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Abstract

The effects of selenium supplementation on apex and right ventricle myocardia of the rat heart were investigated using Fourier trans-
form infrared (FTIR) spectroscopy by examining the changes in the frequency values of major absorptions arising from lipids and pro-
teins. Cluster analysis was used to discriminate the selenium treated group from the control by utilizing two distinct spectral regions,
belonging to absorptions arising from lipids and proteins, respectively. In addition, protein secondary structures were predicted using
neural network analysis. The results suggest that selenium treatment at a non-toxic dose causes some significant structural alterations
in lipids and proteins of rat heart apex and right ventricle myocardia, which might be revealing a slight deleterious effect of selenium

supplementation.
© 2008 Elsevier Ltd. All rights reserved.
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1. Introduction

Selenium (Se) is an essential nutrient of great impor-
tance to human health due to its antioxidant effect. Se defi-
ciency has been linked to the development of many health
problems, including heart diseases. In recent years, interest
concerning Se has increased remarkably due to its effect in
human, either as a toxic or an essential element depending
on its concentration. Plant foods, meats and see foods are
the major dietary sources of Se. The content of Se in food
depends mainly on the Se content of the soil where the
plants are cultivated or where the animals are raised. The
recommended dietary allowances were established as
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70 ug Se/day for a healthy adult man and 55 pg Se/day
for a healthy adult woman by the Food and Nutrition
Board of the United States Research Council (Navarro-
Alarcon & Lopez-Martinez, 2000). Se present in most veg-
etables is in highly available form, which is around 85—
100%. Despite the usually highest Se content in seafood,
available Se ranges from 20% to 50%, being usually less
than 25%. Meat products have a Se bioavailability of
approximately 15% (Navarro-Alarcon, de la Serrana,
Perez-Valero, & Lopez-Martinez, 1998). Dairy products
have the lowest bioavailability ranging from less than 2%
in ewe milk to 7% in cow and goat milk (Shen, Van Dael,
& Deelstra, 1993). Direct sign for the essential needs of Se
in human nutrition was not found until 1979, when a
research group discovered relationships between the low
concentrations of Se in a geographical area named Keshan
in China and an endemic congestive cardiomyopathy called
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“Keshan disease”. Recently, the scientific concern of Se has
increased as a result of several studies performed, since it
seems that low Se levels could be another factor in the ori-
gin of some other human diseases, such as cancer and dia-
betes in addition to cardiovascular diseases (Bergqvist,
Chee, Lutchka, Rychik, & Stallings, 2003; Navarro-Alar-
con, Lopez-G. de la Serrana, Perez-Valero, & Lopez-Mar-
tinez, 1999; Ozgen et al., 2007). In general, tissues having
high metabolic activity such as liver, and heart also have
high vulnerability to oxidative stress (Navarro-Alarcon &
Lopez-Martinez, 2000). The beneficial effects of Se con-
sumption at adequate levels can be due to its role in the
antioxidant enzymes, and its effects on fat metabolism
(Navarro-Alarcon & Lopez-Martinez, 2000). Nyyssonen,
Porkkala, Salonen, Korpela, and Salonen (1994) estab-
lished that Se has a protective effect against oxidation of
serum LDL- and VLDL-cholesterol in a double-blind clin-
ical trial.

In one of our previous studies, Se (5 umol/kg/day for
four weeks)-induced changes in the concentrations of sev-
eral macromolecules such as lipids, proteins, and glycogen
were determined by analysing only the intensity values of
various absorptions in Fourier transform infrared (FTIR)
spectra belonging to the left and the right ventricle myocar-
dia, and small veins of the normal rat heart (Toyran, Tu-
ran, & Severcan, 2007). The effects of Se on the
macromolecular structures of heart tissues are unknown
yet. Therefore, the aim of the present study was to investi-
gate the effects of Se supplementation on protein and lipid
structure of rat apex and right ventricle myocardia by using
FTIR microspectroscopy, which is a combination of IR
spectroscopy and microscopy. Furthermore, in the current
study, cluster analysis was applied on FTIR spectra which
permitted a rapid and reliable differentiation between the
control and Se treated samples, in both lipid (2800—
3050 cm™ ') and protein (14801800 cm™') regions based
on the spectral variations between these two groups. We
have chosen to study these specific regions of the heart
due to their clinical importance in terms of both diagnosis
and treatment of heart diseases (Manolis, 2006).

The protein region was investigated by neural network
analysis, utilizing the amide I band (1600-1700 cm™') of
FTIR spectra to estimate Se-induced changes in the pro-
tein secondary structure of apex and right ventricle myo-
cardia. In the last 10 years, the application of artificial
neural networks has become an efficient tool for struc-
ture identification based on data obtained by FTIR spec-
troscopy (Akkas, Severcan, Yilmaz, & Severcan, 2007;
Severcan, Haris, & Severcan, 2004). Major advantage
of FTIR spectroscopy technique over conventional ones
is that many statistical and multivariate approaches can
be performed to analyse the data for spectrally biodiag-
nosing the tissues. This novel spectroscopic method visu-
alizes the underlying chemistry of the tissue, based on
hundreds of vibrational absorption bands arising from
the samples (Boskey & Camacho, 2007; LeVine & Wet-
zel, 1994).

2. Materials and methods
2.1. Sample preparation and data acquisition

Experimental animals belonging to the control and Se
treated groups were prepared as described previously (Toy-
ran et al., 2007). Weanling Wistar rats (Ankara University,
Faculty of Medicine, Animal Care Facility) were main-
tained at an ambient air temperature of 22+ 1 °C and a
12 h light/dark cycle. The rats were fed with standard rat
nutrient and water without restriction. All the procedures
used in the experiments were approved by the Ethics Com-
mittee of Ankara University, Faculty of Medicine. The rats
were categorized into two groups as (1) Control group, and
(2) Se treated group. The rats belonging to the control
group were injected with 0.1 M citrate buffer (pH 4.5)
intraperitoneally (i.p.) as a single dose and fed without
any restriction. The rats belonging to the Se treated group
were injected with 5 umol/kg/day sodium selenite i.p. for
four weeks. Then, the animals were sacrificed under anes-
thesia by opening their chest (pentobarbital, 30 mg/kg).
For acquisition of spectral data, two serial cross-sections
having 9 pm thicknesses were obtained from the apex and
right ventricle myocardia of all groups. These sections were
thaw-mounted on IR-transparent CaF, windows for spec-
tral measurements. A small amount of optimum cutting
tool was applied to tissue samples to attach the sections
to the cryotome. For all samples, the first sections taken
from all tissues were used for FTIR microspectroscopy
measurements and the second serial sections were used
for Hematoxylin & Eosin (H&E) staining to see the histo-
logically defined tissue regions. FTIR microspectroscopic
mapping was done on all the rat heart tissues. An IR
microscope (Bruker, Germany) coupled with FTIR spec-
trometer (Bruker, Germany) was used to map the tissue
sections as described previously (Toyran et al., 2007). Spec-
tra were collected in both x and y directions in steps of
80 um for the apex, and in steps of 56 um for the right ven-
tricle myocardium to obtain IR data completely covering
the chosen tissue areas. IR spectra were collected in
absorption from 850 to 4000 cm™~'. The spectral resolution
was set to 6 cm ™. For apex, 64 scans; for right ventricle
myocardium, 256 scans were co-added per pixel spectrum.
To get rid of spectral contributions from water vapor and
CO,, the spectrometer was continuously purged with dry
air.

2.2. Spectral analysis

CytoSpec and OPUS data collection software packages
were used for spectral analysis. The “quality test” of the
raw spectral data was the first step of the data evaluation
procedure. Quality tests were carried out as described pre-
viously (Toyran, Lasch, Naumann, Turan, & Severcan,
2006). The spectra which have passed the quality test were
used for first derivative calculations in 950-1480 and 2800—
3050 cm™' spectral regions. A five smoothing point
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Savitzky—Golay algorithm was used while performing first
derivative calculations. Then the vector-normalization was
done using the first derivatives in the frequency range of
950-1480 cm~'. First derivative spectra were used for
cluster analyses, which were performed in 950-1480 and
2800-3050 cm ! regions to identify tissue structures with
CytoSpec program for apex. Image assembly on the basis
of cluster analysis is based on the idea of assigning a dis-
tinct colour to all spectra in one cluster. In this way, It
was possible to obtain the average spectra arising from
the myocardium of the rat apex. The original absorption
spectra and their averages belonging to different clusters
were saved. Then, for further spectral analysis, the data
were loaded into OPUS. For right ventricle myocardium,
cluster analysis was not performed for structural identifica-
tion, because there was no other tissue structure on the
spectrally mapped region of the rat hearts to be
distinguished.

2.3. Cluster analysis

For comparison of normal and Se treated cardiac apex
and right ventricle myocardia, cluster analyses were per-
formed on second derivative spectra using a nine smooth-
ing point Savitzky-Golay algorithm in 2800-3050 cm ™
and 1480-1800 cm ! spectral regions for the analysis of sig-
nals arising from lipids and proteins, respectively. Spectral
distances were calculated between pairs of spectra as Pear-
son’s correlation coefficients, as described by Helm, Labis-
chinski, Schallehn, and Naumann (1991). Cluster analysis
for separation of the control and Se treated groups was
based on Euclidean distances. Ward’s algorithm provided
by the OPUS software was used for hierarchical clustering.
Cluster analysis examines the interpoint distances between
all the samples and represents the information in the form
of dendogram, which is a two dimensional plot. In a dend-
ogram, the cluster of samples was formed based on their
closeness in row space. Cluster analysis is a kind of multi-
variate statistical analysis procedure which can be consid-
ered as an objective method, meaning that no trained
spectroscopist is needed to evaluate the experimental
results and differentiate between the control and Se treated
groups.

2.4. Neural network analysis

Neural network models have been generated to predict
protein secondary structure contents from the FTIR spec-
tra using Neural Networks Toolbox of MATLAB. We
used a data set containing FTIR spectra of 18 water soluble
proteins whose secondary structure contents are known
from X-ray crystallography (Lee, Haris, Chapman, &
Mitchell, 1990). To improve the prediction accuracy, the
size of the data set was increased by interpolating the avail-
able FTIR spectra. Before training the neural networks, the
FTIR spectra were normalized and their discrete cosine
transforms were obtained. Discrete cosine transform com-

pacts the significant information in each spectrum in low
frequency coeflicients of the transform which are used as
inputs to the neural networks (Jain, 1986). Bayesian regu-
lation was used to train the neural networks whose struc-
tures were optimized in terms of the number of inputs,
number of hidden units and the threshold for sum squared
errors. The trained neural networks have standard error of
prediction values of 4.19% for a-helix, 3.49% for B-sheet.
The details of the training and testing algorithm can be
found in Severcan et al. (2004).

2.5. Statistical analysis

The results were displayed as “mean + standard error of
mean”. To test the significance of the differences between
the control and Se treated group, Mann—Whitney U test
was performed. Values of p less than 0.05 were accepted
as significantly different from the control group. The degree
of significance was demonstrated as “p <0.05, **p <0.01.

3. Results

The current study was designed to investigate the effects
of Se supplementation for four weeks on protein and lipid
structures of rat cardiac apex and right ventricle myocardia
by monitoring the changes in the wavenumber values of
main absorptions arising from lipids and proteins. In addi-
tion, cluster analysis was used to differentiate between Se
treated and control groups. The regions used for cluster
analysis are shown in Fig. 1. Finally, Se-induced changes
in the protein secondary structure were estimated by using
neural networks based on amide I band.

Fig. 2a shows the H&E staining image of a section hav-
ing 9 um thickness taken from the rat heart apex at 25x
magnification and the mapped region on this section is
shown in square on the same figure. After FTIR micros-
copy measurements, the data were loaded to CytoSpec pro-
gram for data analysis. The image of cluster analysis, which
was performed to discriminate the signals arising from
myocardium of the apex from the rest of the tissue, is
shown in Fig. 2b. In this figure, it is possible to see three
different clusters given with different colours belonging to
different components of the tissue. The original average
absorption spectra of these clusters were recorded sepa-
rately. The light gray colour arises from the tissue freezing
medium (optimum cutting tool), the white colour arises
from the epicardium of the apex and the tissue freezing
medium. The cluster represented by gray colour belongs
to the myocardium of the apex. The spectra tested for poor
quality were excluded from all consecutive evaluations and
are shown with black colour in the figure. The purpose of
this cluster analysis was to obtain the average original
absorption spectra arising from the myocardium of the
apex since we are interested in the changes occurring only
in this particular region of the heart between control and
Se treated groups. For comparisons, the data belonging
to this cluster representing the myocardium was used.
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Fig. 1. Representative spectra. Second derivative (a) and absorption (b) spectra of the control apex myocardium. The signals mainly originating from
lipids in 2800-3050 cm™! spectral region are shown with “1”; and the signals mainly originating from proteins in 1480-1800 cm ™! spectral region are

shown with “2” in the figure.

Fig. 2. Light microscope images and mapped regions of the rat heart.
H&E staining image of a section having 9 um thickness taken from the
rat heart apex at 25x magnification (a), and the mapped region on this
section is shown in square. The image of cluster analysis (b).

The cluster analysis was performed for the apex part of all
the rat hearts and the original average spectrum arising
from myocardium was saved in a format readable by
OPUS. Then all the data were loaded into OPUS program
for further analysis.

Changes in the wavenumber values of the main absorp-
tions in apex and right ventricle myocardia of the control

Table 1

and the Se treated groups are shown in Table 1. As clearly
seen in the table, Se treatment led to slight but significant
shifts in the wavenumber of CH, asymmetric (2926 cm™")
and symmetric stretching (2855 cm™') vibrations to lower
values from 2926.48 & 0.10 to 2925.83" £+ 0.09 and from
2855.24 4+ 0.14 to 2854.77" 4+ 0.04, respectively, for apex
myocardium. Parallel but more significant Se-induced
changes were observed for the right ventricle myocardium.
As seen in Table 1, the wavenumber of amide I band
(1655cm™") also shifts to lower values from
1654.86 - 0.09 to 1654.18" £ 0.04 for the apex myocar-
dium and from 1654.78 & 0.10 to 1654.14™* 4 0.06 for the
right ventricle myocardium. The next step was performing
cluster analysis for comparison of normal and Se treated
groups for both apex and right ventricle myocardia of
the rat heart. The results of cluster analysis using 2800—
3050 and 1480-1800 cm ™' spectral regions of normal and
Se treated groups for apex and right ventricle myocardia
are shown in Figs. 3 and 4, respectively. Hierarchy of clus-
ters from individual elements is represented as dendo-
grams, which are tree-like diagrams showing the
arrangements of the clusters. As seen from the Figs. 3
and 4, two distinct clusters were produced corresponding
to control and Se treated groups for both apex and right
ventricle myocardia in the spectral regions subjected to

The wavenumber values of the Infrared bands for control and Se treated groups of apex and right ventricle myocardia

Functional groups Apex myocardia

Right ventricle myocardia

Control (n = 6)

Selenium (n = 4)

Control (n = 8) Selenium (n = 4)

2958.90 £ 0.09
2926.48 +0.10
2872.90 +0.03
285524 +0.14
1654.86 +0.09
1542.42 +0.20

CH3; asym str. (2958)
CH, asym str. (2926)
CHj; sym str. (2873)
CH, sym str. (2855)
Amide I (1655)
Amide II (1542)

2958.81 £0.11
2925.83" 4+ 0.09
2872.82 + 0.07
2854.77" £ 0.04
1654.18" £+ 0.04
1542.34 +£0.23

2958.89 + 0.08
2925.96"" 4+ 0.07
2872.92 +0.02
2854.74" 4+ 0.06
1654.14 + 0.06
1542.46 + 0.24

2959.01 +0.03
2926.56 4+ 0.03
2872.93 +0.03
2855.14 +£0.03
1654.78 +0.10
1542.68 £+ 0.08

Data shown as “mean =+ standard error of mean”. p < 0.05 were accepted as significantly different from the control group. The degree of significance was

denoted as “p < 0.05, “p < 0.01.
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Fig. 3. Cluster analysis results of apex myocardium. Results of cluster analysis belonging to the apex myocardium in 2800-3050 cm ™! spectral region (a),
and in 1480-1800 cm ™' spectral region (b). Ward’s algorithm was used for hierarchical clustering. Cluster analyses was performed on second derivative
spectra using a nine smoothing point Savitzky—Golay algorithm. APEXCI.0 refers to Apex myocardium of the control group, first sample, and so on;
APEXSE]1.0 refers to Apex myocardium of Se treated group, first sample, and so on.

cluster analysis. There occurred only one misclassification
(Se treated group as control) which is shown with “{” in
Fig. 3a; and two misclassifications (Se treated group as
control) in 2800 and 3050 cm ™' spectral region which are
shown with “{” in Fig. 4a.

The protein region, corresponding to absorption values
between 1600 and 1700 cm ™' was further analysed using
neural networks based on FTIR data to estimate the Se-
induced alterations on protein secondary structure. The
results are presented in Table 2. It is clearly seen from
the table that Se supplementation caused slight changes
in the protein secondary structure of cardiac apex myocar-
dium by decreasing the content of o-helix and by increasing
the content of B-sheet structures. Similar but statistically
significant changes occurred in the protein secondary struc-
ture profile of the right ventricle myocardium due to Se
treatment (p < 0.05).

4. Discussion

Increased oxidative stress is known to be involved in the
pathogenesis of chronic heart failure. Functioning as an
antioxidant, Se is definitely important for the prevention
and treatment of chronic heart failure (de Lorgeril & Salen,

2006). Consequently, the use of Se supplements has been
very popular by healthy individuals in order to be pro-
tected from oxidative stress-related diseases such as cardio-
vascular diseases, diabetes, and cancer. On the other hand,
some type of intoxication can appear when daily dietary Se
intake exceed the capacity of the human body to eliminate
it. So, it is crucial to understand the exact molecular mech-
anism of its effects. Morphological and molecular changes
occurring especially in the cardiac apex and right ventricle
myocardia are very important for the maintenance and reg-
ulation of the normal electrical activity of the heart (Win-
field, Graham, Benghuzzi, Tucci, & Cameron, 2003). In
the present study, 5 umol/kg/day of Se, which is known
to be a non-toxic dose, is given to the rats for four weeks
to see its effects at molecular level by using FTIR spectra.

The 2800-3050 cm™' region is dominated by C-H
stretching vibrations of the fatty acyl chains of membrane
lipids, and the spectral region dominated by protein bands
lies between 1800 and 1400 cm ™! (Cakmak, Togan, & Sev-
ercan, 20006). Shifts in wavenumber values of the IR bands
are used to obtain valuable structural information about
the investigated tissue (Cakmak et al., 2006). The frequen-
cies of the CH, stretching bands of the acyl chains depend
on the degree of conformational order/disorder state of lip-
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Fig. 4. Cluster analysis results of right ventricle myocardium. Results of cluster analysis belonging to the right ventricle myocardium in 2800-3050 cm ™

2nd Derivative

Frequency Ranges =
1479 - 1800 cm™

1

spectral region (a), and in 1480-1800 cm ™! spectral region (b). Ward’s algorithm was used for hierarchical clustering. Cluster analyses was performed on
second derivative spectra using a nine smoothing point Savitzky—Golay algorithm. RVMCI.0 refers to right ventricle myocardium of the control group,
first sample, and so on. RVMSEL.0 refers to right ventricle myocardium of Se treated group, first sample, and so on.

Table 2

The results of neural network predictions based on FTIR data in 16001700 cm ™! spectral region for the changes in protein secondary structure between

control and Selenium treated groups

Functional groups Apex myocardia

Right ventricle myocardia

Control (n = 6)

Selenium (n = 4)

Control (n = 8) Selenium (n = 4)

69.88 +2.34
11.70 +2.83

a-Helix
B-Sheet

63.33 +£8.35
229 £15.64

50.70"" & 3.70
32.52" + 7.66

71.75+1.90
11.86 +2.69

Data shown as “mean =+ standard error of mean”. p < 0.05 were accepted as significantly different from the control group. The degree of significance was

denoted as: “p < 0.05, ""p < 0.01.

ids (lipid acyl chain flexibility) (Kazanci, Toyran, Haris, &
Severcan, 2001; Toyran & Severcan, 2002). For example,
lower frequency implies lower acyl chain flexibility (order-
ing). In the present study, the CH, asymmetric stretching
band around 2925 cm ™! and the symmetric CH, stretching
band around 2855 cm ™! shifted slightly but significantly to
lower values in Se treated groups of apex and right ventri-
cle myocardia (Table 1), meaning that lipid order increases
and acyl chain flexibility decreases. The results of the cur-
rent study suggested for the first time that Se induces an
increase in the state-of-order of lipids of the apex and right
ventricle myocardia. We have previously reported signifi-
cant increases in the intensities of the CH, symmetric and
asymmetric stretching bands in the left and the right ventri-

cle myocardia, and small veins of the rat heart due to Se
treatment (Toyran et al., 2007). These reported increases in
the content of the CH, groups might be a possible explana-
tion for the Se-induced increase in the order of lipids
observed in the present study. It is known that the content
of CH, bands may increase in the case of an increase in the
acyl chain length of phospholipids. A well known property
of a membrane is that, an increase in the chain length will
end up with an increase in the lipid main phase transition
temperature and the thickness of the bilayer, which will lead
to a more stable lipid structure. The increase we have
observed in the lipid order parameter can be very important
in the context of its effect on membrane function. The change
in the order of lipids may even effect the membrane potential
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and permeability by altering ion channel kinetics (Szalontai,
Nishiyama, Gombos, & Murata, 2000).

The band located around 1655 cm ™' can be attributed to
amide I, and located around 1542 cm™! can be attributed
to amide II vibrations of structural proteins (Haris & Sev-
ercan, 1999). Since the positions of amide bands are sensi-
tive to protein conformation, the changes in the
wavenumber values of these bands were analysed. The
observed shift in the wavenumber value of the amide I
band to lower values upon Se treatment in both apex and
right ventricle myocardia might be indication of some
important structural alterations in the existing proteins
and/or the expression of new types of proteins. To achieve
a more detailed analysis, we used neural networks based on
FTIR spectroscopy. The estimation of secondary structure
of proteins is a crucial first step in understanding how the
amino acid sequence of a protein determines the native
state (Chandonia & Karplus, 1999). FTIR spectroscopy
enabled us to monitor Se-induced structural alterations
rapidly and sensitively in proteins in untreated, unstained
and unfixed whole tissue samples without destroying the
native structure of the proteins. In recent years, neural net-
works have seen to be a reliable method used for the pre-
diction of protein secondary structure contents (Bohm,
1996). The results of neural network analysis of the current
study suggest that 5 pmol/kg/day of Se supplementation
causes alterations in the protein secondary structure by
decreasing the o-helix and increasing the B-sheet contents,
more dramatically in the right ventricle myocardium
(Table 2). The changes observed in the structure of cardiac
tissue proteins might be due to altered redox potential
which can affect cell function by modifying the protein
structure, even in the absence of apparent deleterious
changes in the heart function (Ayaz, Ozdemir, Yaras, Vas-
sort, & Turan, 2005). Se-induced structural changes occur-
ring in the proteins may possibly alter the phospholipids’
behavior such as the changes in the order of membrane lip-
ids. The order of membrane lipids might have increased in
the present study to compensate the Se-induced changes in
the protein structure (Zehmer & Hazel, 2004).

We successfully differentiated between the Se treated
and control groups for both apex and right ventricle myo-
cardia using cluster analysis in order to obtain objective
classification solely on the basis of spectral patterns. This
analysis clearly separated control and Se treated groups
(Figs. 3 and 4). These findings reveal that Se treatment
causes some important changes in the FTIR spectra in both
lipid and protein regions, which can successfully be deter-
mined by applying cluster analysis.

The findings of the current study mainly reveal that Se
treatment causes important changes in FTIR spectra in
both lipids and proteins of the heart, and changes the pro-
tein profile in favour of B-sheet structure, significantly in
the right ventricle myocardium. Certain human diseases,
which are generally called conformational diseases, are
associated with proteins that misfold and exhibit decreased
solubility under physiological conditions. Furthermore,

dysfunctional aggregations of proteins in non-native con-
formations occur (Nandi, 1996). Neurodegenerative dis-
eases are the most commonly known examples of these
diseases. In these disease states, there is a change in second-
ary structure of proteins from native a-helix to filamentous
aggregate forming B-sheet structures (Ronga et al., 2007).
Similar situation was also observed in diabetes (Toyran
et al., 2000). The increase we have observed in the order
of lipids together with the alterations in the secondary
structure of proteins mentioned above may have great
importance in the regulation of membrane functions of car-
diac tissue. All these structural changes might be a pointing
out a slight deleterious effect of Se supplementation.
Consequently, extra precaution is needed in using Se
supplements by healthy individuals due to its possible
pro-oxidant effect in addition to its reported beneficial
effects. These findings have provided significant insight on
the effect of Se treatment on normal apex and right ventri-
cle myocardia of the rat heart. The effect of Se in the
cardiovascular diseases should be considered in future long
term studies concomitantly with other nutrients involved in
the oxidative stress such as vitamins E and C, B-carotene
and phenolic compounds. Therefore future trials of supple-
mentation should be focused on the concomitant adminis-
tration and study of these supplements in order to have a
better knowledge of their resulting effect in different
diseases.
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