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Oxidative stress impairs endothelial function and may play an important role in the pathogenesis of acute car-
diovascular diseases. Advanced oxidation protein products (AOPP) were proposed as one of the possible markers of
oxidative injury, which originates under oxidative and carbonyl stress and increase global inflammatory activity.

The present study was undertaken to compare AOPP concentrations in a control group of healthy individuals
without ICHS (I), patients with stable angina pectoris (II), patients with acute coronary syndrome over 48 hours
without ST elevations (III), and patients with ST elevation myocardial infarction (IV).

Coronaronary angiography, risk factors and anamnestic data were analyzed. We examined 73 probands with signs of
myocardial ischemia, mean age of 61.5 years (64 % males) subjected to coronarography and 21 healthy individuals. No
significant difference was found between venous blood and coronary samples, or between infarction and non-infarction
arteries in the group IV. AOPP concentrations in healthy individuals in the group I (82.9 £29.3 mmol/1) did not differ
significantly from patients in group II (89.6+26.7 mmol/I) and group III (112.3+54.6 mmol/l). A significant differ-
ence in AOPP values was found between the groups I and IV, and between the groups Il and IV (82.9 £29.3 mmol/l
vs. 125.8+ 101 mmol/l, p=0.02, and 89.6+26.7 mmol/1 vs. 125.8 + 101 mmol/l, p=0.02). No correlations were found
between AOPP and body mass index (BMI), nicotinism, left ventricular ejection fraction, parameters of glucose and
lipid metabolism. ROC analysis revealed that AOPP concentrations of 89 mmol/l had 64 % sensitivity and 71 % spe-
cificity for revealing an acute coronary syndrome (AUC 0.65, 95 % CI 0.55-0.80).

AOPP are significantly increased in patients with acute coronary syndromes with ST segment elevation, but also
tend to increase in patients with non-ST elevation myocardial infarction. Our observations suggest that AOPP may
be used as a marker of oxidative stress and as a prognostic factor for severe forms of cardiovascular disease. A cut-off

value of 89 mmol/1 can be used with 64 % sensitivity and 71 % specificity for revealing acute coronary syndrome.

INTRODUCTION

Atherosclerosis is considered an immune-inflamma-
tory (reparative) process induced by impaired intima of
the vascular wall. The pathogenesis of the atherosclerotic
process is multifactorial' and the first step in this process
may be endothelial dysfunction induced by dyslipidemia.
Its progression is given by activation of cell and humoral
components of the inflammation. Recently, oxidative
stress has often been discussed as an important phenom-
enon. The stress is associated with the origination of free
oxygen radicals that may impair cells and tissues. The rela-
tionship between oxidative stress and the pathophysiology
of atherosclerosis remains unclear, but involvement of free
oxygen radicals in acute coronary syndromes (ACS) is
highly probable??>.

At present, no generally applicable method for deter-
mination of free radicals in vivo is available. Recently,
the importance of advanced oxidation protein products

(AOPP) has been pointed out*. These products originate
as a result of the action of free radicals on proteins and
may act as inflammatory mediators triggering the oxidative
“ignition” of neutrophiles, monocytes and T-lymphocytes
thus leading to upregulation and excessive stimulation of
dendritic cells’. These processes may account for immune
disorders in atherosclerosis. Kaneda et al showed that
patients with ischemic heart disease (confirmed by coro-
narography) probably have similar increased AOPP val-
ues as dialysed patients and that concentrations of these
products in both groups differ significantly from healthy
volunteers® 23,

More detailed knowledge of AOPP pathophysiology
could provide very valuable information on the origin and
development of atherosclerosis as well as on the relation-
ship between oxidative stress and the origin of acute coro-
nary syndrome.

As no data in the literature were found on AOPP con-
centrations in patients with acute coronary syndrome and
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patients with stable angina pectoris, the aim of the present

study was to evaluate whether:

a) AOPP concentrations differ in patients with acute cor-
onary syndrome from AOPP levels in patients with
stable angina pectoris and from healthy individuals,

b) AOPP concentrations differ in venous blood and main
coronary arteries,

¢) AOPP concentrations differ in individuals with acute
myocardial infarction in the infarction and the non-
infarction artery,

d) correlations exist between AOPP concentrations and
common risk factors of cardiovascular disease.

MATERIALS AND METHODS

We examined 73 probands, patients at the Angiogra-
phy Center of the 1st Department of Internal Medicine,
University Hospital Olomouc, who were subjected to cor-
onarography according to common indication criteria,
and 21 healthy individuals without clinical and anamnes-
tic signs of coronary artery disease (CAD).

The examined persons were divided into 4 groups:
Group I consisted of probands without CAD, group II
comprised patients with stable angina, group III con-
sisted of individuals with acute coronary syndrome over
48 hours without elevation of ST segment, and group IV
comprised patients with acute myocardial infarction with
elevated ST segments (STEMI) during the first 48 hours
after origin and occlusion of the coronary artery con-
firmed during acute coronarography.

In all individuals, the following parameters were de-
termined in peripheral venous blood: AOPP (according
to Witko-Sarsat [3], ELISA line Marc+Max), choles-
terol (enzyme, BioVendor), HDL (direct determination,
BioVendor), triglycerides (enzyme, BioVendor), glucose
(enzyme, Lachema), cTnl (LEIA, DPC), HbAlc (HPLC
afinite boronate, Primus), creatinine (Jaffe), urea (enzyme,
BioVendor), ALT (IFCC, BioVendor), AST (IFCC, Bio-
Vendor), CRP ultrasensitive (LEIA, DPC), blood count
(Coulter).

Blood samples from the right and the left coronary
arteries were collected in individuals subjected to cor-
onarography and AOPP concentrations were determined.
In coronary arteries we checked catheter insertion and
then removed 5 ml of blood from the catheter in order to
prevent admixture of blood from the aorta, finally, 5-7 ml
of blood from the coronary artery were collected for next
analysis.

At the same time, the medical history of all individu-
als was taken with regard to cardiovascular risk factors,
complications and therapy. Patients in groups II-IV were
subjected to echocardiography and the left ventricular
ejection fraction (LVEF) was calculated using the Simp-
son rule.

Coronarography was performed via the left femoral
artery using the 6F or 7F instruments. An experienced
invasive cardiologist assessed occlusion of the coronary
artery and stenosis. All patients in the group II (stable

angina pectoris) had at least one coronary artery stenosis
narrowing the lumen by over 60 % at coronarography.

All data were processed using the software SPSS
for Windows. Continuous variables are expressed as
meanz*standard deviation unless stated otherwise. The
levels of AOPP between groups were compared using
repeated analysis of variance (ANOVA, Kruskal Wallis
tests) and ROC analysis. Concentrations of AOPP and
other quantities were mutually correlated using the Spear-
man correlation coefficient. Categorical data were com-
pared using the x? test. A p value <0.05 was considered
as statistically significant.

RESULTS

We examined altogether 94 probands of mean age 61.5
years (64 % males and 36 % females). In 18 % individu-
als we found heart failure, 21 % had previous MI, 7 % of
patients underwent previous revascularization, 14 % were
active smokers, 71 % were treated for hypertension and
29 % for diabetes mellitus. Detailed data of patients under
study are given in Table 1.

Concentrations of AOPP in healthy individuals in
control group I (82.9+29.3 mmol/1) did not differ mark-
edly compared to patients in group II (89.6+£26.7 mmol/l,
p=NS) and group III (112.3+54.6 mmol/l, p=NS). Sig-
nificant differences in AOPP values were found between
the groups I and IV and groups II and IV, respectively
(82.9£29.3 mmol/l vs. 125.8 + 101 mmol/l, p=0.02, and
89.6£26.7mmol/lvs. 125.8 + 101 mmol/l, p=0.02, respec-
tively).
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Fig. 1. ROC curve for the group I (healthy controls) and

the group IV (patients with acute myocardial inf-
arction with ST elevation within 48 hours after the
onset of pain). Area under curve is 0.65 (95 % CI,
0.55-0.80). The straight line represents the line of
identity. The level of AOPP =89 mmol/l is given for
maximal sensitivity (64 %) and specificity (71 %)
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Table 1. Clinical data of the groups I-IV.

85

Group I Group II Group III Group IV
n 21 23 28 22
Age 50+ 14 6210 67+9 669
M/F 10/11 15/8 18/10 15/7
Dyslipidemia 5(24 %) 15 (65 %) 14 (50 %) 8 (36 %)
HN 7(33%) 20 (87 %) 23 (82 %) 17 (77 %)
DM 1(5%) 8(35%) 12 (43 %) 6 (27 %)
Smoker 3 (14 %) 1(4%) 5(18 %) 4 (18 %)
BMI 23.9+35 28.4+34 289 £3.5 269+ 3.1
Revascul. 0 5(22%) 1(4%) 1(5%)

Table 2. Concentration of other studies markers in the group under study. Medians are given for each parameter.

chol LDL HDL TG ALT urea creat | HBAlc| CRP BMI EF
Group | 5.12 2.48 2.11 0.99 0.32 4.8 81.0 - 6.9 21.8 60
Group 11 5.12 2.83 1.19 2.15 0.41 5.8 97 - 2.0 27.3 58
Group 111 6.13 4.1 1.25 2.38 0.40 6.5 102 7.6 5.3 29.1 50
Group IV 722 5.15 1.22 2.04 0.49 6.0 103 6.15 4.2 253 50
Total 5.42 3.23 1.34 1.37 0.38 5.7 95 7.6 3.95 27.4 58

It was shown that AOPP concentrations in periph-
eral venous blood and arterial blood from the coronary
arteries did not differ markedly and showed a significant
correlation (r=0.826, p<0.0001).

In the groups III and IV no significant difference
was found in AOPP concentrations in the infarction
and the non-infarction arteries (120.3+77.7 mmol/l vs.
122.6 +78.8 mmol/l, p=NS). Concentrations of other pa-
rameters under study are summarized in Table 2.

No correlations were observed between AOPP and
BMI, history of nicotinism, left ventricular ejection frac-
tion, parameters of glucose and lipid metabolism or ni-
trogen metabolites.

ROC analysis revealed that AOPP concentration of
89 mmol/I had 64 % sensitivity and 71 % specificity of re-
vealing acute coronary syndrome (AUC 0.65, 95% CI
0.55-0.80) - Fig. 1.

DISCUSSION

Several recent papers point out the role of oxidative
stress in acceleration of atherosclerosis. Stress is associ-
ated with the origin of a large number of free radicals that

may impair cells and tissues. Free radicals are atoms or
groups of atoms with an unpaired electron. They display
high reactivity and during a very short time they are able
to bind to lipoproteins, nucleic acids, proteins and en-
zymes. Free radicals comprise oxygen reactive forms (e.g.
hydroxyl radical OH), superoxide and peroxide ions”?.
Binding of free radicals to nitrogen oxide (NO) in the
endothelium leads to its reduced vasodilatation abilities
accounting for the origin of coronary ischemia.

An important role in the origin of oxidative stress is
assigned to xantinoxidase, NADPH oxidase, high con-
centration of oxidized LDL-cholesterol and delayed flow
in the coronary artery’-'.. Several factors involved in the
origin of oxidative stress are combined. Important is the
level of anti-oxidative protection of the organism'> 5,

Recent papers suggest that AOPP is not only a mark-
er of oxidative stress, but also acts as an inflammatory
mediator*?*, Detailed investigation of AOPP is expected
to provide valuable information on the origin and progres-
sion of atherosclerosis.

Kaneda et al published the results by measurement of
AQOPP in patients with CAD and showed that their AOPP
values were significantly higher than those without CAD.
This paper indicates that AOPP concentrations are re-
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lated to the extent of diseased coronary arteries. Howeyver,
the association with the clinical state of patients remains
unclear*. The results of our study suggest that patients with
stable angina pectoris, i.e. patients with favorable prog-
nosis, had no significantly higher AOPP concentrations
compared to the control group of healthy individuals. We
proved that AOPP concentration increases significantly
only in patients with acute coronary syndrome.

The finding of no significant difference in AOPP con-
centrations between the infarction and the non-infarction
arteries corresponds to a recent report on the presence of
multiple vulnerable plates in all coronary arteries in pa-
tients with ACS and supports the idea of a “pan-coronary”
process in contrast to the hypothesis of a single (culprit)
lesion™®, An association was shown between oxidative
impairment of the arterial wall and the activity of mye-
loperoxidase and the group of metalloproteinase enzymes
that are markedly involved in rupture of sclerotic plate as
well as in the origin of acute coronary syndrome'® ",

In our study, no statistically significant correlations
of AOPP levels with the commonly recognized cardiovas-
cular risk factors were found. This may be due to a low
number of individuals in each group.

Our study is handicapped by the fact that patients
with acute coronary syndrome (groups III and IV) had
not been followed for AOPP level dynamics. It is possible
that the patients with STEMI may have had higher AOPP
concentration after certain time interval from the onset of
coronary artery closure. In addition, the concentrations of
AOPP in patients with STEMI may have increased after
opening of the coronary artery by angioplasty.

CONCLUSION

Concentrations of AOPP are associated with the ex-
tent of coronary artery impairment. AOPP values do not
differ in the major coronary arteries and peripheral ve-
nous circulation. No difference in AOPP concentrations
between the infarction and the non-infarction artery was
found in patients with ST elevation myocardial infarc-
tion. Determination of AOPP appears to be a feasible
and suitable marker of oxidative stress and may be used
as a prognostic factor for severe forms of cardiovascular
disease. A cut-off value of 89 mmol/l can be used with
64 % sensitivity and 71 % specificity for revealing acute
coronary syndrome.
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