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INTRODUCTION

Bipolar disorder (BD) is a chronic mood disorder character-
ized by recurrent episodes and has a lifetime prevalence of 
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0.4–5.5%.1 The neurochemical mechanism of BD is not fully 
understood. Postmortem studies demonstrated the involve-
ment of mitochondrial dysfunction in the brains of BD pa-
tients,2-5 suggesting that mitochondrial dysfunction might be 
a pathophysiological mechanism in this disorder.

Reactive oxygen species (ROS) occur in the mitochondria 
and are potentially eliminated by antioxidant enzymes such as 
superoxide dismutase (SOD), catalase, and glutathione peroxi-
dase.6 Disturbances between the antioxidant activity and ROS 
production causes oxidative stress in tissues. Oxidative stress 
can lead to lipid peroxidation in membranes, so impairment 
of signal transduction, structural plasticity, and cell flexibility 
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can occur. All of these processes constitute neural injury.7,8 
Although increased ROS may lead to mitochondrial damage, 
mitochondrial dysfunction may cause ROS production.9,10 The 
brain is particularly sensitive to oxidative stress because of 
the use of a large proportion of oxygen in the body, and the 
antioxidant capacity of the brain to tolerate oxidative stress is 
limited.11 Sensitivity of the brain to changes in oxidative me-
tabolism and detection of an increasing number of neurode-
generative changes in neuropsychiatric disorders have led to 
the idea that oxidative damage is part of the etiology of neuro-
psychiatric diseases.12,13

Increases in lipid peroxidation, DNA and RNA damage, and 
nitric oxide (NO) levels in patients with BD compared to 
healthy control groups have been identified in a recent meta-
analysis that assessed studies regarding the oxidative stress in 
BD.8 A possible mechanism of these effects generated by the 
oxidative stress in BD is not clear. Oxidative stress in neurons 
cause lipid peroxidation in proteins associated with neuronal 
membrane and intracellular enzymes. These pathological pro-
cesses may lead to cell apoptosis and dysfunctions in neu-
rotransmitter reuptake and enzyme activities and are thought to 
occur in brain regions associated with affective functions and 
emotions in BD.11,14-17

Although activation of oxidative stress and antioxidant 
mechanisms during a manic episode was observed,18 differ-
ences in terms of oxidative stress indicators between the first-
episode mania and recurrent manic episodes have been not 
examined. The relationship between the number of manic ep-
isodes and total oxidant-antioxidant capacity was investigated 
in this study.

METHODS

The study population consisted of BD with manic episode 
who were referred to the Department of Psychiatry of Gül-
hane Military Medical University, Turkey between 2011 and 
2014. The study protocol was approved by the Ethics Commit-
tee with the number 1500-11, and all of the participants and 
their relatives provided written informed consent. BD patients 
with a history of depressive episodes were excluded from the 
study to provide homogeneity between the groups. Also, pa-
tients with comorbid psychiatric disorders, who were using an-
tipsychotics, mood stabilizers, or any drugs in the past month, 
and those with medical conditions such as hypertension and 
diabetes, were excluded from the study.

Among the 125 BD patients registered to the hospital, 82 
BD patients hospitalized due to manic symptoms and with no 
episodes of depression were enrolled in the study. Thirty of 
the 82 patients had had only one manic episode, and the oth-
er 52 patients had had two or more manic episodes.

The BD patients with first-episode mania in the present 
study were drug naïve, but the BD patients with more than 
one manic episode had a history of mood stabilizer use. Posi-
tive history of drug use might have effects on oxidative stress. 
To minimize this possibility, the present study’s BD patients 
with more than one manic episode did not use any drug for 4 
weeks prior to beginning the study.

All the BD patients underwent a diagnostic interview, using 
the Structured Clinical Interview for DSM-IV Axis I Disorders 
(SCID-I), and disease severity was evaluated using the Young 
Mania Rating Scale (YMRS).19,20 The control group included 
45 socio-demographically matched healthy individuals. Par-
ticipants’ demographic (age, gender, education level, and mari-
tal status) and clinical features were determined using a data 
collection form.

Blood samples of the patients and the control group were 
taken from the antecubital vein after 12 hours of fasting. Blood 
samples were centrifuged at 2000 rpm for 10 minutes, and 
plasma was separated. Serum total antioxidant capacity (TAC) 
and total oxidant capacity (TOC) measurements were per-
formed in a biochemistry laboratory, and the oxidative stress 
index (OSI) was calculated by TOC/TAC.

Total antioxidant capacity (TAC) is a method that measures 
the total antioxidant capacity of the body against powerful 
free radicals.21,22 Antioxidants’ inhibition of color formation 
formed with oxidation reactions is measured spectrophoto-
metrically in automatic analyzers.23 The TAC value is expressed 
as an equivalent of the millimolar concentration of Trolox so-
lution.24

Like antioxidant molecules, concentrations of different ox-
idant species can be measured separately, but this is not prac-
tical.25 Oxidation reactions in a sample form a colored com-
pound associated with the amount of oxidant and are measured 
spectrophotometrically. The method developed can be used to 
measure the TOS of samples.25 The TOC value is expressed as 
μmol H2O2 Eqv./L.

The oxidative stress index (OSI) was calculated by dividing 
the total oxidants status (TOS) by the total antioxidants status 
(TAS).26 OSI is used as a parameter for evaluation of the oxi-
dative stress.12,22 Both antioxidant and oxidant sides of the oxi-
dative metabolism may be assessed with OSI and antioxidants, 
and oxidants may be compared.22

Descriptive data are expressed as mean±SD (range). An 
ANOVA test was used for comparison of age, educational level, 
and oxidative stress indicators (TOC, TAC, and OSI) of the three 
groups. Post-hoc analyses were performed with the Tukey test. 
The chi-square test was used for comparison of marital status, 
gender, and smoking habits of the three groups. The compari-
son of YMRS scores of the patient groups were conducted us-
ing a t-test. The relationship of clinical variables to oxidative 
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stress indicators was measured by Pearson correlation analy-
sis. The level of statistical significance was set at p<0.05.

RESULTS

Sociodemographic characteristics (age, gender, smoking 
habits, marital status, and education level) did not differ sig-
nificantly between the three groups (Table 1). Also, compari-
son of oxidative stress indicators (TOC, TAC, and OSI) be-
tween the three groups is shown in Table 1.

TOC levels were different in the three groups (p<0.05) (I> 
II>III). TOC levels of BD patients with first-episode mania 
(24.22±7.88 μmol H2O2 Eqv./L) were found to be significant-
ly higher than TOC levels of BD patients who have had more 

than one manic episode (14.50±5.43 μmol H2O2 Eqv./L) and 
healthy controls (4.04±3.00 μmol H2O2 Eqv./L) (Figure 1).

There were no significant differences in TAC levels between 
BD patients with first-episode mania (2.67±1.25 μmol Trolox 
Eqv./L) and BD patients with more than one manic episode 
(2.08±0.46 μmol Trolox Eqv./L) (p>0.05). However, TAC levels 
in both groups were significantly higher than in the control 
group (1.02±0.45 μmol Trolox Eqv./L) (p<0.05) (Figure 2) .

When the three groups were evaluated in terms of OSI score, 
there were no significant differences between BD patients with 
first-episode mania (10.95±2.99) and BD patients with more 
than one manic episode (7.76±2.32) (p>0.05). However, OSI 
scores in both groups were significantly higher than in the con-
trol group (3.99±1.02) (p<0.05) (Figure 3).

Figure 2. Comparisons of TAC levels between BD patients with 
first-episode mania, BD patients with more than one manic epi-
sode and control group. BD: bipolar disorder, TAC: total antioxida-
tive capacity.

Figure 1. Comparisons of TOC levels between BD patients with 
first-episode mania, BD patients with more than one manic epi-
sode and control group. BD: bipolar disorder, TOC: total oxidative 
capacity.

Table 1. Comparison of socio-demographic characteristics and oxidative capacity

Variable

BD patients 
with first-episode 

mania (I)
(N=30)

BD patients 
with more than 

one manic episode (II)
(N=52)

Healthy Controls
(III)

(N=45)
Statistics

Comparison

Age (year) 22.7±2.6 32.4±8.4 29.7±5.6 F=3.046, p=0.065
Smoking (N, %) 26 (87) 36 (69) 23 (51) χ2*=0.840, p=0.657
Education level (year) 10.0±2.3 10.5±2.8 10.8±2.9 F=0.146, p=0.865
Gender (N, %)

Female 4 (13) 17 (32) 18 (40) χ2*=4.857, p=0.88
Male 26 (87) 35 (68) 27 (60)

YMRS 30.50±5.29 28.02±4.23 - t=2.308, p=0.024
TOC (μmol H2O2 Eqv/L) 24.22±7.88 14.50±5.43 4.04±3.00 F=6.202, p=0.003 I>II>III
TAC (μmol Trolox Eqv/L) 2.67±1.25 2.08±0.46 1.02±0.45 F=10.928, p=0.001 I=II>III
OSI 10.95±2.99 7.76±2.32 3.99±1.02 F=5.112, p=0.008 I=II>III
All data are presented as mean±SD or %. F: ANOVA test value, t: Student t test, *chi-square test value. BD: bipolar disorder, YMRS: Young Ma-
nia Rating Scale, TOC: total oxidative capacity, TAC: total antioxidative capacity, OSI: oxidative stress index
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No relationship was found between the number of manic 
episodes and TOC levels, TAC levels, and OSI scores of BD 
patients (p>0.05). However, a positive correlation was found 
between YMRS scores of the BD patients and TOC levels (r= 
0.327) and OSI scores (r=0.300) (p<0.05).

DISCUSSION

Increased oxidative stress indicators in bipolar disorder 
have been identified in previous studies.8,27 Savas et al.28 had 
determined higher NO levels in BD patients with manic epi-
sodes compared to their control group. TOC levels in both 
BD patients with first-episode mania and BD patients with 
more than one manic episode were found to be higher than 
the healthy control group in this study. The results showed that 
TOC levels were at the highest levels in BD patients with first-
episode mania. Although this elevation decreased in later epi-
sodes, it continued to remain at a higher level than in the con-
trol group.

Considering the neuroprotective effect of lithium,18,29 the 
use of mood stabilizers in previous manic episodes might ex-
plain the lower TOC levels of BD patients with more than one 
manic episode than the TOC levels in BD patients with first-
episode mania. Although increased oxidative stress levels were 
determined with increased duration of the disease in previous 
studies,22,30 we found the highest oxidative stress levels in the 
first manic episode.

In euthymic episodes, disease duration seems to be decisive 
in terms of oxidative stress; therefore, oxidative stress increas-
es if the disease process increases. However, in a manic epi-
sode, the history of previous episodes seems to be associated 
with relatively low levels of oxidative stress. Savas et al.31 found 
a positive relationship between NO level and the number of 

manic episodes in 27 BD patients with euthymic episodes. 
Our results may differ from the results of Savas et al. because 
we performed the laboratory measurements during the manic 
episode.

We found no significant difference in TAC levels between 
BD patients with first-episode mania and BD patients with 
more than one manic episode. However, TAC levels in both 
groups were significantly higher than in the control group. 
This result may suggest that antioxidant mechanisms aggra-
vated by exposure to oxidative stress maintained their high 
levels of activity regardless of the number of manic episodes.

TAC levels of the BD patients in euthymic episodes were not 
investigated in this study, but decreased oxidative stress and 
increased antioxidant capacity due to mood stabilizer treat-
ment has been shown in previous studies.15,22,32 Antioxidant and 
neuroprotective effects of mood stabilizers such as lithium, val-
proic acid, lamotrigine, and carbamazepine have been dem-
onstrated in various studies,33-40 as have the enhancing effects 
of lithium, valproate, lamotrigine, and carbamazepine on the 
brain-derived neurotrophic factor (BDNF).41,42 Both lithium 
and valproic acid have been shown to increase expression of 
the major neuroprotective protein bcl-2.15 Lithium caused a 
decline in the SOD/catalase rate in healthy subjects.29 Lithium 
seems to exert antioxidant effects during mania.18

In a study about TAC levels in BD patients, TAC levels were 
found to be higher in BD patients with euthymic episodes 
than in a control group.22 These results were consistent with the 
results of higher TAC levels in BD patients compared to the 
control group in our study; however, a negative correlation 
was found between the number of episodes and TAC levels in 
BD type I patients in the same study.22 Although BD patients 
were not separated into type I and II in our study, the finding 
of no relationship between number of manic episodes and 
TAC levels was not consistent with the Yumru et al.22 study. 
Mood stabilizers used by the patient in the study by Yumru 
et al.22 likely were the most important reason for this discrep-
ancy. The other reason might be the lack of homogeneity of 
our patients in terms of their episodes.

No relationship was found between the number of manic 
episodes and TOC levels, TAC levels, and OSI scores of BD 
patients. Consistent with our findings, Savas et al.31 found no 
relationship between antioxidant enzyme SOD activity and 
the number of manic episodes in euthymic BD patients.

That the patient population is predominantly male could be 
considered a limitation. Also, BD patients with more than one 
manic episode had a treatment history, although they did not 
use any drug for 4 weeks prior to beginning the study. We 
could not clearly demonstrate the effect of treatment on oxi-
dative stress parameters. Factors such as lifestyle and dietary 
patterns of the patients can affect the parameters of oxidative 

O
SI

 (T
O

C
/T

A
C

)

12

10

8

6

4

2

0
BD patients 

with first-episode 
mania

BD patients 
with more than 

one manic episode

Control

p<0.05

Figure 3. Comparisons of OSI scores between BD patients with 
first-episode mania, BD patients with more than one manic episode 
and control group. BD: bipolar disorder, TOC: total oxidative capac-
ity, TAC: total antioxidative capacity, OSI: oxidative stress index.
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stress. Another limitation of this study is the small number of 
subjects who participated.

Significant changes in the oxidative stress indicators were 
observed in this study, confirming previous studies. Increased 
levels of oxidants were observed with increased disease sever-
ity rather than according to the number of manic episodes. 
Regular monitoring of the disease periods and recording of 
changes in oxidative parameters in the process, comparison 
of oxidative parameters of patients receiving and not receiv-
ing treatment, examination of oxidative parameters of pa-
tients in different episodes (such as manic, depressive, or eu-
thymic episodes), and identification of differences between 
subtypes of BD required to must be performed to identify the 
dysfunctions associated with the oxidative system as a charac-
teristic property of the disorder.
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