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Introduction: The aim of this study was to evaluate oxidative stress markers (OSM) and catecholamine lev-
els in patients with dilated cardiomyopathy (DCM) before and after cardiopulmonary exercise testing, and to
investigate the association between changes in these markers and the New York Heart Association classifi-
cation (NYHA) and left ventricular ejection fraction (LVEF) in these patients.

Methods: We evaluated 74 patients with DCM and 80 control subjects without DCM. Patients were grouped
according to NYHA stages I/Il or lll/IV. Eligible participants were considered to be those with LVEF values
<45%. The OSM analysed included superoxide dismutase (SOD), catalase (CAT), glutathione reductase
(GR), and glutathione peroxidase (GPX). The catecholamines analysed included adrenaline, noradrenaline,
and dopamine. Vitamin C was also evaluated. All values were obtained before and after cardiopulmonary ex-
ercise testing.

Results: There was a significant increase in GR, adrenaline, and noradrenaline after testing in the DCM pa-
tients. A significant difference between controls and patients in CAT and evaluated catecholamines was ob-
served after testing. A significant increase in GR, GPX, adrenaline, and noradrenaline for patients in NYHA I/
II, and in CAT, GR, adrenaline, noradrenaline, and dopamine for patients in NYHA 1ll/IV, was found between
the different times of observation. LVEF before testing showed a significant positive correlation with GPX,
and a negative correlation with noradrenaline and adrenaline. After testing a significant negative correlation
was found with SOD and GR.

Conclusions: The results of our study demonstrate the complexity of the neurohumoral mechanisms and
physiological alterations in the failing heart in DCM patients. Further studies are needed, including other bio-
markers and larger samples of patients, in order to improve our understanding of the aetiopathogenesis of
DCM development and progression.

ilated cardiomyopathy (DCM) is
D a progressive heart muscle dis-
ease, characterized by dilatation
and systolic dysfunction of the left ventri-
cle, or both ventricles, in the absence of

abnormal loading conditions (hyperten-
sion, valve disease) or coronary artery dis-
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ease sufficient to cause global systolic im-
pairment.!

It has been stated that oxidative stress
plays a significant role in the pathogenesis
of DCM.? Several studies reported elevat-
ed biochemical markers of oxidative stress
in adults suffering from DCM in compari-
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son to healthy individuals.** Oxidative stress is defined
as an imbalance between the production of reactive
oxygen species (ROS) and antioxidant defences that
can be either enzymatic or non-enzymatic. In patients
with a condition leading to heart failure there are nu-
merous potential sources of ROS: mitochondrial re-
spiratory chain enzymes, NADPH oxidase, xanthine
oxidase, neutrophil NADPH oxidase, nitric oxide syn-
thase, etc.’ It has also been shown that neurohormon-
al activation (i.e. catecholamines, angiotensin) may
enhance oxidative stress in individuals with heart fail-
ure.® Excessive production of ROS that overcome the
anti-oxidative defence capacity might lead to morpho-
logical or functional changes in the heart that could be
manifested as cardiac dysfunction. Thus, evaluation of
the left ventricular ejection fraction (LVEF) might be
considered helpful for a better understanding of the
influence of oxidative stress on the heart.

Given the above observations, we aimed to eval-
uate oxidative stress markers and catecholamine
changes in patients with DCM before and after car-
diopulmonary exercise testing. In addition, we in-
vestigated the association between changes in these
markers and the New York Heart Association classi-
fication (NYHA) and LVEF in DCM patients.

Methods

Study group

This prospective study included 74 patients with
DCM who were treated at the Clinical Centre of Ser-
bia (mean age 46.23 + 17.81 years). We also evalu-
ated 80 randomly selected individuals without DCM,
but with similar age distribution (mean 49.73 + 11.54
years), as a control group. Before their inclusion in
the study, eligible participants were informed about
the study protocol and consent was obtained. The
study was approved by the Institutional Review Board
and followed the principles of good clinical practice.

Clinical parameters

The severity of the patients’ DCM was assessed in
terms of the NYHA classification and LVEF. LVEF
(%) was calculated by Simpson’s method in 2-di-
mensional mode, in accordance with the recommen-
dations of the American Society of Echocardiogra-
phy.” Patients in NYHA classes I/II or III/IV, with
an LVEF <45%, were eligible for inclusion in the
study.

Biochemical parameters

Venous blood samples (5 mL) were obtained in hepa-
rinised tubes from each participant on their initial ad-
mission to the unit, and 30 and 60 days after the first
collection. Samples were immediately centrifuged
at 2000 g/10 min/4°C. Supernatants and buffy coats
were carefully removed. Separated erythrocytes were
washed three times with 0.9% NaCl at 4°C, snap-fro-
zen in liquid nitrogen, and stored at -80°C.

Erythrocytes (0.3 mL) were lysed by adding 3 mL
of ice-cold distilled water. Haemoglobin (Hb) con-
centration was measured by the Drabkin method. Su-
peroxide dismutase (SOD) activity was determined
by the adrenaline method.” One unit of activity is de-
fined as the amount of enzyme that decreases the rate
of adrenalin auto-oxidation at pH 10.2 by 50%. Inter-
ference with Hb was eliminated by precipitation prior
to the assay using ethanol/chloroform (1:1, v/v) that
was followed by centrifugation at 5000 g/5 min/4°C.
The catalase (CAT) activity was determined accord-
ing to the method of Beutler.!” One unit is defined as
the amount of enzyme that reduces 1 uM of H,0, /
min. Glutathione peroxidase (GPX) and glutathione
reductase (GR) activity was determined as described
previously.''2 Vitamin C activity was determined ac-
cording to the method of Okamura.'® Adrenaline
(epinephrine), noradrenaline (norepinephrine), and
dopamine were extracted using a cis-diol-specific af-
finity gel, acylated and then derivatised enzymatically.
All the chemicals used in this study were purchased
from Sigma-Aldrich (St. Louis, MO, USA) and Mer-
ck (Darmstadt, Germany).

Cardiopulmonary exercise testing

Cardiopulmonary exercise testing is a simple and ac-
curate non-invasive method that provides additional
useful information for the diagnosis and prognosis
in patients with various stage of heart failure. Car-
diopulmonary exercise testing was performed using
upright graded bicycle exercise (Schiller-Ergosana-
CS-200). Heart rate and blood pressure were assessed
during defined periods (heart rate during rest and ex-
ercise; blood pressure every 2 minutes and at peak ex-
ercise).!*

Statistical analysis

The evaluated parameters were presented as mean
values *+ standard deviation. For oxidative stress en-
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zymes and catecholamines, the statistical difference
in values between controls and patients was analyzed
using the Mann—-Whitney U test. The same test was
used to evaluate the statistical significance of differ-
ences in selected parameters between different times
of observation and between different NYHA groups.
The Pearson correlation coefficient (r) was evaluated
to determine statistical relationships between the dif-
ferent times of evaluation and between LVEF and
the values of other evaluated parameters. Statistical
significance was set at p<0.05.

Results

The DCM patient population included 38 in NYHA
classes I/II and 36 in classes III/IV.

In the control group, a significant increase was
observed in CAT (p<0.01), GR (p<0.05), and GPX
(p<0.05) enzyme levels, and in all evaluated catechol-
amines (p<0.01) after cardiopulmonary exercise test-
ing (Table 1).

In the patient group, we found a significant in-
crease in GR enzyme levels (p<0.01), as well as
adrenaline (p<0.01) and noradrenaline (p<0.05),
after cardiopulmonary exercise testing (Table 2). It
should be stressed that in this group we observed a
decrease in SOD enzyme concentration, even though
non-significant, after the cardiopulmonary exercise
test (Table 2).

The differences between controls and patients in
enzyme concentrations, noradrenaline and dopamine
were significant before the cardiopulmonary exercise

test (Table 3). After the exercise test, a statistically sig-
nificant difference was observed in CAT (p<0.05) and
in the evaluated catecholamines (p<0.05) (Table 3).

Before exercise testing, we found that the group
of patients in the higher NYHA classes had signifi-
cantly lower levels of CAT (p<0.05) and adrenaline
(p=0.050), whereas after testing only noradrenaline
showed higher levels (p<0.01) in patients with higher
NYHA classes (Table 4).

There was a significant increase in GR (p<0.01),
GPX (p<0.05), adrenaline (p<0.05), and noradrena-
line (p<0.01) levels in patients in NYHA classes I/I1
from before to after cardiopulmonary exercise testing
(Table 5). Patients in NYHA classes I1I/IV showed
a significant increase in CAT and GR (p<0.01 for
both), adrenaline and noradrenaline (p<0.01 for
both), and dopamine (p<0.05) from before to after
exercise testing) (Table 5).

There was a positive correlation between GPX
and LVEF (r=0.283, p=0.040), and significant nega-
tive correlations between noradrenaline and LVEF
(r=-0.294, p=0.032), and between adrenaline and
LVEF (r=-0.345, p=0.011) before cardiopulmonary
exercise testing (Table 6). After exercise testing, we
observed a significant negative correlation between
SOD and LVEF (r=-0.303, p<0.028), and between
GR and LVEEF (r=-0.334, p<0.015) (Table 6).

Discussion

In this study, we demonstrated that there is a sig-
nificant increase in oxidative stress, particularly in

Table 1. Mean values of evaluated parameters in controls before and after cardiopulmonary exercise testing.

Biochemical parameters Controls Mean + SD p*

SOD (U/g Hb) Before 2273.11 = 799.54 >0.05
After 2428.92 = 803.27

CAT (U/g Hb) Before 14.79 = 2.41 <0.01
After 19.11 + 4.83

GR (umol NADPH/min/g Hb) Before 452 = 1.05 <0.05
After 6.31 £ 1.82

GPX (umol NADPH/min/g Hb) Before 12.60 = 1.91 <0.05
After 15.79 = 3.17

Adrenaline (pg/mL) Before 28.52 +22.0.7 <0.01
After 146.83 + 39.77

Noradrenaline (pg/mL) Before 317.92 = 214.63 <0.01
After 1204.18 + 878.94

Dopamine (pg/mL) Before 26.31 = 12.18 <0.01
After 54.38 £ 17.64

Vitamin C (uM/dm3 plasma) Before 41.72 = 35.23 >0.05
After 42.67 + 3291

*Mann-Whitney U test. SOD - superoxide dismutase; CAT — catalase; GR — glutathione reductase; GPX — glutathione peroxidase.
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Table 2. Mean values of evaluated parameters in patients before and after cardiopulmonary exercise testing.

Biochemical parameters Time Mean + SD p*
Before 3063.05 = 643.36
D Hb >0.05
SOD (U/g Hb) After 2946.14 + 63038
Before 12.31 £ 2.42
CAT (U/g Hb >0.05
(Ug Hb) After 1329 = 1.50
Bef 5.74 = 1.38
GR (umol NADPH/min/g Hb) A;ft;’:e e+ 138 <001
. Before 15.16 = 2.12
GPX (umol NADPH/min/g Hb) Al 1598 + 240 >0.05
er 98 = 2.
. Before 32.36 = 21.09
Adrenaline (pg/mL) After 114.69 + 125.57 <0.01
. Before 501.49 + 347.25
Noradrenaline (pg/mL) After 104151 + 768.03 <005
. Before 71.28 £ 9.94
Dopamine (pg/mL) After 86.87 + 28.30 >0.05
Bef 35.88 = 15.18
Vitamin C (uM/dm? plasma) Aef:tgrre 35.80 + 8.89 >0.05

*Mann-Whitney U test. Abbreviations as in Table 1.

Table 3. Statistical significance of differences in evaluated param-
eters between patients and controls, before and after cardiopul-
monary exercise testing.

Biochemical parameters p-value*
Before After

SOD <0.05 >0.05
CAT <0.05 <0.05
GR <0.05 >0.05
GPX <0.01 >0.05
Adrenaline >(0.05 <0.05
Noradrenaline <0.01 <0.05
Dopamine <0.05 <0.05
Vitamin C >0.05 >0.05

*Mann-Whitney U test. Abbreviations as in Table 1.

healthy controls, after cardiopulmonary exercise test-
ing. Our findings are consistent to a certain degree
with those of previous studies that found a correla-
tion between exercise testing and an increase in oxi-
dative stress in healthy individuals.'>'® As for oxida-
tive stress markers, in our study there was a signifi-
cant increase in catecholamine values evaluated af-
ter exercise testing in healthy controls. Such findings
are also consistent with previous reports.!” However,
it should be underlined that there are likely to be in-
dividual variations in the response of oxidative stress
and catecholamine levels to exercise, particularly as-
sociated with age, intensity of training, and adapta-
tion levels.!>1617

In our study, we demonstrated that patients with

DCM showed a significant increase in the levels of
several catecholamines between the different times
of evaluation (beginning and end of cardiopulmo-
nary exercise testing), whereas of all the oxidative
stress enzymes evaluated, only GR showed such a
significant change. A significant increase in levels of
noradrenaline and adrenaline after exercise in pa-
tients with congestive heart failure was observed in
the study of Madsen et al.'® It was also suggested that
plasma noradrenaline during the resting period might
be a significant prognostic factor for survival.'®

It is important to note that noradrenaline and
dopamine levels were significantly higher in controls
than in DCM patients before and after exercise test-
ing, while a significant increase in adrenaline levels
after exercise testing was observed only in the patient
group. These findings imply that DCM may influence
the production of catecholamines to some degree.
Since patients with DCM might frequently be in vari-
ous states of hypoxia, previous studies demonstrated
that such a state could trigger an increase in adrena-
line secretion.!” Therefore, hypoxia might be one of
the possible factors causing an increase of adrenaline
levels during exercise testing in patients with DCM.
However, further studies are needed to confirm this
hypothesis.

Our findings suggest that, during cardiopulmo-
nary exercise testing in patients with DCM versus
controls, changes in catecholamine levels are more
significant than changes in the levels of oxidative
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Table 4. Differences in evaluated parameters in relation to NYHA class before and after cardiopulmonary exercise testing.

Biochemical parameters Time NYHA Mean = SD p*
NYHA I/IT 3242.64 = 336.45
Before >0.05
NYHA III/IV 2965.71 + 788.90
SOD (U/g Hb)
NYHA /I 2969.45 = 675.99
After >0.05
NYHA III/IV 3063.14 + 464.96
NYHA I/IT 13.34 £ 2.02
Before <0.05
NYHA III/IV 11.66 * 2.48
CAT (U/g Hb)
NYHA /I 13.77 = 1.31
After >0.05
NYHA III/IV 13.16 = 1.34
NYHA I/II 6.22 = 1.73
Before >0.05
. NYHA [I/1IV 5.88 £1.33
GR (umol NADPH/min/g Hb)
NYHA I/II 6.87 = 1.01
After >0.05
NYHA II/IV 7.55+1.74
NYHA I/I 14.77 = 1.67
Before >0.05
. NYHA II/IV 15.68 = 2.51
GPX (umol NADPH/min/g Hb)
NYHA I/II 16.18 = 2.38
After >0.05
NYHA III/IV 16.33 = 2.50
NYHA I/II 43.73 £ 33.32
Before =0.05
i NYHA III/IV 2836 £ 6.51
Adrenaline (pg/mL)
NYHA I/II 114.14 = 122.28
After >0.05
NYHA III/IV 125.91 = 153.19
NYHA I/II 370.74 = 252.09
Before >0.05
. NYHA III/IV 578.69 + 403.42
Noradrenaline (pg/mL)
NYHA I/II 668.04 + 601.62
After <0.01
NYHA [I/IV 1340.26 = 876.29
NYHA I/IT 75.48 £ 15.15
Before >0.05
. NYHA II/IV 69.68 + 4.20
Dopamine (pg/mL)
NYHA I/II 83.80 = 26.02
After >0.05
NYHA [I/1IV 87.07 = 29.66
NYHA I/IT 42.37 = 13.98
Before >0.05
. 3 NYHA III/IV 36.89 = 16.34
Vitamin C (uM/dm” plasma)
NYHA I/IT 37.78 £ 7.72
After >0.05
NYHA III/IV 32.83 £ 9.66

*Mann-Whitney U test. NYHA - New York Heart Association classification. Other abbreviations as in Table 1.

stress enzymes. It appears that patients with DCM
are under higher oxidative stress compared to con-
trols. When the values of oxidative stress markers in
DCM patients were compared with those of controls
before and after exercise testing, we found signifi-
cant changes after testing only for CAT. This obser-
vation is consistent with previous reports that pointed
out the role of numerous factors that might influence
such an increase in both DCM patients and patients
with heart failure.'>*

The significantly higher GPX levels in the DCM
patients versus controls before testing might suggest
an up-regulation in oxidative stress reactions towards
a more protective state, since GPX is a key antioxi-
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dant that catalyzes H,O, and hydroperoxide reduc-
tion, and might have a stronger protective effect than
SOD, since in the course of oxidative reactions SOD
might cause an increase in H,0,.2! The importance
of GPX is that it could be considered to be of prima-
ry importance in heart protection, since it is found in
larger amounts in the myocardium.???

Among the oxidative stress enzymes evaluated in
our study, significant differences before cardiopulmo-
nary exercise testing between patients with disease
of different clinical severity, according to the NYHA
classification, were found only for CAT. The absence
of a significant increase in GPX levels in patients with
severe DCM, according to NYHA class, could sug-
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Table 5. Statistical significance of changes in evaluated parameters
before versus after cardiopulmonary exercise testing in relation to
NYHA class.

Table 6. Correlation between evaluated parameters and left ven-
tricular ejection fraction before and after cardiopulmonary exer-
cise testing.

Biochemical parameters p-value* Biochemical parameters Before After
NYHA I/II NYHA II/IV r p r p

SOD >0.05 >0.05 SOD 0.021 0.883 -0.303 0.028
CAT >0.05 <0.01 CAT -0.162 0.246 0.073 0.602
GR <0.01 <0.01 GR -0.225 0.105 -0.334  0.015
GPX <0.05 >0.05 GPX 0.283 0.040 -0.092  0.514
Adrenaline <0.05 <0.01 Adrenaline -0.345 0.011 -0.083 0.556
Noradrenaline <0.01 <0.01 Noradrenaline -0.294 0.032 -0.124 0.375
Dopamine >0.05 <0.05 Dopamine -0.224 0.107 0.155 0.267
Vitamin C >0.05 >0.05 Vitamin C 0.157 0.261 0.136 0.331

*Mann-Whitney U test. Abbreviations as in Tables 1 & 4.

Abbreviations as in Table 1.

gest that other factors might play some role in the ae-
tiopathogenesis of DCM evolution and progression.

Among the catecholamines, adrenaline values
were significantly higher in the group with less severe
disease (NYHA I/IT) before testing, while such a dif-
ference was not observed after the test. In contrast
to this observation, even though we found a non-sig-
nificant difference in noradrenaline levels between
NYHA I/Il and NYHA III/IV patients before exer-
cise testing, after the cardiopulmonary exercise test
the NYHA III/IV group had significantly higher val-
ues. Our findings from before the cardiopulmonary
exercise test are consistent with previous reports in-
dicating that catecholamines in patients with DCM
showed no significant differences in relation to NY-
HA class.?® The significant differences in adrena-
line levels between the groups of DCM patients with
NYHA I/Il and NYHA III/IV in our study may have
been due to variations in the sympathetic response
among the individuals studied. Another possibility is
that the difference was related to the patients’ treat-
ment regimen, since it has been previously reported
that beta adrenergic blockade (selective and non-se-
lective) can change catecholamine levels.”* This might
be explained by the fact that beta adrenergic recep-
tors can modulate efferent sympathetic nerve activ-
ity, along with the release of norepinephrine from ad-
renergic nerve terminals.>* Similar reasoning could be
applied to the significant differences in noradrenaline
values between NYHA I/IT and NYHA III/IV pa-
tients after cardiopulmonary exercise.

It has previously been suggested that numerous
biomarkers, including those of oxidative stress, might
be associated with cardiac dysfunction and the de-
gree of congestive heart failure.**?’ We have dem-

onstrated that, to a certain degree, various oxidative
stress markers are significantly affected by the degree
of DCM severity according to NYHA class. Similar
findings were observed for catecholamines, where we
observed significant changes only for dopamine in the
group with more severe DCM (NYHA III/IV). The
significant increase in the evaluated catecholamines,
including dopamine, after cardiopulmonary exercise
testing in DCM patients with more severe disease,
compared to those with a lower degree of severity
(significant changes were sought for adrenaline and
noradrenaline), might be explained by the fact that in
those with NYHA III/IV, sympathetic activity is in-
creased more, which in turn raises catecholamine lev-
els and may worsen myocardial injury leading to the
progression of DCM.

Previous studies in animal models demonstrat-
ed that catecholamines could increase the level of
ROS.?® When cardiac dysfunction is present in pa-
tients with DCM, who thus have a reduced LVEF,
there is a compensatory increase in sympathetic ner-
vous system activity,?’ which in turn could alter cat-
echolamine levels. Our results showing that catechol-
amine levels significantly correlate with LVEF, with
a lower LVEF being associated with higher values of
catecholamines (noradrenaline and adrenaline), are
in concordance with previous reports. However, af-
ter cardiopulmonary exercise testing we found only
non-significant correlations between the assessed cat-
echolamine levels and LVEF, suggesting the possi-
ble assumption that other compensatory mechanisms
might be activated during the period of exercise activ-
ity, preventing a significant increase or decrease in as-
sessed catecholamine levels in relation to the severity
of LVEF dysfunction. It should be noted that, after
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cardiopulmonary exercise, SOD and GR enzyme lev-
els were significantly correlated with the severity of
LV dysfunction (higher SOD and GR associated with
lower LVEF). Our findings might suggest that a sig-
nificant correlation between the evaluated oxidative
stress enzyme levels and LVEF could be due to the
fact that, over the increased period of physical activ-
ity, more ROS are produced and that the compensa-
tory mechanisms have less capacity to overcome such
a state, with a consequent rise in the levels of oxida-
tive stress enzymes. The possible increased produc-
tion of ROS might also be associated with increased
catecholamine levels (before exercise testing in our
study) and thus represent physiological disequilibri-
um in DCM patients.

Given the above observations, it is clear from the
results of our study how complex are the neurohu-
moral mechanisms and physiological alterations in
the failing heart in patients who suffer from DCM.
The modifications in the physiological equilibrium of
numerous systems in DCM patients might be the re-
sult of achieving maximal heart morphology preserva-
tion through changes in the reaction of compensatory
mechanisms. Therefore, further studies are needed,
including other biomarkers and larger samples of pa-
tients, in order to improve our understanding of the
aetiopathogenesis of DCM development and progres-
sion.
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