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Abstract

Bipolar disorder (BD) is a prevalent, chronic, severe, and highly disabling psychiatric disorder that is associated with increased
morbidity and mortality due to general medical conditions. There is an emerging body of evidence correlating chronic medical
conditions with DNA damage. The present study was designed to assess DNA damage in BD patients using the comet assay (CA).
Thirty-two bipolar-1 outpatients diagnosed using the Structured Clinical Interview for DSM-IV were matched with 32 healthy
volunteers. Manic and depressive symptoms were assessed using the Young Mania Rating Scale and the Hamilton Depression
Rating Scale, respectively. Peripheral blood samples were collected and a standard protocol for CA preparation and analysis was
performed. The present study showed that BD outpatients present an increased frequency of DNA damage relative to controls. The

frequency of DNA damage correlated with the severity of symptoms of depression and mania.

© 2006 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

Bipolar disorder (BD) is a prevalent, chronic, severe,
and highly disabling psychiatric disorder (Belmaker,
2004). BD is considered one of the leading causes of
disability amongst all medical and psychiatric conditions
(Murray and Lopez, 1997), and studies have demon-
strated that the annual costs of BD range between 1.8 and
45 billion US dollars, mainly reflecting indirect costs
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attributable to work loss (Das Gupta and Guest, 2002;
Hakkaart-van Roijen et al., 2004). Moreover, BD is
associated with increased morbidity and mortality due to
general medical conditions, such as cardiovascular
disease, obesity and diabetes mellitus (Kupfer, 2005).
There is an emerging body of evidence correlating
chronic medical conditions to DNA damage (Faust et
al., 2004). The single cell gel electrophoresis technique,
also called the Comet assay (CA), is a rapid method for
assessing DNA damage quantitatively in single cells
(Maluf and Erdtmann, 2000). Under alkaline conditions,
the CA detects DNA double- and single-strand breaks
and alkali-labile sites (Tice et al., 2000). The CA
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technique has been increasingly used for human
biomonitoring studies (Kassie et al., 2000). As a bio-
marker of genotoxicity, the CA may identify groups of
individuals at higher risk to develop degenerative dis-
eases (Migliore et al., 2005).

Free radicals (especially OH ') may initiate DNA
damage (Cooke et al., 2006; Culmsee and Mattson, 2005),
which under certain circumstances may lead to DNA
mutation. Multiple systems exist to prevent lesion
formation, and should damage occur, ensure rapid lesion
removal (Cooke et al., 2006). DNA damage may activate
several intracellular signaling pathways such as the phos-
phorylation of p53 at the serine and threonine residues,
leading to cell apoptosis (Evan and Littlewood, 1998;
Culmsee and Mattson, 2005). In the only study to date that
directly evaluated DNA fragmentation in BD subjects, no
changes in single-stranded DNA breaks were found in the
anterior cingulate cortex in a postmortem study (Benes et
al., 2003). Benes et al. (2003) suggested that changes in
the intracellular signaling pathways within the mitochon-
dria may be associated with apoptotic cell death in
response to oxidative stress.

2. Material and methods
2.1. Bipolar patients

This was a case-control study of 32 patients with BD,
18 years of age or older (43.28+12.72), consecutively
assessed from December 2003 to May 2005. All patients
were recruited from the Bipolar Disorders Program-
Federal University of Rio Grande do Sul, Porto Alegre,
Brazil. Patients were non-smokers, did not present
active medical conditions and were not on medication,
apart from those prescribed for their psychiatric
disorder. BD diagnoses were made using the Structured
Clinical Interview for DSM-IV—-Axis I (SCID-I) (First
et al., 1998). Manic and depressive symptoms were
assessed using the Young Mania Rating Scale (YMRS)
(Young et al.,, 1978) and the Hamilton Depression
Rating Scale (HDRS) (Hamilton, 1960), respectively.
This study was approved by the local ethics committee,
and all subjects provided the informed consent before
entering in the study.

2.2. Control group

The control group was composed of healthy subjects
(n=32) who manifested interest in participating in the
study. In addition, controls did not have history of
major psychiatric disorders, dementia, mental retarda-
tion or cancer in their first-degree relatives. Control

subjects were non-smokers and were not on medica-
tion. All subjects were briefed about the procedure and
gave written informed consent before entering in the
study.

2.3. Comet assay

A standard protocol for CA preparation and analysis
was followed (Singh et al., 1988; Tice et al., 2000). The
slides were prepared by mixing 5 pl whole blood with
90 pl low melting point agarose (0.75%). The mixture
(cells/agarose) was added to a fully frosted microscope
slide coated with a layer of 300 ul of normal melting
agarose (1%). After solidification, the cover slip was
gently removed and the slides were placed in lyses
solution (2.5 M NaCl, 100 mM EDTA and 10 mM Tris,
pH 10.0-10.5, with freshly added 1% Triton X-100 and
10% dimethyl sulfoxide [DMSO]) for a minimum of 1 h
and a maximum of 7 days. Subsequently, the slides were
incubated in freshly prepared alkaline buffer (300 mM
NaOH and 1 mM EDTA, pH 12.6) for 20 min. The DNA
was electrophoresed for 20 min at 25 V (0.90 V/cm) and
300 mA; the buffer was neutralized with 0.4 M Tris (pH
7.5). Finally, the DNA was stained with nitrate of silver.
The slides were coded for blind analysis.

Negative and positive controls were used for each
electrophoresis assay to ensure the reliability of the
procedure. Images of 100 randomly selected cells (50
cells from two replicated slides) were analyzed from
each patient. Cells were also scored visually according
to tail size into five classes, from no tails (0), to
maximally (4), resulting in a single DNA damage score
for each subject, and consequently for each study group.
Therefore, a group damage index could range from 0 (all
cells no tail, 100 cellsx0) to 400 (all cells with max-
imally long tails, 100 cellsx4) (Collins et al., 1996,
1997) (Fig. 1). The damage index was calculated based
on the number of cells with tails vs. those without.

2.4. In vitro assay

An in vitro analysis was carried out to assess whether
the drugs used by the patients could induce DNA damage.
Drugs were incubated with peripheral blood (provided by
a healthy volunteer) for 30 min, 37 °C. Drugs were diluted
at therapeutic levels in water (lithium, valproate,
amitriptyline, lamotrigine, sertraline, sulpiride, levome-
promazine) or ethanol 0.1-0.5% (carbamazepine, fluox-
etine, haloperidol, diazepam, clonazepam). The assay was
carried out using the described therapeutic levels (British
Pharmacopoeia, 1999). Peripheral blood was used as a
negative control. DNA damage was evaluated using the
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Fig. 1. DNA damage assessed using the single cell gel electrophoresis comet assay. *Mann—Whitney U-test, P<0.0001. A: Index of DNA damage in
patients and controls. B: Frequency of type of DNA damage in patients and controls. C: Evaluation of DNA damage using silver nitrate (200%). The
cells were assessed visually and received scores from 0 (undamaged) to 4 (maximally damaged), according to the size and shape of the tail. Scores
were obtained using the mean score of two independent, blind evaluators.

CA as described previously. The samples were analyzed
in duplicate.

2.5. Statistical analysis

The analysis was carried out using Statistical Product
and Service Solutions 12.0 Version (SPSS). The
Kolmogorov—Smirnov Test was used to compare the
observed cumulative distribution function to a theoret-
ical cumulative distribution. Statistical differences bet-
ween controls and treated samples were determined by
the nonparametric Mann—Whitney U-test based on the
score each subject received in the CA. Relationships
between variables were assessed using Spearman’s
product-moment correlation coefficient. Data are pre-
sented as means=S.D.

3. Results

BD patients and the control group did not differ
in terms of demographic data (Table 1). The BD patients
were currently medicated, mainly with lithium and/or
valproate. DNA damage was markedly increased in BD
patients. The frequency of DNA damage type-I, 11, III
and IV was higher in patients than controls, and the
control group presented a higher frequency of undam-
aged DNA (Fig. 1). Gender did not influence the amount
of DNA damage within the patient group (Mann-—
Whitney U-test Test=102.50, Z=—0.042, P(2-tailed)=
0.967). Depressive (r=0.45, P=0.01) and manic

(r=0.62, P=0.001) symptoms correlated with the
index of DNA damage in BD patients. A post hoc
analysis showed that the index of DNA damage in BD

Table 1

Demographic factors of patients and controls

Variable Bipolar patients (2=32) Controls (n=32) P

Sex
Men 28.1% 40.6% 0.292°
Women 71.9% 59.4%

Age (vears)

Mean (S.D.) 43.28 (12.72) 43.47 (1424)  0.956°
<40 41.6% 42.0% 0.523*
40-59 52.8% 51.5%
>60 5.6% 6.5%

Family income (US$/month)

Median 610 538 0.994°
1st tercile 16.2% 13.2% 0.854"
2nd tercile 53.0% 50.0%
3rd tercile 30.8% 36.8%

Years of schooling

Mean (S.D.) 9.15 (4.86) 9.16 (3.30) 0.992°

Hamilton Depression Rating Scale
Mean (S.D.) 6.31(7.38)

Young Mania Rating Scale
Mean (S.D.) 3.62 (3.01)

# Chi-square test.
® Ttest.
¢ Kruskall-Wallis test.
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Fig. 2. DNA damage index by drug in peripheral blood.

patients did not correlate with the number of medica-
tions, number of hospitalizations, number of suicide
attempts, length of illness or number of years undiag-
nosed. The patients were using an average of 2.65(1.15)
medications. Drugs used included lithium, valproate,
carbamazepine, fluoxetine, amitriptyline, sertraline, lamo-
trigine, haloperidol, levomepromazine, sulpiride, diaze-
pam and clonazepam. These drugs did not induce DNA
damage (ANOVA test; F'=0.789; P=0.425) (Fig. 2).

4. Discussion

The present study showed that BD outpatients differ
from controls in the frequency of DNA damage in
peripheral cells. As far as we are aware, this is the first
study to report these findings. These results add to the
notion that BD patients are exposed to deleterious
systemic changes (Kupfer, 2005).

Chronic illnesses such as obesity, diabetes mellitus and
cancer have been shown to be associated with increased
DNA damage (Faust et al., 2004). BD involves a
combination of manic and depressive episodes, which
can alternate or even occur simultaneously. In outpatient
samples, along with euthymic subjects, an array of
depressive and manic symptoms is likely to occur in a
significant proportion of cases of BD (Belmaker, 2004).
In the present study, the severity of manic and depressive
symptoms was found to be associated with increased
DNA damage. All patients studied were on medication,
which may hamper the comparisons between patients and

controls. However, the correlation between the depressive
and manic symptoms and the severity of DNA damage is
unlikely to be solely explained by the use of medication.
Moreover, the drugs used by patients did not induce DNA
damage in the in vitro assay carried out to assess this issue.
These findings were consistent with the literature
(Frotschl et al., 2005; Singh et al., 2005; Gasiorowski
and Brokos, 2001; Spanova et al., 1997; Saxena and
Ahuja, 1988). In two studies using the CA method,
chlorpromazine had no effects on DNA damage (Frotschl
et al., 2005), whereas fluphenazine was found to enhance
DNA repair after hydrogen peroxide damage (Gasior-
owski and Brokos, 2001). Amtriptyline has been
described as non-genotoxic as assessed by chromosome
aberrations tests (Saxena and Ahuja, 1988), as well as the
TUNEL test which measures apoptosis induced by DNA
breaks (Spanova et al., 1997). Valproate has been found to
exert an antiproliferative effect on certain cancer cell lines
both in vitro and in vivo (Singh et al., 2005). Therefore,
the findings of the present study are more likely to be
related to the severity of symptoms than to be a by-
product of the exposure to medication.

Actually, mood stabilizers seem to act in the opposite
way. A recent study demonstrated that lithium and
valproate decreased glutamate-induced lipid peroxida-
tion and protein carbonyl oxidation (markers of oxid-
ative stress) and inhibited glutamate-induced DNA
fragmentation in cerebral cortical neurons (Shao et al.,
2005). Moreover, both mood stabilizers increased
glutatione S-transferase expression in cultured neurons
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(Wang et al., 2004). Interestingly, King and Jope (2005)
demonstrated that lithium decreased caspase-3 activity
induced by rotenone and H,O, and may promote up-
regulation in Bel-2, which may be related to its neuropro-
tective actions (Mora et al., 1999, 2002; Chuang, 2004).
The use of valproate or lithium (chronic administration)
can stimulate bcl-2 expression as well as inhibit GSK-3p
activity, which renders a cell less susceptible to apoptosis.
Thus, mood stabilizers may act to restore the balance
among aberrant signaling pathways in specific areas of the
brain and prevent degeneration (Brunello, 2004). More-
over, the neuroprotective role of mood stabilizers has been
reported to be related to the inhibition of N-methyl-D-
aspartate receptors and activation of PI3 Kinase/AKT
signaling pathways (Chuang, 2005). Using a CA protocol,
Psimadas et al. (2004) showed that schizophrenic patients
and matched controls were not different regarding DNA
damage and repair capacity. They also demonstrated that
high levels of antipsychotics did not increase DNA
damage in peripheral cells (Psimadas et al., 2004).

The role of DNA damage in BD may be related to the
fact that these patients present increased morbidity and
mortality due to general medical conditions. Chronic
medical disorders such as cardiovascular disease
(Demirbag et al., 2005), obesity (Gao et al., 2004) and
diabetes mellitus (Blasiak et al., 2004) are associated
with increased rates of DNA damage. Such disorders are
more prevalent in BD patients than in the general
population (Kupfer, 2005). It has been suggested that
DNA fragmentation detected using the CA is caused by
increased oxidative stress (Migliore et al., 2005; Faust et
al., 2004). In a recent study, lower levels of two an-
tioxidant enzymes (superoxide dismutase and catalase)
and elevated lipid peroxidation (TBARS) were de-
monstrated in patients with BD, indicating an increased
oxidative stress status (Ranjekar et al., 2003).

Some limitations of the present study should be taken
into consideration, such as the fact that the CA provides
information about recent DNA fragmentation, but does
not tell about mechanisms of DNA repair. Studies as-
sessing the DNA repair capacity in patients with BD are
warranted to further investigate the impact of BD on
DNA strand breaks. The comet assay has been put
forward as a biomarker in populations exposed to ha-
zardous conditions (e.g. radiation and pollutants) (Faust
et al.,, 2004). However, results of the CA can be
influenced by non-specific factors such diet, use of
medication and lifestyle. At the present stage, it is not
possible to determine whether DNA damage in BD
patients is a state- or trait-related finding. The present
findings may be used to augment strategies tailored to
prevent DNA damage in BD patients.
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