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ABSTRACT
Objectives: Oxidative stress plays a key role in the pathogenesis of coronary artery disease. The
aim of this study was to compare the effects of percutaneous transluminal coronary angioplasty
(PTCA) and elective coronary angiography (EC) on erythrocytic antioxidant defense in elderly
male patients.
Methods: Twenty-three stable angina pectoris (SAP) patients undergoing PTCA and 18 patients
with ischemic symptoms scheduled to undergo diagnostic EC were included in the study. The
concentrations of malondialdehyde (MDA) and reduced glutathione (GSH) and the activities of
Zn,Cu-superoxide dismutase (SOD-1), catalase (CAT), and cytosolic glutathione peroxidase (GSH-
Px) were examined in the erythrocytes before, immediately after and 2 weeks following PTCA or EC.
Results: The MDA concentrations were significantly higher and SOD-1, CAT, and GSH-Px activities
were significantly lower in the PTCA group than in the EC group at baseline. Two weeks after
treatment, the activities of the enzymes significantly increased in both groups, whereas the
MDA concentrations decreased only in the PTCA patients.
Conclusions: The results confirm that an advanced state of atherosclerosis is related to greater
levels of oxidative stress. The study indicates that both procedures may induce antioxidant
defenses; however, PTCA exclusively induces a long-term reduction in lipid peroxidation.
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Introduction

Coronary artery disease (CAD) is one of the leading
causes of death worldwide [1,2]. According to data
from the World Health Organization, of the 55.6
million global deaths in 2012, 7.4 million (13%) were
due to CAD [3]. Despite the significant decline in CAD
mortality observed in industrialized countries during
past decades, which reflects both the decrease in popu-
lation risk factor levels and the development of more
efficient therapies, CAD still remains the leading cause
of mortality in the Western world [1,4]. For example,
the death rate for CAD in Poland was halved between
1991 and 2005 because of both the reduction in risk
factors and the existence of better medical treatment
[5]. Nevertheless, in 2012, CAD deaths accounted for
approximately 24% of all deaths in Poland [3]. Interest-
ingly, the risk of death from CAD is age- and sex-depen-
dent [6–8]. In 2009, the CAD mortality rate in the Polish
population aged 35–74 years was 3.5-fold greater in
men than in women [9].

CAD is a group of cardiovascular diseases that
includes stable and unstable angina pectoris, nonfatal
myocardial infarction, and sudden coronary death [8].
Risk factors of CAD include increased blood pressure,
high plasma cholesterol, high fasting plasma glucose,

high body mass index, consumption of a suboptimal
diet, physical inactivity, and tobacco smoking [4].
Atherosclerosis, a multifactorial disorder of large- and
medium-sized arteries, is the main underlying cause
of CAD. During the formation of an atherosclerotic
plaque, oxidized atherogenic lipoproteins, macro-
phages, lymphocytes, smooth muscle cells, cholesterol
clefts, necrotic debris, and lipid-laden foam cells
accumulate in the arterial wall, leading to increased
arterial thickness and stiffness [10–12]. The progression
of atherosclerosis can narrow blood vessels and reduce
blood flow, which causes oxygen and nutrient
deficiency and malfunction of the local tissue [10].
The patho-etiology of atherosclerosis is not completely
understood. Multiple cellular processes, including
endothelial cell dysfunction, inflammation, vascular
smooth muscle cell proliferation, matrix alteration,
and neovascularization, are suggested to participate
in the progression of atherosclerosis [11]. However, a
growing body of evidence indicates that reactive
oxygen species (ROS) and reactive nitrogen species
(RNS) play a pivotal role in the process [10–14]. Aug-
mented vascular oxidative stress has been found to
increase the risk of cardiovascular events in CAD
patients [15,16]. Moreover, excessive ROS production
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has been linked to the impairment of endothelial func-
tions [14,17]. Enzymes, such as NAD(P)H oxidase,
uncoupled endothelial nitric oxide synthase, xanthine
oxidase, and cyclooxygenase, are the most important
sources of ROS and reactive nitrogen species in the vas-
culature [10,13,18]. During the inflammatory stage of
atherosclerosis, increased levels of ROS are produced
by monocytes/macrophages, dysfunctional endothelial
cells, and smooth muscle cells [10,14]. According to the
oxidative theory of atherosclerosis, augmented oxi-
dative stress results in the oxidation of low-density lipo-
proteins, triggering pathological responses in the
vasculature and leading to atherogenesis [12,19,20].
The precise mechanisms of these interactions have
been only partly described.

CAD can also be defined by the procedures per-
formed in the case of clinically confirmed atherosclero-
sis, such as coronary artery bypass surgery or
percutaneous coronary intervention [8]. Percutaneous
transluminal coronary angioplasty (PTCA) is the most
common procedure used for the mechanical revascular-
ization of obstructed coronary arteries. PTCA is associ-
ated with the excessive vascular production of ROS,
which leads to post-procedural pathological changes,
including restenosis, thrombosis, and endothelial dys-
function in the treated artery [18,21]. As a result of the
reintroduction of oxygen to the ischemic myocardium
after the improvement of coronary artery blood flow,
ROS-generated ischemia–reperfusion injury may occur
[22,23]. The PTCA procedure itself is associated with
short episodes of myocardial ischemia and increased
oxidative stress in myocardial tissue [22].

A better understanding of the mechanisms that lead
to ROS generation during and after PTCA and the
pathophysiological consequences of this process are
crucial to improving the success rate of the procedure.
Thus, the aim of the present study was to evaluate the
changes in selected parameters of oxidative stress in
the erythrocytes of male patients with stable angina
pectoris (SAP) scheduled to undergo PTCA and male
patients with ischemic symptoms scheduled to
undergo diagnostic elective coronary angiography
(EC).

Materials and methods

Participants

Twenty-three male SAP patients scheduled to undergo
PTCA and 18 male patients with ischemic symptoms
scheduled to undergo diagnostic EC (control group)
were included in the study. All patients received stan-
dard physical examinations and routine clinical labora-
tory tests. Criteria for the inclusion and exclusion of
patients are presented in Table 1. All subjects provided
informed consent to participate in the research. The
study was approved by the Local Ethics Committee at
Collegium Medicum, Nicolaus Copernicus University
(Bydgoszcz, Poland).

PTCA and EC procedures

PTCA and EC were performed according to standard
techniques via the femoral route. Before both pro-
cedures, all patients received dual antiplatelet
therapy. During the procedures, serial coronary angio-
grams of the left (in at least five projections) and
right (in at least two projections) coronary arteries
were obtained after the intracoronary administration
of non-ionic contrast agents, namely, iomeprol
(Iomeron 400, Bracco ALTANA Pharma GmbH, Kon-
stanz, Germany), iopromide (Ultravist 370, Schering,
Berlin, Germany), or ioversol (Optiray 300, Tyco Health-
care GmbH, Germany). Heparin (100 U/kg) was given
before the introduction of the guide wire. In the case
of PTCA, after the diagnostic evaluation of coronary
arteries, percutaneous coronary interventions with or
without stenting were performed. After the procedure,
the patients were treated with aspirin indefinitely. The
use of ticlopidine therapy depended on the stenting
procedure.

Experimental protocols

Blood specimens were collected from every patient
three times, including before, immediately after, and
14 days after the PTCA/EC procedure. The samples
were obtained from the cubital vein in heparinized

Table 1. Inclusion and exclusion criteria for participation in the study.
Groups of patients Criteria for inclusion Criteria for exclusion

PTCA group - Gender: male
- SAP
- Indications for PTCA in accordance with guidelines
- Informed consent for PTCA
- Informed consent for participation in the study

- Acute/chronic inflammation
- Suspicion/diagnosis of acute coronary syndrome
- Short duration between EC and PTCA (<3 weeks)
- Ineffective PTCA
- Local treatment complications
- Addiction to alcohol/tobacco
- Diabetes mellitus or other conditions of known free radical etiology

EC group - Gender: male
- Indications for planned EC in accordance with guidelines
- Informed consent for EC
- Informed consent for participation in the study

- Acute/chronic inflammation
- The need to perform PTCA concurrently
- Local treatment complications
- Addiction to alcohol/tobacco
- Diabetes mellitus or other conditions of known free radical etiology
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tubes (6 ml) after patients had fasted overnight to
obtain erythrocytes and plasma. All samples were cen-
trifuged (2500 g for 10 minutes). After plasma separ-
ation, the hemolysate was prepared by three-fold
freezing and thawing the washed erythrocytes, which
were suspended in bidistilled water.

Biochemical analysis

The hemolysate was used to determine the parameters
of oxidative stress. The malondialdehyde (MDA) and
reduced glutathione (GSH) concentrations, as well as
the activities of Zn,Cu-superoxide dismutase (SOD-1;
EC 1.15.1.1), catalase (CAT; EC 1.11.1.6), and cytosolic
glutathione peroxidase (GSH-Px; EC 1.11.1.9), were
assayed by the methods described by Placer et al.
[24], Beutler [25], Paoletti and Mocali [26], Beers and
Sizer [27], and Paglia and Valentine [28], respectively.
The MDA level was read at 532 nm as a concentration
of thiobarbituric acid reactive substances. The GSH
level was read at 412 nm as the concentration of a
yellow product of 5,5′-dithiobis(2-nitrobenzoic acid)
reduction by the sulfhydryl group of thiol-containing
compounds. SOD-1 activity was determined at 37°C
by recording the increase in absorbance at 480 nm, fol-
lowing the auto-oxidation of adrenaline, which was
inhibited by SOD-1. One unit (U) of SOD-1 activity
was defined as the amount of enzyme that inhibited
the maximal rate of adrenaline auto-oxidation by
50%. CAT activity was recorded at 25°C by recording
H2O2 decomposition at 240 nm. One Bergmeyer unit
of this activity was defined as the amount of enzyme
that decomposed 1 g of H2O2 per minute.The activity
of GSH-Px was determined at 25°C by measuring the
decrease in absorbance at 340 nm, following the oxi-
dation of NADPH in the presence of tert-butyl hydro-
peroxide as a substrate, GSH, yeast glutathione
reductase, and NaN3 as a CAT inhibitor. One unit (U)
of GSH-Px activity was defined as the amount of the
enzyme that oxidized 1 μmol of NADPH/min. The
hemoglobin concentration in the hemolysate was
read at 540 nm after conversion into the cyanmethe-
moglobin form using a commercial reagent (Biomed,
Lublin, Poland).

Statistical analysis

All results are expressed as the means ± S.E.M. Statisti-
cal analysis included Student’s t-test for the compari-
son of the PTCA and EC groups and a paired t-test for
the comparison of the same group before and after
the procedures. The hypothesis of normal distribution
was verified using the Shapiro–Wilk test. In turn, the
homogeneity of variances was assessed by Levene’s
test. Pearson’s correlation coefficient was used to quan-
tify the relationship between the parameters
measured. The level of significance was set at p < 0.05.

Results

The clinical characteristics of the patients are presented
in Table 2. The MDA levels were significantly higher in
the SAP patients than in the control group at baseline
(0.261 ± 0.007 and 0.224 ± 0.004 μmol/g Hb, respect-
ively; p < 0.001) (Figure 1(a)), and the activities of
SOD-1 (2405 ± 51 and 2559 ± 39 U/g Hb, respectively;

Table 2. Clinical characteristics of the patients included in the
study.

Parameter
PTCA group
(n = 23)

EC group
(n = 18)

p
value

Age, Yrs (mean ± S.E.M.) 63.8 ± 2.22 60.4 ± 3.54 0.30
Body weight, kg (mean ± S.E.M.) 85.4 ± 3.74 87.6 ± 2.87 0.48
Height, M (mean ± S.E.M.) 1.73 ± 0.017 1.74 ± 0.010 0.98
Body mass index, kg/m2 (mean ±
S.E.M.)

28.5 ± 0.95 29.0 ± 0.88 0.98

High cholesterol, n (%) 20 (83.3) 11 (57.9) 0.02
High blood pressure, n (%) 18 (75.0) 14 (73.7) 0.99
Previous myocardial infarction,
n (%)

9 (37.5) 4 (21.1) 0.11

Previous PTCA, n (%) 8 (33.3) 3 (15.8) 0.13

Figure 1. Effect of PTCA on the (a) MDA and (b) reduced GSH
concentrations in the erythrocytes of male patients with SAP
compared with the effect of diagnostic EC on the erythrocytes
of male subjects (control group). Data are presented as the
means ± S.E.M. *p < 0.001, before the procedure versus 14
days after the procedure, #p < 0.001, SAP patients versus
control subjects.
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p < 0.05) (Figure 2(a)), CAT (21.7 ± 0.54 and 23.3 ±
0.36 U/g Hb, respectively; p < 0.05) (Figure 2(b)), and
GSH-Px (12.98 ± 0.73 and 15.08 ± 0.40 U/g Hb, respect-
ively; p < 0.05) (Figure 2(c)) were significantly lower in
the SAP patients than in the control group at baseline.
There were no significant differences in the GSH con-
centrations (2.34 ± 0.06 and 2.53 ± 0.05 µmol/l, respect-
ively) (Figure 1(b)) between the groups.

Immediately after the PTCA and EC procedures, the
MDA concentrations (0.249 ± 0.008 and 0.218 ± 0.004,
respectively) (Figure 1(a)), GSH concentrations (2.35 ±
0.06 and 2.55 ± 0.04, respectively) (Figure 1(b)), and
activities of SOD-1 (2429 ± 50 and 2465 ± 41, respect-
ively) (Figure 2(a)), CAT (21.7 ± 0.54 and 23.5 ± 0.28,
respectively) (Figure 2(b)), and GSH-Px (12.88 ± 0.72
and 15.06 ± 0.42, respectively) (Figure 2(c)) in the SAP
patients and control subjects did not change
significantly.

Fourteen days after the PTCA procedure, the con-
centrations of MDA significantly decreased (0.221 ±
0.006; p < 0.001) (Figure 1(a)) and the activities of
SOD-1 (2635 ± 49; p < 0.05) (Figure 2(a)) and CAT
(23.6 ± 0.55; p < 0.05) (Figure 2(b)) significantly
increased. In the case of EC, 14 days after the pro-
cedure, the concentrations of MDA (0.210 ± 0.004)
(Figure 1(a)) remained unchanged, whereas the activi-
ties of SOD-1 (2694 ± 53; p < 0.05) (Figure 2(a)) and
CAT (25.6 ± 0.22; p < 0.05) (Figure 2(b)) significantly
increased. Neither the PTCA nor the EC procedure
affected the GSH (2.31 ± 0.05 and 2.46 ± 0.05, respect-
ively) (Figure 1(b)) concentrations or the GSH-Px
(14.27 ± 0.73 and 16.60 ± 0.54, respectively) (Figure 2
(c)) activities.

When data from all subjects were pooled, the fol-
lowing correlations were found between the par-
ameters. The MDA concentration was negatively
correlated with SOD-1 activity (r =−0.193; p < 0.05),
CAT activity (r =−0.192, p < 0.05), and GSH-Px activity
(r =−0.474, p < 0.000001). Significant positive corre-
lations were noted between GSH concentration and
CAT activity (r = 0.393, p < 0.00001), SOD-1 activity
and CAT activity (r = 0.425, p < 0.00001), SOD-1 activity
and GSH-Px activity (r = 0.184, p < 0.05), and CAT
activity and GSH-Px activity (r = 0.292, p < 0.001).

Discussion

In Poland, the risk of death from CAD for men aged 60–
69 is almost 3-fold greater than that for women of the
same age [3]. Therefore, an investigation of the
changes in oxidative stress markers in male patients
undergoing PTCA or EC was performed in the present
study. According to the results of previous studies, car-
diovascular risk factors may exert a gender-dependent
impact [29]. Among other differences, gender-related
differences in oxidative stress status were found to
exist in elderly CAD patients [30,31]. Oxidative stress
was observed to be greater in postmenopausal
women than in elderly men [30,31], whereas the oppo-
site results were obtained in a comparison of premeno-
pausal women and young men [32].

It was demonstrated in the present study that pro-
and antioxidant balance is more disturbed in male
SAP patients than in elderly men with a high risk of
ischemic heart disease but without obstructive CAD:

Figure 2. Effect of PTCA on the activities of antioxidant
enzymes in the erythrocytes of male patients with SAP com-
pared with the effect of diagnostic EC on the erythrocytes of
male subjects (control group): (a) Cu–Zn SOD-1, (b) CAT, (c) cel-
lular GSH-Px. Data are presented as the means ± S.E.M. *p <
0.05, before the procedure versus 14 days after the procedure,
#p < 0.05, SAP patients versus control subjects.
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the MDA concentrations were higher and the activities
of SOD-1, CAT, and GSH-Px were lower. However, the
GSH concentrations were comparable in both groups.
The elevated MDA levels reflect cell membrane
damage due to lipid peroxidation, one of the most
important pathological processes evoked by ROS [33].
A high concentration of lipid peroxides causes the pro-
duction of peroxyl radicals that may inactivate the
vasodilator nitric oxide (NO) through the formation of
lipid peroxynitrites, leading to the impairment of endo-
thelium-dependent vasodilator function [14,34,35]. The
increase in oxidative stress may be at least partly
associated with the weakened antioxidant enzymatic
defense. SODs, CATs, and GSH-Pxs account for the
first line of cellular defense against ROS [36]. SODs cat-
alyze the dismutation of the superoxide radical to form
oxygen and hydrogen peroxide, whereas CAT catalyzes
the decomposition of hydrogen peroxide to yield
oxygen and water. GSH-Pxs are able to decompose
both hydrogen peroxide and lipid hydroperoxides to
form water or corresponding alcohols via GSH. The
observed decreases in the activities of SOD-1, CAT,
and GSH-Px may be a result of oxidative modifications
of enzymatic proteins, although deficiencies in micro-
nutrients such as zinc and selenium in elderly men
should also be taken into consideration [37].

Increased oxidative stress may impair endothelial
and cardiomyocyte functions, leading to structural vas-
cular and cardiac abnormalities. Many studies have
demonstrated that the pro- and antioxidant balance
in CAD patients is disturbed toward oxidation reac-
tions, pointing to the important role of oxidative
stress in atherogenesis [11,38–42]. In the present
study, a more advanced state of atherosclerosis was
associated with a greater pro- and antioxidant imbal-
ance. Thus, the level of oxidative stress may be used
as an independent predictor of cardiovascular events,
in agreement with the observations of other authors
[15,40,41,43–47]. Blankenberg et al. [43] found an
inverse association between erythrocytic GSH-Px and
the risk of cardiovascular events. In the Gupta et al.
study [40], antioxidant defense was increased during
the initial stages of CAD, but it was significantly
decreased with increasing disease severity. Addition-
ally, Patel et al. [47] described a positive association
between oxidative burden and mortality of patients
with CAD. Correspondingly, Kotur-Stevuljevic et al.
[41] observed significantly lower SOD-1 activities in
patients with advanced CAD (stenosis greater than
50%) compared with both healthy people and patients
with stenosis of less than 50%. However, Lubrano et al.
[46] found a slight enhancement of extracellular SOD
activity in relation to the severity of CAD, suggesting
the presence of a mild compensatory mechanism.

The weakened antioxidant system that was
observed in the SAP patients supports the potential
use of antioxidants in CAD treatment. Many authors

recommended antioxidant treatment in patients with
CAD [12,22,39,41,48,49], although some of them
suggested the fitting of the therapies to a patient’s
characteristics, including gender and age [39].
Undoubtedly, the complexity of ROS effects on vascular
endothelium should be taken into consideration. ROS
are molecules potentially deleterious to cells, causing
the oxidation of lipids, proteins, and DNA. However,
ROS are involved in normal signaling pathways that
are essential for cardiovascular physiology [35,36] and
may have a protective role in atherosclerosis [50]. Fur-
thermore, ROS are also mediators in redox-sensitive
pathways that are activated during atherogenesis
[13,36,48]. This may explain the discrepancies that
exist between different studies testing the impact of
exogenous antioxidant treatment on atherosclerosis
development. Many in vitro and animal model exper-
iments demonstrated an anti-atherosclerotic effect of
various antioxidants, while the majority of human
clinical trials and meta-analyses demonstrated no
beneficial influence of antioxidant vitamin supplemen-
tation on cardiovascular events [10,12,20,42]. Certainly,
further studies are required to establish novel antioxi-
dant delivery strategies to treat patients with CAD
[10,51].

During PTCA, blood flow is restored in infarct-related
arteries, which reintroduces oxygen to the ischemic
myocardium. After the restoration of blood flow, vascu-
lar cells produce more ROS, which results in ROS-gener-
ated reperfusion injury [23,36,45]. Ischemia/reperfusion
injury is a major clinical problem due to the initiation of
myocardial damage [52], which is why oxidative stress
during and after PTCA or EC has been intensively inves-
tigated in numerous studies [22,23,44,45,53]. In the
present study, the parameters of oxidative stress in
the blood remained unchanged immediately after the
PTCA and EC procedures. Similarly, Kaminski et al.
[45] did not find any changes in oxidative stress par-
ameters in blood from the coronary sinus immediately
after the reopening of the infarct-related artery in acute
myocardial infarction (AMI) patients treated with PTCA.
In contrast, Iuliano et al. [53] observed increased levels
of F2-isoprostanes, markers of lipid peroxidation, in the
coronary sinus immediately after balloon deflation
during PTCA but not in blood from the coronary
sinus of patients undergoing diagnostic EC. However,
it should be taken into consideration that the group
of EC patients in the Iuliano et al. study [53] consisted
of only four patients. Yardim-Akaydm et al. [23] demon-
strated that oxidation state parameters were increased
in the blood of CAD patients 4 hours after PTCA. Inter-
estingly, Ciçek et al. [22] detected increased MDA con-
centrations in venous blood 10 minutes after the first
balloon inflation during PTCA, but the MDA levels in
arterial blood samples remained unchanged. The limit-
ation of the present study was the assessment of bio-
chemical parameters in blood samples obtained from

REDOX REPORT 319



the cubital vein rather than the coronary sinus. This dis-
crepancy may explain why no significant changes were
observed in the oxidative state immediately after PTCA
or EC.

Fourteen days after PTCA and EC, the activities of
SOD-1 and CAT significantly increased, whereas the
GSH-Px activities and GSH concentrations did not
change in the present study. Interestingly, the MDA
levels significantly decreased 14 days after the pro-
cedure only in the PTCA group. The decreased MDA
levels indicated the improvement of the pro- and anti-
oxidant balance in the SAP patients, probably due to
the reduction in the number of ischemic events.
These observations are consistent with the results of
other studies [38,44,54,55]. Bashar and Akhtan [38]
demonstrated that the regular treatment of AMI
patients led to a significant decrease in oxidative
stress parameters. Kochiadakis et al. [54] also observed
changes in plasma total peroxides after PTCA with
stenting in CAD patients. Similarly, the levels of 8-
hydroxydeoxyguanosine, which is a marker of oxidative
DNA damage, sharply decreased 3 days after PTCA in
AMI patients in the Himmetoglu et al. study [44]. More-
over, vitamin C infusion 2–6 hours before PTCA resulted
in significantly lower serum values of 8-hydroxydeoxy-
guanosine after the procedure [55].

It was demonstrated in the present study that the
activities of the antioxidant enzymes increased signifi-
cantly 14 days after both PTCA and EC. These results
may indicate that diagnostic EC is sufficient to
augment oxidative stress, leading to a compensatory
enhancement of enzymatic defense. Goldberg et al.
[56] found that uncomplicated EC induced an inflam-
matory response in SAP patients. In contrast, Almagor
et al. [57] demonstrated no changes in inflammatory
markers in patients undergoing EC. Increased inflam-
matory parameters in SAP patients after PTCA were
observed in several other studies [58,59]. Several mech-
anisms may explain the augmented oxidative stress
and inflammatory response after diagnostic EC, includ-
ing local soft tissue injury caused by the puncture of
the femoral artery, arterial wall injury during catheteri-
zation, or a systemic response to the contrast agent
used.

Conclusions

In this study, it was found that a more advanced state
of atherosclerosis was related to a greater pro- and
antioxidant imbalance. This finding suggests that the
level of oxidative stress may be a useful independent
predictor of cardiovascular events. In addition, it was
demonstrated that EC and PTCA induce a long-term
increase in antioxidant enzymatic defense, suggesting
that both diagnostic and interventional procedures
cause an increase in ROS generation and a compensa-
tory enhancement of antioxidant enzyme activities.

Thus, the contribution of EC should be taken into con-
sideration when interpreting the significance of
changes in oxidative stress markers observed after
PTCA. However, it was shown that PTCA exclusively
reduced the level of lipid peroxidation in the SAP
patients. This finding could be at least partly explained
by a reduction in the number of ischemic events after
the restoration of blood flow in the infarct-related
arteries. In summary, the present study confirmed the
involvement of oxidative stress in the atherosclerosis
process. Undoubtedly, further studies are necessary
to understand the molecular mechanisms linking
ROS, atherogenesis, and CAD and to design antioxidant
therapies that support the treatment of cardiovascular
diseases.
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