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(57) ABSTRACT

A method for characterizing oxidative stress. The method
includes dosing a ratio of HNE-to-DHN-protein in blood,
comparing the ratio of HNE-to-DHN-protein in blood to a
predetermined interval of ratio values associated with a pre-
determined level of oxidative stress; and classifying the oxi-
dative stress as having reached the predetermined level if the
ratio of HNE-to-DHN-protein in blood is within the prede-
termined interval of ratio values.
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METHOD FOR DETECTING A BIOMARKER
OF OXIDATIVE STRESS IN A BIOLOGICAL
SAMPLE

FIELD OF THE INVENTION

[0001] The present invention relates to methods for detect-
ing a oxidative stress in a biological sample, methods of
determining a cumulative record of oxidative injury, and
methods of diagnosing diseases of aging, such as cardiovas-
cular diseases, based on the presence or absence of a biom-
arker or a component thereof. The present invention also
relates to a kit for detecting oxidative stress in a biological
sample comprising a stabilizing reactant and an antibody.

BACKGROUND OF THE INVENTION

[0002] Over the past 30 years, extensive experimental evi-
dence has accumulated supporting the implication of oxida-
tive stress in the pathogenesis of aging and cardiovascular
diseases (CVD) [1-3]. Admittedly, randomized clinical trials
with “natural antioxidants’ have been disappointing (HOPE,
HPS, GISSI-prevention) and have led some to question the
relevance of the oxidative stress hypothesis [4-6]. However,
the majority of these studies did not evaluate the impact of the
antioxidant intervention on the oxidative stress status, or used
the highly criticized thiobarbituric acid reactive substances
method (TBARS) [7-9]. This can be explained in part by
difficulties encountered in validating methods to assess oxi-
dative stress biomarkers in accessible fluids for human stud-
ies, which often require expensive and complex mass spec-
trometric technologies. Recently, isoprostanes have emerged
as relatively good markers of oxidative stress-induced lipop-
eroxidation in vivo [7,9]. However, the measurement of a
single biomarker is unlikely to provide a comprehensive pic-
ture of the various oxidative stress related events that may
contribute to CVD progression.

[0003] One oxidative stress-related molecule that has gen-
erated considerable research interest over the past 10 years
[10] is 4-hydroxy-2,3-nonenal (HNE). HNE is an aldehyde
end-product generated by peroxidation of the most abundant
class of n-6 polyinsaturated fatty acids [11]. Similar to free
radicals, aldehydes are electrophile that react readily to
nucleophilic residues of proteins, nucleic acids and lipids, but
their relatively longer half-life make them candidates for the
propagation of the damage to neighboring cells. Among the
aldehydes, 4-hydroxy-2-alkenals such as HNE are consid-
ered the most reactive species because of their a,ff-double
bond [11].

[0004] The interest for HNE stems not only from its poten-
tial use as a biomarker of oxidative stress-induced lipid pet-
oxidation (LPO), but also because of accumulating evidence
indicating that HNE is able to modulate signaling pathways
involved in cell proliferation, apoptosis and inflammation,
which are hallmarks of CVD [12, 13]. However, much
remains to be learned on the role of HNE as an active biom-
arker of oxidative stress-related events in CVD. Because of
the rapid cellular metabolism of HNE, through either reduc-
tion to 1,4-dihydroxynonene (DHN), oxidation to 4-hydrox-
ynonenoic acid, or conjugation with glutathione [14], recent
studies have highlighted the potential usefulness of measur-
ing HNE metabolites such as dihydroxynonene mercapturic
acid in urine [15] or in plasma [16], rather than free HNE.
[0005] HNE-protein adducts have also been identified.
Increased levels of these adducts, assessed by immunological
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and gas chromatography-mass spectrometry (GCMS) meth-
ods, were reported under conditions of oxidative stress in
myocardial tissues [17-20], in circulating albumin [21] and
oxidized lipoproteins [22]. However, the possibility that cir-
culating HNE-protein adducts could reflect enhanced sys-
temic or tissue-specific oxidative stress has not been previ-
ously examined, and methods of quantifying these adducts in
whole blood, plasma or other blood derivatives samples has
not been previously described. Thus, while oxidative stress
has been implicated in numerous degenerative diseases of
aging, including cardiovascular diseases, there is still a need
to identify biomarkers of oxidative stress-related events, such
as the lipid peroxidation product 4-hydroxy-2,3-nonenal
(HNE) and protein thioether adducts thereof, in these dis-
eases, and particularly in humans. In view of the above, there
is a need in the industry to provide novel methods for detect-
ing and quantifying oxidative stress in a biological sample
through the use of suitable biomarkers.

SUMMARY OF THE INVENTION

[0006] In a first broad aspect, the invention relates to a
method for detecting oxidative stress using a biological
sample containing a biomarker of oxidative stress. The
method includes obtaining a biological sample, chemically
stabilizing the biomarker of oxidative stress to produce a
stabilized biomarker of oxidative stress; and, after having
stabilized the biomarker of oxidative stress, assessing the
presence of the stabilized biomarker of oxidative stress in the
sample.

[0007] Advantageously, the method allows to perform rela-
tively complex and lengthy processes when assessing the
presence of the biomarker while ensuring that levels of the
biomarker inside the sample remain substantially constant
during these processes.

[0008] In addition, the method is relatively easy to perform
using standard laboratory procedures.

[0009] In some embodiments of the invention, the method
may be performed using a kit which therefore allows to rela-
tively effectively and simply perform the method in a rela-
tively small number of relatively easily performed steps.
[0010] For more clarity, for the purpose of this document,
the term biomarker of oxidative stress encompasses biomatr-
kers of oxidative stress per se and biomarkers of oxidative
stress-related events, such as for example and non-limitingly,
biomarkers of oxidative stress-induced I.PO events involved
in aging and in the development and progression of cardio-
vascular diseases.

[0011] Insome embodiments of the invention, the biomar-
ker of oxidative stress is selected from an aldehyde-protein
adduct and an aldehyde metabolite-protein adduct. For
example, the metabolite-protein adduct is a metabolite-pro-
tein thioether adduct. In other examples, the metabolite is
covalently bound to any suitable amino acid, such as histidine
or lysine, among others, or to any other suitable substance.
[0012] In specific embodiments of the invention, the alde-
hyde includes 4-hydroxy-2,3-nonenal (HNE), 1,4-dihydrox-
ynonene (DHN). In these two cases, in some embodiments of
the invention, the measurable component may be selected
from DHN and [?’H]DHN. In other embodiments the measur-
able component of the biomarker of oxidative stress is
another metabolite produced by peroxidation of fatty acids,
such as non-limitingly 4-hydroxynonenal, 4-oxononenal,
4-hydroxyhexenal and 4-oxohexenal.
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[0013] In some embodiments, the quantity of the measur-
able component is measured using gas chromatography
coupled to mass spectrometry.

[0014] In some embodiments of the invention, chemically
stabilizing the biomarker in the sample includes reducing the
aldehyde to its alcohol, for example by adding
NaB?H,NaBH,, or to the biological sample. In a variant of the
embodiments, reducing the aldehyde to its alcohol comprises
reducing HNE to DHN and/or reducing HNE to its deuterated
alcohol [*H]DHN.

[0015] Insome embodiments of the invention, the biologi-
cal sample contains molecules selected from HNE, HNE-
protein adducts, DHN, DHN-protein adducts, metabolites of
HNE, and combinations thereof.

[0016] Insomeembodiments of the invention, isolating the
measurable component includes cleaving a protein linkage.
For example, the step of cleaving a protein linkage comprises
cleaving a protein thioether linkage using Raney nickel
catalysis. In a specific example, the Raney nickel catalysis is
conducted for about 5 to about 20 hours at a temperature of
about 45° C. to about 60° C.

[0017] Insome embodiments of the invention, the biologi-
cal sample is selected from whole blood, blood derivatives,
and combinations thereof, the blood derivatives being
selected for example from plasma, albumin, and oxidized
lipoprotein, among others.

[0018] In a second broad aspect, the invention relates to a
method for detecting oxidative stress using a biological
sample comprising obtaining a biological sample comprising
a biomarker of oxidative stress; chemically stabilizing the
biomarker in the sample; contacting the sample with an anti-
body that binds to the stabilized biomarker; and detecting the
presence of the bound antibody in the sample.

[0019] In a third broad aspect, the invention relates to a
method for determining a cumulative record of oxidative
injury in a mammal over time, comprising: obtaining a first
blood sample from a mammal at a first time point, wherein the
blood sample comprises an aldehyde metabolite-protein
adduct; detecting a level of oxidative stress in the first blood
sample based on the quantity of the aldehyde metabolite;
obtaining a second blood sample from a mammal at a second
time point wherein the blood sample comprises an aldehyde
metabolite-protein thioether adduct; detecting a level of oxi-
dative stress in the second blood sample based on the quantity
of the aldehyde metabolite; and determining a cumulative
record of oxidative injury in the mammal using the quantities
of aldehyde metabolite measured in the first and second blood
samples.

[0020] 1In a fourth broad aspect, the invention relates to a
method for assessing the risk of cardiovascular disease in a
mammal, comprising: obtaining from a mammal a biological
sample comprising HNE-protein adduct and DHN-protein
adduct; measuring the quantities of HNE-protein adduct and
DHN-protein adduct in the sample; determining a predetet-
mined relationship between the HNE-protein adduct and the
DHN-protein adduct; assessing the risk of cardiovascular
disease in the mammal based on the predetermined relation-
ship.

[0021] In a fifth broad aspect, the invention relates to a
method for diagnosing a cardiovascular disease, or risk
thereof, in a mammal, for example a human, comprising:
obtaining from a mammal a biological sample comprising an
aldehyde metabolite-protein adduct; measuring the quantity
of the aldehyde metabolite-protein adduct in the sample; and
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diagnosing the mammal as having a cardiovascular disease,
or risk thereof, if the quantities of aldehyde metabolite-pro-
tein thioether adduct present in the biological sample is
greater than a predetermined threshold. For example, the
cardiovascular disease or a risk factor thereof is selected from
hypertension, insulin resistance, hyperglycemia, hyperlipi-
demia, diastolic dysfunction, fibrosis of the myocardium, and
arrhythmia, cardiac hypertrophy and tachycardia. Also, for
the purpose of the present specification, the term risk as it
relates to cardiovascular diseases includes other diseases or
conditions for which cardiovascular diseases are complica-
tions, such as diabetes, obesity, and metabolic syndrome.
[0022] In a sixth broad aspect, the invention relates to a
method for diagnosing a cardiovascular disease, or risk
thereof, in a mammal, comprising: obtaining from a mammal
a biological sample comprising HNE-protein thioether
adduct and DHN-protein thioether adduct; and diagnosing
the mammal as having a cardiovascular disease, or risk
thereof, if the ratio between the quantities of HNE-protein
thioether adduct and DHN-protein thioether adduct is greater
than a predetermined ratio.

[0023] In other embodiments of the invention, any other
suitable relationship between the quantities of HNE-protein
thioether adduct and DHN-protein thioether adduct is used to
diagnose the cardiovascular disease or the risk thereof, such
as for example a sum of these two quantities.

[0024] In a seventh broad aspect, the invention relates to a
kit for detecting oxidative stress related events using a bio-
logical sample, wherein the biological sample is selected
from whole blood and blood derivatives, and comprises an
aldehvde, and the kit comprises: a stabilizing reactant for
stabilizing the aldehyde to its alcohol; and an antibody that
binds specifically to the stabilized alcohol. For example, the
stabilizing reactant is suitable for converting the aldehyde to
its alcohol.

[0025] In an eight broad aspect, the invention relates to a
method of slowing or stopping cardiovascular disease pro-
gression in a human subject, comprising: diagnosing cardio-
vascular disease, or risk thereof, in a human subject according
to the method of claim 28; and administering a predetermined
treatment known to slow or stop cardiovascular disease pro-
gression. For example, the predetermined treatment com-
prises administering a therapeutically effective amount of
Probucol, recommending an exercise program effective for
slowing or stopping cardiovascular disease progression and
administering a diet effective for slowing or stopping cardio-
vascular disease progression, among others

[0026] In a ninth broad aspect, the invention relates to a
method for determining a cumulative record of oxidative
injury in a mammal over tine, comprising: obtaining a blood
sample from a mammal, wherein the blood sample comprises
an aldehyde metabolite-protein adduct; detecting a level of
oxidative stress using the blood sample based on the quantity
of the aldehyde metabolite present in the blood sample; and
determining a cumulative record of oxidative injury in the
mammal using the quantities of aldehyde metabolite mea-
sured in blood samples and a predetermined reference quan-
tity of the aldehyde metabolite.

[0027] In a tenth broad aspect, the invention relates to a
method of assessing a response of cardiovascular disease
progression to a predetermined treatment in a human subject,
comprising: obtaining from a mammal a biological sample
comprising an aldehyde metabolite-protein adduct; measur-
ing the quantity of the aldehyde metabolite-protein adduct in
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the sample; and; assessing the response of the cardiovascular
disease progression to the predetermined treatment on a basis
of the measured quantity of the aldehyde metabolite-protein
adduct in the sample.

[0028] For example, assessing the response of the cardio-
vascular disease progression to the predetermined treatment
includes assessing the likely outcome of a proposed treatment
or assessing the progression of the cardiovascular disease in
response to the predetermined treatment.

[0029] Other objects, advantages and features of the
present invention will become more apparent upon reading of
the following non restrictive description of preferred embodi-
ments thereof, given by way of example only with reference
to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] FIG. 1, in a schematic view, illustrates an overview
of an experimental procedure to quantify HNE and its
metabolite DHN bound to a protein via thioether linkage in
blood by isotope dilution GCMS in accordance with an
embodiment of the present invention, the symbol * indicating
the measured molecules.

[0031] FIG.2,ina X-Y graph, illustrates a standard curve
obtained for DHN demonstrating the linearity of the GCMS
assay; DHN standard solutions of 1 to 500 pmol were pro-
cessed for analysis in duplicate; a regression line is shown
including the 95% confidence intervals (slope: 1.079+0.009;
y-intercept: 2.2x1.6; p<0.0001; R2=0.999).

[0032] FIG. 3, in X-Y graphs, illustrates calibration curves
obtained for the GCMS assays of protein-derived HNE and
DHN in increasing volumes of (panel A) blood and (panel B)
plasma, the assays having been performed in accordance with
an embodiment of the present invention; samples for the
various volumes were processed for analysis in duplicate;
regression lines with 95% confidence intervals are shown:
(panel A) HNE: slope=0.23£0.02, y-intercept: 12£5, R2=0.
944, p<0.0001; DHN: slope=0.26+0.03, y-intercept: 34x8,
R2=0.922, p<0.0001; and (panel B) HNE: slope=0.008=0.
004, y-intercept: 4+1, R2=0.346, NS; DHN: slope=0.190.
02, y-intercept: 267, R2=0.891, p<0.0001.

[0033] FIG.4,in X-Y graphs, illustrates selected ion moni-
toring chromatograms of ion m/z 257 (upper chromato-
grams), m/z 258 (middle chromatograms) and m/z 268 (lower
chromatograms) corresponding to DHN, HNE, and the deu-
terated internal standard [*H,,]DHN, respectively, obtained
from the processing of a representative blood sample from 30
week-old spontaneously hypertensive rats (SHRs), which
was processed in accordance with an embodiment of the
present invention.

[0034] FIG.5,inabarchart, illustrates the specificity of the
HNE signal obtained using a method in accordance with the
present invention, the specificity being demonstrated by the
treatment of parallel blood samples with NaBH, and
NaBH,, which converts HNE to DHN (ion m/z 257) and
[*H]DHN (ion m/z 258), respectively; there was no detection
any quantity of protein-derived HNE signal following NaBH,,
treatment, while the measured quantity of protein-derived
DHN corresponded to that of DHN plus HNE assessed fol-
lowing treatment with NaB>H,; Data are means=SE of trip-
licate determinations.

[0035] FIG. 6, in a bar chart, illustrates levels of HNE-
protein thioether adducts in blood of SHR and Wistar rats at
various ages obtained using a method in accordance with an
embodiment of the present invention, samples (400 ml) of
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blood collected from 7-, 15-, 22- and 30-wk-old SHR and
Wistar rats having been processed for GCMS analysis; Data
are means+SE of 8-13 rats; statistics: Two-way ANOVA fol-
lowed by the Bonferroni multiple-comparison post-test;
effect of disease: SHR versus Wistar, oep<0.001; ap<0.05
Effect of age. vs. 7 weeks, *p<0.05, **p<0.01, #**p<0.001.
[0036] FIG. 7, in a bar chart, illustrates levels of DHN-
protein thioether adducts in blood of SHR and Wistar rats at
various ages, the levels having been obtained using a method
in accordance with an embodiment of the present invention;
data are means+SE; statistics: NS; Two-way ANOVA fol-
lowed by the Bonferroni multiple-comparison post-test.
[0037] FIG. 8, in bar charts, illustrates changes in diastolic
function (panels A &B) and heart rate (panel C) in SHR after
receiving Probucol or vehicle during 4 weeks; diastolic dys-
function is reflected by a decrease in indexes of LV compli-
ance (EDT: E wave deceleration time) and relaxation (Vp:
mitral flow propagation velocity; results are depicted as per-
cent of pre-treatment values; effect of treatment: *p<0.05;
and

[0038] FIG. 9, in X-Y graphs, illustrates correlations
between circulating HNE-P and both deterioration of dias-
tolic function (as reflected by EDT) (A) and increased heart
rate (B) in SHR after receiving Probucol (*) or vehicle (¢)
during 4 weeks.

DETAILED DESCRIPTION

[0039] The following examples illustrate the above-men-
tioned method for detecting oxidative stress in a biological
sample, and show that this method may be performed, for
example, on an aldehyde produced through peroxidation of
fatty acids. In some variants of these embodiments, stabiliz-
ing the biomarker of oxidative stress includes converting the
aldehyde to its alcohol.

[0040] In some embodiments of the invention, the sample
includes whole blood or a blood derivative, As used herein,
the term “blood” generally refers to whole blood and blood
derivatives (e.g., plasma, albumin, etc.) These samples are
relatively easy to obtain and have been found to contain
suitable biomarkers of oxidative stress for use in the present
invention.

[0041] Some example of suitable biomarker of oxidative
stress for which the proposed method are useful include:
4-hydroxy-2,3-nonenal ~ (HNE), 1,4-dihydroxynonene
(DHN), 4-hydroxynonenal, 4-oxononenal, 4-hydroxyhex-
enal and 4-oxohexenal. In some embodiments of the inven-
tion, these biomarkers are in the form of an aldehyde metabo-
lite-protein adduct, such as an aldehyde metabolite-protein
thioether adduct. In some variants of these embodiments, the
method includes cliving the aldehyde metabolite from the
aldehyde metabolite-protein thioether adduct and afterwards
extracting the aldehyde metabolite-protein thioether adduct
from the biological sample.

[0042] In some embodiments of the invention, a suitable
analytical technique, such as for example gas chromatogra-
phy, is used to assess the presence of the biomarker of oxida-
tive stress in the sample, and in some embodiments to mea-
sure or quantify a quantity of the biomarker of oxidative stress
present in the sample. In other embodiments, assessing the
presence of the biomarker of oxidative stress in the sample
includes contacting the sample with an antibody which binds
to the stabilized biomarker of oxidative stress under condi-
tions which allow binding of the stabilized biomarker of
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oxidative stress to the antibody and detecting the presence of
bound antibody in the sample.

[0043] The present invention also relates to a method of
slowing or stopping cardiovascular disease progression in a
mammal (preferably, a human) by diagnosing cardiovascular
disease, or risk thereof, according to the methods described
herein, and administering a predetermined treatment known
to slow or stop cardiovascular disease progression. Examples
of suitable such predetermined treatments include adminis-
tering a therapeutically effective amount of Probucol, recom-
mending an exercise program effective for slowing or stop-
ping cardiovascular disease progression, and administering a
diet effective for slowing or stopping cardiovascular disease
progression and administering a therapeutically effective
amount of Probucol.

ANIMAL MODEL EXAMPLES

[0044] The present invention is next described by means of
the following examples that were performed using animal
models. The use of these and other examples anywhere in the
specification is illustrative only, and in no way limits the
scope and meaning of the invention or of any exemplified
form. Likewise, the invention is not limited to any particular
preferred embodiments described herein. Indeed, modifica-
tions and variations of the invention may be apparent to those
skilled in the art upon reading this specification, and can be
made without departing from its spirit and scope. The inven-
tion is therefore to be limited only by the terms of the
appended claims, along with the full scope of equivalents to
which the claims are entitled.

[0045] Experiments were performed to assess if circulating
levels of HNE-protein adducts (i) can be assessed with pre-
cision by GCMS and (ii) vary with disease progression and
aging in a model of cardiomyopathy that displays enhanced
oxidative stress, namely the spontaneously hypertensive rats
(SHR).

[0046] While they were performed in rats, the experiments
described herein are expected to be predictive of biological
effects in humans or other mammals and/or to serve as models
for use of the present invention in humans or other mammals.
These examples illustrate the above-mentioned methods,
such as detecting oxidative stress in a biological sample,
determining a cumulative record of oxidative injury, diagnos-
ing cardiovascular diseases, and characterizing cardiovascu-
lar disease activity.

Example 1

[0047] An experiment was performed in order to quantify
HNE and its inactive metabolite, 1,4-dihydroxynonene
(DHN), bound to thiol protein adducts following treatment
with NaB?H,, and Raney nickel. Levels of these adducts were
measured in blood and plasma collected from SHR and con-
trol Wistar rats at 7, 15, 22 and 30 weeks of age. Levels of
protein-bound HNE, which were quantitated with relatively
good precision in the nanomolar range in blood, but not in
plasma, were significantly increased by disease (SHR) and
age (p<0.0001 for both). Compared to Wistar rats, SHR
showed greater blood levels of HNE-protein adducts at 22 and
30 weeks. Levels of protein-bound DHN, which were
detected in blood and in plasma, were not affected by disease
or age. Collectively, the results of this study conducted in an
animal model of cardiomyopathy demonstrate that changes in
blood HNE-protein thioether adducts with disease progres-
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sion and aging can be assessed with good precision by the
described GCMS method. It is expected that this method will
be useful in evaluating the occurrence and impact of oxidative
stress-related events involving bioactive HNE in diseases of
aging, such as cardiovascular diseases, particularly in
humans.

Example 2

[0048] Another experiment was performed to assess the
role of 4-hydroxynonenal (HNE) in oxidative-stress related
discases. Further to the finding of high circulating HNE-
protein thioether adducts (HNE-P) in spontaneously hyper-
tensive rats (SHR), this study aimed at correlating HNE-P
with cardiac function and testing the impact of antioxidant
therapy.

[0049] The lipoperoxidation inhibitor Probucol (10 mg/kg/
day) or vehicle (corn 0il) were administered daily (i.p.) for 4
weeks in 18-week-old SHR (9 rats/group). Cardiac functions
were assessed by echocardiography and HNE-P by GCMS.
[0050] Diastolic dysfunction worsened in SHR receiving
vehicle as reflected by changes (p<0.05) in indexes of left
ventricular relaxation (increased isovolumic relaxation time)
and compliance (increased E wave deceleration rate, EDR).
Higher circulating HNE-P correlated with diastolic dysfunc-
tion (EDR: R2=0.518; p<0.001) and heart rate (R2=0.225;
p<0.05). Probucol prevented the deterioration of diastolic
function, while lowering the mean and median of circulating
HNE-P by 21% and 35%, respectively. Collectively, these
results support a role for HNE in the pathophysiological
events linked to disease progression in SHR.

Example 3

[0051] In this next example, a method using quantitative
GCMS assay of protein-bound HNE in myocardial tissues
[18] was modified to enable precise and reproducible serial
assessments of the small level of these adducts in blood
samples. Specifically, this method quantified HNE as well as
its inactive metabolite, DHN, bound to thiol proteins. How-
ever, in alternative embodiments of the invention, oxidative
stress may be quantified using any other suitable substance,
such as for example any other aldehyde metabolite produced
by the peroxidation of fatty acids. HNE-protein thioether
adducts and DHN-protein thioether adducts are considered
representative of the classes of aldehyde-protein adducts and
aldehyde metabolite-protein adducts.

[0052] Insummary, the method involves (i) stabilisation of
HNE through reduction to its deuterated alcohol [?H]DHN,
(ii) treatment with Raney Nickel to cleave thioether linkages,
releasing protein-bound DHN and [*H]DHN(HNE), and (iii)
the use of a deuterated internal standard, [*H,,]DHN that
enables positive identification and quantification of the DHN
chromatographic peak. As used herein, the term “[?’H]DHN
(HNE)” refers to the stabilized deuterated alcohol of HNE.
Using the modified method, the levels of circulating protein-
bound HNE and DHN were assessed in 7, 15, 22 and
30-week-old spontaneously hypertensive rats (SHR) and
control Wistar rats.

[0053] The SHR is a well-established model of genetic
hypertension, which displays enhanced oxidative stress that
responds to antioxidant treatment [23,24] as early as 4 weeks
of age in the vascular wall and in the myocardium, [25-27]
including accumulation of HNE-protein adducts [19]. Col-
lectively, the results of this example demonstrate an increase
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in circulating HNE, but not DHN, bound to protein thiols with
disease progression and aging in SHR. These results suggest
the potential of these adducts as a circulating marker of oxi-
dative stress-related events involving bioactive HNE.

[0054] Materials and Methods (Example 3)
[0055] Chemicals
[0056] Chemical, Raney Nickel, 2,6-tert-butyl-4-meth-

vlphenol (BHT), organic solvents and acids were obtained
from Laboratory MAT (Quebec, Quebec, Canada), Sigma
Chemical Co (St-Louis, Mo., USA), Bio-Rad (Hercules,
Calif., USA) and Fisher Scientific (Nepean, Ontario, Canada)
respectively. Anhydrous ammonia gas for chemical ioniza-
tion (Cl; 99.99% minimal purity) and helium gas (UHP) were
obtained from Matheson Gas Product Canada (Montreal,
Quebec, Canada). Unlabeled HNE was purchased from BIO-
MOL (Plymouth Meeting, Pa., USA) and the derivatization
agent N-methyl-N-(tert-butyldimethylsilyl)-tri-fluoroaceta-
mide (TBDMS) from Regis Chemical (Morton Grove, 111,
USA). Sodium borodeuteride (NaB*H,) and trans-4-hy-
droxy-2-nonenal-([5,5,6,6,7,7,8,8,9,9,9-2H11] (|*H,, |JHNE)
diethyl acetal were supplied by Cambridge Isotope (Andover,
Mass., USA) and CDN Isotope (Pointe-Claire, Quebec,
Canada). Publication [ 18] provides details about the prepara-
tion of stock solutions of [*H,, JDHN and DHN, as well as
determination of their concentration by measurement of HNE
solution absorbance at 223 nm, prior to reduction with
NaBH,. All aqueous solutions were prepared with water puri-
fied by milli-Q system (Millipore, St-Laurent, Quebec,
Canada). All other reagents were of analytical grade.

[0057] Animals and Sample Collection

[0058] Animal experiments were approved by the local
animal care committee in compliance with the guidelines of
the Canadian Council on Animal Care. Rats were housed for
at least 7 days in a 12-h light/12-h dark cycle facility with
unlimited access to water and standard chow prior to sacrifice.
Male SHR and age-matched control Wistar rats (Charles
River, St-Constant, Quebec, Canada) were sacrificed at 7
(n=11), 15 (n=13), 22 (n=8) and 30 (n=8) weeks of age. Body
weights at sacrifice were, respectively, 187+13, 33222,
37549 and 406+15 g for SHR and 23928, 442+31, 533+32
and 612+15 g for Wistar rats. Blood was collected under
sodium pentobarbital anesthesia (65 mg/g, intraperitoneal,
MTC Pharmaceuticals) by cardiac puncture with a 10-ml
syringe pre-coated with EDTA (10.8 mg) and BHT (0.0496
mg). A sample of whole blood (500 pl) was immediately
frozen in liquid nitrogen. The remaining volume was centri-
fuged at 1,500 g for 10 min and the collected plasma sample
was also immediately frozen in liquid nitrogen. All samples
were kept at -80° C. until analysis.

[0059] Analytical Procedures

[0060] The procedure for sample preparation and GCMS
analysis of HNE- and DHN-protein adducts in blood and
plasma is outlined in FIG. 1. The previously described
method for detecting protein-bound HNE in myocardial tis-
sues [18] was modified to increase its sensitivity 20-fold to
enable detection of the lower quantity of protein-derived
HNE and DHN found in blood and plasma samples, as well as
to improve its reproducibility and ruggedness. Routinely,
blood and plasma samples (400 pl) were individually mixed
with 1 ml of cold buffer (pH 7.0) containing 39 mM Hepes,
0.4 mM EDTA and 0.9 mM BHT to minimize lipid peroxi-
dation during processing, immediately treated with 200 ul 1
M NaB?H, to reduce HNE to its chemically stable alcohol
derivative [*H]DHN, and left on ice for 30 min.
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[0061] Then, proteins were precipitated by addition of satu-
rated sulfosalicylic acid (final concentration 8% (v/v)). After
30 minonice, samples were centrifuged at 5,000 g for 45 min.
The protein pellets were washed with 3 ml methanol:chloro-
form (2:1) to remove lipids and with waterthree times, resus-
pended into 500 pl of solution containing 8 M guanidine, 13
mM Tris (pH 7.2) and 133 mM EDTA, and spiked with 0.1
nmol of deuterated internal standard [*H,,] DHN. Solutions
were sonicated (3x20 sec) to optimize protein dissolution,
and 1 ml of water was added before treatment with 2.5 g of
Raney Nickel catalysis for 20 h at 55° C. Since this treatment
cleaves thioether linkages and reduces C—C bonds, free satu-
rated derivative of [?’H]DHN and DHN are released into solu-
tions and are subsequently processed for GCMS analysis.
Hence, following centrifugation, twice at 1700 g for 3 min at
room temperature, the aqueous supernatants were brought to
pH<2 with concentrated HCl, saturated with sodium chloride
and extracted two times with 10 ml of ethyl acetate by vor-
texing 3 min. The extracts were evaporated under nitrogen
and the residues were treated with 50 ml of TBDMS. For
optimal derivatization, samples were heated during 4 hours at
90° C. Protein determination was achieved by the Bradford
assay [28] using bovine serum albumin (Fraction 'V, Sigma) as
standard. The recovery of proteins after precipitation with
saturated sulfosalicylic acid was evaluated to be >99% based
on protein determination in the supernatant.

[0062] GCMS Assays

[0063] All samples were performed on bench-top standard
equipment form Agilent Technologies consisting of model
6890N Gas chromatograph coupled to 5973 Mass Selective
Detector operated in the PCI mode using ammonia as the
reagent gas, and equipped with a model 7683 Series injector.
Injections (1 pl) were performed at 300° C. in pulsed-splitless
mode (injection pulse pressure 35 psi). The carrier gas was
high-purity helium at a constant flow-rate of 0.7 ml/min. An
Agilent Technologies-type HP-5 capillary column (50 mx0.2
mm inner diameterx(.5 pm phase thickness) was used under
the following conditions: 170° C. for 1 min, increased by 10°
C./min until 210° C., 5° C./min until 280° C. and then by 20°
C./min until 325° C. At the end of each run, the temperature
was kept at 325° C. for 8 min to clean the column. The GCMS
transfer line was at 300° C., the ion source and quadrupole
temperatures were at 300° C. and 176° C., respectively. The
electron energy and emission current was at 65 eV and 242
mA respectively, and ammonia pressure (10 torr) was main-
tained at 1 ml/min. The following ion set was monitored with
a dwell time of 50 ms per ion for the analysis of DHN,
[*H]DHN (reduced HNE), and the internal standard [*H, ]
DHN at m/z 257, 258 and 268, respectively. Alternatively one
could also monitor the ion set 389, 390 and 400, which cor-
responds to the M+H+ ion, using a lower ion source tempera-
ture [18], to confirm peak identity. However, in this example,
a better MS signal was obtained using the former ion.

[0064] Quantities of DHN- and HNE-protein adducts that
are reported in this study represent average of duplicate or
triplicate sample injections. GC peak areas for the DHN and
[*H]DHN peaks, determined by computer integration, were
corrected for light isotopic impurities of the internal standard
[*H,,JDHN and for naturally occurring heavy isotopes,
respectively. Quantities of DHN and [*’H]DHN were calcu-
lated using corrected areas and from the quantity of internal
standard added to each sample as previously described [29].
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[0065] Method Validation

[0066] The following method validation parameters were
determined. (i) Accuracy was calculated from: [1-(GCMS
measured quantity/standard quantity)]x100. (ii) Precision
orthe relative standard deviation (RSD) was calculated from:
SD *100/mean. (iii) The limit of detection (LOD) represents
the minimum quantity of standard DHN solution that can be
processed and assessed with good accuracy and precision.
(iv) The limit of quantification (LOQ) represents the mini-
mum quantity of protein-derived DHN and HNE that can be
assayed in blood or plasma samples with an appreciate pre-
cision. It was determined by analyzing increasing volume
(50, 100, 250, 400 and 500 w) of blood and plasma in dupli-
cate samples. (v) The intra- and inter-assay RSD for the
GCMS analysis were determined by injecting one sample
eight times in one day and (i1) five samples on three different
days, respectively. Intra- and inter-assay RSD for the whole
analytical procedure were determined by processing (a) on
the same day, nine samples obtained from a pooled blood
sample collected from Wistar rats, and (b) on three different
days, blood samples collected from five Wistar rats and fro-
zen in separate aliquots. Inter-assay RSD values were also
obtained for the analyses of four different blood samples from
Wistar rats before and after 9 months of sample freezing at
-80° C. Finally, to test the specificity of the signal corre-
sponding to HNE, blood samples were pooled and divided 6
fractions, 3 fractions were treated with NaBH4 and 3 with

NaB2H,.
[0067] Statistical Analysis
[0068] Dataareexpressed as mean+SD or SE. The two-way

ANOVA was used to test for significant differences in the
effect of (i) disease development and progression in SHR, (ii)
age, and (ii1) the interaction of disease and age, followed by a
Bonferroni multiple-comparison post-test.

[0069] Results (Example 3)
[0070] Method Validation
[0071] The GCMS method depicted in FIG. 1 was evalu-

ated for the following parameters: LOD, LOQ, precision,
reproducibility, and robustness. The limit of detection (LOD)
determined with DHN standard solutions, was estimated to be
50 pmol, based on the poor accuracy obtained when analyz-
ing quantity below 50 pmol, between 16 and 76%, compared
to values >90% for quantity between 50 and 500 umol (Table
1). The calibration curve was linear in this range of DHN
concentration tested (FIG. 2), with RSD values <4%.

TABLE 1

Calibration data obtained for a GCMS assay of DHN standard
solutions used in a method for detecting a biomarker of
oxidative stress in a biological sample in accordance
with an embodiment of the present invention.

Quantity added Quantity measured Accuracy Precision
(pmol) (pmol; mean + SD) (%) (RSD %)
1 6.3£0.7 16 12

10 13108 76 6.3

25 37.1£29 67 7.8

50 50.7£03 99 0.6

100 110£2 91 1.8

250 266 +0.4 94 0.2

500 545+ 17 92 32
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Standard solutions of 1 to 500 pmol DHN were processed for
GCMS assay in duplicate.

[0072] As for the method LOQ, there was a linear relation-
ship for the analysis of protein-bound HNE and DHN in
whole blood (FIG. 3A), although the positive values for the
y-intercepts, which fall in the LOD range, indicated a con-
stant bias. Hence, the y-intercept values were taken as back-
ground and subtracted from all calculated experimentally
determined values. A similar result was obtained for the
analysis of protein-bound DHN in plasma (FIG. 3B), but
values for protein-bound HNE in plasma felt below the
method LOD. A good precision (RSD<12%) was obtained for
the measured values of protein-bound HNE and DHN in
blood, and DHN in plasma. The LOQ of the method was
estimated at 60 pmol, corresponding to about 250 ul samples.
However, in routine applications, the practical method LOQ
chosen was =80 pmol, corresponding to 400 pl samples, to
ensure optimal precision.

[0073] Table 2 summarizes the repeatability data for the
assay of protein-bound HNE and DHN in 400 pl blood. FIG.
4 shows typical SIM chromatograms of a representative 400-
ul blood sample collected from 30-week-old SHR. The intra-
and inter-assay RSD were =11% for the GCMS analysis of
whole blood samples and ranged between 10 and 20% for the
whole method. Finally, the following additional data support
also the robustness of our method. First, RSD values obtained
for the analyses of protein-bound HNE and DHN in blood
samples from Wistar rats after 9 months indicate the stability
of these adducts upon sample freezing at -80° C. (Table 2).
Second, the specificity of the HNE signal (ion 258) was
demonstrated by treatment of parallel samples with NaBH,,
and NaB*H,,, which converts HNE to DHN (ion m/z 257) and
[*'H]DHN (ionm/z 258), respectively. While we did not detect
any quantity of protein-derived HNE signal (ion 258) follow-
ing NaBH, treatment, the measured quantity of protein-de-
rived DHN (ion m/z 257) corresponded to that of DHN plus
HNE assessed following treatment with NaB*H, (FIG. 5).

TABLE 2

Summary of reproducibility data for the GCMS assay of HNE-
and DHN-protein thioether adducts in 400 pl blood in accordance
with an embodiment of the present invention.

GC-MS GC-MS
INJECTION METHOD
Inter- Inter- 9 months of
Intra- assay Intra- assay freezing
assay (n=5) assay (n=4) (n=4)
Measured (n=8) RSD+SD (@=9) RSD+SD RSD=%SD
compound RSD (%) (%) RSD (%) (%) (%)
HNE 3.4 7.9£6.0 11 209 26 £15
DHN 8.2 116 11 10£6 14£6

The intra- and inter-assay RSD for the GCMS injection and
processing of whole blood samples on different days were
determined as described in Materials and Methods. Data are
means*SD of 4-9 separate determinations, as indicated.
[0074] Circulating Levels of HNE- and DHN-Protein
Adducts in SHR and Wistar Rats

[0075] FIG. 6 present data on the levels of protein-bound
HNE assessed in blood collected from SHR and Wistar rats at
various ages. According to the two-way ANOVA, blood levels
of HNE-protein adducts were significantly increased with
disease progression and age. Compared to Wistar rats, SHR
showed significantly greater blood levels of HNE-protein
adducts starting at 22 weeks. The observed differences in the
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circulating levels of protein-bound HNE with age, or between
SHR and Wistar rats, cannot be attributed to variations in
blood protein levels, which were similar at all times (between
230 and 274 mg/ml). In contrast to protein-bound HNE, lev-
els of protein-bound DHN in blood (FIG. 7) or in plasma (data
not shown) did not vary with disease or age.

[0076] Discussion

[0077] Inthisstudy, a GCMS method for relatively precise
quantitation of HNE- and DHN-bound to circulating thiol-
containing proteins was validated. The method involves sta-
bilisation of HNE through reduction to its deuterated alcohol
[*H]DHN, treatment of samples with Raney Nickel, and the
use of a deuterated internal standard, [*H, ,JDHN. The pro-
posed method was characterized for the following param-
eters: LOD, LOQ, precision, reproducibility, and robustness.
As currently described, one technician can process about
80-100 samples per week. The variation between different
assays (10-20%) is smaller than that between subjects (30-
40%). Further, the precision observed in the LOQ determina-
tion compares well with GC/LC-MS assay of plasma isopros-
tanes [30] or nitrotyrosine [31], which are used as markers of
oxidative and nitrosative stress, respectively. Moreover, while
the stability of LPO-derived products in biological samples
has often been considered a major problem [32], we found
that levels of HNE- and DHN-protein adducts were little
affected by storage of samples for 9 months at -80° C. (Table
2). Although this may be attributed to the greater stability of
these protein adducts compared to free HNE, Spies-Martin et
al (2002) reported similar levels of free HNE in tissue
samples before and storage for 22 months at -80 C [33].
Nevertheless, we consider relatively important to either
freeze or process immediately all collected blood samples in
EDTA as well as to rapidly treat samples with NaB°H, to
stabilize HNE.

[0078] In this study, the modified GCMS method was suc-
cessfully applied to the analysis of circulating HNE- and
DHN-protein adducts in rats. HNE-protein adducts were
detected in blood. but not in plasma samples. This finding
concurs with the observations of Kinter et al. [36] who
assessed HNE free or bound in Schiff base residues as an
oxime derivative by GCMS. Further, Oliver et al. demon-
strated the accumulation of oxidatively modified proteins in
erythrocytes [37]. Finally, HNE, which is predominantly
detected in biomembranes rather in the aqueous phase [14],
reacts rapidly in vitro with the sulthydryl group of cysteine
residues from erythrocyte membrane proteins to form
Michael-type adducts. Little is known about the half-life of
blood HNE-modified proteins, but it is likely to be greater
than free HNE. In fact, HNE-modified proteins may reflect
the flux, rather than the circulating levels, of this LPO product
[22]. This cumulative record of oxidative injury may provide
a sensitive measure of oxidative stress-related events involv-
ing bioactive HNE. By analogy, glycosylated hemoglobin
reflects long term glycemic control [38].

[0079] The concentration of protein-bound HNE that was
measured in blood samples varied between 0.07-0.22 mM.
These values fall in the range of concentrations reported for
plasma free HNE (0.026-0.85 mM) [32,33.36,39], but are
lower than those for HNE-derived 2-pentylpyrroles (8-35
mM) [22], while greater than those for isoprostanes (35-356
pg/ml) [40-42] or nitrotyrosine (2-5 nM) [31,43,44]. Based
on an average protein content of 250 mg/ml and assuming an
average protein molecular mass of 30,000, a concentration of
0.07-0.25 mM of protein-bound HNE in blood implies that
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between 0.0008-0.003% of blood proteins is modified by
HNE. This percentage is lower than the one that was calcu-
lated from the previously determined levels of HNE-protein
adducts in ischemic hearts (approximately 0.025%)[18].
However, it is compatible with the observed 1 to 8% protein
modification observed in vitro when mammalian cells are
incubated with 100 uM HNE [45], if one takes into account
that circulating free HNE concentration is <1 pM.

[0080] Results from this study demonstrate increased lev-
els of HNE-protein adducts in blood of SHR with disease
progression and aging, a finding that suggests that these pro-
tein adducts are circulating biomarker of oxidative stress-
related events involving bioactive HNE in this animal model.
The SHR develops hypertension and left ventricular hyper-
trophy between 9 and 14 weeks [46,47]. At 15 weeks, the
hypertrophy is compensated, while at 30 weeks, SHR exhibit
increased cardiomyocyte death by apoptosis, the latter being
linked to transition from compensated to decompensated
hypertrophy [48]. The increase in circulating HNE-protein
adducts found in SHR concurs with the presence of enhanced
oxidative stress, which was documented as early as 4 weeks
of age [27]. This raise has been attributed to increased supet-
oxide anion production due to dysfunctional nitric oxide syn-
thase activity [27] and/or angiotensin II-stimulated NAD(P)H
oxidase activity in the vascular wall [49]. A persistently
greater accumulation of myocardial HNE-protein adducts in
SHR compared to control rats was also found, an effect that
was affected by disease progression and age [19]. The fact
that the increase in HNE-protein adducts in blood occurred at
a later age than in the vascular wall or in the heart (22 versus
7 weeks) may suggest that in SHR, HNE formation occurs
predominantly at an intracellular site. A greater concentration
of HNE-protein adducts in tissues compared to interstitial
fluids was reported by others [13], suggesting that accumu-
lation of circulating HNE-protein adducts may reflect the
global status of HNE production versus its detoxification in
all body tissues and organs. In this regard, it was found that
circulating levels of protein-bound DHN, which may origi-
nate from the enzymatic reduction of HNE-protein adducts
by the aldose reductase [50], were not affected by disease or
age (FI1G. 7). Hence, the increase in the proportion of HNE-
to-DHN bound to circulating thiol proteins suggest an imbal-
ance between HNE production versus detoxification with
disease progression and aging, in the favor of the former
process.

[0081] In summary, the GCMS method herein described
and characterized quantifies HNE-protein thioether adducts
in blood with relatively good precision and reproducibility.
Using this method, it was showed that circulating HNE-pro-
tein adducts increase with disease progression and age in
SHR, an animal model of cardiomyopathy that displays
enhanced oxidative stress [19,26]. Collectively, the results of
this study suggest the potential usefulness of HNE-protein
thioether adducts measured in whole blood as marker of
oxidative stress-induced LPO events involving bioactive
HNE in heart diseases and aging.

[0082] It is hypothesized that a kit for assessing the pres-
ence of a biomarker of oxidative stress in a sample could be
used instead of the above-described method. Also, it is
hypothesized that alternative method may be used to detect a
biomarker of oxidative stress. In an example of such a
method, the method includes contacting the sample with an
antibody which binds to the stabilized biomarker of oxidative
stress under conditions which allow binding of the stabilized
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biomarker of oxidative stress to the antibody and detecting
the presence of bound antibody in the sample.

Example 4

[0083] A series of studies was conducted in spontaneously
hypertensive rats (55-57), which provided the basis for
exploring in vivo the potential link between HNE and cardiac
function. The SHR is a well-established model of genetic
hypertensive cardiomyopathy associated with insulin resis-
tance (58). It develops hypertension and left ventricular
hypertrophy between 9 and 12 weeks (59). At 15 weeks, the
hypertrophy is compensated and functional symptoms of dec-
ompensation appear after 18-24 months of age. The SHR
displays enhanced oxidative stress in the vascular wall (60),
which responds to antioxidant treatment (61). Further to the
finding of an accumulation of myocardial HNE-protein
adducts in SHR starting at 7 weeks (57), a GCMS method was
validated to quantify HNE-protein thioether adducts in blood
(HNE-P) and found relatively high circulating HNE-P in
SHR starting at 22 weeks ofage (55). Hence, in this example,
circulating HNE-P was correlated with cardiac function in
vivo and tests were performed to evaluate the impact of an
antioxidant treatment with Probucol (62).

[0084] Method (Example 4)
[0085] Animals
[0086] Experiments were approved by the local animal care

committee in compliance with guidelines of the Canadian
Council on Animal Care. After one week of acclimatization,
18-wk-old male SHR (Charles River, St. Constant, Canada)
were randomly assigned to receive daily an intraperitoneal
injection of 10 mg kg-1 body weight Probucol (P) dissolved
in corn oil or the vehicle (V). Body weight was assessed daily.
At 22 weeks of age, rats were sacrificed. Blood was collected
under ketamine/xylazine anaesthesia (87.5 mg/12.5 mg-kg-1,
1.m.) by jugular vein puncture with a 5-ml syringe precoated
with EDTA (10.8 mg) and butylated hydroxytoluene (0.0496
mg), and immediately frozen in liquid nitrogen.

[0087] Blood Pressure and Cardiac Function.

[0088] Non-invasive systolic arterial pressure was mea-
sured and transthoracic echocardiographic evaluation was
performed at baseline and at the end of treatment, using the
tail-cuff method and S12 phased-array transducer with a stan-
dard echocardiographic system (Sonos 5500, Hewlett-Pack-
ard, Andover, Mass.) under isoflurane anesthesia, respec-
tively. We herein report echocardiographic parameters
reflecting diastolic function only, since systolic function was
reported to be unchanged in SHR at 18-22 weeks (13). In the
apical 4-chamber view, transmitral E wave deceleration time
(EDT) and deceleration rate (EDR) were measured using
pulsed-wave Doppler, and mitral propagation velocity (Vp)
was studied through color M-mode spectrum. LV isovolumic
relaxation time (IVRT) was measured in the 5-chamber view
using continuous-wave Doppler and corrected (IVRTc) with
the R—R interval taken from simultaneously recorded ECG.
M-mode at the aortic valve level in the parasternal long axis
view was used to measure left atrial (LA) dimensions in both
cardiac diastole (LADd) and systole (LADs), from which we
calculated LA fractional shortening (LAFS). The average of
three consecutive cardiac cycles was used for each measure-
ment.

[0089] Circulating HNE-P. HNE-P was quantified in 400 ul
whole blood collected at the end of treatment, by GCMS as
described in Example 1.
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[0090] Data Presentation and Statistical Analysis.

[0091] Dataare means+SEM. Values for the various param-
eters measured (body weight, systolic blood pressure and
cardiac functions) are reported as percentages of pre-treat-
ment values. Statistical significance of differences between
and within groups (before vs aftertreatment) was assessed
using unpaired and paired t-tests, respectively. Correlation
coeflicients were calculated by linear regression analysis. A
value of p=0.05 was considered significant.

[0092] Results (Example 4)
[0093] Hemodynamics and Cardiac Function.
[0094] During the 4-week treatment, SHR from both

groups depicted a similar 7-8% increase in body weight and
systolic blood pressure (V: 7.6+0.2, P: 7.920.7;and V: 8.2+2.
4, P 83£2.0%, respectively; p=0.05). However, SHR
receiving vehicle depicted a worsening of indexes of diastolic
function. Changes in (1) EDT (decreased; FIG. 9A) and EDR
(increased; 18+6%; p=0.05) reflect a loss of LV compliance
or increased stiffness, while those in (i1) Vp (decreased; FIG.
9B) and IVRTc (increased: 8.9+7.0%; p=0.05) indicate
impaired LV relaxation. Heart rate was also increased by 20%
(FIG. 9C). All these detrimental functional changes were not
observed in the Probucol group. In this group, LV diastolic
function was preserved, resulting in diminished LA structural
and functional remodeling; this is reflected by changes in
LADd (decreased: -17.9+£6.4%; p=0.05) and LAFS (in-
creased; 16.1£5.4%; p=0.05).

[0095] Circulating HNE-P.

[0096] Circulating HNE-P, which was assessed at the end
of treatment in 22-wk-old SHR correlated with indexes of
diastolic dysfunction (EDR: R2=0.518, p<0.001; EDT:
R2=0.371, p<0.01 (FIG. 8A)) and with heart rate (FIG. §B).
Probucol treatment lowered median [min-max] (P: 170.5
[122.5-376.0]; V: 261.3 [157.0-441.5]) and mean (P: 208.
2+34.1;V: 263.8+27.4) values of circulating HNE-P by 35%
and 21%, respectively (p=0.1).

[0097] Discussion

[0098] Inthisexample, thelink between circulating HNE-P
levels and cardiac function, was examined in SHR and the
impact of Probucol treatment was tested. 18-22-wk-old SHR
were used based on finding of high circulating HNE-P in
these rats at this age (55 and Example 1). At 18-22 wks of age,
the SHR is hypertensive and depicts a compensated cardiac
hypertrophy (64). The finding of a worsening of diastolic
function in 18-wk-old SHR receiving vehicle for 4 weeks
concurs with data from Slama et al. (2004) (63). In this study,
treatment of SHR with Probucol attenuated the deterioration
of diastolic function and improved left atrial function, an
effect that was independent of blood pressure.

[0099] Circulating HNE-P levels, which were assessed at
the end of treatment, correlated positively with deterioration
of diastolic function in SHR, specifically reduction of LV
compliance. Furthermore, a positive correlation between cir-
culating HNE-P and increased heart rate was observed.
Increased heart rate is factor that has been linked with mor-
bidity and mortality in patients with coronary artery disease
(68). Recently, a correlation was reported between immuno-
histochemically determined HNE-protein adducts in the right
ventricle of patients with hypertrophic cardiomyopathy and
indexes of cardiac dysfunction (69). Probucol decreased cir-
culating HNE-P levels, but only a relatively small statistical
significance was observed for this result. It is hypothesized
that this resulted from a type II error given the small number
of animals in each group.
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[0100] The correlation data presented hereinabove suggest
a potential role of HNE in the pathogenesis of diastolic dys-
function and in the regulation of heart rate in SHR. A hypo-
thetical mechanism that may explain this results is presented
hereinbelow. Tsolated hearts exposed to HNE depict vasodi-
lation, reduction of systolic function and contractile failure
(70). Inisolated rat ventricular myocytes, HNE exerts proar-
rhythmic effects possibly due to modification of cysteine
residues from ion channel proteins (71). It can also depress
contraction, possibly through mitogen-activated protein
kinase activation (72). Among many potential pathogenic
mechanisms, one that appears to have specific relevance to
this study is fibrosis. This process appears to be a determinant
of LV stiffness, including in SHR (73-75), which could be
activated by HNE through TGFb1 signaling (53), but reduced
by Probucol (65).

[0101] In summary, the results of this example show that
left ventricular diastolic function worsens in control SHR
from 18 to 22 weeks, leading to a restrictive pattern of dias-
tolic dysfunction, which can be improved by Probucol treat-
ment. The observed correlations between HNE-P and both
diastolic dysfunction and heart rate provide additional evi-
dence supporting a role for this aldehyde in the pathophysi-
ological events linked to disease progression in SHR. Ult-
mately, circulating HNE-P may be correlated with specific
pathogenic events that could then become a target for anti-
oxidant therapy.

Human Example
Example 5

[0102] The blood levels of HNE-protein adduct was
assessed as described hereinabove in 71 human subjects suf-
fering from chronic heart failure. The HNE-protein concen-
trations averaged 21467 nM. The levels were correlated to
the New York Heart Association Class (R*=0.33; p<0.05),
suggesting its association with disease severity.

[0103] Although the present invention has been described
hereinabove by way of preferred embodiments thereof; it can
be modified without departing from the spirit, scope and
nature of the subject invention, as defined in the appended
claims.
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[0180] All references cited and/or discussed in this speci-

fication are incorporated herein by reference in their entirety

and to the same extent as if each reference was individually
incorporated by reference.

1. A method for detecting oxidative stress using a biologi-
cal sample, comprising:

(a) obtaining the biological sample comprising a biomar-
ker of oxidative stress having a measurable component,
said biological sample being selected from whole blood,
blood derivatives, and combinations thereof;

(b) chemically stabilizing the biomarker in the sample;

(¢) isolating the measurable component;

(d) extracting the measurable component; and

(e) measuring the quantity of the measurable component.

2. The method of claim 1, wherein the biomarker of oxi-
dative stress is selected from an aldehyde-protein adduct and
an aldehyde metabolite-protein adduct.

3. The method of claim 2, wherein the aldehyde is 4-hy-
droxy-2,3-nonenal (HNE).

4. The method of claim 2, wherein the aldehyde metabolite
is 1,4-dihydroxynonene (DHN).

5. The method of claim 1, wherein the measurable compo-
nent is selected from DHN and [*H]DHN.

6. The method of claim 2, comprising chemically stabiliz-
ing the biomarker in the sample by reducing the aldehyde to
its alcohol.

7. The method of claim 6, wherein the step of reducing the
aldehyde to its alcohol comprises adding one of NaBH,, and
NaB?H, to the biological sample.

8. The method of claim 3, wherein the step of reducing the
aldehyde to its alcohol comprises reducing HNE to DHN
and/or reducing HNE to its deuterated alcohol [*H]DHN.

9. The method of claim 1, wherein the biological sample
contains molecules selected from HNE, HNE-protein
adducts, DHN, DHN-protein adducts, metabolites of HNE,
and combinations thereof.

10. The method of claim 1, comprising isolating the mea-
surable component by cleaving a protein linkage.

11. The method of claim 10, wherein the step of cleaving a
protein linkage comprises cleaving a protein thioether link-
age using Raney nickel catalysis.

12. The method of claim 11, wherein the Raney nickel
catalysis is conducted for about 5 to about 20 hours at a
temperature of about 45° C. to about 60° C.

13. The method of claim 1, wherein the measurable com-
ponent of the biomarker of oxidative stress is a metabolite
produced by peroxidation of fatty acids.

14. The method of claim 1, wherein the measurable com-
ponent of the biomarker of oxidative stress is selected from:
4-hydroxynonenal, 4-oxononenal, 4-hydroxyhexenal and
4-oxohexenal.

15. (canceled)

16. The method of claim 1, wherein the blood derivatives
are selected from plasma, albumin, and oxidized lipoprotein.
at least one of blood and a blood derivative.

17. The method of claim 1, wherein the quantity of the
measurable component is measured using gas chromatogra-
phy coupled to mass spectrometry.

18. A method for detecting oxidative stress using a biologi-
cal sample comprising:
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(a) obtaining a biological sample comprising a biomarker
of oxidative stress;
(b) chemically stabilizing the biomarker in the sample;

(c) contacting the sample with an antibody that binds to the
stabilized biomarker; and

(d) detecting the presence of the bound antibody in the
sample.

19. A method for determining a cumulative record of oxi-

dative injury in a mammal over time, comprising:

(a) obtaining a first blood sample from a mammal at a first
time point, wherein the blood sample comprises an alde-
hyde metabolite-protein adduct;

(b) detecting a level of oxidative stress in the first blood
sample based on a quantity of the aldehyde metabolite
present in the first blood sample;

(c) obtaining a second blood sample from a mammal at a
second time point wherein the blood sample comprises
an aldehyde metabolite-protein thioether adduct;

(d) detecting a level of oxidative stress in the second blood
sample based on a quantity of the aldehyde metabolite
present in the second blood sample; and

(e) determining a cumulative record of oxidative injury in
the mammal using the quantities of aldehyde metabolite
measured in the first and second blood samples.

20. The method of claim 19, wherein said aldehyde
metabolite is selected from 4-hydroxynonenal, 4-oxonon-
enal, 4-hydroxyhexenal, 4-oxohexenal, 4-hydroxy-2,3-non-
enal (HNE) and 1,4-dihydroxynonene (DHN).

21. (canceled)

22. (canceled)

23. (canceled)

24. (canceled)

25. (canceled)

26. (canceled)

27. (canceled)

28. (canceled)

29. (canceled)

30. (canceled)

31. A kit for detecting oxidative stress related events using
abiological sample, wherein the biological sample is selected
from whole blood and blood derivatives, and comprises an
aldehyde, and the kit comprises

(a) a stabilizing reactant for stabilizing the aldehyde to its
alcohol; and

(b) an antibody that binds a stabilizing reactant for stabi-
lizing said aldehyde end product specifically to the sta-
bilized alcohol.

32. The kit of claim 31, wherein the stabilizing reactant is

suitable for converting the aldehyde to its alcohol.

33. The kit of claim 32, wherein the stabilizing reactant
inchudes one of NaB*H,, and NaB*H,.

34. (canceled)

35. (canceled)

36. (canceled)

37. (canceled)

38. (canceled)

39. (canceled)

40. (canceled)

41. A method for determining a cumulative record of oxi-
dative injury in a mammal, comprising:
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(a) obtaining a blood sample from a mammal, wherein the
blood sample comprises an aldehyde metabolite-protein
adduct;

(b) detecting a level of oxidative stress using the blood
sample based on the quantity of the aldehyde metabolite
as measured according to the method of claim 1; and ok oEoE %

(c) determining a cumulative record of oxidative injury in
the mammal using the quantities of aldehyde metabolite
measured in blood samples and a predetermined refer-
ence quantity of the aldehyde metabolite.
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