even 1 minute or less.

Interpreting the Results

[0055] Those of skill in the art are familiar with the use of
baselines or controls for determining the significance of a
measurement, and with techniques for calibrating an instru-
ment, and it is understood that such appropriate measures
would be taken to ensure accuracy and reproducibility of the
assay. Typically, measurement of a level of by-product in a
patient sample that exceeds a 95%, 96%, 97%, 98%, 99% or
even higher (e.g. 99.9%), and preferably a 99% or higher
confidence interval threshold, when compared to normal con-
trols, is considered to be a positive indicator of cardiac
ischemia. The cutoff threshold is typically 4.6 uM combined
concentration of inosine, xanthine, and hypoxanthine, which
corresponds to a RLU reading in the range of about 180,000,
depending on the instrument that is used to carry out the
measurement and the calibration of the instrument. Those of
skill in the art will recognize that RLU quantities may vary,
depending on the instrument, its calibration, etc. Conversely,
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levels below this threshold indicate that the patient has not yet
experienced cardiac ischemia. Such evaluations will typically
be made by a skilled professional such as a physician, physi-
cian’s assistant, trained emergency worker. etc. However,
health care professionals will also usually prefer to repeat the
test after a suitable length of time to confirm the initial find-
ing. The test may be repeated one or more times, as necessary,
until the health care professional is satisfied that a correct
diagnosis has been made, and appropriate action has been
taken.

[0056] FIG. 20 depicts a representative scenario for intake
procedures and triage of a patient that presents with chest
pain, and Example 4 further discusses this aspect of the inven-
tion. In addition to taking vital signs and history, a panel of
known cardiac tests are carried out, including the inosine
and/or hypoxanthine test described herein. If the levels of
inosine/hypoxanthine are elevated, appropriate intervention
immediately ensues and the patient is treated as though car-
diac ischemia is occurring, has occurred or is imminent. The
inosine/hypoxanthine assay may be repeated later (e.g. after
about 1-3 hours) to confirm the efficacy of intervention, and
thereafter as necessary to insure proper treatment of the
patient.

[0057] On the other hand, if the initial test indicates the
inosine/hypoxanthine levels are not elevated, the patient may
simply be observed and/or other tests may be carried out to
determine if there is another cause of the chest pain. The
inosine/hypoxanthine test may be repeated (e.g. after about
1-3 hours) in order to confirm the initial result, at which time
a decision will again be made regarding whether or not car-
diac ischemia is indicated. If yes, then appropriate treatment
ensues. Ifnot, then ischemia may be ruled out and an alternate
suitable treatment protocol is prescribed.

2. Immunological Detection of Inosine and/or Hypoxanthine
[0058] Inanother embodiment of the invention, the method
to detect inosine and/or hypoxanthine in immunological in
nature and involves the use of antibodies specific for one or
the other or both of inosine and hypoxanthine. In one embodi-
ment of the invention, the antibodies are monoclonal antibod-
ies. Immunoassay is a well established sensitive technique
commonly used in clinical chemistry environments. This
embodiment of the invention provides a sensitive immunoas-
say technique, which utilizes antibodies for detection of
inosine and hypoxanthine levels in biological fluids (e.g.
plasma, serum, whole blood). After development of the anti-
bodies, several established quantitative techniques using anti-
bodies may be utilized (e.g. Competitive Binding, F1G. 21; or
a “Sandwich” Assay, FIG. 22).

[0059] For development of the antibodies, due to the small
size of inosine and hypoxanthine (<300 Daltons molecular
weight), these molecules must generally be conjugated to a
cartier protein (e.g. albumin) to elicit an antibody response in
the host animal (e.g. rabbit, goat, and mouse). The current
established techniques for producing and isolating mono-
clonal antibodies are preferred over polyclonal antibodies, as
this will ultimately increase the specificity of the testing
assay. The produced antibodies can be tagged (fluorescent
label) using current established labeling techniques.

[0060] The resulting monoclonal antibody (tagged and
untagged) can be utilized as shown in FIGS. 21 and 22, in a
manner similar to that which is used for quantitative detection
of biomarkers of acute myocardial infarction (e.g. myoglo-
bin, CK-MB, cardiac troponin). The main advantages of
using an immunoassay technique includes sensitivity (fluo-
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rescence) and specificity (antibody) in the detection of
inosine and hypoxanthine, and the potential utilization of the
developed antibodies in current cardiac panel assays (e.g.
with myoglobin, cardiac troponin, CK-MB).

[0061] The immunoassay technique may have at least two
clinical applications. The immunoassay may be added to
existing hospital clinical laboratories quantitative cardiac
panels. Alternatively, or in addition, the antibodies may be
used on qualitative cardiac panel test strips. Both applications
may be useful as a medical diagnostic tool for detection of
acute cardiac ischemia in non-traumatic chest pain (or other)
patients.

Point of Care (POC) Device

[0062] The invention also comprehends a rapid hand-held
medical device for point-of-care whole blood levels of endog-
enous inosine and/or hypoxanthine, potential biomarkers of
non-traumatic acute cardiac ischemia. The purpose of using
the hand held medical device is to rapidly measure acute
cardiac ischemia biomarkers (e.g. inosine/hypoxanthine)
from a finger stick whole blood sample. The results of the
evaluation should take less than 1 minute, which significantly
reduces the time course for emergency medical diagnosis and
treatment of individuals experiencing non-traumatic acute
cardiac ischemia or impending acute myocardial infarction.

[0063] The point-of-care medical device comprises hard-
ware (similar to that utilized in commercially available hand-
held glucose meters), software (for meter operations and
computations), and disposable substrate (e.g. test strips) with
bound enzymes and luminescent material for direct or indi-
rect quantification of inosine/hypoxanthine in whole blood.
The hand-held medical device is similar in basic operation to
the commercial hand-held glucose meter used by diabetic
patients. The major differences between this invention and
the glucose meter are the following: the glucose meter tech-
nology utilizes glucose oxidase on the test strips and typically
a potentiometric detector, whereas one embodiment of the
invention utilizes enzymes PNP and XO, PHOLASIN® as
the luminescent material (alternate luminescent materials can
also be used), and preferably a photomultiplier tube (PMT),
photodiode or an equivalent means of detection, as the detec-
tor. Luminescence technology is significantly more sensitive
than the potentiometric detection. Purine nucleoside phos-
phorylase (PNP) and xanthine oxidase (XO), the enzymes
used in the disposable test strip, are available commercially
(e.g. Sigma-Aldrich, USA). The enzymes (which address
enzyme substrate specificity) are covalently bound to a sub-
strate such as a test strip, and used to convert inosine to
hypoxanthine, hypoxanthine to xanthine, and xanthine to uric
acid. During XO enzymatic activity, superoxide anion free
radicals are generated as a by-product of enzyme turnover.
PHOLASIN®, a sensitive photoprotein from a bi-valve mol-
lusk, is also covalently bound to the test strip and generates
visible light in the presence of superoxide anion free radicals
to produce measurable blue-green light (luminescence, ~490
nm). Luminescence is a sensitive technique to provide an
indirect measurement (measures conponent enzymatic con-
version by-products) of inosine and hypoxanthine concentra-
tions in whole blood. In addition, use of the medical device
may be coupled to the use of cell phone technology. In this
case, if measured whole blood concentrations of inosine/
hypoxanthine were atypically elevated, an automatic notifi-
cation could be transmitted by the medical device to activate
an Emergency Medical Services system. The rapid measure-
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ment of elevated inosine and hypoxanthine in whole blood
should aide EMS personnel in initiating immediate treatment
for acute cardiac ischemia in non-traumatic chest pain
patients.

[0064] The hand-held medical device is a rapid and quan-
titative instrument which may be used by hospital emergency
department (ED) or EMS personnel as part of the initial
medical assessment on patients presenting with non-trau-
matic chest pain and potential acute cardiac ischemia. Gen-
erally, the device is modular (handheld), automated and easily
operated by trained individuals (e.g. emergency or other
medical services personnel, or even by patients themselves).
The medical device and test strips are affordable for potential
use at home by individuals whose physician have classified
them as at high risk for developing acute myocardial infarc-
tion (e.g. unstable angina, medical history of myocardial
infarction, etc).

[0065] This aspect of the invention is illustrated schemati-
cally in FIG. 23A-B, where FIG. 23A is a flow diagram of a
procedure that may be followed using the device, and FIG.
23B is a schematic representation of the device 10, which
comprises substrate 11 and detector 12.

Detection Using HPLC

[0066] Insome embodiments of the invention, early biom-
arkers of ischemia (such as inosine, xanthine, hypoxanthine,
adenine and uric acid) are measured directly using chroma-
tography methods such as HPLC. One or more, and prefer-
ably two or more, of these biomarkers may be measured in a
clinical sample from a patient in order to determine whether
or not the patient has or is experiencing ischemia. The sample
may be exposed to PNP and/or XO enzymes as described
above, or the sample may be analyzed directly with no enzy-
mic conversion. Those of skill in the art will recognize that
some preparatory steps may be taken to process the sample,
e.g. centrifugation, filtration, etc. The output of the analysis is
typically a direct quantification of the amount of the detected
substances in the sample, based on parallel or corresponding
analyses of control samples containing known quantities of
the substances.

Uses of the Methods

[0067] The methods of the invention may be advanta-
geously employed in any setting in which they would be
beneficial, and especially in clinical or medical settings. In
particular, any emergency facility (e.g. an emergency room,
ambulance, etc.) may employ the methods. In some embodi-
ments, the blood sample that is obtained from the patient is
analyzed in a laboratory setting. However, this need not be the
case. As discussed above, the methods of the invention can
also be adapted for point of care use.

[0068] The assay described herein may be carried out in
concert with other assays and/or tests, i.e. the assays of the
invention may be part of a battery of tests which are generally
used to evaluate patients with non-traumatic chest pain. How-
ever, those of skill in the art will recognize that in some
circumstances persons who have experienced traumatic chest
pain may also benefit from the use of the methods and
devices, as well as persons who are not experiencing chest
pain but may be at risk of developing cardiac ischemia. In
other embodiments, the assay described herein may be com-
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bined with one or more other assays (e.g. glucose oxidase/
horse radish peroxidase, HRP assay) in a single reaction, e.g.
on a single test strip.

[0069] The following examples are intended to illustrate
the practice of the invention but are not intended to limit the
scope of the invention in any way.

EXAMPLES
Example 1

High-Performance Liquid Chromatography (HPLC)
Determination of Inosine, a Potential Biomarker for
Initial Cardiac Ischemia, Using Isolated Mouse
Hearts

[0070] Each year in the USA approximately 78 million
patients with non-traumatic chest pain come to hospital emer-
gency rooms. It is estimated that approximately 25% ofthese
patients are experiencing cardiac ischemia, but due to the
shortcomings of the available testing methods they are incor-
rectly diagnosed and discharged without appropriate therapy
having been provided. Preliminary data with a globally
ischemic mouse heart model has demonstrated that endog-
enous inosine might be a potential biomarker of initial cardiac
ischemia before cardiac tissue necrosis. A high-performance
liquid chromatographic diode array detection (HPLC-DAD)
method was utilized for the detection and quantification of
inosine in Krebs Henseleit (Krebs) buffer solution perfusing
from surgically removed and isolated mouse hearts undergo-
ing global cardiac ischemia. A C, 4 column at a flow rate of 0.6
ml min 1 with an aqueous mobile phase of trifluoroacetic acid
(0.05% trifluoroacetic acid in deionized water, pH 2.2, v/v)
and methanol gradient was used for component separation.
The assay detection limit for inosine in Krebs buffer solution
was 500 ng ml 1 using a 100-ml neat injection. The HPLC
results were used to determine total cardiac effluxed inosine
into the Krebs effluent for each mouse during oxidative stress
and compared with the percent cardiac ventricular functional
recovery rate to determine if a relationship exists amongst this
cardiovascular parameter during periods of cardiac oxidative
stress.

Introduction

[0071] Cardiovascular disease (e.g. myocardial infarction)
is one of the leading causes of mortality in the world (Domer
& Rieder 2004, Okrainec et al. 2004, Naudziunas et al. 2005).
Current medical evaluation of patients suspected of having a
myocardial infarction includes an electrocardiogram blood
evaluation for specific biomarkers of cardiac ischemia and
where available radioisotope perfusion studies (Lees 2000,
Beyerle 2002, ADAM, Inc. 2005). Blood evaluation deter-
mines the levels of several specific endogenous protein biom-
arkers (e.g. troponin T, troponin I, creatine kinase MB (CK-
MB) and myoglobin); however, these biomarkers are
normally indicative of cardiac tissue necrosis and are detected
hours afier the cardiac ischemic event and not at the time of
initial cardiac ischemia, which may include angina (stable or
unstable but non-necrotic). Ideally, emergency medical ser-
vices would benefit from a biomarker of early cardiac
ischemia to guide initial treatment and subsequent diagnostic
steps in the chest pain patient. Medical conditions (e.g. anxi-
ety attacks, acid reflux and angina) other than myocardial
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infarction that cause patient chest pain and other constitu-
tional symptoms that might be seen as being consistent with
myocardial ischemia.

[0072] To perform its circulatory function, the heart is
highly energy dependent on adenosine triphosphate (ATP),
which is made in cardiac cellular mitochondria by either
aerobic (oxidative phosphorylation via electron transport
chain) or anaerobic (glycolysis) processes. The aerobic pro-
cess is heavily oxygen dependent and generates approxi-
mately 80% of cardiac cellular ATP. The anaerobic process is
independent of oxygen and produces approximately 20% of
the cardiac cellular ATP. Lactic acid is a by-product of anaero-
bic ATP production.

[0073] To produce large quantities of ATP, human cardiac
cells have an abundance of mitochondria that comprise
approximately 40-50% of the cardiac cellular mass. When
cardiac tissue is subjected to periods of constant oxidative
stress (e.g. cardiac ischemia), insufficient oxygen is available
for cardiac mitochondria to synthesize aerobically the ATP
required for normal cardiac function. This causes a cellular
accumulation of ATP metabolic by-products (e.g. adenosine
diphosphate (ADP), adenosine monophosphate (AMP)) and
activates normally dormant enzymes (e.g. 5'-nucleotidase,
adenosine deaminase, purine nucleoside phosphorylase and
xanthine oxidase) to catabolize the ATP by-products to sub-
stances such as adenosine, inosine, hypoxanthine, xanthine
and uric acid for cardiac cellular elimination (Abd-Elfattah et
al. 2001). In human cardiac tissue, another source of ATP
metabolic by-products is through metabolism of diadenosine
polyphosphates, which are released from cardiac specific
secretory granules during periods of cardiac metabolic or
ischemic stress to provide cellular protective functions (Luo
et al. 2004).

[0074] Inosine (9-P-D-ribofuranosylhypoxanthine) is an
endogenous purine nucleoside normally found in the human
body as a degradation component of purine metabolism. In
human plasma, inosine is metabolized in red blood cells with
areported half-life of <5 min with endogenous plasma levels
foundin trace amounts (e.g. low ng ml™") (Viegas et al. 2000).
In humans, nature has provided a cellular biochemical
mechanism to help conserve energy in producing the required
large quantities of ATP for cardiac cellular use (called the
salvage pathway), which can convert cellular inosine back to
ATP via several enzymatic steps; thus, recycling cellular
inosine (Nelson & Cox 2000). However, in periods of con-
stant cardiac oxidative stress (e.g. 20 min), cardiac cells build
up significant amounts of ATP metabolic by-products, which
activate normally dormant enzymes to catabolize ATP by-
products, which then become systemically available before
their elimination.

[0075] A recently published scientific editorial requested
the need for an initial biomarker for cardiac ischemia before
cardiac tissue necrosis (cardiac proteins found in plasma after
several hours of cardiac ischemia) (Morrow et al. 2003). This
initial biomarker would aid Emergency Medical Services
(EMS) personnel in the rapid treatment of initial cardiac
ischemia (potentially myocardial infarction), thus potentially
increasing the survival rate of myocardial infarction victims
every year. One recent publication (Bhagavan et al. 2003)
addressing the scientific editorial request describes a blood
measurement for serum albumin that appears at an elevated
level in the blood in patients undergoing myocardial infarc-
tion. However, the authors state that the colorimetric method
would not discriminate between ischemic patients with and
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without myocardial infarction, thus the need for a method to
detect the initial cardiac ischemic event before myocardial
infarction would be beneficial to EMS personnel.

[0076] Before extracellular biomarkers (e.g. serum albu-
min) appearing in the blood from cardiac ischemic events,
plasma inosine levels would be elevated significantly above
the normally low endogenous levels thus becoming a useful
biomarker of pre-necrosis cardiac ischemia. Adenosine,
another nucleoside metabolic by-product of ATP catabolism,
is metabolized by red blood cells and has a very short plasma
half-life (e.g. approximately 15 seconds); thus making it
more difficult to measure it quantitatively in plasma (Mei et
al. 1996).

[0077] The Institute of Cancer Research (ICR) outbred
mouse (Dohm 2004) was used as the animal model for all
global cardiac ischemia experiments using a Langendorff
apparatus (Xi et al. 1998). For sample analysis, a high-per-
formance liquid chromatographic diode array detection
(HPLC-DAD) method was utilized consisting of direct injec-
tion of the Krebs buffer eluant from surgically removed and
perfused mouse heart tissue. In addition, the HPLC-DAD
method utilized current column technology (hydrophobic/
hydrophilic reverse-phased retention), which provided suffi-
cient component resolution and sensitivity for adenosine,
inosine and xanthine-like derivatives. The HPLC-DAD
results were used to compute the inosine area under the con-
centration (AUC) time curve from mouse Krebs buffer eluant
samples and compared with the percent cardiac ventricular
functional recovery rate to determine if a relationship exist
between this cardiovascular parameter during periods of con-
stant cardiac oxidative stress.

Materials and Methods
Chemicals, Mobile Phase and Krebs Buffer Solution

[0078] Hypoxanthine and xanthine were purchased from
Acros Organics (Fair Lawn, N.J., USA). 2,3-Dihydroxyben-
zoic acid (DHBA), 2,5-dihydroxybenzoic acid, salicylic acid
(SA), adenosine, inosine and uric acid were purchased from
Sigma-Aldrich (St Louis, Mo., USA). Sodium chloride,
sodium bicarbonate, potassium chloride, magnesium sulfate,
monobasic potassium dihydrogen phosphate, dextrose and
calcium chloride were used to prepare the Krebs buffer solu-
tion, and all were purchased from Sigma-Aldrich. All pur-
chased chemicals were ACS reagent grade or better. The
Krebs buffer solution (118.5 mM NaCl, 25.0 mM NaHCO,,
11.1 mM C,HO4, 4.7 mM KCI, 1.2 mM KH,PO,, 1.2 mM
MgSO, and 2.5 mM CaCl,) was prepared in ultrapure deion-
ized water at pH 7.4 and with a 95% O,:5% CO, ratio. For
mobile phase preparation, trifluoroacetic acid (TFA) was
reagent grade and methanol was Optima HPLC-grade; both
were purchased from Fisher Scientific (Fair Lawn, N.J,
USA). Ultrapure distilled and deionized water (18 megohm)
used for HPLC work was prepared in-house using the Purelab
Ultra deionized water system (US Filter, Lowell, Mass.,
USA) and filtered before use.

Preparation of Standard Solutions

[0079] Stock standards of adenosine, inosine, hypoxan-
thine, xanthine and uric acid (100 pg ml™*) were prepared in
deionized water and stored at 4° C. Working standards of each
component were prepared at 2.5 ml™* in Krebs buffer solution
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and maintained at —=20° C. along with the mouse Krebs buffer
eluant samples. The working standards stored at —20° C. were
stable for at least 6 months.

HPLC-DAD, High-Performance Liquid Chromatography-
Mass Spectrometry (HPLC-Ms) Equipment and Conditions

[0080] For inosine quantification and diode array spectral
purity, the HPLC equipment consisted of an Agilent Model
1100 Quaternary HPLC-DAD and Chemstation software
(Palo Alto, Calif., USA). The DAD was set to acquire a
complete ultraviolet light spectrum for component specificity
with 240 nm used for quantification of inosine and the other
ATP metabolic by-products. For inosine confirmation, liquid
chromatography/mass spectrometry (LC/MS) was used and
the equipment consisted of a Shimadzu LCMS-2010A HPLC
coupled to a single quadrupole mass spectrometer using
LCMS Solutions software (Columbia, Md., USA). The
HPLC-MS conditions consisted of using electrospray ioniza-
tion (ESI) with the following instrument set points (heating
block at 300° C., nebulizer at 4 liters/per minute nitrogen,
interface voltage at 2 kV) and full-scan acquisition using a
positive-ion mode.

[0081] The analytical column for both HPLC-DAD and
HPLC-MS analysis was a Synergi™ Hydro-RP C, g, 150x3
mmi.d., 4 mm packing, 80 A (Phenomenex, Torrance, Calif.,
USA). The C, ; guard column was a30x4.6 mmi.d., 40-50 pm
pellicular packing (Alltech, Deerfield, I11., USA). The mobile
phase consisted of aqueous trifluoroacetic acid (0.05% TFA
in deionized water, v/v, and pH 2.2) and methanol gradient.
The mobile phase gradient was linear with a time-course as
follows (95:50.05% TFA in deionized water:methanol, v/v at
0 min; 70:30 0.05% TFA in deionized water:methanol, v/v at
12 min; 10:90 0.05% TFA in deionized water:methanol, v/v at
13 min and held 3 min, and 95:5 0.05% TFA in deionized
water:methanol, v/v at 17 min).

[0082] Themobile phase was degassed automatically using
anAgilent 1100 membrane degasser with a flow-rate of 0.6 ml
min 1. An injection volume of 100 ml of the Krebs buffer
eluant was made using an autosampler. The typical HPLC
operating pressure was approximately 150 bar with ambient
column oven temperature and 345 kPa backpressure regulator
(SSI, State College, Pa., USA) to prevent mobile phase out-
gassing in the detector.

ICR Mouse Experiment Conditions

[0083] ICR mice were used for all cardiac ischemia experi-
ments with morphometric characteristics and baseline car-
diac function of the adult mice (ICR strain) provided in Table
1. The mice were anaesthetized; hearts were surgically
removed and isolated using the Langendorff apparatus. Glo-
bal cardiac oxidative stress was accomplished by adjusting
the Krebs-buffered solution to zero flow through the heart for
20 min. Upon heart reperfusion, approximately 1.5-ml
samples of Krebs-buffered eluant from the isolated mouse
hearts were collected at predetermined time-points (0, 1, 3, 5,
10 and 20 min) in plastic bullet centrifuge tubes and frozen at
-20° C. until HPLC-DAD analysis.

[0084] To evaluate the effects of oxidative stress on the
mouse heart, established cardiovascular measurements (e.g.
ventricular functional recovery) were performed on both con-
trol and test animals. The methodology used to evaluate the
isolated perfused mouse heart has been previously described
(Xietal. 1998). In brief, animals were anaesthetized with an
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intraperitoneal injection of pentobarbital sodium (100 mg
kg™, with 33 IU heparin added). The heart was removed and
immediately placed in ice-cold Krebs buffer. The aorta was
cannulated within 3 min onto the Langendorff perfusion sys-
tem and the heart was perfused in a retrograde fashion at a
constant pressure of 55 mm Hg with Krebs buffer gassed with
95% 0, and 5% CO,. The pH of the buffer and the heart
temperature were maintained at 7.35-7.50 and 37+0.5° C,,
respectively. A force-displacement transducer (Grass, FT03)
was attached to the apex via a metal hook/surgical thread/
pulley system to record and measure the ventricular contrac-
tile force and heart rate continuously. For each heart the
resting tension was set at approximately 0.3 g in the beginning
of the experiment.

[0085] The protocol for the test group consisted of 30 min
of stabilization, 20 min of zeroflow global ischemia, and 30
min of reperfusion (Xi et al. 1998). Time-matched normoxic
perfusion was carried out for the control group. At the end of
each experiment, the heart was removed from the Langen-
dorff system, quickly weighed and stored at -20° C.

Sample Preparation, Stability and Instrument Precision
Evaluation

[0086] Before HPLC analysis, perfusate samples frozen at
-20° C. were thawed to ambient temperature, mixed thor-
oughly by inversion and transferred to plastic autosampler
vials for subsequent direct injection into the HPLC-DAD
system. To evaluate sample stability in the perfusate solution
and instrument precision; prepared samples in autosampler
vials were stored at ambient laboratory temperature overnight
and reinjected (n=3 times) into the HPLC for analysis.

TABLE 1

Morphometric characteristics and baseline cardiac function of the
adult mice (ICR strain).

Ischemia reperfusion

Control (n/6) test (/6)
Body weight (g) 422=+13 38.7£2.1
Heart wet weight (mg) 258+ 6 242 £ 14
Heart rate (beats per minute, bpm) 368 £23 345 £23
Developed force (g) 0.81 £0.19 1.12£0.12
Rate force preduct (g/bpm) 308 = 80 372 £49
Corcnary flow (ml min 1) 23£02 1.7£0.1

Values are the meansstandard error of the mean (SEM). No
significant difference (p>0.05) between the groups was found
for the listed parameters, except coronary flow.

Component Retention Times, Inosine Calibration and AUC
Calculations

[0087] During HPLC method development and validation,
combined standards of adenosine, inosine, hypoxanthine,
xanthine and uric acid were prepared in Krebs buffer solution
at concentration levels of 1, 2.5, 5, 10 and 25 pug ml™". Stan-
dard curve linearity (non-weighted) of all components was
acceptable with all correlation coefficients >0.995. During
subsequent analytical runs, a single point calibration standard
mixture containing 2.5 ug ml~' of each component was pre-
pared in Krebs buffer solution and was used to identify com-
ponent retention times and the quantification of inosine found
in test samples. Using ultraviolet light detection at 240 nm,
component peak area and external standardization were used
for inosine computations. To determine inosine AUC on the
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test samples, the trapezoidal rule computation using Excel®
software (a spread sheet available from Microsoft Corpora-
tion) was performed on inosine sample values from 0 to 20
min.

Results and Discussion
Initial Evaluation for ((OH) Free Radicals

[0088] During periods of cardiac oxidative stress (e.g. acute
myocardial infarction), the heart is deprived of the oxygen
needed for ATP synthesis. In the absence of oxygen, dormant
enzymes activate whereby ATP is sequentially converted to
ADP, AMP, adenosine, inosine and hypoxanthine. Upon rep-
erfusion of the heart with oxygenated blood or oxygenated
Krebs solution, additional cellular enzymatic conversions
transpire with the xanthine oxidase converting hypoxanthine
to xanthine and uric acid. A metabolic by-product of xanthine
oxidase is the formation of hydrogen peroxide (H,0,), which
is normally converted by glutathione peroxidase to H,O.
However, in the presence of Fe,, H,O, may be converted to a
hydroxyl free radical ((OH) via the Fenton and Haber Weiss
reactions (FIG. 1) (IUPAC 1997).

[0089] The (.OH) is a known potent reactive oxygen spe-
cies (ROS) and can cause damage to cellular components
(e.g. lipids, proteins, nucleic acids) (Tardif & Bourassa 2000).
To investigate the formation of ROS, one research objective
was to evaluate and estimate the amount of (.OH) generated
from 20 min of global cardiac ischemia using isolated mouse
hearts. In several of the initial experiments, SA (1 mM) was
fortified in the Krebs buffer solution (pH adjusted 7.4) to react
with (.OH) and form the reaction products of 2,3- and 2,5-
DHBA isomers (Onodera & Ashraf 1991, Coudray & Favier
2000). The HPLC-DAD conditions that were used for inosine
determination resolved prepared standards (13 ngml 1 or 86
nM) of the 2,3- and 2,5-DHBA isomers from other Krebs
eluant sample components (e.g. SA, adenosine, inosine,
hypoxanthine, etc.).

[0090] However, in the experiments performed using SA
we did not observe either the 2,3- or 2,5-DHBA isomers in the
sample chromatograms from mouse hearts subjected to glo-
bal cardiac ischemia. It is possible that the initial level of SA
(1 mM) added to the Krebs buffer solution increased the total
solute concentration to a level, which reduced the solubility of
2,3-and 2,5-DHBA isomers and therefore made each analyti-
cally undetectable. Lower concentrations of SA (e.g. =1 uM)
may in theory resolve this aspect of ROS generation from
mouse global cardiac ischemia.

HPLC-DAD and HPLC-MS Confirmation

[0091] The HPLC-DAD method was used for determining
all of the following components (adenosine, inosine, hypox-
anthine, xanthine, uric acid, 2,3- and 2,5-DHBA isomers).
The mobile phase aqueous component 0.05% TFA in deion-
ized water was chosen as a pH of approximately 2.3 provided
good peak shapes on all components and a low pH was
necessary to reduce peak tailing on the acidic components
(e.g. 2,5-DHBA has a pKa ~2.9). The Synergi™ Hydro-RP
C,s (polar endcapped) and Synergi™ Polar-RP C, (ether-
linked phenyl) columns of identical dimensions were evalu-
ated for use. While both columns worked well for inosine and
polar components (e.g. adenosine), the Synergi™ Hydro-RP
C,g was selected for overall analysis as it provided good
component peak shape and sufficient resolution of all com-
ponents.



US 2011/0171671 Al

[0092] Other components evaluated using this method have
HPLC retention times as follows: uric acid, 2.8 min; hypox-
anthine, 3.9 min; xanthine, 4.2 min; adenosine, 5.7 min; CK-
MB, 8.2 min; 2,3-DHBA, 8.4 min; 2,5-DHBA, 10.2 min;
myoglobin, 14.1 min; atrial natriuretic peptide, 14.5 min;
brain natriuretic peptide, 15.0 min; and salicylic acid, 15.4
min. Both troponin T and troponin T were not detected using
this HPLC method. An HPLC-DAD chromatogram overlay
from a mouse subjected to 20-min global cardiac ischemia
and a control mouse (non-ischemia) are presented in FIG. 2
with inosine elution at 5.9 min.

[0093] To evaluate perfusate sample stability, the prepared
samples were initially injected and analysed by HPLC-DAD.
The samples were subsequently stored overnight on the
autosampler at ambient laboratory temperature and re-in-
jected (n=3 times) to evaluate both for changes in component
levels due to possible synthesis or degradation reactions from
potential enzymes eluted in the perfusate and to evaluate
instrument precision. In all re-injected perfusate samples,
component levels remained constant (5/4% RSD) indicating
stability overnight at ambient temperature and the absence of
appreciable levels of nucleoside and purine converting
enzymes in the perfusate.

HPLC-MS Confirmation of Inosine as Potential Initial
Ischemia Biomarker

[0094] An HPLC-MS was used to confirm inosine at reten-
tion time 5.9 min in samples from test mice subjected to
oxidative stress. The HPLC analytical column, mobile phase
gradient and flow rate were identical to that used in the
HPLC-DAD method. The mass spectrum for inosine
(MW=268 Da) is presented in FIG. 2. It was acquired using
the MS positive-ion mode, which provided a good mass spec-
tral quality match against a prepared standard of inosine in
Krebs buffer solution. The full-scan spectrum was achieved
using up-front collision-induced dissociation (CID) and
nitrogen as the collision gas. The mass spectrum base peak
(137 Da) represents the cleavage of the ribose entity from
inosine leaving a protonated hypoxanthine (MW=136 Da).

Evaluation of Inosine AUC and Other Cardiovascular Param-
eters

[0095] Initially, the focus was on identifying cardiac pro-
tein or peptide biomarkers (e.g. Atrial Natriuretic Peptide,
Brain Natriuretic Peptide, that may be released from ischemic
myocardium; however, in comparison with non-ischemic
mouse hearts only inosine (22-69-fold) and xanthine-like
products (e.g. hypoxanthine (>7x), xanthine (approximately
3x), uric acid (approximately 3x) were found at higher levels
in globally ischemic mouse hearts. FIG. 3 is a representative
profile of one mouse heart subjected to oxidative stress with
the individual ATP degradation by-product components DAD
response plotted against Krebs buffer reperfusion time. As
can be seen, inosine was the component that had the highest
DAD response with detectable component amounts found at
lower mg ml 1 levels (e.g. in a range of 0.4-7.5 ug ml~" in
mouse #874) in the sample less than 5 min following reper-
fusion.

[0096] Other cardiovascular parameters (e.g. the percent
cardiac ventricular functional recovery rate) were measured
and reported with the calculated inosine AUC results (Table
2). As can be seen in Table 2, inosine efflux was present in test
mouse heart perfusate samples that were subjected to oxida-
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tive stress and was not detected in control mouse heart per-
fusate samples. However, for both controls and test mice, the
percent cardiac functional recovery rate ranged from 39 to
92%, with the lowest measured cardiac functional recovery
being in test mouse hearts that had the largest amount of
inosine present in the Krebs buffer solution (e.g. test mouse
with 2469 ng min ml™ AUC inosine effluxed with a 39%
cardiac functional recovery rate). This may indicate that
mouse hearts are injured to a greater degree from the effects
of oxidative stress efflux more inosine from ATP by-product
degradation.

TABLE 2

Inosine washout and cardiac ventricular functional recovery in
Langendorff mouse hearts following aerobic perfusion and
20-min global ischemia.

Inosine area
under the curve

(AUC) 0-20 min Cardiac Functional

Sample type (ng min ml™) recovery rate (%)
Control n.d.* 70
Control n.d. 72
Control n.d. 74
Control n.d. 82
Control n.d. 81
Control n.d. 04
Test 653 92
Test 962 84
Test 954 77
Test 1003 53
Test 2469 39
Test 2583 52

*n,d., Not detected.

Conclusions

[0097] These results suggest that the level of inosine found
in test animals subjected to cardiac oxidative stress may serve
as a biomarker indicative of early cardiac ischemia. This can
be explained by ischemic myocytes undergoing nucleotide
purine catabolism in the absence of oxygen with subsequent
activation of dormant cellular enzymes and the generation of
degradative breakdown products of ATP.
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Example 2

An HPLC Method for Determination of Inosine and

Hypoxanthine in Human Plasma from Healthy Vol-

unteers and Patients Presenting with Potential Acute
Cardiac Ischemia

[0117] A simple and sensitive high-performance liquid
chromatography (HPLC) method utilizing ultraviolet (UV)
detection was developed for the determination of inosine and
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hypoxanthine in human plasma. For component separation, a
monolithic C18 column at a flow rate of 1.0 mL/min with an
aqueous mobile phase of trifluoroacetic acid (0.1% TFA in
deionized water pH 2.2, v/v) and methanol gradient was used.
The method employed a one-step sample preparation utiliz-
ing centrifugal filtration with high component recoveries
(~98%) from plasma, which eliminated the need of an inter-
nal standard. The method demonstrated excellent linearity
(0.25-5 g/mL, R>0.9990) for both inosine and hypoxanthine
with detection limits of 100 ng/mL. This simple and cost
effective method was utilized to evaluate potential endog-
enous plasma biomarker(s), which may aid hospital emer-
gency personnel in the early detection of acute cardiac
ischemia in patients presenting with non-traumatic chest
pain.

Introduction

[0118] According to a recent report by the World Health
Organization (WHQO, 2002 data), approximately 32 million
myocardial infarctions (MI) occurred worldwide resulting in
more than 12 million deaths [1]. Cardiovascular disease is the
leading cause of mortality in the world and includes MI,
which can be presaged by acute cardiac ischemia [2-5]. In a
patient suspected of having an MI or on-going acute cardiac
ischemia, standard diagnostic procedures include patient his-
tory and physical exam, an electrocardiogram (ECG) and
sequential assessment of biomarkers of myocardial damage
[6-8].

[0119] Current test methods for endogenous cardiac biom-
arkers (e.g. cardiac troponin I, creatine kinase-MB and myo-
globin) include LC-MSanalysis [9,10] and fluorescence
immunoassay [11-14]; however elevation of these protein
biomarkers reflect some level of myocardial necrosis, and are
typically elevated in a diagnostic range several hours after
acute myocardial infarction. Inosine (9-f-d-ribofuranosylhy-
poxanthine, MW 268 Da nucleoside) and hypoxanthine (1,7-
dihydro-6H-purin-6-one, MW 136 Da purine) are endog-
enous non-protein plasma constituents normally found at low
concentrations (e.g. ~200-400 ng/ml) in human plasma
resulting from dietary and endogenous purine metabolism
[15]. As described in Example 1, inosine levels increase from
cardiac tissue subjected to constant conditions of oxidative
stress (e.g. acute cardiac ischemia or myocardial infarction).
[0120] Current methods for plasma level measurement of
selected ATP catabolic by-products such as inosine, hypox-
anthine, xanthine and uric acid, in plasma utilize HPLC-UV
with sample preparation steps including solid phase extrac-
tion [15], protein precipitations (e.g. ethanol or TCA) as well
as some methods requiring use of an internal standard [17,
18]. High performance liquid chromatography (HPLC) with
ion pairing reagents [19-21] or protein precipitation and
enzyme catalyzed luminescence detection [22] have also
been used. One HPLC method utilized centrifugal filtration
for sample preparation; however this method did not com-
pletely resolve hypoxanthine and xanthine components and
column degradation was reported after 3 months of use [23].
None of these techniques, however, offers as simple a deter-
mination for inosine and hypoxanthine (can also evaluate uric
acid, adenosine and xanthine) in human plasma as the method
described herein. The method utilizes centrifugal membrane
filter technology and does not require the use of an internal
standard. In addition, this method employs a recently intro-
duced HPLC column technology (Onyx™ monolithic col-
umn, Phenomenex® Inc. 2005 market introduction) [24],
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which provides sufficient component resolution and sensitiv-
ity for measurement of inosine and hypoxanthine in human
plasma samples, from healthy volunteers and emergency
room patients presenting with chest pain with and without
acute cardiac ischemia.

Experimental
Chemicals and Blank Plasma

[0121] Hypoxanthine and xanthine were purchased from
Acros Organics (Fair Lawn, N.J., USA) and adenosine,
inosine and uric acid were purchased from Sigma-Aldrich
(St. Louis, Mo., USA) with all chemicals being ACS reagent
grade or higher purity. For mobile phase preparation, trifluo-
roacetic acid (TFA) was reagent grade, methanol was Optima
HPLC grade and both were purchased from Fisher Scientific
(Fair Lawn, N.J., USA). Ultrapure distilled and deionized
water (18M cm) used for all HPLC work was prepared in-
house using PureLab®Ultra water purification system (US
Filter, Lowell, Mass., USA) and 0.2 m filtered prior to use.
Blood bank human blank plasma used for preparation of
controls was provided by VCU Medical Center, Richmond,
Va., USA.

HPLC Equipment and Mobile Phase

[0122] The HPLC-DAD (diode array detector) equipment
consisted of a Hewlett-Packard (HP) Model 1090 HPLC sys-
tem (Agilent Technologies, Palo Alto, Calif., USA). The ana-
lytical column used was a Phenomenex® Onyx™ monolithic
Cie 20 cmx4.6 mm 1.D., 130 A column coupled to an
Onyx™ C,, guard column, 5 cmx4.6 mm 1.D. (Torrance
Calif., USA). The guard column was replaced after each
analytical run of approximately 50 samples. The mobile
phase consisted of aqueous trifluoroacetic acid (0.1% TFA in
deionized water, pH 2.2, v/v) and methanol gradient. The
mobile phase gradient was programmed with time course as
follows (99:10.1% TFA in deionized water:methanol (v/v) at
0 min and held for 3 min; 70:20 0.1% TFA in deionized
water:methanol (v/v) at 10 min; 5:90 0.1% TFA in deionized
water:methanol (v/v)at 11 minand held 2 min, and 99:10.1%
TFA in deionized water:methanol (v/v) at 14 min). The
mobile phase was continuously degassed using helium sparg-
ing and used at a flow rate of 1.0 mI/min. Typical HPLC
operating pressure at gradient time O min conditions was
approximately 84 bar with ambient column temperature. An
injection volume of 15 L of the prepared plasma sample was
accomplished using the HP Model 1090 autosampler. Com-
ponent detection was achieved using the HP Model 1090
DAD detector with data collection at the optimal UV wave-
length absorption of 250 nm for both inosine and hypoxan-
thine. The detector was operated at high sensitivity set point
with a 1 s response time. A 345 kPa backpressure regulator
(SSI, State College, Pa., USA) was coupled to the detector
outlet to prevent mobile phase outgassing. Data acquisition
and component computations were performed using Total-
Chrom™ Workstation software (Perkin Elmer™, Norwalk,
Conn., USA).

Standard and Control Preparation

[0123] Stock standards of adenosine, inosine, hypoxan-
thine, xanthine and uric acid (100 g/mL) were prepared in
deionized water and stored at 4° C. Working standards to
establish HPLC retention times of adenosine, xanthine and
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uric acid components were prepared at 2.5 ug/ml. concentra-
tions in deionized water. Working standards of inosine and
hypoxanthine (250, 500, 1000, 3000 and 5000 ng/mlL.) were
prepared in deionized water. All working standards were
stored at =70° C. and stable for at least 6 months. Working
controls of inosine and hypoxanthine (250, 2000 and 4000
ng/ml) were prepared using pooled hospital blood plasma
(n=3 donated lots) which were evaluated individually and
confirmed to lack detectable levels of inosine and hypoxan-
thine components.

[0124] TItis possible the levels of inosine and hypoxanthine
in blood bank plasma were not detectable due to the time (>10
days) the plasma was stored refrigerated (4° C.) prior to
expiration and availability for laboratory experimental use.
Without freezing the plasma or utilizing plasma enzyme
inhibitors, xanthine oxidase and purine nucleoside phospho-
rylase found in plasma may metabolize the normally low
levels of inosine and hypoxanthine to their end product uric
acid. Following preparation of control samples, they were
immediately frozen at -70° C., to prevent endogenous plasma
purine nucleoside phosphorylase from converting inosine to
hypoxanthine prior to formal sample analysis. Following hos-
pital approval, blood was obtained from hospital emergency
room patients (n=20), in vacutainer TM tubes containing
heparin as per hospital emergency room protocols for patients
presenting with chest pain and potential MI or acute myocat-
dial ischemia. Sample tubes were centrifuged at ~1000xg for
10 min with plasma drawn off and split into tubes for hospital
clinical testing and one tube immediately frozen at =20° C.
(transferred to =70° C. for storage) for inosine and hypoxan-
thine analysis. Plasma samples from healthy blood donors
(male and female, both genders >18 years of age) were pur-
chased from ProMedDx (Norton, Mass., USA) which used an
IRB approved specimen collection protocol and stored frozen
at =70° C. Prior to HPLC analysis, plasma samples were
thawed to ambient temperature, mixed thoroughly by inver-
sion and centrifuged at 1000xg for 10 min to eliminate fibrin-
ous material.

Sample Preparation

[0125] Samples were prepared for HPLC analysis by pipet-
ting 250 pl of plasma into a polypropylene Microcon®
YM-10 (10,000 molecular weight cutoff, MWCO) centrifu-
gal filter tube (Millipore, Bedford Mass., USA). The sample
tubes were capped and centrifuged at 14,000xg for 15 min at
ambient lab temperature. The clear filtrates were transferred
to deactivated glass HPLC autosampler vials (Waters®, Mil-
ford Mass., USA) with 15 uL. injected into the HPLC system
for analysis.

Results and Discussion
HPLC Conditions Optimization

[0126] Several types of C,, columns were evaluated for
resolving adenosine, inosine, hypoxanthine, xanthine and
uric acid from other plasma components. Due to minimal
sample preparation using the centrifugal membrane filter, the
ideal HPLC column should have high efficiency for resolving
inosine and hypoxanthine components from components in
the plasma matrix. Conventional HPLC columns such as
Synergi Polar-RP C 5 (15 cmx3.0 mm 1.D.x4 pm packing)
and Hypersil ODS C, (15 cmx3.2 mm [.D.x3 um packing)
were evaluated versus the recently marketed HPLC column
technology, the Onyx monolithic C, g column (10 cmx4.6 mm
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1.D.). The monolithic column provided superior chromato-
graphic resolution of components with a low system back-
pressure of approximately 84 bar (gradient time zero condi-
tions and flow rate of 1 mL/min). It should be emphasized that
both conventional HPLC columns were evaluated at operat-
ing flow rates of ~0.6 ml/min and with system pressures that
were approximately twice as high as when using the mono-
lithic column. The supplier of the monolithic column cited
advantages of high component efficiencies (resolution) and
low system backpressure with use of the new monolithic
column technology. We observed that both of these stated
advantages over the two conventional mid-bore diameter
HPLC columns evaluated were clearly demonstrated.

[0127] Themobilephase aqueous component, 0.1% TFA in
deionized water, provided a pH of 2.2 which also provided
good peak shape (e.g. uric acid component, pKa ~5.8) from
components of interest from the endogenous plasma compo-
nents (MW<10,000 Da) obtained from the YM-10 sample
preparation. Optimization and adjustment of the acid strength
improved the separation between hypoxanthine (RT 5.2 min)
and uric acid (RT 5.7 min). Initial use of aqueous 0.05% TFA
did not provide component baseline resolution while aqueous
0.1% TFA offered complete component baseline resolution at
the expense of increased column retention times. The mobile
phase organic modifiers (e.g. acetonitrile versus methanol)
were evaluated to determine which organic solvent would
provide the best chromatographic separation from endog-
enous plasma components and at the same time being most
cost effective. Methanol was chosen as the organic modifier
as it provided symmetrical component peak shapes and good
selectivity from other endogenous plasma components; how-
ever the HPLC system backpressure was somewhat higher
when using methanol with the methanol gradient increasing
from 1 to 90%. Methanol is also more cost effective for
routine HPLC analysis because of its lower procurement cost.
[0128] A mobile phase gradient was used for reproducible
separations of the structurally similar purines (hypoxanthine,
uric acid) and nucleosides (inosine, adenosine). Since the
mobile phase organic constituent is critical to controlling
component elution times (initial 1% methanol composition at
gradient time zero), the use of protein precipitation technique
using solvents such as acetonitrile or methanol (typically 1:1
or 2:1, organic:plasma ratio) was eliminated from consider-
ation. The structurally similar components injected using
organic solvent precipitation were not chromatographically
resolved due to band broadening effects from the added
organic modifier. Different column oven temperatures (e.g.
ambient lab of 20, 30 and 40° C.) were evaluated without
significant chromatographic improvement (component reso-
lution, peak shape), thus ambient temperature was utilized for
the analysis. At higher column temperatures (e.g. 40° C.),
component co-elution for both early (hypoxanthine, uric
acid) and late components (inosine, adenosine) was observed.

Linearity, Limits of Quantitation and Detection, Computa-
tions

[0129] The plasma method was linear throughout the con-
centration range of 0.25-5 ug/mL for inosine (mean correla-
tion coefficient of 0.9991, n=10) and hypoxanthine (mean
correlation coefficient of 0.9998, n=10) with all standard
back-calculated values within 5% of their nominal amount.
The limit of detection (LOD) for each component of the
method was ~100 ng/mL. The LOD was determined using a
fortified amount of each component in pooled blood blank
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plasma at 100 ng/mL (n=3) and calculation from each com-
ponent’s standard curve (component peak heights had greater
than three times s/n than blank plasma background). For
plasma component calculations and reporting results, normal
linear regression utilizing external standardization and peak
height was used with the lowest standard calibrator (0.25
pg/mL) used as the limit of quantitation (defined as combined
accuracy and precision within 20% of the nominal amount).

Accuracy, Precision and Recovery

[0130] The accuracy and precision for the method was
determined by evaluation of replicate prepared plasma con-
trol samples at 250, 2000 and 4000 ng/mL (Table 3). The
combined intra-day (within day) and inter-day (between day)
accuracy of the method was reported as the percent error of
nominal fortified amounts versus measured component con-
centrations. The combined intra-day and inter-day precision
of the method was reported as percent relative standard devia-
tion (% R.S.D.). The method demonstrated excellent accu-
racy (x6%) and precision (£8.1) for both components in
plasma (n=15 at each component concentration level).

TABLE 3

Combined intra- and inter-day accuracy and precision for
inosine and hypoxanthine in plasma controls

Fortified
concentration  Calculated mean

(ng/mL) concentration Error R.S.D.
Component (n=15) (ng/mL) (n=15) (%) (%)
Inosine 250 243 -2.8 8.1
Inosine 2000 1966 -1.7 4.9
Inosine 4000 3914 =22 3.6
Hypoxanthine 250 265 6.0 7.5
Hypoxanthine 2000 2044 2.2 5.5
Hypoxanthine 4000 3931 -1.7 2.2

Controls demonstrated excellent accuracy+6% and preci-
sion8.1% throughout the plasma concentration range.
[0131] Absolute recovery for the plasma method was
evaluated by comparing extracted fortified controls prepared
in pooled blood blank plasma versus unextracted standards
prepared in deionized water (n=3 at 250, 2000 and 4000
ng/mL). The absolute recovery for the plasma method was
determined to be >98% for both inosine and hypoxanthine. In
addition, the standards and controls used for all HPLC analy-
sis were prepared and handled identical to patient and volun-
teer subject samples, thus controlling for potential errors in
sample handling, micropipetting and YM-10 component
extraction recovery.

Chromatography

[0132] FIGS. 4 A-E illustrate chromatograms of 2000
ng/mL hypoxanthine (RT ~5.3 min), uric acid (RT ~5.8 min),
xanthine (RT ~7.2 min), adenosine (RT ~10.7 min) and
inosine (RT ~10.9 min) in deionized water for marking com-
ponent retention times; limit of quantitation and lowest
plasma standard of 250 ng/ml hypoxanthine and inosine;
pooled blank plasma from the VCU Health Systems Hospital
blood bank; prepared plasma from a healthy female subject;
and prepared plasma from a hospital emergency room female
patient exhibiting symptoms of chest pain and acute myocar-
dial ischemia (FIGS. 4 A, B, C, D and E, respectively). The
method demonstrated excellent chromatographic selectivity
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with no endogenous plasma interferences at the retention
times of hypoxanthine and inosine with sufficient sensitivity
for both components ofinterest using conventional UV detec-
tion and an analytical run time of ~21 min (allows mobile
phase gradient equilibration). To extend column lifetime, the
analytical column was flushed after each analytical run (~50
injections) for 1 h at 1.0 mI/min with acetonitrile: deionized
water (90:10, v/v) to eliminate potential retained nonpolar
substances from the column.

Sample Preparation, Optimization and Filtrate Stability

[0133] Sample preparation evaluations using protein pre-
cipitation and centrifugal membrane filters were conducted.
As previously described, organic solvent precipitation was
not useful due to resulting poor chromatographic resolution
of structurally similar components. TCA was not evaluated
due to the hazards of using the strong acid and the resulting
sample dilution effect potentially affecting overall method
sensitivity. The centrifugal membrane filter is commonly
used to concentrate peptides, proteins and nucleic acids for
proteomic and genomic determinations [25]. Since the
molecular weights of our components are all less than 300 Da,
our approach to using this technique was to inject the filtrate
which would contain the low molecular weight components
that transfers across the YM-3 or YM-10 cellulose membrane
cutoff filters. This essentially removes most peptides and all
proteins from the sample to be injected as they are retained by
the cellulose membrane cutoff filter, thus improving method
selectivity. Method sensitivity is also improved because there
is no sample dilution effect since no solvent is added.
[0134] Evaluations to optimize sample preparation condi-
tions using the YM-10 (10,000 Da MWCO) and YM-3 (3000
Da MWCO) centrifugal filter were conducted. With the cen-
trifugal force set at 14,000xg (recommended by YM-10 sup-
plier) and using 250 uL, of prepared plasma control samples,
the centrifuge spin time was varied from 5, 15, 30 and 60 min.
The 5 min spin time did not provide enough time to
adequately separate plasma proteins from the aqueous matrix
(salts, small peptides and substances less than 10,000 Da)
with an insufficient amount of sample filtrate recovered. The
15,30and 60 min centrifugal spin times resulted in maximum
recovery of sample filtrate. However, the 60 min spin filtrate
samples were significantly warmer than ambient lab tempera-
ture most likely due to warming effects of the sample tubes
friction with air from the centrifugal spin. Thus to eliminate
potential component degradation due to heat from spinning
60 min and to shorten sample preparation time, a spin time of
15 min was used for all analyses as above.

[0135] Results for the YM-3 filter evaluation demonstrated
longer spin times were required (~45-60 min) at 14,000xg
versus the 15 min spin using the YM-10 filter. The YM-3
filtrate did not offer better filtration of smaller plasma pep-
tides (<10K Da), as observed on chromatograms, than was
already achieved using the YM-10 filter. However, using
either YM-3 or YM-10 filter effectively removed the purine
nucleoside phosphorylase enzyme (nominal weight ~90-94
kDa protein, [26,27]) thus eliminating the potential for
inosine to hypoxanthine metabolism in the sample filtrate.
The filtrates were stored frozen (-70° C.) after HPLC analysis
with both inosine and hypoxanthine components demonstrat-
ing stability for greater than 3 months.

Plasma Purine Nucleoside Phosphorylase Activity

[0136] Purine nucleoside phosphorylase (PNP, EC 2.4.2.1)
is an enzyme that rapidly metabolizes inosine to hypoxan-
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thine in blood (t%2<5 min due to red blood cells). This enzyme
has low activity in plasma and is normally found in human
cardiac muscle, GI tract, spleen, brain and red blood cells
[28,29]. Therefore, to better estimate an ischemic heart’s
effluxed inosine during periods of acute cardiac oxidative
stress, venous blood samples should be kept cold (ice) and
prepared immediately. Either the blood sample should be
immediately inhibited (e.g. peldesine, competitive inhibitor
[28]) or the metabolite hypoxanthine should be simulta-
neously determined with inosine to better estimate the level of
acute cardiac ischemia. In whole blood or plasma samples,
hypoxanthine will not be further metabolized to xanthine as
the human enzyme xanthine oxidase (XO), which is required
for hypoxanthine to xanthine conversion, has low activity in
plasma [30] and being typically found in human tissue (liver,
small intestine) and other bodily fluids (milk, colostrum). A
plasma (heparinized) sample is recommended for inosine and
hypoxanthine determination in that the approximate 30 min
clottime required for a serum sample would allow significant
conversion of inosine to hypoxanthine in the collection tube,
which

would contain PNP from the red blood cell and plasma
matrix.

[0137] Several evaluations (n=3 samples at each condition)
were performed to evaluate inosine metabolism by PNP
activity in plasma stored at 4° C. (refrigerator), =20 and -70°
C. Results of the 4° C. evaluation can be seen in FIG. 5;
plasma fortified with inosine only at 2000 ng/mL and without
PNP enzyme inhibitor is metabolized rapidly to hypoxan-
thine (~70% in 24 h); plasma fortified with 250 ng/mL of
inosine and hypoxanthine and without PNP enzyme inhibitor
is also metabolized rapidly to hypoxanthine (~70% in 24 h);
however the plasma fortified with 2000 ng/mL of inosine and
hypoxanthine and without a PNP enzyme inhibitor, is
metabolized less rapidly to hypoxanthine (~30% in 24 h) and
slightly less than 50% after 72 h. Results of storing fortified
plasma samples at -20° C. immediately after preparation
indicated a reduced rate of inosine to hypoxanthine conver-
sion (~30% after 8 months) with storage at =70° C. almost
completely deactivating the PNP enzyme (<5% inosine con-
version after 3 months).

[0138] A possible explanation for the plasma hypoxanthine
concentration dependence for the conversion rate of inosine
to hypoxanthine would be product inhibition (PNP K, ~0.04
mM) [31]. This low Keq indicates that thermodynamically,
inosine synthesis is favored over product conversion to
hypoxanthine. When the venous sample plasma concentra-
tion of hypoxanthine is present at higher levels (e.g. 2000
ng/mL), the conversion of inosine to hypoxanthine by plasma
PNP decreases in the absence of significantXOenzyme activ-
ity, which converts hypoxanthine to xanthine and uric acid for
biological elimination (therefore XO activity ultimately
increases PNP activity as it reduces hypoxanthine product
inhibition of PNP). It was also determined that the total
amount of inosine and hypoxanthine fortified into the pooled
plasma was recovered, thus verifying the lack of signifi-
cantXQOactivity in human plasma and supports our recom-
mendation of simultaneous determination of both inosine and
hypoxanthine components. A preliminary investigation to
show the utility of the method is shown in FIG. 1D (healthy
control with 350 ng/mL inosine and 373 ng/mL hypoxan-
thine) and 1E (potential acute cardiac ischemia patient with
641 ng/mL inosine and 3987 ng/mL hypoxanthine). These
figures demonstrate an increase in both inosine and hypox-
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anthine concentrations in one patient having presented with
chest pain and undergoing evaluation for acute cardiac
ischemia.

Conclusions

[0139] A sensitive and selective method has been devel-
oped for evaluation of inosine and hypoxanthine in human
plasma. The method employed a one-step sample preparation
for plasma (no organic solvents or solid phase extraction
cartridges required) with high analyte recoveries, which
eliminated the need for an internal standard. In addition, this
method utilized recently introduced HPLC monolithic col-
umn technology, which provided sufficient selectivity and
sensitivity for measurement of these components. The
method was employed without significant methodological
problems in the evaluation of plasma samples obtained from
healthy volunteers and hospital emergency room patients pre-
senting with chest pain and potential acute myocardial
ischemia.
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Example 3

Rapid Chemiluminescence Detection of Tnosine and
Hypoxanthine Using Microplate Luminometer

Introduction

[0170] This Example describes the development of a rapid
chemiluminescence test method for determination of inosine
and hypoxanthine in human plasma. The purpose is to allow
for rapid patient screening capability (diagnostic tool for
acute cardiac ischemia) for potential use, for example, in
hospital emergency department environments. The lumines-
cence method was tested on samples from healthy individuals
and hospital patients with confirmed acute MI (hospital docu-
mented elevated levels of ¢TnT). The method is rapid (defined
as less than 10 minute analysis time), sensitive and specific
for inosine and hypoxanthine thereby reducing potential
errors in interpreting sample test results (e.g. false positive
and false negative results are minimized). Currently, there are
no rapid test methods to determine inosine and hypoxanthine
in plasma, which can meet the stringent sample turnaround
time requirements of an emergency medical services (EMS)
environment. The rationale for using chemiluminescence
technology over commonly used liquid chromatography
(LC) and immunoassay technologies are as follows: LC and
immunoassay methods are both very sensitive and specific
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techniques (e.g. monoclonal antibodies for immunoassay and
mass spectrometer detection for LC); however, an LC-MS
system is expensive to purchase and operate, both techniques
require technical expertise to perform, and both lack the rapid
turnaround time needed by an EMS facility analyzing a pri-
ority “stat” type samples. However, a luminometer can mea-
sure chemiluminescent light, is relatively inexpensive to pur-
chase, currently used in clinical labs (microplate capability),
and can provide high component sensitivity.

[0171] Luminescence technology is well established with
many instrument vendors (e.g. BMG LabTech Inc. Lumistar
Optima (Durham, N.C., USA), BioTek Synergy HT (Wi-
nooski, Vt., USA), Thermo Fisher Scientific Luminoskan
(Waltham, Mass., USA)) and suppliers (e.g. Corning Life
Sciences, Lowell, Mass., USA) of luminescence supplies and
reagents available worldwide. It is known to be one of the
most sensitive techniques, with one recent publication, for
example, on its application for low ng/ml concentrations of
ATP in human plasma [Gorman et al., 2007]. The high sen-
sitivity of luminescence is primarily due to its high analyte
signal to noise (s/n) ratio, with reported detection levels at low
picogram and femtogram levels.

[0172] To address biomarker specificity requirement, the
subject luminescence test method will utilize biological
enzymes purine nucleoside phosphorylase (PNP) and xan-
thine oxidase (XO), which are specific for enzymatic conver-
sions of inosine and hypoxanthine, respectively. The PNP
enzyme converts inosine to hypoxanthine and XO converts
hypoxanthine to xanthine, followed by XO conversion of
xanthine to final product uric acid (in human species). Each
time XO reacts with one mole of hypoxanthine, and subse-
quently with one mole of xanthine, the metabolic by-products
of each XO enzymatic turnover is the production of one mole
of hydrogen peroxide and two moles of superoxide anion
radical (O°—). Both of these by-products can become sub-
strates for luminescence type reactions. Several commonly
used luminescent materials (e.g. luminol (oxidation), lucige-
nin (reduction), and PHOLASIN® (oxidation) were consid-
ered for this research. If using luminol or lucigenin as the
luminescent material, the hydrogen peroxide (which has both
oxidizing and reducing capabilities) can react with the horse-
radish peroxidase (HRP) enzyme, luminol, and signal
enhancers to generate measurable blue light ~450 nm, thus an
amplification of signal effect (one mole of hypoxanthine and
xanthine can generate two moles of hydrogen peroxide) (FIG.
6).

[0173] However, to achieve even greater sensitivity at low
concentrations (ng/ml or uM levels of inosine and hypoxan-
thine are typically found in human plasma) another lumines-
cence approach was investigated, which utilizes a highly sen-
sitive photoprotein (PHOLASIN®). Since one mole of
hypoxanthine will generate 4 moles of superoxide anion radi-
cals (SAR) as a by-product of XO activity, using a chemilu-
minescent material that reacts with SAR should theoretically
provide even more luminescence signal, thus potentially
increasing the sensitivity two fold over using the hydrogen
peroxide/horseradish peroxidase/luminol approach. One
article cited PHOLASIN® having more than 100 fold sensi-
tivity than lucigenin (Knight, 1997).

[0174] PHOLASIN®, a photoprotein isolated from the bi-
valve mollusk, has been reported to be a very sensitive chemi-
luminescent material (called Lucidalin®) for SAR and other
reactive oxygen species (ROS) such as the hydroxyl free
radical (Knight, 1988). PHOLASIN® has been extensively
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studied and patented by Knight Scientific, Plymouth, UK. It is
an approximately 34-36 kDa glycoprotein, which can be
made excitable by several ROS, emitting blue-green light,
and it has been reported to not have fluorescent properties.
The presence of SAR can react with the PHOLASIN® pho-
toprotein to generate measurable light (~490 nm) (FIG. 7),
thus an amplification of signal effect (one mole of hypoxan-
thine can generate four moles of SAR), which should increase
sensitivity and provide lower component detection limits.
The reaction of PHOLASIN® with SAR can be very quick
(flash type technique, typically seconds) and may be made
even more sensitive with use of signal enhancers (e.g. Adju-
vant-k (proprietary) from Knight Scientific).

[0175] The Lumistar Optima Microplate Reader (BMG
LabTech, Durham, N.C., USA) was used for all luminescence
evaluations. The instrument has temperature control, sup-
ports the use of 96 well plates (opaque white) which were
purchased from Corning Life Sciences (Lowell, Mass.,
USA), and is capable of variable microplate mixing speeds
with flash and glow luminescence capabilities. The instru-
ment is fitted with two direct injectors capable of rapid injec-
tions (e.g. 310 ul/sec), thus micropipetting assay reagents into
the sample wells was automatically performed, which may
help to reduce potential errors from manual pipetting.

Experimental
Chemicals, Reagents and Materials

[0176] Hypoxanthine, xanthine and ethyl alcohol (HPLC
grade, denatured) were purchased from Acros Organics (Fair
Lawn, N.J., USA). Inosine, dibasic sodium hydrogen phos-
phate, and uric acid were purchased from Sigma-Aldrich (St.
Louis, Mo., USA). Enzymes xanthine oxidase (isolated from
bovine milk, Grade III, ammonium sulfate suspension, enzy-
matic activity ~1.3 units/mg protein, storage temp 2-8° C.),
purine nucleoside phosphorylase (isolated from human
blood, lyophilized powder, enzymatic activity ~19 units/mg
protein, storage =20° C.) and uricase (isolated from Arthro-
bacter globiformis, lyophilized powder, ~19.7 units/mg pro-
tein, storage =20° C.) were all purchased from Sigma-Ald-
rich.

[0177] A commercial test kit used for antioxidant evalua-
tions was purchased for initial setup of the luminometer and
included an assay utilizing xanthine/xanthine oxidase plate
mode kinetics (glow technique). The kit included PHOL A-
SIN® (50 pg), xanthine, xanthine oxidase [~10.25 mU/ml]
and buffer (proprietary) for plate mode kinetics and was pur-
chased from Knight Scientific (Plymouth, UK). The lumi-
nometer instrument was qualified using the commercial anti-
oxidant test kit and by successful replication of the xanthine/
xanthine oxidase plate mode kinetics profile from Knight
Scientific. For all experiments following instrument qualifi-
cation, the reagents and enzyme solutions were prepared
accordingly. Dibasic sodium hydrogen phosphate was used to
prepare the 20 mM assay buffer solution with ultrapure deion-
ized water as the diluent (final pH 7.4 using concentrated
phosphoric acid). Ultrapure deionized water (~18 MO-cm)
used for all reagent solutions was filtered (0.2 um) prior to
use.

[0178] The luminometer rinse solution for the direct injec-
tor syringes was prepared using ethyl alcohol:deionized
water mixture (75:25%, v/v). Weekly rinses were performed
to reduce potential material (e.g. protein and enzyme residue)
buildup in the syringes, reagent tubing and injector needles.
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Opaque 96 well microplates were purchased from Corning
Life Sciences (Lowell, Mass., USA) and stored in the dark at
ambient temperature. Blank human plasma (lithium antico-
agulant) from one healthy volunteer (250 ml), an additional
six healthy volunteers plasma (lithium heparin) samples (1 ml
each), and six patient’s plasma (lithium heparin) samples with
confirmed acute MI (hospital reported elevated ¢TnT, 1 ml
each) were purchased from ProMedDx (Norton, Mass., USA)
and stored at =20° C. prior to use.

Preparation of Standards, Enzymes and PHOLASIN® Solu-
tions

[0179] Stock standards of inosine (25 pg/ml, 93.2 pM),
hypoxanthine (25 pg/ml, 183.7 uM), xanthine (25 pg/ml,
164.4 pM) and uric acid (25 ng/ml, 148.7 uM) were prepared
in deionized water, stored at 4° C. with stability greater than
3 months. Working calibration standards for each component
were prepared in deionized water immediately prior to use.
For experiments, the working xanthine oxidase solution was
prepared by pipetting 40 pl of the aqueous stock XO (from
bovine milk) suspension into 2.0 ml of assay buffer (pH 7.4)
resulting in ~676 mU XO/ml. The working XO solution was
stable at ambient laboratory temperature (22° C.) and could
be stored at 4° C. overnight with minimal loss in enzyme
activity; however the working XO solution should not be
stored frozen (e.g. -20° C.), as a complete loss of enzyme
activity was observed upon freeze-thaw and subsequent use.
[0180] To prepare PNP and uricase solutions from solid and
lyophilized purine nucleoside phosphorylase and uricase, 1.0
ml of assay buffer (pH 7.4) was pipetted directly into the
vendor container bottle with gentle vortexing into solution.
After reconstitution using 1 ml of assay buffer (pH 7.4), the
PNP stock concentration was ~18.7 Units PNP/ml and
uricase stock concentration was ~110 Units uricase/ml. A
working solution of PNP [~701 mU PNP/ml]| was prepared by
pipetting 75 pL of the aqueous stock material into 2.0 ml of
assay buffer (pH 7.4). A working solution of unease [~1.1 U
uricase/ml] was prepared by pipetting 20 pl. of the aqueous
stock material into 2.0 ml of assay buffer (pH 7.4). Both
working solutions of PNP and unease were stable at ambient
laboratory temperature and could be stored at 4° C. overnight
with minimal loss in enzyme activity.

[0181] For preparation of the PHOLASIN® luminescent
material, 5.0 ml of assay buffer (pH 7.4) was pipetted directly
into the vendor container bottle containing 50 pg PHOLA-
SIN® with gentle vortexing, resulting in a ~10 pg/ml solu-
tion. The prepared PHOLASIN® reagent was stable at ambi-
ent laboratory temperature and 4° C., and was stored
protected from light to eliminate potential basal lumines-
cence as it is an excitable photoprotein. The reconstituted
PHOLASIN® solution was transferred and stored in plastic
screw top tubes (~1 ml aliquots stored at -20° C.).

Luminometer Equipment and Set Points

[0182] The luminometer equipment consisted of a BMG
LabTech Inc. Lumistar Optima and Optima software (version
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2.1) (Durham, N.C., USA) and Dell Optiplex 745 PC (Dell,
Tex., USA). The luminometer was equipped with tempera-
ture control (8° C. to 45° C.), two direct injectors (minimum
injection volume of 3 wl) with variable injection speeds (10
Ws to 420 p/s), and microplate shaking (orbital, linear, figure
eight) capability. The luminometer listed specifications for
the limit of detection (<50 amol/well ATP), spectral range
(240-740 nm) and dynamic range (9 decades). All lumines-
cence assays utilized opaque 96 well plates, an incubation
temperature of 25° C., lens mode (no emission filter) and a
photo-multiplier (PMT) gain setting of 3900 volts. Equip-
ment set points for all experiments in the flash mode are listed
in FIG. 9.

Method Development and Optimization

[0183] Development and optimization of the luminescence
test method included evaluation of parameters such as deter-
mining hypoxanthine concentration level range, adjustment
of XO enzyme concentration level to reduce analysis time,
and enzyme incubation time (e.g. PNP) to maximize sensi-
tivity and repeatability and to minimize turnaround time (<10
min analysis). All plasma analysis utilized 20 ul of sample in
a final microplate well volume 0200 p. 1 (effectively making
a 1:10 dilution of the plasma sample). Potential endogenous
interference (e.g. uric acid) was evaluated to determine
quenching effects as this substance has antioxidant capacity
and is typically found in plasma at high concentrations (e.g.
350-450 uM), especially in gout patients.

[0184] The HPLC results from normal volunteers
(ProMedDx plasma) and non-traumatic chest pain patients
(Chippenham Hospital ED plasma) were used to estimate
expected plasma concentrations of inosine and hypoxanthine
(Table 4). Since the luminometer is a detection device and
will not separate a mixture of components (as does HPLC), it
was necessary to utilize the PNP enzyme and convert com-
ponent inosine to hypoxanthine, and then measure the result-
ing total plasma hypoxanthine (inosine plus hypoxanthine)
concentration. Using the XO enzyme, hypoxanthine converts
to xanthine, and xanthine to uric acid. The luminometer mea-
sures the light signal generated from the XO reaction with
hypoxanthine and xanthine (XO generates superoxide anion
radicals which react with the luminescent material PHOLA-
SIN®). Using a pg/ml to pM (micro molar) conversion table
(Excel formula computations, Table 5), a standard curve of
hypoxanthine was prepared at concentration range of 2.3 to
30.3 pM. The initial hypoxanthine concentration range was
set to focus on hypoxanthine concentrations to maximize the
luminescence method sensitivity and detect concentration
differences between healthy normal individuals and non-
traumatic chest pain patients (e.g. ~3 uM for normal indi-
vidual and ~15 pM for lowest observed chest pain patient).
Plasma samples above the highest standard can be diluted
with deionized water. The initial range incorporated total
inosine and hypoxanthine concentrations from both healthy
normal individuals and non-traumatic chest pain patients
(based on n=20 for each group).

TABLE 4

Estimated incsine, hypoxanthine, xanthine and uric acid concentrations in healthy

normal individuals and non-traumatic chest pain patients.




US 2011/0171671 Al

Plasma Plasma
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[ug/ml] [uM] Comments

Estimated lowest inosine level 0.10 0.4

Estimated lowest hypoxanthine level 0.10 0.7

Assume 100% inosine to 1.1

hypoxanthine conversion

Estimated (normals) inosine level 0.30 1.1

Estimated (normals) hypoxanthine 0.30 2.2

level

Assume 100% inosine to 3.3 Estimated levels (normals) from

hypoxanthine conversion Feng et al, Ther Drug Mon (2000)
22:177-183.

Estimated (ischemic) inosine level 0.3 1.1 Lowest chest pain patient value

Estimated {ischemic) hypoxanthine 2.0 14.7

level

Assume 100% inosine to 15.8 Ischemic (based on Chippenham ED

hypoxanthine conversion data).

Estimated (ischemic) inosine level 78 29.1 Highest chest pain patient value

Estimated {ischemic) hypoxanthine 9.7 71.3

level

Assume 100% inosine to 100.3 Ischemic (based on Chippenham ED

hypoxanthine conversion data).

Estimated {normals) xanthine level 09 5.9 Estimated xanthine levels (normals)
from Feng et al, Ther Drug Mon
(2000) 22: 177-183.

Estimated {normals) uric acid level 60.0 356.9 Potential XO inhibitor and
luminescence quenching
(anti-oxidant).

Estimated {normals, high) uric acid 80.0 475.9 Potential XO inhibitor and

level luminescence quenching
(anti-oxidant).

Estimated uric acid highest level (gout) 100.0 594.8 Potential XO inhibitor and
luminescence quenching

(anti-oxidant).
TABLE 5
Component pg/ml to uM conversion table. [0187]

Compound Weight mg ~ Volume Ml  Conc pg/ml  Conc uM
Adenosine 25.0 1000.0 25.0 93.6
Inosine 25.0 1000.0 25.0 93.2
Hypoxanthine 25.0 1000.0 25.0 183.7
Xanthine 25.0 1000.0 25.0 164.4
Uric Acid 25.0 1000.0 25.0 148.7
[0185] Xanthine was found to be at a constant concentra-

tion (~6 uM) in both normal individuals and non-traumatic
chest pain patient samples. It is important to discuss why a
standard curve of xanthine would not be used for this assay.
To prepare a standard curve of xanthine for computation of
inosine and hypoxanthine concentrations would report erro-
neously low results, as xanthine only activates the XO
enzyme once (xanthine to uric acid), whereas hypoxanthine
activates the XO enzyme twice (hypoxanthine to xanthine to
uric acid). Since we are only interested in inosine and hypox-
anthine concentrations for this research, and with xanthine
levels constant, it was appropriate to prepare hypoxanthine
standards (which incorporated total inosine to hypoxanthine
conversion) for this research project.

[0186] Typical spreadsheets used for luminescence experi-
ments on inosine. xanthine, and hypoxanthine evaluations
include each reagent preparation, volume pipetted into the
well, and target concentrations and are listed in Tables 6, 7,
and 8, respectively. Using the experimental spreadsheet for
each component standard concentration range, plasma (20 ul)
was pipetted into the microplate well with reagents (e.g. assay
buffer, phosalin, PNP, uricase) either manually pipetted or

injected using one direct injector; with the other direct injec-
tor used to inject the XO solution to start the reaction with
PHOLASIN® and subsequent luminescence emission.

For Table 6: 1) Stock inosine [93.2 pM or 25 pg/ml]
in DI and was prepared by adding 25 mg in 1000 mL DI (or
assay buffer); 2) Working stock (WS) WS-1(9.32 uM) 100 ul
stock inosine (1:10 stock) 900 pl assay buffer; 3) Final total
inosine concentration is based on 200 pl total well volume; 4)
PHOLASIN® stock, conc [10ug/ml] was prepared by adding
5 ml assay buffer to vial (50 pg PHOLASIN® from mollusca,
Knight Scientific) and stored frozen; 50 pl per assay; 5) XO
stock, conc [~676 mU XO/ml] was prepared by pipetting 40
W stock (XO from bovine milk, Sigma) to 2 ml assay buffer
and stored refrigerated; 40 pl per assay; 6) PNP stock, conc
[~701 mU PNP/ml] was prepared by pipetting 75 pl stock
(PNP from human RBC, Sigma) to 2 m1 assay buffer and store
refrigerated; 40 ul per assay.

[0188] For Table 7: 1) Stock xanthine [164.4 uM or 25
pg/ml] in DI. was prepared by adding 25 mg in 1000 mL DI
(or assay buffer); 2) Working stock (WS) WS-1 (16.4 uM)
100 pl stock xanthine (1:10 stock) 900 pl assay buffer; 3)
Final xanthine conc based on 200 pl total well volume; 4)
PHOLASIN® conc [10 pg/ml] was prepared by adding 5 ml
assay buffer to vial (50 pg PHOLASIN® from mollusca,
Knight Scientific) and stored frozen; 50 ml per assay; 5) XO
conc stock [~676 mU XO/ml] was prepared by pipetting 40 ul
stock (XO from bovine milk, Sigma) to 2 ml assay buffer and
stored refrigerated; 40 pl per assay.

[0189] For Table 8: 1) Stock hypoxanthine [183.7 uM or 25
ug/ml] in DI was prepared by adding 25 mgin 1000 mL DI (or
assay buffer); 2) Working stock (WS) WS-1 (18.37 uM) 100
ul stock hypoxanthine (1:10 stock) 900 pl assay buffer WS-2
(1.84 uM) 100 pl WS-1 hypoxanthine (1:10 WS-1) 900 pl
assay buffer; 3) Final total hypoxanthine conc based on 200 ul
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total well volume; 4) PHOLASIN® conc [10 pg/ml] was
prepared by adding 5 ml assay buffer to vial (50 ug PHOLA-
SIN® from mollusca, Knight Scientific) and stored frozen; 50
ul per assay; 5) XO stock, conc [~676 mU XO/ml] was
prepared y pipetting 40 ul stock (XO from bovine milk,
Sigma) to 2 ml assay buffer and stored refrigerated; 40 pl per
assay; 6) Target range of nucleoside/purine assay (includes
xanthine plus inoaine and hypoxanthine conversion to xan-
thine) is ~2 pM (normals) up to ~100 pM (ischemic); 7)
Sensitivity and linearity of the nucleoside/purine assay (if
1:10 dilution of plasma) needs to be ~0.1 up to ~10 uM.

TABLE 6

Typical spreadsheet used for inosine luminescence experiments

Final Inosine  Inosine Standard Inosine Assay buffer
Cone. [uM] (ul) WS [uM] (ul)
0.0 0 0 70.0
1.0 215 9.32 48.5
2.5 53.6 9.32 16.4
5.0 10.7 93.2 59.3
10.0 21.5 93.2 48.5
20.0 42.9 93.2 27.1
30.0 64.4 93.2 5.6

TABLE 7

Typical spreadsheet used for xanthine luminescence experiments.

Final Xanthine Xanthine Standard Xanthine Assay buffer

Cone. [uM] (ul) WS [uM] (ul)
0.0 0 0 110.0

1.0 12.2 164 97.8

25 30.5 164 79.5

5.0 61.0 164 49.0

10.0 12.2 1644 97.8

20.0 24.3 1644 85.7
30.0 36.5 1644 73.5

TABLE 8

Typical spreadsheet used for hypoxanthine luminescence experiments.

Final Standard
Hypoxanthine Hypoxanthine Hypoxanthine Assay buffer

Conc. [uM] (ul) WS [uM] (ul)
0.0 0 0 110.0
0.1 10.9 1.84 99.1
0.2 21.8 1.84 88.2
0.5 54.4 1.84 55.6
1.0 10.9 183.7 99.1
2.0 21.8 183.7 88.2
5.0 5.4 183.7 104.6
10.0 10.9 183.7 99.1

Luminescence Computations

[0190] All computations were performed using BMG
Excel software with built in macros to carry out basic com-
putations (e.g. additions, subtractions, etc.) and regression
analysis (for standard curves, etc.) and data processing set
points as defined by the method. FIGS. 10 and 11 represent a
scan (FIG. 10, plasma with 10 uM hypoxanthine) and the
RLU tabulated results (e.g. BMG Excel® Table 1,2, and 3 in
FIG. 11) from raw data acquired over the analytical run and
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with data acquisition set at one data point per second. The
background (baseline) luminescence signal (labeled as Range
1 and presented in BMG Excel® Table 1 of FIG. 11) can be
caused by reagents (e.g. buffer, PHOLASIN®, PNP, plasma)
and electronic noise and was calculated as the maximum RLU
signal between scan times 100-118 seconds. It would have
been preferable to average the background RLU signal; how-
ever the BMG Excel® software was written to have the same
computation applied to both table ranges and does not cur-
rently allow the flexibility of independent computations on
each individual table.

[0191] The peak luminescence signal from the generation
of light from PHOLASIN® (labeled as Range 2 and pre-
sented in BMG Excel® Table 2 of FIG. 11) and superoxide
anion radicals was calculated as the maximum RLU peak
height signal between scan times 119-222 seconds. BMG
Excel® Table 3 (FIG. 11) represents the net RLU and is
calculated by subtracting the background signal (BMG
Excel® Table 1 of FIG. 11) from the peak luminescent signal
(BMG Excel® Table 2, FIG. 11). The use of the peak height
response of the RLU was used for the computations on these
plasma samples, as some patient plasma samples RLU
responses were very slow to return to background (baseline)
RLU levels. The cause of the slow RLU signal return to
baseline is unknown, but may be due to patient medications
(e.g. vasodilators, salicylic acid) used for treatment of acute
MI patients.

[0192] This luminescence method was developed to com-
pare the RLU differences between healthy normal individual
plasma samples (negative control) and samples from ED non-
traumatic chest pain patients that may be experiencing acute
cardiac ischemia. A comparison was made of the net RLU
value between the non-traumatic chest pain patient and nega-
tive control sample, using a calculated 99% RLU reference
cut-off value generated from healthy normal individuals, as
the decision making RLU cut-off level. Determining the 99%
RLU cut-off value is best be determined using a large number
of healthy normal individuals (e.g. >>100) and calculated
using the RLU mean value plus the 2.326 standard deviations
(a=0.01, one tail, 99% confidence interval), and would be
used to determine whether the patient has acute cardiac
ischemia causing the reported chest pain. For example, if a
non-traumatic chest pain patient net RLU was similar to a
negative control sample net RLU, then the patient was most
likely not having an acute cardiac ischemic event, but had
some other type of medical condition (e.g. anxiety, heartburn)
causing the reported chest pain. However, if a patient’s net
RLU was above the 99% RLU reference cut-off value for
healthy normal individuals, then the patient was probably
experiencing an acute cardiac ischemic event, and would
require immediate medical attention, as it may lead to acute
MI and potential adverse outcome.

Results and Discussion

[0193] To setup the new luminometer equipment, a stan-
dardized plate mode luminescence test kit was purchased
(ABEL 61M Antioxidant Test Kit, Knight Scientific, Ltd)
which evaluates antioxidant capability using xanthine/xan-
thine oxidase and PHOLASIN®. This test kit was used to
qualify the new luminometer equipment using a standardized
plate mode (glow technique). However, method modifica-
tions were necessary as the plate mode analysis run time was
approximately 30 min and had low sensitivity (FIG. 12) as it
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is developed primarily for antioxidant and glow kinetic type
studies, which would be insufficient for the objective of a
rapid and sensitive assay.

[0194] Adjustments were made to the level of XO used for
analysis to increase the reaction rate (flash mode) and the
incubation time of PNP enzyme for plasma inosine conver-
sion to hypoxanthine. The starting level of XO enzyme level
for the plate mode was approximately 10.25 mU/m] after
reconstitution with assay buffer. With adjustment of XO to
increase the concentration, the final working concentration
was approximately 676 mU/ml. This resulted in an analysis
time reduction from approximately 30 min to S min (FIG. 13).
Since the commercial kit from Knight Scientific (plate mode)
was set up for xanthine/xanthine oxidase analysis and studies
on material antioxidant capabilities, it was necessary to
increase the XO level to additionally incorporate plasma
hypoxanthine levels, but more importantly to reduce the time
of analysis to under 10 min (i.e. switch from glow mode to
flash mode kinetics).

[0195] A standard curve of hypoxanthine was evaluated at
concentrations from 2.3 to 30.3 uM and demonstrated suffi-
cient linearity (normal linear regression) with correlation
coefficient >0.9990 (n=2). The incubation time of purine
nucleoside phosphorylase was evaluated at 60 and 120 sec-
ond equilibration times using 10 uM inosine as the substrate
with the monitoring of hypoxanthine level (FIGS. 14A-B).
Therefore, the PNP incubation time should remain set at 120
sec to allow for complete inosine to hypoxanthine conversion,
with subsequent XO injection to start the luminescence reac-
tion. In some embodiments, in order to reduce the overall
analysis time, the PNP enzyme is added to the sample collec-
tion tube (e.g. BD vacuutainer), with inosine conversion then
occurring during the whole blood to plasma centrifugation
step, eliminating the need for a 120 sec PNP incubation time;
and reducing the analysis time to only 30 seconds (assumes
injection of XO at 0.1 sec and measurement of peak height
RLU response).

[0196] A study of the effect of plasma uric acid on lumi-
nescence response was performed. Since uric acid is found in
plasma at relatively higher concentrations (normal range
~350-475 uM) and is a known antioxidant, it was important to
evaluate its potential effect on the luminescence signal. As
seenin FIG. 15A, the uric acid’s antioxidant affects decreases
the luminescence signal (~50% quenching). To address the
uric acid, an experiment was performed using strong anion
exchange (SAX) resin to remove organic anions from the
plasma matrix. Also seen in FIG. 13B is a 1:100 dilution of
plasma and subsequent use of the SAX pipet tip (Varian, Inc,
CA, USA); both demonstrated that removal of potential inter-
fering organic acids (e.g. urate at pH 7.4) resulted with an
increase in luminescence response and sensitivity. Since the
blank plasma used had approximately 500 nM hypoxanthine,
the 1:100 dilution using deionized water and subsequent use
of SAX sorbent makes detection levels of hypoxanthine at the
pM levels attainable.

[0197] A second approach to eliminate the uric acid was to
utilize uricase (~1.1 U/ml from Arthrobacter globiformis
bacteria, Sigma, USA) during the PNP incubation time in an
attempt to eliminate the endogenous uric acid. As seen in FIG.
16, it appears that the XO enzyme is deactivated (product
inhibition) by the presence of large amounts of by-product
hydrogen peroxide that is generated by uricase activity. As
one by-product of XO activity is the production of hydrogen
peroxide, this finding was not completely surprising due to
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the effects of product inhibition on XO enzyme turnover. One
possible solution to eliminate the generated hydrogen perox-
ide is to use horseradish peroxidase, which catalyzes hydro-
gen peroxide to products water and oxygen, but this addi-
tional enzyme would only add to the complexity and cost of
the analysis and therefore not evaluated. However, the use of
the both uricase and SAX pipet tip technology to eliminate
organic acids (e.g. uric acid) was probably not necessary to
use, as differences in luminescence response between the
healthy normal individuals and confirmed acute MI patients
(elevated cTnT levels) was significant (t-test, a=0.05, p<0.
01), when using the 99% percentile (a=0.01, one tail, 2.326
standard deviations for n=6) as the calculated biomarker cut-
off reference value for acute cardiac ischemia (F1G. 17). Even
though this research utilized a small sample set for evaluation
(n=6 for each group), the 99% cut-off for healthy normal
individuals was 5,946 RLU, with all six ¢Tn'T patients clearly
above this calculated decision point cut-off RLU level. The
luminescence method was optimized for rapid evaluation of
hypoxanthine in plasma to potentially be used in an ED clini-
cal type environment. For this research study, method param-
eters such as calibration, repeatability and limit of detection
were evaluated using hypoxanthine standards. The method
demonstrated linearity from 2.3-30.3 pM hypoxanthine in
assay buffer (R=0.9990, n=2) (FIG. 18). This range covered
the low and midpoint total hypoxanthine concentrations of
samples from HPLC analysis of healthy individuals and non-
traumatic chest pain patients, and focused on the potential
biomarker cut-off concentration for this small group of
samples (n=20). Repeatability (n=3) was evaluated by forti-
fication of plasma at basal (~0.5 uM) and 1.5 uM hypoxan-
thine concentrations (final well levels) and demonstrated by
consistent RLU overlays (FIG. 19A-B).

Conclusion

[0198] A rapid luminescence method was developed for the
detection of inosine and hypoxanthine in human plasma.
Using only 20 ul of plasma (heparin) and instrument direct
injectors, the method allowed for the rapid (<5 min) detection
of total hypoxanthine (as inosine is converted to hypoxan-
thine using enzyme PNP) concentrations, which may be used
as a biomarker of acute cardiac ischemia. The use of a hypo-
thetical cut-off level (e.g. 99% confidence) relative lumines-
cence unit (RLU) for decision making (i.e. positive level,
negative level) may be the most effective use of this rapid
screening assay. The method was utilized for evaluation of
plasma samples from healthy individuals and cardiac patients
with confirmed acute myocardial infarction (hospital docu-
mented elevated plasma ¢TnT levels), and demonstrated the
potential of this rapid assay to be used as a diagnostic tool, for
use by emergency department services personnel on non-
traumatic chest pain patients suspected of undergoing acute
cardiac ischemia.

Example 4

Use of the Assay of the Invention in the Evaluation
of Patients with Chest Pain and the Diagnosis or Rul-
ing Out of a Cardiac Ischemic Event

[0199] In the United States alone, approximately 8 million
patients are evaluated in emergency rooms due to non-trau-
matic chest pain. It is estimated that about 2-5% of these
patients are actually experiencing acute myocardial infarc-
tion, butare mis-diagnosed and discharged. This could be, for
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example, about 400,000 people annually that are incorrectly
diagnosed and discharged without proper therapy. World-
wide, the numbers are even more daunting. Possible other
conditions that may cause chest pain include gastroesoph-
ageal reflux, acid reflux, various musculoskeletal spasms,
pheumonia, aortic dissection, nerve impingement, pulmo-
nary emboli, spontaneous pneumothorax, acute pericarditis,
heartburn, asthma, anxiety and ulcers. Typical testing for
diagnosing acute MI includes noting patient’s vital signs,
symptoms and history; an electrocardiogram (ECG) which
measures heart electrical activity; a blood analysis, which is
limited to detecting indicators of heat tissue necrosis (e.g.
cardiac troponin I and T, myoglobin, creatine kinase); an
echocardiogram, which can show both false positive and false
negative results, up to about 20%; and stress testing (e.g. ona
treadmill), which is rarely done. The primary goal of an
emergency department is to rule-in myocardial infarction,
which requires immediate treatment. The World Health Orga-
nization recommends that 2 out of 3 possible indicators be
positive in order to diagnose probably MI. Ruling out MI,
however, is extremely difficult and using the technology
available prior to the present invention, could take several
days. As many as %5 of patients have few or no classical
symptoms. Significantly, a majority of acute myocardial inf-
arction (AMI) deaths occur within a 12-hour window of onset
but cannot be prevented without proper diagnosis.

[0200] FIG. 20 is a flow chart of a typical ER triage of a
patient presenting with chest pain. However, this chart
includes the detection of the early biomarkers inosine and
hypoxanthine, using the rapid luminescence test described
herein. Using the method, within minutes of obtaining a
blood sample, an accurate indicator of cardiac ischemia can
be obtained. If levels of inosine and/or hypoxanthine are
elevated (e.g. confidence level of 99% or greater), then an
assumption of early cardiac ischemia can be made and appro-
priate treatment to prevent AMI can be instigated immedi-
ately, particularly if one other test is also positive. Thereafter,
the test may be run again as necessary or advisable, e.g. to
confirm that intervention has succeeded, to test for a possible
second AMI, etc. Even if the test is negative, a repeat assay
after a relatively short time period of observation (e.g. about
1-3 hours), and thereafter as deemed necessary, can be carried
out to confirm that indeed an AMI is not likely to be imminent,
and another cause of the chest pain should be explored. Thus,
the percentage of patients who are misdiagnosed and dis-
charged without appropriate treatment is minimized.

[0201] While the invention has been described in terms of
its preferred embodiments, those skilled in the art will recog-
nize that the invention can be practiced with modification
within the spirit and scope of the appended claims. Accord-
ingly, the present invention should not be limited to the
embodiments as described above, but should further include
all modifications and equivalents thereof within the spirit and
scope of the description provided herein.

We claim:
1. A method of diagnosing an ischemic event in a patient,
comprising the steps of

adding xanthine oxidase (XO) enzyme to a biological
sample obtained from said patient;

measuring metabolic byproducts of enzymatic activity of
XO enzyme on xanthine and hypoxanthine in said bio-
logical sample; and
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determining whether or not said patient is experiencing an
ischemic event based on a measurement made in said
measuring step.

2. The method of claim 1 wherein said steps of adding,
measuring, and determining are performed in 10 minutes or
less.

3. The method of claim 1, wherein said steps of adding,
measuring, and determining are performed in 1 minute or
less.

4. The method of claim 1 wherein said metabolic byprod-
ucts are selected from the group consisting of hydrogen per-
oxide, superoxide anion radicals (SAR), and hydroxyl free
radicals.

5. The method of claim 1 wherein if said measurement in
relative luminescent units is equivalent to ameasured value of
4.6 uM or greater for inosine, hypoxanthine and xanthine in
said biological sample, then said determining step determines
that said patent is having an ischemic event.

6. The method of claim 1 wherein said measuring step
includes the step of using a chemiluminescent agent in said
biological sample when measuring said metabolic byprod-
ucts.

7. The method of claim 6, wherein signal enhancers are
used together with said chemiluminescent agent.

8. The method of claim 1 wherein said measuring step
includes using a substrate to which said XO enzyme is bound
or associated.

9. The method of claim 7 wherein said substrate is selected
from the group consisting of a test strip and a bead.

10. The method of claim 1 further comprising the step of
decreasing the antioxidant effect of uric acid in said biologi-
cal sample to increase sensitivity during said measuring step.

11. The method of claim 1 further comprising the step of
diluting said biological sample prior to said measuring step.

12. The method of claim 11 wherein said step of diluting
includes the step of using a diluent which buffers said bio-
logical sample between pH 7.2 and pH 7.8.

13. The method of claim 1, further comprising the step of
adding purine nucleoside phosphorylase (PNP) to said
sample prior to said step of adding XO.

14. The method of claim 1, wherein said ischemic event is
associated with a condition selected from the group consist-
ing of cardiac ischemia, angina, stroke, and acute coronary
syndrome.

15. The method of claim 1, wherein said biological sample
is selected from the group consisting of blood, plasma, saliva,
spinal fluid, and urine.

16. A method of diagnosing an ischemic event in a patient,
comprising the steps of

indirectly detecting, using a chemiluminescent label, a

level of one or more of inosine, xanthine, and hypoxan-
thine in said biological sample; and

determining whether or not said patient is experiencing an

ischemic event based on a measurement made in said
detecting step.

17. The method of claim 16, further comprising the step of
adding PNP to a biological sample obtained from said patient,

18. The method of claim 17, wherein said step of indirectly
detecting is carried out two minutes after said step of adding
PNP.

19. A method of diagnosing an ischemic event in a patient,
comprising the steps of:

detecting, using antibodies, the level of one or more of

inosine or hypoxanthine in a biological sample; and
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determining whether or not said patient is experiencing an
ischemic event based on a measurement made in said
detecting step.

20. A device for diagnosing an ischemic event in a patient,

comptising:

asubstrate with one or more enzymes selected from purine
nucleoside phosphorylase (PNP) and xanthine oxidase
(X0), and a luminescent material associated therewith
on which a blood or plasma sample is deposited; and
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a detector for measuring luminescence on said substrate
wherein measurements made with said detector are
equated to whether or not a patient is expetiencing an
ischemic event.

21. The device of claim 20, wherein said detector includes

a photodiode or photomultiplier.

* sk * sk *
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