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a b s t r a c t
Objectives: To investigate the role of the oxidative stress and the antioxidant system as well as the
inﬂuence of the manganese superoxide dismutase (Ala16Val) polymorphism on hypercholesterolemia.
Design and methods: Levels of glucose, lipid, high-sensitivity C reactive protein (hs-CRP), thiobarbituric
acid reactive substances (TBARS), carbonyl protein, thiols, reduced glutathione (GSH), catalase (CAT), superoxide
dismutase (SOD), and vitamin C, vitamin E, as well as the presence of the manganese superoxide dismutase
(Ala16Val) polymorphism were determined in 40 subjects with hypercholesterolemia and 40 controls.
Results: Lipid proﬁle, hs-CRP, glucose, TBARS, carbonyl protein, CAT, and vitamin E were signiﬁcantly higher
in subjects with hypercholesterolemia. In contrast, GSH and SOD were lower. TBARS, carbonyl protein, thiols,
CAT, and vitamin E were signiﬁcantly higher in hypercholesterolemic subjects with VV genotype for MnSOD,
while GSH, SOD, and vitamin C were lower in these subjects.
Conclusions: We suggest an association between the genotypes of MnSOD, hypercholesterolemia, and
oxidative stress biomarkers.
© 2010 The Canadian Society of Clinical Chemists. Published by Elsevier Inc. All rights reserved.

Introduction
Reactive oxygen species (ROS) produced during normal cellular
functions [1] have a high chemical reactivity that leads to the
oxidation of lipids, proteins or DNA. The balance between ROS
generation and antioxidant activity is critical to the pathogenesis of
oxidative stress-related disorders [2]. Hypercholesterolemia has been
associated with oxidative stress that results from the increased
production of reactive oxygen radicals or impairment of the
antioxidant system [3,4]. One of the most consistent hypotheses to
explain atherogenesis postulates that it is triggered by in vivo LDL
oxidation caused by ROS [5,6]. Signiﬁcant increases in lipoperoxidation products or decreases in some antioxidants in plasma have been
reported in hypercholesterolemia, including lipoperoxidation and
protein oxidation [7–9].
Superoxide dismutase (SOD) is the primary antioxidant in the
mitochondria that converts ROS into oxygen and hydrogen peroxide
[10–13]. There are three SOD isoforms, including the mitochondrial
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SOD manganese dependent (MnSOD). MnSOD is encoded by a single
gene containing ﬁve exons and it is located on chromosome 6q25 [14].
One of the common polymorphisms of MnSOD results in the
replacement of alanine 16 (GCT) with a valine (GTT); the Ala16Val
polymorphism). This polymorphism affects the import of MnSOD into
the mitochondria by altering the conformation of its leader signal [15].
This mutation may reﬂect a functional polymorphism of mitochondrial transport of human MnSOD. Ala16Val is implicated in a
decreased efﬁciency of MnSOD transport into target mitochondria in
V allele carriers [16]. A study performed by Sutton et al. [17] suggested
the Ala-MnSOD precursor generated 30%–40% more of the active,
matricial, and processed MnSOD homotetramer than the Val-MnSOD
precursor. These results showed that the Ala-MnSOD/mitochondrialtargeting sequence (MTS) allows a more efﬁcient MnSOD import into
the mitochondrial matrix than Val variant [17]. The modulation of the
redox status inﬂuenced by genetic polymorphisms could affect
cardiovascular homeostasis [18], and recently a positive association
between the ValVal genotype of the MnSOD gene and obesity was
observed [19].
It is known that non enzymatic antioxidant mechanisms also
protect against oxidative stress. These mechanisms include natural
lipophilic antioxidants such as vitamin E and hydrophilic substances
like vitamin C and glutathione (GSH), which could act synergistically.
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No protein thiols have a variety of functions in bioreduction and
detoxiﬁcation processes [20–25]. Clinical studies have demonstrated
that patients with hypercholesterolemia have markers suggestive of
decreased antioxidant activity when compared with normal subjects;
however, the relationship between the MnSOD polymorphism and
level of oxidant and antioxidant markers is not understood until now.
Therefore, the aim of this study was to investigate lipid peroxidation,
protein oxidation, and the antioxidant system in hypercholesterolemic patients and healthy subjects. We also evaluated the inﬂuence of
the manganese superoxide dismutase (Ala16Val) polymorphism on
oxidative stress biomarkers.
Methods
Study population
Eighty subjects were selected from a previous cross-sectional
investigation that included 1058 participants. The association between the Ala16Val MnSOD polymorphism and obesity was analyzed
[19]. The study showed that genetic frequencies were in Hardy–
Weinberg equilibrium and there was an independent association
between obesity and the VV polymorphism. Firstly, we selected
candidate subjects to include in the study from the database of
Montano et al. [19]. Subjects with diseases and dysfunctions that
could inﬂuence results were excluded. The exclusion criteria were as
follows: subjects with previous coronary, stroke, neoplasias, morbid
obesity (N35 kg/m2), diabetes type 2, metabolic syndrome, as well as
subjects undergoing hypolipemic treatment or taking anti-inﬂammatory or other medications that could alter cholesterol levels, smokers,
and carriers of other diseases or dysfunctions that could inﬂuence the
data obtained. Volunteers were invited to participate in the study and
were prospectively enrolled at LABIMED, located in Santa Maria-RS,
Brazil. Subjects were divided into two groups according to serum
cholesterol levels as follows: control group, with 40 healthy subjects
with cholesterol levels ranging from 104 to 178 mg/dL (2.69–
4.61 mmol/L); and the hypercholesterolemia group, with 40 subjects
with high cholesterol levels ranging from N240 to 529 mg/dL (6.47–
13.70 mmol/L) and LDL cholesterol ≥160 mg/dL (4.15 mmol/L). We
used a maximum value of 529 mg/dL to decrease the possibility of
including individuals with familial hypercholesterolemia who typically have very high levels of total cholesterol [27]. Nevertheless, we
could not assure that the hypercholesterolemic group studied was
indeed truly homogeneous because some subjects could fall into the
group of familial polygenic hypercholesterolemia (Frederickson
phenotype IIa, b). Possible secondary hypercholesterolemia cases,
occurred as a consequence of other disturbances, were also excluded.
The LDL-cholesterol cut-point was recommended by the Third Report
of the Expert Panel on Detection, Evaluation, and Treatment of High
Blood Cholesterol in Adults (ATP III Final Report) [26].
All subjects provided written informed consent and this protocol
was approved by the Human Ethics Committee of the Federal
University of Santa Maria (number 23081.009087/2008).
Laboratory analyses
Blood samples were collected after 12 h overnight fasting by
venous puncture into gray and red top Vacutainers®(BD Diagnostics,
Plymouth, UK) tubes. Plasma was used to measure the levels of fasting
glucose and serum total cholesterol, and triglyceride concentrations
were measured using standard enzymatic methods by use of OrthoClinical Diagnostics®reagents on the fully automated analyzer (Vitros
950®dry chemistry system; Johnson & Johnson, Rochester, NY, USA).
High-density lipoprotein cholesterol was measured in the supernatant plasma after the precipitation of apolipoprotein B-containing
lipoproteins with dextran sulfate and magnesium chloride as
previously described [28]. Low-density lipoprotein cholesterol was
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estimated with the Friedewald equation [29]. High-sensitivity C
reactive protein (hs-CRP) was measured by nephelometry (Dade
Behring, Newark, DE, EUA).
Serum thiobarbituric acid reactive substances (TBARS) were
measured according to the modiﬁed method of Jentzsch et al. [30].
The carbonylation of serum proteins was determined by the Levine
method with modiﬁcations [31]. Whole blood catalase activity was
determined by the method of Aebi [32] by measuring the rate of
decomposition of H2O2 at 240 nm. Whole blood superoxide dismutase
activity was measured as described by McCord and Fridovich [33].
Reduced glutathione and non-protein thiols were assayed in plasma
by the method of Ellman [34]. Serum vitamin E was estimated by a
modiﬁed method from Hansen and Warwick [35]. Vitamin C analysis
was performed by the method described by Roe [36]. Protein was
measured by the method of Bradford using bovine serum albumin as a
standard [37].
We provided intra-assay and inter-assay coefﬁcients of variation,
as follows: glucose (1.30% and 1.73%); total cholesterol (2.43% and
2.77%); triglyceride (2.37% and 2.49%); HDL cholesterol (3.32% and
3.86%); hs-CRP (1.5% and 1.8%); TBARS (4.8% and 5.2%); carbonyl
protein (4.3% and 1.1%); GSH (4.8% and 5.4%); SOD (4.5% and 5.0%),
catalase (4.3% and 5.2%), vitamin C (4.6% and 5.4%) and vitamin E
(4.1% and 5.0%).

DNA analysis
Genomic DNA was isolated from peripheral blood leukocytes using
a DNA Mini Kit Puriﬁcation (Mo Bio). SOD polymorphism was
detected by PCR-RFLP analysis. The method used here to detect the
Ala-16Val polymorphism is described in detail by Taufer et al. [38].
PCR ampliﬁcations were performed in a total volume of 50 μl
containing 5 μl of 10× buffer, 1 μl of 25 mM MgCl2, 1.25 μl of 10 mM
dNTP, 0.5 μl of Taq Polymerase (Gibco Inc, Co.), 1 μl of each primer
(40 pmol), 3 μl of genomic DNA (0.25 μg), and 34.5 μl of ddH2O. The
ampliﬁcation primers (Gibco Inc, Co.) for a 110-bp fragment of the
human MnSOD gene were 5′-ACCAGCAGGCAGCTGGCGCCGG-3′
(sense strand) and 5′-GCGTTGATGTGAGGTTCCAG-3′ (antisense
strand) with the following thermocycler parameters: an initial cycle
of 95 °C for 5 min followed by 35 cycles at 95 °C for 1 min and 61 °C for
1 min. The ﬁnal cycle was followed by an extension period of 2 min at
72 °C. The PCR product (10 μl) was digested with Hae III (15 U; 37 °C,
6 h, Gibco. Inc, Co.). Digested products (23 and 85 bp) were visualized
on a 4% agarose gel (Amersham Biosciences Inc, Co.) stained with
ethidium bromide. A mutation was introduced by a primer mismatch
to create a restriction cut site for Hae III in the -9 codon, and the
following genotypes were observed: -9Ala/Ala (23 and 85 bp); -9Ala/
Val (23, 85 and 110 bp); and -9Val/Val (110 bp).

Statistical analysis
Data are presented as mean and standard error of the mean
(SEM). Statistical differences between groups were evaluated by
Students t test. Pearson correlation was assessed to evaluate the
correlation between variables. We previously excluded patients
with diseases and dysfunctions that could inﬂuence the results. The
differences between groups and correlation to MnSOD polymorphism genotypes of the subjects were evaluated by analysis of
variance (one-way ANOVA) followed by Tukey's post hoc test.
Statistical signiﬁcance was assumed at P b 0.05. We performed a
multivariate analysis using a multiple logistic regression method
(Backward Wald). We considered BMI and triglycerides as possible
intervening variables (16). Statistical analyses were performed
where all p-values were two-tailed, and p b 0.05 was considered
statistically signiﬁcant.
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Results
Eighty subjects were investigated in this study, consisting of 40
subjects with hypercholesterolemia and 40 controls. Baseline
characteristics of the study subjects are shown in Table 1. Total
cholesterol, LDL cholesterol, triglycerides, hs-CRP, and glucose
were signiﬁcantly higher in subjects with hypercholesterolemia,
while HDL cholesterol was lower in these subjects. The values of
TBARS (10.67 ± 0.32 vs 7.07 ± 0.26 nmol MDA/mL serum,
P b 0.001), carbonyl protein (1.07 ± 0.03 vs 0.94 ± 0.04 nmol/mg
protein, P b 0.05), thiols (1.27 ± 0.02 vs 0.91 ± 0.03 μmol/mL plasma, P b 0.001), catalase (201.50 ± 7.08 vs 109.30 ± 2.44 U/g hemoglobin, P b 0.001), and vitamin E (12.73 ± 0.40 vs 7.92 ± 0.22 μmol/L
serum, P b 0.001) were signiﬁcantly higher in subjects with
hypercholesterolemia in comparison to controls. In contrast, GSH
(0.55 ± 0.03 vs 1.22 ± 0.04 μmol/mL plasma, P b 0.001) and SOD
(0.52 ± 0.02 vs 0.71 ± 0.02 U/mg hemoglobin, P b 0.001) were
lower in the hypercholesterolemia group, as shown in Fig. 1. No
statistical differences were observed for vitamin C levels between
the study groups. Moreover, we observed signiﬁcant correlations
between total cholesterol, hs-CRP, and oxidative stress biomarkers,
as shown in Table 2.
Potential correlation between MnSOD polymorphism genotypes
and lipids and inﬂammatory and oxidative stress biomarkers was
also evaluated. We assessed the association of MnSOD genotypes
alanine/alanine (AA), alanine/valine (AV) and valine/valine (VV) as
reported in Table 3. Distribution of MnSOD polymorphism genotypes in the control group was as follows: AA (65.0%, n = 26), AV
(27.5%, n = 11), and VV (7.5%, n = 3). In contrast, the frequency of
the alleles Ala/Val and Val/Val in the hypercholesterolemic group
was signiﬁcantly higher as follows: AA (10.0%, n = 4), AV (55.0%,
n = 22), and VV (35.0%, n = 14). These data indicate an increase in
the oxidative stress in the hypercholesterolemia group, especially in
subjects with the VV genotype for MnSOD. TBARS, carbonyl protein,
thiols, catalase, and vitamin E levels were signiﬁcantly higher in
hypercholesterolemic subjects with the VV genotype for MnSOD,
while GSH, SOD, and vitamin C levels were lower in these subjects.
Multivariate analysis showed that these results were independent of
BMI and triglycerides levels.
Discussion
In the present study, some indicators of oxidative stress were
higher in the subjects with hypercholesterolemia, including TBARS
levels. This ﬁnding is associated with the damage to lipid structures by
free radicals. We also report here a positive correlation between total
cholesterol and TBARS. These ﬁndings are in agreement with results of
other recent investigations, which have showed lipid peroxidation
associated with high serum lipids [7,39–41]. TBARS have been shown
to be a predictor of cardiovascular events in patients with established
Table 1
Baseline characteristics of study subjects.

n
Sex (male/female)
BMI (Kg/m2)
Glucose (mmol/L)
Total cholesterol (mmol/L)
LDL cholesterol (mmol/L)
HDL cholesterol (mmol/L)
Triglycerides (mmol/L)
hs-CRP (mg/L)

Control

Hypercholesterolemia

40
20/20
23.28 ± 6.71
4.56 ± 0.060
3.80 ± 0.073
1.98 ± 0.047
1.31 ± 0.042
1.09 ± 0.076
0.18 ± 0.01

40
19/21
23.94 ± 8.92⁎
4.73 ± 0.056⁎
8.23 ± 0.29⁎⁎
5.89 ± 0.31⁎⁎
1.17 ± 0.058⁎
2.55 ± 0.25⁎⁎
1.96 ± 0.24⁎⁎

BMI: body mass index. Data are expressed as mean ± standard error of the mean (SEM).
⁎ P b 0.05.
⁎⁎ P b 0.001.

heart disease, independent of traditional risk factors and inﬂammatory markers [42].
Proteins constitute major components of living cells and relatively
minor structural modiﬁcations often lead to a marked change of
function. Under oxidative stress, proteins and lipids are the major
targets of ROS. The formation of protein carbonyl seems to be a
common phenomenon during oxidation, and its quantiﬁcation may be
used to measure the extent of oxidative damage [9]. The results of the
present study indicate an increase in the oxidation of plasma proteins
in subjects with hypercholesterolemia, as previously reported [43]. Fu
et al. [43] have investigated the roles of radicals in protein oxidation in
advanced human atherosclerotic plaques, and they concluded that
reactive products of protein oxidation should be considered to be
possible contributors to atherogenesis.
In this study it was demonstrated that SOD activities were
decreased in hypercholesterolemic subjects. SOD is the ﬁrst line of
cellular defense against oxidative injury which is involved in the
disposal of superoxide anions and hydrogen peroxide. Thus, the
insufﬁcient detoxiﬁcation of these ROS by antioxidant enzymes may
lead to an imbalance between antioxidant and oxidant systems. Low
SOD activity could also be attributed to enzyme inactivation by ROSinduced damage to proteins [44]. However, catalase activities were
higher in hypercholesterolemic subjects. Here it is assumed that
oxidative stress acts primarily by increasing the production of O2.−
and H2O2. Any increased production of catalase is presumed to be
secondary in these cases, reﬂecting an attempt to partially compensate for the increased oxidative stress. Interestingly, there is evidence
that even this second method of inducing antioxidant enzymes in
response to an oxidative insult can be protective as a way of
developing “tolerance” to a subsequent larger insult [11,45].
Our study also revealed decreased GSH levels in hypercholesterolemic subjects. GSH has also been shown to play a role in detoxifying
oxygen radicals and therefore may prevent cellular damage from
oxidative stress [13]. Data reported in the literature have shown that
patients under chronic disease states such as heart disease, arthritis,
diabetes, and malignancies have lower plasma levels of GSH than
control subjects, suggesting that GSH has a protective role against
such diseases [46]. We also observed reduced plasma thiol level in
hypercholesterolemic subjects. According to Uzun and colleagues
[47], erythrocyte thiol concentrations were signiﬁcantly lower in
morbidly obese patients than in controls. Therefore, thiol levels are
not sufﬁcient to prevent oxidative stress in hypercholesterolemia.
In our study, we have shown increased levels of plasma vitamin E.
Although an increase in plasma vitamin E seems to be inconsistent
with the higher oxidative stress, vitamin E, which is a lipid soluble
vitamin, correlates directly with lipid and beta-lipoprotein levels [48].
The increased vitamin E level was likely to partially compensate for
the increased oxidative stress because it can act as a peroxyl radical
scavenger. Vitamin E could regulate smooth muscle cell proliferation
and ROS monocyte production by mechanisms involving protein
kinase C (PKC) inhibition, which is largely dependent on vitamin E
isoforms and stereoisomers [39].
Here we observed a signiﬁcant correlation between total cholesterol, hs-CRP, and oxidative stress biomarkers. A growing body of
evidence supports the concept that hypercholesterolemia elicits a
cascade of proinﬂammatory reactions that are known to lead to the
production of ROS. The oxidation of lipids and proteins leads to a
progressive increase in hs-CRP levels. Several reports have suggested
that CRP may play a direct pathophysiological role in the development
and progression of atherosclerosis [49].
This study demonstrates an association between hypercholesterolemia and the VV genotype for MnSOD as well as increased oxidative
stress represented by the increase in TBARS and carbonyl protein
levels. The alanine variant of MnSOD is thought to have an α-helical
mitochondrial-targeting domain, whereas the valine variant of
MnSOD appears to have a β-pleated sheet conformation [50]. This
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Fig. 1. The values of TBARS (A), carbonyl protein (B), GSH (C), thiols (D), SOD (E), catalase (F), vitamin C (G), and vitamin E (H) in control and hypercholesterolemia groups. *P b 0.05,
**P b 0.001.

conformational difference is thought to result in more efﬁcient
transport of the alanine variant of MnSOD into mitochondria than
the valine variant [51]. The Val variant of the MnSOD may be present

Table 2
Correlations between total cholesterol, hs-CRP and oxidative stress biomarkers.

TBARS
Carbonyl protein
GSH
Thiols
SOD
Catalase
Vitamin C
Vitamin E

Total cholesterol

hs-CRP

r

P

r

P

0.6873
0.2358
−0.6923
0.5786
−0.4561
0.7377
−0.0918
0.7054

b0.0001
0.0352
b0.0001
b0.0001
b0.0001
b0.0001
0.4181
b0.0001

0.4879
0.1178
−0.5584
0.5050
−0.3448
0.5268
−0.0292
0.4486

b0.0001
0.2982
b0.0001
b0.0001
0.0017
b0.0001
0.7965
b0.0001

at a lower concentration in the mitochondria. If this is the case,
patients with Val/Val homozygosity should have lower resistance to
oxidative stress. The increased production of catalase, thiols and
vitamin E is presumed to be secondary to partially compensate for the
increased oxidative stress. In agreement with our results, several
studies have suggested that MnSOD polymorphism is associated with
certain kinds of diseases induced by oxidative damage including
atherosclerosis. Dedoussis et al. [52] showed higher oxLDL cholesterol
levels for middle aged men with the Val/Val genotype, compared to
the other allele (Ala/Ala and Ala/Val) carriers. Recently, Fujimoto et
al. [53] found an association between the alanine variant of the signal
peptide and increased mitochondrial MnSOD activity, which protects
macrophages from the oxLDL-induced apoptosis and reduces the risk
of acute coronary syndromes and cardiovascular diseases.
Finally, it is important to note some considerations associated with
our methodological design. This study investigated the possible
interaction between the Ala16Val MnSOD polymorphism,
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Table 3
MnSOD polymorphism genotypes and baseline levels of biochemical and oxidative stress parameters of study subjects.
Genotypes

n
Glucose (mmol/L)
Total cholesterol (mmol/L)
HDL cholesterol (mmol/L)
LDL cholesterol (mmol/L)
Triglycerides (mmol/L)
hs-CRP (mg/L)
TBARS (nmol MDA/mL serum)
Carbonyl protein (nmol/mg protein)
GSH (μmol/mL plasma)
Thiols (μmol/mL plasma)
SOD (U/mg hemoglobin)
Catalase (U/g hemoglobin)
Vitamin C (μmol/L serum)
Vitamin E (μmol/L serum)

Control

Hypercholesterolemia

AA

AV

VV

AA

AV

VV

26

11

3

4

22

14

4.60 ± 0.08a
3.79 ± 0.90a
1.27 ± 0.047a
2.00 ± 0.64a
1.12 ± 0.10a
0.20 ± 0.02a
6.22 ± 0.25a
0.84 ± 0.04a
1.07 ± 0.04a
0.84 ± 0.04a
0.79 ± 0.01a
100.10 ± 1.34a
31.08 ± 0.62a
7.32 ± 0.25a

4.46 ± 0.09a
3.79 ± 0.17a
1.34 ± 0.09a
1.97 ± 0.07a
1.05 ± 0.14a
0.14 ± 0.01a
8.55 ± 0.26b
1.05 ± 0.08b
1.42 ± 0.05b
1.03 ± 0.04b
0.59 ± 0.02b
124.40 ± 3.84b
33.15 ± 0.43a
8.73 ± 0.19a

4.64 ± 0.048a
3.88 ± 0.27a
1.58 ± 0.17a
1.88 ± 0.21a
0.92 ± 0.23a
0.15 ± 0.03a
9.06 ± 0.03b
1.33 ± 0.11b
1.74 ± 0.12c
1.13 ± 0.09b
0.45 ± 0.07b
133.60 ± 2.69b
38.48 ± 1.82b
10.21 ± 0.22a

4.84 ± 0.16a
8.02 ± 0.61b
1.25 ± 0.16a
5.90 ± 0.59b
1.92 ± 0.37a
1.58 ± 0.83b
8.97 ± 0.19b
0.80 ± 0.06a
0.90 ± 0.07a
1.09 ± 0.05b
0.71 ± 0.03a
142.70 ± 3.26b
40.92 ± 2.03b
12.12 ± 0.85b

4.75 ± 0.06a
8.14 ± 0.44b
1.12 ± 0.08a
5.85 ± 0.47b
2.54 ± 0.42b
2.05 ± 0.33b
9.84 ± 0.30b
0.99 ± 0.04b
0.57 ± 0.02d
1.20 ± 0.01b
0.53 ± 0.03b
184.40 ± 7.74c
31.35 ± 0.91a
11.76 ± 0.15b

4.80 ± 0,12a
8.42 ± 0.46b
1.21 ± 0.11a
5.95 ± 0.49b
2.74 ± 0.31b
1.92 ± 0.44b
12.45 ± 0.49c
1.28 ± 0.02c
0.43 ± 0.03d
1.44 ± 0.03c
0.46 ± 0.03b
245.20 ± 4.26d
27.76 ± 1.27a
14.44 ± 0.96c

Data are expressed as mean ± standard error of the mean (SEM). Different letters indicate statistical differences at P b 0.05.

hypercholesterolemia and oxidative stress biomarkers. As these
conditions are inﬂuenced by many factors, for this study we chose
to exclude subjects with diseases and dysfunctions that are highly
prevalent in hypercholesterolemic subjects and other diseases and
dysfunctions that could inﬂuence the levels of oxidative biomarkers
analyzed here. This exclusion is the reason for the small number of
subjects included in the study. In addition, we could not assure that
the hypercholesterolemic group studied was indeed truly homogeneous because some subjects could fall into the group of familial
polygenic hypercholesterolemia (Frederickson phenotype IIa, b). We
also excluded all possible secondary hypercholesterolemia that
occurred as a consequence of other disturbances including diseases,
metabolic processes, excess hormones, alcohol consumption, as well
as use of drugs such as thiazides and oral contraceptives. However, it
is important to note that surprisingly, the number of VV genotypes in
the control group and the number of AA genotypes in the
hypercholesterolemic group were small, which suggests a genetic
association between the polymorphism and hypercholesterolemia
that warrants investigation in further studies. This is a preliminary
report and to our knowledge it is the ﬁrst report of an association
between the Ala16Val polymorphism and hypercholesterolemia in
oxidative stress modulation until now. Further epidemiological
studies are required to better understand MnSOD polymorphisms
and oxidative stress parameters.
In conclusion, despite the limitations, the current study has
demonstrated an increase in lipid peroxidation and protein oxidation
in hypercholesterolemia as well as a decrease in some antioxidant
mechanisms. Moreover, we suggest an association between the
genotypes of MnSOD, hypercholesterolemia and oxidative stress
biomarkers. However, more studies are required to investigate this
association in a larger population.
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