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Abstract

Objective—Increases in oxidative stress have been consistently reported in younger patients with
bipolar disorder (BD) in postmortem brain and blood samples studies. Changes in oxidative stress
are also associated with the natural aging process. Thus, the investigation of oxidative stress
across the life span of patients with BD is crucial.

Methods—We compared the levels of oxidative damage to proteins and lipids in plasma from
110 euthymic older patients with BD | or Il (mean = SD age: 63.9£9.7) and 75 older healthy
individuals (66.0 + 9.6). To assess protein oxidation, we measured the plasma levels of protein
carbonyl (PC) and 3-nitrotyrosine (3-NT) using ELISA technique. To assess lipid peroxidation,
we measured plasma levels of lipid hydroperoxide (LPH) and 4-hydroxynonenal (4-HNE) using
spectrophotometric assays.

Results—LPH levels were higher in patients than in the comparison healthy individuals, while
there were no significant differences for PC, 3-NT and 4-HNE between the two groups.

Conclusions—The increased levels of an early component of the peroxidation chain, LPH, in
euthymic older patients with BD support the hypothesis of a persistent effect of reactive species of
oxygen in patients with BD into late life.

Keywords
bipolar disorder; aging; oxidative stress; lipid peroxidation; protein oxidation

© 2014 American College of Cardiology Foundation. Published by Elsevier Inc. All rights reserved.

Corresponding Author: Tarek K. Rajji, Centre for Addiction and Mental Health, 80 Workman Way, Room 6312, Toronto, ON M6J
1H4, (416) 535-8501 ext. 33661, tarek.rajji@camh.ca.

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Andreazza et al.

Page 2

Introduction

Oxidative stress is the process through which the production of reactive oxygen species (i.e.,
free radicals) overwhelms the antioxidant system leading to potential damage to proteins,
lipids and DNA (1). Oxidative stress damage has been consistently reported in younger
patients with bipolar disorder (BD) [for review, see (2, 3)] with evidence both from
postmortem brain (4-9) and blood samples (10-17). These studies have demonstrated
increased oxidative damage to proteins in postmortem prefrontal cortex from patients with
BD (4, 5), while increased nitration—-induced damage to protein tyrosine residues has been
seen in both BD and schizophrenia (4,5). In addition to protein, lipids are also consistent
targets of oxidation (i.e., lipid peroxidation) in patients with BD (18) with increased lipid
peroxidation in the anterior cingulate cortex (19) and prefrontal cortex (5). A meta-analysis
revealed that increased serum level of lipid peroxidation is the most consistent finding of
oxidative stress associated with BD (13). Recent results from our group showed that the
increased peripheral levels of lipid hydroperoxide (LPH) --a marker of lipid peroxidation--
is associated with decreased white matter integrity, assessed by diffusion tension imaging
(18).

Oxidative stress is also associated with brain aging (20). This is demonstrated by
accumulation of oxidative damage to proteins during aging (21) and the negative association
between aging and the glutathione enzymes, the major antioxidant system (22). Indeed,
studies have identified high levels of oxidative stress markers in patients with mild cognitive
impairment (23) and Alzheimer’s disease (24). As discussed above, growing evidence
supports that oxidative stress pathways are implicated in the pathophysiology of BD.
However, to our knowledge, there has not yet been any published study of oxidative stress
markers in older patients with BD. Thus, we evaluated the levels of acute and cumulative
damage to protein and lipids in serum samples from older patients with BD. To assess the
acute damage due to BD per se, we measured levels of LPH and 3-nitrotyrosine (3NT) as
markers of reversible damage to lipid and proteins. To assess the damage due to the aging
process and the chronicity of living with BD, we measured 4-hydroxynonenal (4HNE) and
protein carbonyl (PC) as markers of cumulative or late damage to lipid and protein (4, 14).
We hypothesized that, when compared to healthy individuals, euthymic older patients with
BD would have increased levels of 4HNE and PC and no differences in LPH and 3NT.

Material and Methods

Subjects

We compared the levels of oxidative damage to proteins and lipids in 110 euthymic older
subjects with BD | or Il (78% female) and 75 comparison healthy individuals (53% female).
Subjects were 50 years and older and the mean age of the two groups did not differ
significantly (mean + SD age: 63.9 £ 9.7 vs. 66.0 + 9.6; t= —1.46; df=183; p=0.15). Patients
and comparison healthy individuals were recruited and assessed in clinics and by ads in
Pittsburgh (71 patients; 31 comparison healthy individuals) and Toronto (39 patients; 44
comparison healthy individuals). Similar procedures described elsewhere were followed at
both sites (36—-38). In brief, psychiatric diagnoses were established or ruled out by the
Structured Clinical Interview for Axis | DSM-IV Disorders (SCID-1V). Exclusion criteria
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include dementia, presence of neurologic disorder and electro-convulsive therapy or
substance abuse or dependence within the past six months. Most patients received treatment
in university based clinics where the goals of the pharmacotherapy for BD have been to
maximize the use of lithium or divalproex to achieve remission of mood episodes and
maintain euthymia, and to limit adjunctive anti-psychotic or antidepressant medications (25,
26). At the time of assessment, patients had to be clinically euthymic for at least four weeks
as demonstrated by scores of 10 or less on both the 17-item Hamilton Rating Scale for
Depression (HRSD) (27, 28) and on the Young Mania Rating Scale (YMRS) (26). Clinical
and demographics characteristics can be found in table 1.

Experimental Procedures

To assess protein oxidation, we measured the plasma levels of protein carbonyl (PC) and 3-
nitrotyrosine (3-NT) using standard ELISA. To assess lipid peroxidation, we measured
plasma levels of LPH and 4-hydroxynonenal (4-HNE) using spectrophotometric assays.
Experimental procedure details can be found in Andreazza et al, 2009 (13, 14) and Versace
etal, 2013 (18).

Statistical analysis

Results

Data were expressed as mean + SD. Statistical analysis was performed using SPSS for Mac
Version 19.0. Normal distribution of data was determined using Kolmogorov-Smirnov test.
To identify the differences between the BD and control groups we used t-tests or Mann-
Whitney tests (see below). Differences were considered significant at the type | error rate of
0.05. The relation of biochemical data with age was measured using Spearman’s correlation
and gender by Mann-Whitney test.

Using Shapiro-Wilk (W)test we evaluated the Gaussian distribution of the oxidative stress
markers all oxidative stress measures did not follow Gaussian distribution:4-HNE
(W=0.810; p<0.001), LPH (W=0.822; p<0.01), 3-NT (W=0.842; p<0.001) and protein
carbonyl (W=0.971; p=0.002). Thus, we used non-parametric tests to identify group
differences.

Mean levels of LPH were higher in patients with BD than in the comparison healthy
individuals (0.12+0.13 nM vs, 0.08+0.09 nM; U=3085; p=0.017; d= 0.2; Figure. 1A). Levels
of 4-HNE demonstrated a trend toward increased levels in patients with BD compared with
healthy individuals (10.4+6.9 ug/mL vs. 9.5£8.1 ug/mL; U=3434; p=0.066; d=0.66; Figure.
1B). There was a positive correlation between levels of LPH and 4HNE (r=0.657; N=179,
p<0.001). There were no differences in levels of PC and 3NT between patients and
comparison healthy individuals (Figures 1C, 1D).

Lithium has been reported to have antioxidant properties, therefore we evaluated whether
patients taken lithium had a different profile of oxidative stress markers from those not taken
lithium. Patients taking lithium had significantly higher levels of LPH than the comparison
healthy individuals (0.14+0.17 vs. 0.08+0.09; U=738; p=0.018), but their levels did not
differ from patients not taking lithium (0.10+0.11; U=1010; p=0.40). We also investigate
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whether patients taken antidepressants or antipsychotics or other mood stabilizers could
affect the levels of oxidative stress markers. We did not find any changes in levels of
oxidative stress markers in patients taken or not taken antidepressants or antipsychotics or
other mood stabilizers. Since samples were collected at two different sites, we explored the
levels of LPH at each site. Results were not significant once samples were analyzed per site
due to smaller samples, site interactions, or site differences (Toronto: U=581; p=0.079;
Pittsburgh: U=1051; p=0.721). However, the same relationships trends were observed at
both sites (i.e., patients had higher levels of LPH than comparison healthy individuals in
both centers). Finally, we found no significant relationship between oxidative stress markers
and age, gender, clinical scores on the YMRS and HAMD or duration of illness, or
diagnosis of BD | vs. BD I1.”

Discussion

To our knowledge, this is the first study to evaluate oxidative stress in older patients with
BD. We found that patients had higher measures of lipid peroxidation (i.e., LPH) than
comparison healthy individuals but the two groups did not differ in terms of protein nitration
(i.e., 3NT), protein carbonylation and sub-products of lipid peroxidation (i.e., 4HNE). Our
results are consistent with the literature in younger patients with BD that has consistently
reported increased levels of lipid peroxidation (12, 16, 29) and heterogeneous findings about
protein oxidation and nitration (12, 16, 29). Also, while two studies have shown increased
levels of protein oxidation in postmortem prefrontal cortex from patients with BD (4, 5),
protein oxidation results in peripheral samples are less consistent. For instance, Kapczisnki
et al (17) found increased serum levels of protein oxidation in adult patients with BD during
mania or depressive episodes, while Andreazza et al (14) found no difference between adult
patients in the early stage of BD (less than 3 years since onset of illness) vs. the late stage
(over 10 years since onset of illness).

Lipids are susceptible to oxidative stress damage, which leads to disrupted cell membranes
and generation of toxic sub-products (30). Reactive oxygen species can react with lipids
generating the initial product of lipid peroxidation — the LPH, which can be detoxified from
the cells by antioxidant enzymes (1, 31-33). The progression of this cascade will promote
LPH reaction with another fatty acid resulting in the formation of sub-products of lipid
peroxidation including 4-HNE, 8-isoprostane and acrolein (1, 24). In turn, these lipid
peroxidation sub-products can form covalent adducts with cysteine, lysine, or histidine
residues of proteins and can induce changes in their function (1, 25-27). To prevent the
formation of these sub-products a natural response of the cellular system is to increase
antioxidant system or accelerate the elimination rate, in case the first antioxidant response
fails (34-36). Thus, our finding of increased LPH levels with a trend toward increased 4-
HNE levels (and a positive correlation between them) suggest that in older patients with BD,
the antioxidant system might adapt to prevent formation of toxic sub-products of lipid
peroxidation. In support of this hypothesis, we did not find increased levels of oxidative
damage to proteins (i.e., PC and 3-NT), which contrast with some results in adult patients
with BD (2, 13). Of significance of the role of lipid peroxidation in BD, a recent study from
our laboratory demonstrated that peripheral levels of LPH were associated with white matter
abnormalities in euthymic adult patients (18). Of significance, the levels of LPH found in
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adults patients with BD during euthymia (1-10nM) by Versace et al (2013) are higher then
those levels described in this study in older patients with BD (0.1-1nM). Other studies also
reported increased levels of lipid peroxidation in adult patients with BD (12,13,17) however
they used other markers of lipid peroxidation which make difficult to compare the levels
with those found in this study. In the aggregate, our findings and other results in the
literature are congruent and support a crucial role for lipid peroxidation in the
pathophysiology of BD.

Though an increase in markers of oxidative stress, especially lipid peroxidation, is a
replicated finding in BD (2, 13, 16), we do not know whether oxidative damage is a risk
factor for BD, the result of comorbid medical illness, or a consequence of cumulative
biological changes due to illness or life style (e.g., diet). Our finding of increased levels of
lipid peroxidation, LPH, in euthymic older patients support the hypothesis of a continuous
effect of reactive species of oxygen in patients with BD. Our results need to be replicated in
an independent sample and further investigation of the effect of lipid peroxidation across the
life span inpatients with BD is needed. Indeed, aging is often accompanied by an increase in
glucose consumption and sedentary life style, factors associated with a redox-swift that
contributes to mitochondrial dysfunction and increase in reactive oxygen species production.
Brewer (37) has described this process as the “epigenetic oxidative redox shift theory of
aging”. BD is associated with mitochondrial dysfunction and increased oxidative stress (3,
5), as discussed above and demonstrated in this manuscript. This makes patients with BD
more vulnerable to consequences of cumulative oxidative stress damage than subjects
without BD. Longitudinal studies investigating the consequences of cumulative damage of
oxidative stress are warranted. These follow up studies with larger samples size may provide
valuable information on how oxidative stress can be used to track illness progression, guide
treatment and, ultimately, improve the illness outcome.
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Clinical and demographics characteristics of patients and comparison healthy individuals.

Table 1

Comparison Healthy Individuals

Bipolar Disorder

Age (years) 66.00 + 9.62
Gender 53% female
BDI/BDII N/A

Length of Illness (years) N/A

YMRS Score 0.35+0.71
HRSD Score 1.43+1.85
Antidepressants (N, %) 0, 0%
Antipsychotics 0, 0%
Lithium 0, 0%

Other Mood Stabilizers 0, 0%

63.86 +£9.70

78% female
86(46.5%)/23(12.4%)
35.55 +13.52
217+231
3.72+2.92

62 (56.4%)

48 (43.6%)

30 (27.3%)

46 (41.8%)
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