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ABSTRACT 

Oxidative stress has been implicated in the inflam- 
matory process of Systemic Lupus Erythematosus 
(SLE), particularly by the formation of anti-DNA 
autoantibodies, which can lead to DNA damage. The 
aim of this study was to investigate, through comet 
assay, whether the level of DNA damage in SLE pa- 
tients is different from that of healthy subjects. 
Twenty-five adult SLE patients with SLEDAI up to 
ten, and 25 healthy subjects were paired according to 
age, gender and Body Mass Index (BMI). Other an- 
thropometric variables were also assessed. Comet 
assay was assessed as the marker of oxidative stress 
described as DNA Damage (DD) percentage. Waist 
Circumference (WC), Hip Circumference (HC) and 
BMI were also performed. Exclusion criteria for pa- 
tients and controls comprised smoking and other 
chronic disorders. Level of damage index was re- 
markably higher in SLE patients than in controls, 
and no significant differences between the groups 
were found for age, BMI, WC and HC. No stratifica- 
tion concerning gender was performed, since there 
were just two males per group. No correlation was 
observed between BMI and DD (%). DD increased in 
SLE, which reflects the oxidant/antioxidant imbal- 
ance in these patients. These findings support an as- 
sociation between oxidative stress and SLE. This 
stronger correlation observed in patients with low 
disease activity may be useful in elucidating the me- 
chanisms of disease pathogenesis. 
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1. INTRODUCTION 

Systemic Lupus Erythematosus (SLE) is a chronic 
autoimmune disease that predominantly affects women 
of reproductive age [1,2]. It is caused by the interaction 
of genetic, hormonal and environmental factors leading 
to dysfunction of T-cells, B-cells, and dendritic cells with 
the production of antinuclear autoantibodies [3-5] that 
are deposited on several organs, including kidneys, skin 
and joints, causing inflammation [2]. So, SLE is charac- 
terized by inappropriate immune response to self-anti- 
gens and periods of high activity and remission [6]. 

Pro-oxidants are molecules with a single unpaired 
electron, known as a free radical, which have the poten- 
tial to damage healthy cells [7]. Uncontrolled increases 
in the generation of free radicals exceed the capacity of 
antioxidant mechanisms to defend against them, resulting 
in oxidative stress with damage to lipids, proteins and 
DNA [8]. This process contributes to chronic inflamma- 
tion of tissues and causes immunomodulation that can 
lead to autoimmune diseases such as SLE [3]. Thus, the 
cause of oxidative stress in SLE patients is excessive 
production of free radicals and other reactive oxygen/ 
nitrogen/chlorine species [3,9]. The action of free radi- 
cals leads to the formation of protein carbonyls, 3-nitro- 
tyrosine and protein hydroperoxide. The protein thiol 
group can inhibit hydroperoxide formation of protein by 
the removal of peroxyl radical. The levels of protein 
carbonyl, 3-nitrotyrosine and the protein thiol groups 
may reflect approximately the total level of protein oxi- 
dation in LES [10]. Oxidized proteins also cause physio- 
logical disorders. Changes in amino acid sequence or 
structure may generate neo-epitopes of proteins them- 
selves, causing an aggressive autoimmune attack. The 
oxidation causes post-translational modifications of pro-  *Corresponding author. 

OPEN ACCESS 

mailto:thaismunizms@gmail.com


T. M. Montalvão et al. / Advances in Bioscience and Biotechnology 3 (2012) 983-988 984 

teins which allow recognition of new epitopes stimulat- 
ing B cells and/or T cells which lead to a break in toler- 
ance [4]. 

Lipid peroxidation leads to formation of highly reac- 
tive aldehydes such as malondialdehyde (MDA) and 
4-hydroxynonenal (HNE), which can bind to proteins 
and thus result in a structural change and affect their 
biological functions. Increases in oxidative stress and the 
formation of MDA and HNE are associated with SLE [5, 
11]. However, these oxidative responses are not corre- 
lated to the disease activity or its duration [9]. 

The susceptibility to oxidative stress can be also in- 
fluenced by genetic polymorphisms of antioxidant en- 
zymes such as superoxide dismutase (SOD), catalase 
(CAT), and glutathione peroxidase (GPx), as well as en- 
dogenous levels of antioxidants such as L-ascorbic acid 
and α-tocopherol and glutathione levels [12]. Further- 
more, the inflammation per se can induce an oxidative 
stress response so that the pathways form a vicious circle 
of oxidative stress and inflammation [13]. Besides, medi- 
cations used in SLE worsen the oxidant/antioxidant im- 
balance [3]. 

Comet assay or single cell gel electrophoresis is a 
rapid, simple, visual and sensitive technique widely used 
to measure and analyze DNA breakage in mammalian 
cells [14,15]. This methodology was developed in the 
mid 1980s by Östling and Johanson for direct visualize- 
tion of DNA damage in individual cells [14]. Later, 
Singh et al. modified this technique by carrying out the 
electrophoresis at an alkaline pH [15] with the main fo- 
cus on maximizing the sensitivity of detection of low 
levels of DNA damage [16]. Although this is not the only 
way to measure oxidatively damaged DNA, it is one of 
the most sensitive and accurate [17] and has been con- 
sidered a valuable tool for population monitoring, for 
example in assessing the role of oxidative stress in hu- 
man disease, mechanisms of mutagenesis and genotoxi- 
cology, among others [17-20]. 

Oxidative stress has been evaluated in SLE patients by 
different methods with conflicting results. No published 
studies have examined this status in these patients by 
comet assay. So, the aim of this study was to investigate, 
through comet assay, whether the level of DNA damage 
in SLE patients is different from that of healthy subjects. 

2. MATERIALS AND METHODS 

2.1. Sample Source 

Twenty-five adult SLE outpatients with SLE Disease 
Activity Index (SLEDAI) [21] up to ten were selected 
from the rheumatology ward of the University Hospital 
of Brasília, Federal District, Brazil. As controls, 25 
health workers or students from the University of Bra- 
sília, Federal District, Brazil, were recruited. They were  

all over 18 years of age and were paired according to age, 
gender and BMI, with other anthropometric variables 
included. SLE patients were diagnosed according to the 
American College of Rheumatology (ACR) 1997 revised 
criteria [22] and were in treatment. Exclusion criteria for 
patients and controls comprised smoking, pregnancy, 
diabetes, renal failure, active infection, Sjögren Syn- 
drome, angina pectoris, ischemic stroke, SLEDAI above 
10 (just for SLE patients) and the use of anti-inflamma- 
tory drugs (just for control subjects). The subjects did not 
receive a specific diet and did not use antioxidant sup- 
plements. Demographic and lifestyle information was 
obtained using an interviewer-administered questionnaire. 
All subjects signed an informed consent clause and the 
study protocol was approved by the Ethics Committee of 
the University of Brasília Medical School, Federal Dis- 
trict, Brazil. 

2.2. Comet Assay 

The comet assay (alkali method) was carried out accord- 
ing to Singh et al. (1988) [15], with modifications as 
previously described [23,24], except that electrophoresis 
was performed for 30 minutes. One hundred comets on 
each slide were scored visually as belonging to one of 
the five classes proposed by Collins et al. (1995) [25]. 
The number of comets in each category was counted and 
the DNA damage was calculated according to Jalon- 
szynski et al. (1997) [26], giving a maximum possible 
score of 400, corresponding to 100 cells in class 4. Thus, 
comet assay was assessed as the marker of oxidative 
stress described as DNA Damage (DD) percentage. In all 
cases preliminary experiments were performed to single 
out the best experimental conditions. 

2.3. Anthropometric Measurements 

Body weight was measured to the nearest 0.1 kg by using 
an electronic scale, with subjects wearing light clothing, 
but no shoes, in the morning. Height was measured to the 
nearest 0.1 cm by using a stadiometer, and BMI was 
calculated as weight (kg) divided by squared height (m2). 
Measures of waist circumference (at the level of the um- 
bilicus) and hip circumference (at the level of maximal 
gluteal protrusion) were assessed. The waist-hip ratio 
was determined from waist circumference (cm) divided 
by hip circumference (cm). 

2.4. Statistical Analysis 

Statistical analysis was performed with the Statistical 
Package for the Social Sciences version 20 (SPSS Inc., 
Chicago, USA). Data were presented as means ± stan- 
dard deviation (SD) and percentage. Kolmogorov- 
Smirnov was performed as normality test. The indepen- 
dent samples T test was used to compare the mean scores 
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(age, BMI, DD%, WC, HC, W/H ratio and family num- 
bers) of control and SLE groups. The Chi-square test was 
used to compare the tallies of categorical responses (so- 
cial drinker and physical activity) between the two 
groups and Cramer’s test was performed when the vari- 
ables had more than two levels (civil status, occupation, 
household income, education and skin color). Correlation 
was performed by Pearson’s coefficient (SLEDAI and 
%DD in SLE; BMI and %DD; W/H ratio and DD (%) in 
both groups). P-values were considered significant at < 
0.05. 

3. RESULTS AND DISCUSSION 

Twenty-three SLE females and 2 SLE males as well as 
23 control females and 2 control males were studied. 
Level of damage index was remarkably higher in SLE 
patients than in controls (Figure 1). This large difference, 
in spite of the small sample size, can be explained by the 
persistent oxidative stress and protein oxidation that 
occurs in SLE patients even with inactive disease or with 
mild disease activity [4]. Other studies have shown an 
increase in oxidative stress in SLE patients by using 
biomarkers-oxidants and antioxidants. Lozovoy et al. 
(2011) [4] evidenced a significant increase in plasma 
chemiluminescence, reflecting increased lipid hydroper- 
oxides and decreased antioxidant levels. Zhang et al. 
(2010) [10] also confirm the presence of oxidative stress 
in patients with SLE by multiple marker’s measurement 
of protein oxidation. Another study showed significant 
increases in oxidative and also nitrosative stress in SLE 
patients, suggesting an imbalance between reactive oxy- 
gen and nitrogen species production and antioxidant 
defense mechanisms in SLE [5]. As far as we know, this 
is the first study to use the comet assay to evaluate 
oxidative stress in SLE patients. 

The demographic and anthropometric features and DD 
(%) in both groups and the SLEDAI in SLE patients are  
 

 

Figure 1. DNA damage index percentage in SLE and controls. 

shown in Table 1. No significant differences between the 
groups were found for age, BMI, WC and HC (Table 1). 
However, there are significant differences for W/H ratio 
and family numbers. W/H ratio is related to obesity. 
Keaney et al. [27] found significantly positive associ- 
ation between indices of obesity, such as BMI and W/H 
ratio, and markers of oxidative stress in the population in 
general. This association between W/H ratio and oxi- 
dative stress in postmenopausal women was been de- 
monstrated by Crist et al. (2009) [28]. So, abdominal fat 
mass may induce a greater degree of oxidative stress than 
overall fat mass, but no study has been conducted in the 
SLE population. We certainly found a regular association 
(r = 0.337 p = 0.022) between W/H ratio and DD (%) in 
our sample (both groups), which corroborates the studies 
cited. Family number refers to socioeconomic status, and 
it will be discussed later on. No stratification was per- 
formed for gender since there were just two males per 
group. 

Lifestyle features are shown in Table 2. There is no 
significant difference regarding physical activity between 
the groups. This fact is important because exercise may 
influence oxidative stress status [29]. On the other hand, 
information about the type of physical exercise as well as 
its duration and its frequency was not collected. A sig- 
nificant difference concerning alcohol consumption was 
found, with 44% of the control group being social drin- 
kers against 12% of the SLE group. Nevertheless, the 
SLE group had a greater state of oxidative stress than the 
control, which highlights the possible association of this 
condition with the disease. Other demographic features 
are reported in Table 3. Significant differences can be 
observed between the groups concerning occupation (p = 
0.011), household income (p = 0.001) and education (p = 
0.001). This difference between groups is relevant, be- 
 
Table 1. Demographic and anthropometric features and DD in 
SLE and controls. 

Parameters 
Control 
(n = 25) 

Mean ± SD 

SLE 
(n = 25) 

Mean ± SD 

Significance 
p-value 

Age (years) 33.04 ± 8.99 32.76 ± 8.86 0.912 

BMI (kg/m2) 25.87 ± 7.58 24.84 ± 5.92 0.595 

DD (%) 33.47 ± 3.67 44.71 ± 8.46 0.000* 

WC (cm) 90.64 ± 18.79 91.41 ± 14.24 0.872 

HC (cm) 105.10 ± 14.59 101.02 ± 11.36 0.303 

W/H ratio 0.85 ± 0,065 0.89 ± 0.054 0.048* 

Family numbers 3.21 ± 1.28 4.00 ± 1.06 0.044* 

SLEDAI N/A 3.64 ± 3.25 N/A 

*Significantly different at p < 0.05 from the corresponding value in control 
group. BMI, body mass index; DD, damage index percentage; WC, waist 
circumference; HC, hip circumference; W/H ratio, waist/hip circumference 
ratio; N/A, not applicable. 
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Table 2. Lifestyle features in SLE and controls. 

Control 
(n = 25) 
N (%) 

SLE 
(n = 25) 
N (%) Parameters 

Yes No Yes No 

Significance
p-value 

Social 
drinker 

11 (44%) 14 (56%) 3 (12%) 22 (88%) 0.012* 

Physical 
activity 

12 (48%) 13 (52%) 11 (44%) 14 (56%) 0.777 

*Significantly different at p < 0.05 from the corresponding value in control 
group. 

 
Table 3. Demographic features in SLE and controls. 

Parameters  
Control 
(n = 25) 
N (%) 

SLE 
(n = 25) 
N (%) 

Significance
p-value 

Single 16 (64%) 14 (56%) 

Married 9 (36%) 10 (40%) Civil status 

Divorced 0 (0%) 1 (4%) 

0.553 

Employed 16 (64%) 13 (52%) 

Unemployed 0 (0%) 2 (4%) 

Works in the 
home 

0 (0%) 6 (24%) 

Student 3 (12%) 1 (4%) 

Employed and 
student 

6 (24%) 1 (4%) 

Occupation 

Forced out of 
work 

0 (0%) 2 (8%) 

0.011* 

Up to 1 min wage 1 (4%) 4 (16%) 

1 - 2 min wage 2 (8%) 10 (40%) 

2 - 5 min wage 5 (20%) 9 (36%) 

5 - 10 min wage 6 (24%) 2 (8%) 

10 - 20 min wage 6 (24%) 0 (0%) 

Household 
income 

More than 20 min 
wage 

5 (20%) 0 (0%) 

0.001* 

Primary school 0 (0%) 9 (36%) 

Secondary school 12 (48%) 13 (52%) 

Undergraduate 7 (28%) 3 (12%) 

Education 

Postgraduate 6 (24%) 0 (0%) 

0.001* 

White 14 (56%) 10 (40%) 

Mixed 7 (28%) 13 (52%) Skin color 

Black 4 (16%) 2 (8%) 

0.209 

*Significantly different at p < 0.05 from the corresponding value in control 
group. 

 
cause lower socioeconomic status is associated with 
higher oxidation and lower levels of antioxidant nutrients 
[7]. Therefore, lower socioeconomic status can increase 
the imbalance of oxidant/antioxidant state. The influence  

of low socioeconomic status on oxidative stress may be 
explained through increased exposure to environmental 
toxins, such as hazardous wastes and pollution at home 
and at work [7]. 

No correlation (r = 0.046) was observed between BMI 
and DD (%), although obesity is associated with a state 
of oxidative stress in the regular population [27,30]. 
Besides, obesity is common in patients with SLE, being 
independently associated with increased inflammation 
markers [31], so it may favor oxidative stress increases 
in patients with SLE and metabolic syndrome [4]. This 
relationship may not have been found because of the 
small and specific sample of SLE patients without any 
other chronic disorders. It is noteworthy that the current 
study is a pioneer in assessing oxidative stress by comet 
assay. All the other studies evaluated this state in other 
ways, including through urinary levels of 8-epi-PGF2α 
[27], lipid and protein oxidation and nitrogen oxide 
levels [4], plasma levels of thiobarbituric acid reactive 
substance (TBARS) [30], urinary levels of isoprostanes 
[32] and blood levels of malondialdehyde (MDA) and 
sulfhydryl groups (SH) [9]. 

No correlation was found between SLEDAI and DD 
(%) (r = 0.04), possibly because all patients in this study 
had non-active or mild SLE activity (mean 3.64 ± 3.25, 
minimum SLEDAI 0 and maximum 10). Hassan et al. 
(2011) [3] have found a correlation between markers of 
oxidative stress (malondialdehyde-MDA, glutathione- 
GSH and glutathione peroxidase-GSHPx) and disease 
activity in SLE patients. Wang et al. (2010) [5] found a 
strong response of oxidative/nitrosative stress markers in 
patients with higher SLEDAI, there were two groups: 
one with SLEDAI < 6 and other with SLEDAI ≥ 6, but 
they did not mention the maximum of their sample’s 
disease activity. However, Lozovoy et al. (2011) [4] 
analyzed lipid and protein oxidation and nitrogen oxide 
levels and did not find this correlation. Their subjects 
presented a non-active or mild disease activity and paired 
BMI in control and SLE groups exactly as the present 
study. Another study also affirms that oxidative stress 
does not correlate with SLEDAI in patients with mild 
disease activity [32]. But this last study did not find a 
correlation between oxidative stress and objective mar- 
kers of inflammation. Besides, Pérez et al. (2012) [9] did 
not report any correlation between disease activity and 
oxidative stress. 

4. CONCLUSION 

The positive correlation between W/H ratio and DD (%) 
suggests that abdominal fat reduction should be coun- 
seled to SLE patients in order to reduce oxidative stress. 
Lower socioeconomic status is another factor that can 
contribute to increase this state. DD (%) was increased in 
SLE, which reflects the oxidant/antioxidant imbalance in 
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these patients, independently of disease activity. These 
findings support an association between oxidative stress 
and SLE. This stronger correlation observed in patients 
with non-active or mild disease activity may be useful in 
elucidating the mechanisms of pathogenesis. Further 
studies are necessary to improve our understanding of 
these mechanisms. 
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