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Abstract

Although mortality from coronary heart disease has declined recently,
atherosclosis and related vascular diseases are still the major cause of death in
the western countries. Experimental studies have demonstrated that a disturbed
balance between free radical formation and antioxidant defenses, can play a role
in the development and progression of various diseases, namely atherosclerosis.
In this study trace element levels were measured in plasma and in blood cells of
subjects suffering from atherosclerotic disease. Blood activities of antioxidant
enzymes, superoxide dismutase (SOD) and glutathione peroxidase (GPx) and
- plasma total thiols were also evaluated in these patients. Significantly decreased
~ Se and Fe levels were found in_blood plasma of the atherosclerotic group. A
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tendency for disruption in antioxidant enzyme status was observed in these pa-
tients, but plasma total thiols were unchanged.

These are preliminary results and a large atherosclerotic group is required in
order to clarify the observations and to contribute for the knowledge on the mo-
lecular basis of atherosclerosis.

Key Words: atherosclerosis, oxidative stress, trace elements, antioxidant enzymes,
total thiols

Introduction

Atherosclerosis is the leading cause of death in industrialized societies!. The
ctiology of this disease is multifactorial, involving genetic and metabolic factors,
as well as dietary habits and life style which are well established risk factors for
the development of this pathology?. A disturbed balance betvsfeeﬁ formation of
free radicals and antioxidant defences can play a role in the progression of various
degenerative diseases, including atherosclerosis. Experimental studies suggest
that the LDL oxidation in the vessel walls is directely related to the progression
of atherosclerotic lesions through several mechanisms®. In consequence,
fundamental research on redox balance in atherosclerosis and associated
pathologies (such as cardiovascular disease and stroke) is an important goal and
may help ones to select more appropriate study designs, in terms of preventive -
measures in populations. In this work preliminary results are presented under the
scope of a project aiming to evaluate the redox balance and its relationship with
genetic and clinical aspects in subjects with well recognized and established
diagnostic of atherosclerosis. The objective of the present study is the measurement
of biochemical indicators, comprising the assessment of blood superoxide
dismutase (SOD) and glutathione peroxidase (GPx) activities and plasma total
thiols as indicators of redox balance. Trace elements levels (Fe, Cu, Zn and Se)
related to the oxidant/antioxidant balance in plasma and whole blood were also
measured.

Material and Methods
Study design

The protocol of this project was approved by the Human Ethics Committee of .
the National Health Institute Dr. Ricardo Jorge. The sampling group consisted of
23 volunteers (14 healthy and 9 patients) of Portuguese origin living in the city of

carnaia ¢
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- Lisbon with ages between 40 and 70 years. Informed consent forms were obtained
from each donor before blood was drawn. All subjects were screened to determine
eligibility, which implicated filling up a clinical report stating all relevant
information to the study. Atherosclerotic diagnosed subjects constituted the
pathological group. Information regarding age, gender, drug intake (oral
contraceptives, hormonal replacement therapy and others), smoking habits and
general clinical state was obtained. The healthy group was constituted by non
smokers subjects without apparent chronic diseases.

Methods

Blood collection: The blood collection took place at the National Health Institute
Dr. Ricardo Jorge. The venipuncture of the individuals was carried out:in the
morning after 12-hour fasting. Peripheral blood samples were obtained by
venipuncture and placed into S-Monovette® Z-Gel and Lithium-heparin:tubes.
Serum and plasma were removed after centnfugatlon at 1500g for 10 min at 4 °C
and distributed in various aliquots for trace element determinations and antioxidant
indicators. The aliquots for trace elements were frozen at —20° C and those for
total thiols were storage at —80° C until analysis.

Elemental analysis: The PIXE (Particle Induced X-Ray Emission) analytical
technique installed at the ITN Van de Graaff 3MV accelerator, was used for Fe,
Cu, Zn and Se concentration assessment in blood plasma and blood cells fractions
obtained after centrifugation of total heparinized blood. The plasma and blood
cells fractions were freeze-dried and sample water content determined. All samples
were subjected to acid digestion with nitric acid together with Y (Alfa 3333) as
an internal standard, in closed Teflon™ bombs for microwave (Parr® bombs) or
conventional oven as a pre-concentration procedure®. From the resulting solution
a 10 pl aliquot is analysed. The quality control of the analytical procedure was
carried out using Gent 2™ generation Freeze-dried Human Serum’. The reference
" material was analysed in each batch of digestions performed and run together
with samples.

Determination of enzymatic activities: SOD activity was determined in erythro-
cytes using the Randox test (RANSOD), which is based on a method described
elsewhere®’. The results are expressed per g haemoglobin.

The quantification of the activity of glutathione peroxidase (GSH-Px) was
based on Paglia & Valentine method® and determined by using a Randox test
combination kit (RANSEL). The results are expressed per g haemoglobin.

The determination of total hacmoglobin was assessed using the Randox kit.
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Determination of total thiols: The quantification of total thiols in plasma was
achieved through the Ellman’s® method adapted by Marinho'®. The results are
expressed as pmol/L plasma.

Statistics
The statistical analysis was performed in the software STATISTICA 6.0, while

the collumns plots for antioxidant enzymatic activities, as well as total thiols
were performed with ORIGIN 6.0.

Differences between groups were tested by Kruskall-Wallis test.

Results
The elemental results, either for plasma as well as for blood cells fractions, are
presented in Table 1.

Table 1: Elemental concentrations in plasma (mg/L) and blood cells fractions (mg/kg
wet mass) in healthy and atherosclerotic subjects from Lisbon population.

* Control Atherosclerotic
Elements Plasma Blood Cells Plasma Blood Cells

Fe 1.18 + 0.221 942 +91.9 | 0.687 =0.297* 939 + 47.8
(n=14) (n=14) (n=5) (n=5)

Cu 1110392 1.11x0217 1.14 = 0.185 1.14 £ 0.217
(=13 (n=14) (n=5) (n=5)

Zn 1.01 = 0.228 125+1.72 0.825 = 0.081 13.1x1.74
(a=13) (n=14) (n=5) (@=5)

Se 0.064 = 0.013 0.091 = 0.037 = 0.020*  0.094 = 0.054
(n=13) (n=10) (n=4) (n=5) -

Values represent the mean + standard deviation. Asterisks denote statistical signifi-
cance comparing to the respective control, using Kruskall-Wallis test, *p<0.05.

The analysis of Table 1 revealed that, Fe and Se are significantly decreased in
the pathological group in comparison to the healthy one. A similar tendency ap-
.peared to occur for Zn (p=0.0682). Cu levels remained within normal range with
no variations for both groups studied.
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Concerning blood cells fractions, data obtained were similar for both groups.

Figure 1: Activities of superoxide dismutase in erythrocytes (A) and glutathione peroxi-
dase in whole blood (B) of healthy and atherosclerotic subjects from the Lisbon
population. Values represent the mean = standard deviation. '
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Through the observation of Figure 1, it is possible to verify a slight decrease
of superoxide dismutase activity in the atherosclerotic group comparing to con-
trol (p=0.0677). In relation to glutathione peroxidase activity, it was observed a
slight increase of values in the pathological group, although not statistically sig-
nificative. As far it concerns to plasma thiols (Figure 2), the results are very
similar for both groups considered.

Figure 2: Plasma total thiols in healthy and atherosclerotic subjects from the Lisbon
population. Values represent the mean =+ standard deviation
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As far it concerns to Spearman’s correlations, negative coefficients were ob-
served in relation to health condition for plasma Fe and Se (r=-0.63, r=-0.62 ;
p<0.05, respectively).
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Discussion

Preliminary data were obtained on trace element levels and redox parameters
in plasma and blood cells of humans with established atherosclerotic disease.

Se status was diminished in patients which could be related to the pathologi-
cal complications from the atherosclerotic process. The reason for decreased
plasma Se levels in these subjects is not clear and epidemiological studies are
known to be controversial with respect to the association of lower levels of the
element and the occurrence of cardiovascular diseases!!. Plasma Fe levels de-
creased in the same atherosclerotic patients. In general, this element has been
inconsistently associated with cardiovascular disease in spite of plausible hy-
pothesis as to how transition metal might accelerated the progression of athero-
sclerosis’. ;

In the studied patients, SOD activity appeared to decrease in erythrocytes and
GPx activity to increase in whole blood. Although the patients group was a very
-small one, it appeared that an imbalance might occur relative to enzymatic anti-
oxidant defenses in these subjects with atherosclerotic manifestations, which might
contribute for oxidant-mediated injury. In fact, SOD is an important antioxidant
enzyme, which degrades the superoxide anion-radical. Decreased SOD activity
- contributes for higher levels of that radical which has been implicated in the
patogenesis of many degenerative diseases, including atherosclerosis'®, Other
studies have reported decreased SOD activity in subjects suffering from ischemia
and hypoxia'%. In addition, an extracellular form of SOD has been found in ath-
erosclerotic vessels, however its functional significance is not clear’.

In conclusion, the preliminary results present in this report, will be in the near
future consolidated with a larger number of patients in order to clarify these ob-
servations and by this means, to contribute for a better knowledge of the basic
mechanisms of atherosclerosis.
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