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Abstract
Objective: This study aimed to investigate oxidative metabolism and oxidative DNA damage in the state of euthymic and active disease in 
patients with Bipolar disorder (BD).
Methods: 40 active (26 mania and14 depression episodes) and 40 euthymic state of disease of the 80 patients with BD and 48 healthy 
volunteers were included to the study. Measurement of the levels of serum total antioxidant (TAS) and serum total oxidant (TOS), Oxidative 
Stress Index (OSI), and 8-hydroxy-2-deoxyguanosine (8-OHdG) levels were calculated and evaluated. Hamilton Depression Rating Scale 
(HAM-D), Young Mania Rating Scale (YMRS) and Clinical Global Impression Scale (CGI) were administered.
Results: In patients with BD, TAS, TOS, OSI, and 8-OHdG levels were significantly higher than controls (all p<0.001). TOS level significantly 
higher in female than men in BD (p=0.016). A significantly positive weak correlation was detected between the TAS level and CGI score 
(p=0.031, r=0.241), HAM-D score (p=0.040, r=0.231) in BD. When patients in the active and euthymic state were compared with the 
control group separately, in both groups TAS, TOS, OSI, and 8-OHdG levels were significantly higher than controls (all p<0.001). However, 
there was no significant difference in TOS, OSI, and 8-OHdG levels between patients in the active or euthymic state of disease.
Conclusion: Oxidants and DNA damage are high in patient with BD. No difference of the oxidants and DNA damage between the active and 
euthymic state of disease reveals that oxidative stress damages on the body although the symptoms of the disease to quiet down.
Keywords: Bipolar Disorder, Oxidative Stress, Level of Total Antioxidant, Level of Total Oxidant, Oxidative DNA Damage, 
8-hydroxydeoxyguanosine
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INTRODUCTION

Bipolar disorder (BD) is a psychiatric illness that affects 
approximately 2.4% of the world population, which 
often follows a chronic course with recurrent manic, 
hypomanic, depressive and mixed state, and can lead 
to serious impairments in functionality (1). It is thought 
that the etiology of BD is not well understood. With 
all those, genetic, environmental, neurobiological and 
neurochemical factors are mentioned for the etiology 
of BD in last decade and these evidences are increasing 
gradually (2).

Although oxygen metabolism is essential for life, it has 
been shown that reactive oxygen species (ROS) damage 
many biological molecules such as important proteins, 
membrane lipids, resulting protein breakdown and 
loss of the membrane integration and all of these are 
resulting in cell death. Antioxidant substances, on the 
other hand, have the ability to capture and stabilize free 
radicals against the damage of ROS and prevent oxidation 
(3). Basically, the oxidative stress can be an imbalance 
between the antioxidant system of the body and free 
radicals are occurred by lipid peroxidation reactions (4). 
Oxidative stress leads to multiple forms of DNA damage 
including base modifications, deletions, strand breakage 
and chromosomal rearrangements (5). 8-hydroxy-
2-deoxyguanosine (8-OHdG) OH radical is the most 
common DNA lesion formed by free oxygen and single 
electron oxidants. 8-OHdG represents major oxidative 
DNA damage repair products such as base excision repair, 
nucleotide excision repair. It is generally accepted that 
the oxidative damaged DNA can be repaired, the repair 
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products are released into the bloodstream and pass from 
there to urine without being further metabolized (6). In 
BD patients, high levels of 8-OHdG have been reported in 
bloodstream and urine (7).
It has been reported that oxidative stress may be 
involved in the pathophysiology of many psychiatric 
disorders including schizophrenia, depression, anxiety, 
social phobia, adult attention deficit and hyperactivity 
disorder, dementia, and substance abuse (8-10). 
Although inconsistency has been reported in the results 
of studies on oxidative stress markers in BD, the idea that 
oxidative stress markers are potential biomarkers for 
BD still maintains its current value (11). In a metanalysis 
performed by Andreazza et al. (2008), a statistically 
significant increase in lipid peroxidation and nitric oxide 
has been shown in BD (12). Some studies have detected 
oxidative damage in DNA, RNA, protein and lipids in BD 
patients, while others have reported changes in important 
antioxidant enzymes. These results are supported by 
evidence such as mitochondrial DNA mutations and 
reduced levels of protein from the mitochondrial electron 
transport chain (13, 14). BD is a multifactorial disease of 
uncertain etiology. Knowing the factors that contribute 
to the pathophysiology of BD allows clinicians to identify 
patients who are more likely to develop BD or to better 
treat. Ideally, the identification of certain etiological 
factors for BD will interfere with the individual or at the 
level of the population to prevent the development of the 
disease and improve outcomes with earlier treatment. In 
this study, we aimed to investigate oxidative metabolism 
and oxidative DNA damage during active (manic or 
depressive episode) and euthymic state of BD.

METHODS

Study Participants

The purpose of the study was explained to the participants 
and informed consent forms were obtained for all 
participants before participating in the study. This research 
was approved by the ethics committee of Gaziantep 
University (IRB Number: 10-2011/176; IRB Date: 25.10.2011) 
and was conducted in accordance with the Helsinki 
Declaration. Eighty patients (inpatients or outpatients) 
with BD type I were recruited from the Department of 
Psychiatry in the University of Gaziantep. Of these, 40 were 
active state (24 of manic and 16 of depressive episodes) 
and 40 were euthymic state patients. A comparison group 
with 48 healthy volunteers was also recruited. Psychiatric 
diagnosis was based on clinical interview and confirmed 
with the Structured Clinical Interview for DSM-IV-Axis 
I (SCID-I) (15). Manic and depressive symptoms were 

assessed using the Young Mania Rating Scale (YMRS) 
and the Hamilton Depression Rating Scale (HAM-D), 
respectively. Acute manic or depressive episodes were 
defined by DSM-IV-TR criteria. Patients were divided into 
two different groups according to the following criteria: 1) 
euthymia group should not fulfill DSM-IV criteria for mood 
episode and should have scored HAM-D≤7 and YMRS≤6 for 
at least 6 weeks; 2) active group; a) manic episode should 
have YMRS≥20 and HAM-D≤7 and, b) depressive episode 
should have HAM-D≥17 and YMRS≤6. Patients in mixed 
episodes were not included.
Patients who are not between 18-65 years of age, have 
any other axis I disorder, patients with severe medical 
conditions such as hyperthyroidism, hypothyroidism, 
diabetes or other endocrinopathies, patients with 
alcohol, substance abuse, pregnant women, mental 
retardation, history of severe head trauma, use of 
antioxidant agents (vitamin E, vitamin C, N-acetyl 
cysteine), use of xanthine oxidase inhibitors (allopurinol, 
folic acid), those with severe neurological diseases 
(epilepsy, parkinson disease, etc.), advanced obese and 
involuntary candidates were excluded from the study.
The healthy comparison group was screened for 
psychiatric disorders using SCID-I, non-patient version. 
The control group of healthy volunteers was recruited 
from people with no history of psychiatric disorders, no 
substance abuse (current or in the past) and no additional 
medical illness or history, with none of the above-
mentioned conditions and with no psychiatric disorders 
in first degree relatives.

Clinical Measures

Sociodemographic and clinical characteristics form such 
as; patients’ age, gender, education level, marital status, 
professional status, socio-demographic data like smoking 
and drugs used, hospitalization history, disease duration, 
active state of the disease, number of previous manic 
and depressive episodes, history of suicide and body 
mass index were evaluated in the form created by the 
authors. HAM-D is a 17-questions scale that measures 
the level of depression and changes in severity (16, 17). 
YMRS is a scale prepared by the interviewer to measure 
the severity and change of the manic situation. It consists 
of 11 items in total (18, 19). Clinical global impression 
scale (CGI) is a 3-item scale in which the severity of the 
disease or improvement in the symptoms of the disease 
is generally evaluated. Based on his general experience 
with the disease, the interviewer ranks the severity 
of the disease or the degree of recovery from 0 (not 
patient) to 7 (the most severe patients) (20).
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Blood Samples and Measurement

Patient and control group blood samples were taken from 
the antecubital vein between 08.00 a.m and 10.00 a.m 
after a 12-hour fasting period. The blood samples were 
transferred to plain biochemistry tubes (gel separator) 
and their serum was separated by centrifugation at 
4000 rpm for 10 minutes in no more than 45 minutes 
after sampling. The separated serums were immediately 
stored at – 80 °C. TAS and TOS measurements were 
performed on the Tokyo Boeki Prestige I24 autoanalyzer 
with Rel Assay Diagnostics fully automatic TAS (Total 
Antioxidant Status) kit. Serum TAS was determined using 
an automated measurement method developed by 
Erel (21) and expressed as mmol Trolox equivalent / L. 
Plasma TOS was determined using a method previously 
described by Erel (22) and expressed as μmol H2O2 
equivalent / L. OSI was calculated from TOS and TAS 
values: OSI = [(TOS, μmol H2O2 equivalent / L) / (TAS, 
μmol Trolox equivalent / L)] × 100. Serum 8-OHdG 
measurements were performed with Elx 800 instrument 
(Bio Tek Instruments, Winooski, VT , USA) with Northwest 
kit (Northwest, NWLSS 8-OHdG ELISA High Sensitivity 
Kit, Vancouver, Canada) and it was expressed as ng/mL.

Statistical Analysis

The collected data were analyzed using the Statistical 
Package for the Social Sciences version 20.0 (SPSS 20.0, 
Chicago, IL). Descriptive statistics were presented as 
frequency, percentage, mean, standard deviation. The Chi-
square test was used to test possible differences between 
groups in terms of categorical variables. Student’s t-test 
was utilized for comparing the continuous variables. The 
normality of distribution for continuous variables was tested 
by the Kolmogorov–Smirnov test. Comparisons of non-
normally distributed variables were made with the Mann-
Whitney U test. One-way ANOVA was adopted for multiple 
comparisons, and Tukey’s HSD test was used to determine 
the source of the difference. Analysis of covariance 
(ANCOVA) was used to investigate the effect of age, gender, 
smoking and body mass index on the TAS, TOS, OSI and 
8-OHdG levels. To assess the relationship between variables, 
Pearson and Spearman’s correlation analysis was used. For 
all statistical data, P<0.05 was considered significant.

RESULTS

 80 BD patients and 48 healthy volunteers were included in 
the analysis. Among the 80 BD patients, 40 were active (26 
mania and 14 depression episodes) and 40 were euthymic 
state. There were no statistically significant differences 
in terms of age, gender, smoking status, and body mass 

index between acute state group (ASG), euthymic state 
group (ESG) and control group (CG) (Table 1).

Tablo 1. Comparisons of age, gender, BMI and smoking status 
of acute episode, euthymic and control group

ASG 
(n=40) 
n (%)/ 

mean±SD

ESG 
(n=40) 
n (%)/ 

mean±SD

CG 
(n=48) 
n (%)/ 

mean±SD

p

Gender 0.404
Females 14 (35.0) 19 (47.5) 23 (47.9)
Males 26 (65.0) 21 (52.5) 25 (52.1)
Smoking 0.215
No 17(42.5) 24(60.0) 28(58.3)
Yes 23(57.5) 16(40.0) 20(41.7)
Age (years) 30.33±9.93 31.65±8.76 30.85±6.70 0.780
BMI (kg/m2) 25.98±6.88 26.90 ± 3.69 24.75±3.46 0.118

BMI: body mass index; ASG: acute state group; ESG: euthymic state 
group; CG: control group. Chi-squared (X²) and ANOVA tests were used.

Sociodemographic and clinical characteristics of the ASG 
and ESG patients are described in Table 2. There was 
statistically difference between ASG and ESG in YMRS 
(ASG: 23.28±17.71, ESG: 0.28±0.64, p<0.001), HAMD 
(ASG: 8.23±11.72, ESG: 0.65±1.00, p<0.001) and CGI 
(ASG: 5.58±1.03, ESG: 1.13±0.33, p<0.001) scores.
When the TAS (BDP: 2.36±0,22, control group (CG): 
2.02±0.20, p<0.001), TOS (BDP: 14.03±4.77, CG: 5.39±1.37, 
p<0.001), OSİ (BDP: 5.98±2.111, CG: 2.68±0.76, p<0.001) 
and 8-OHdG (BDP: 11.81±5.03, CG: 7.55±3.13 p<0.001) 
levels were compared between BD patients (including 
ASG and ESG) (BDP) and the CG, significant higher was 
found in all of the parameter levels among BDP (Table 3).
We compared the differences of TAS, TOS, OSI and 8-OHdG 
across groups. One-way ANOVA analysis showed significant 
differences among groups. Post hoc tests to test pairwise 
comparisons revealed that TAS, TOS, OSI and 8-OHdG levels 
in ASG and ESG were significantly higher than CG group 
(p<0.001). There was no significant difference for TAS, TOS, 
OSI and 8-OHdG levels between ASG and ESG (respective p 
values= 0.062, 0.233, 0.616 and 0.463) (Table 4).

Age-gender-smoking, and BMI adjusted TAS, TOS, OSI, 
8-OHdG levels of ANCOVA results are shown in Table 5.
A significantly positive correlation was detected between 
the TAS level and CGI (p=0.031, r=0.241), HAMD (p=0.040, 
r=0.231) in BDP. In addition, TOS level significantly higher 
in female than men in BDP (p=0.016). No significant 
correlations were found among TAS, TOS, OSİ, 8-OHdG 
levels and age, disease duration, age at disease onset, 
education level, ages of onset for BD, disease duration, 
previous number of hospitalizations, previous number of 
manic episodes, previous number of depressive episodes, 
previous total number of episodes among BDP.
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Table 2. Sociodemographic and clinical characteristics of acute episode and euthymic group patients

ASG 
 (n=40) 
n (%)/ 

mean±SD

ESG 
(n=40) 
n (%)/ 

mean±SD

 
p

Marital Status 0.823
Married 18 (45) 19 (47.5)
Single 22 (55) 21 (52.5)
Working status 0.704
Working 17(42.5) 19(47.5)
Not working 16(40.0) 13(32.5)
Student 7(17.5) 8(20)
History of Hospitalization 0.284
No 7(17.5) 11(27.5)
Yes 33(82.5) 29(72.5)
Previous suicide attempt 0.820
No 23(57.5) 24(60.0)
Yes 17(42.5) 16(40.0)
Family history of psychiatric 
disorders 1.000

No 28(70.0) 28(70.0)
Yes 12(30.0) 12(30.0)
Medication 0.109
MS 3(7.5) 3(7.5)
AP 21(52.5) 12(30.0)
MS+AP 16(40.0) 25(62.5)
Education Level (years) 9.45±3.90 9.63±4.14 0.846
Ages of onset for BD (years) 21.80±6.28 23.4±8.3 0.314
Disease duration (years) 7.38±8.75 7.85±5.29 0.770
Previous number of 
hospitalizations 1.73±1.60 2.08±2.03 0.395

Previous number of manic 
episodes 4.50±4.64 4.45±3.96 0.959

Previous number of depressive 
episodes 4.25±6.55 3.35±4.36 0.472

Previous total number of episodes 8.75±10.22 7.80±7.37 0.635
CGI 5.58±1.03 1.13±0.33 <0.001*
YMRS 23.28±17.71 0.28±0.64 <0.001*
HAMD 8.23±11.72 0.65±1.00 <0.001*

Chi-squared (X²), Student’s t-test and Mann–Whitney U Test were used. ASG: acute state group; ESG: euthymic state group; CG: control group; 
MS: mood-stabilizers as mono – therapy (lithium or valproate); AP: antipsychotic mono – therapy; MS+AP: mood – stabilizer in combination with 
a second generation-antipsychotic; BD: bipolar disorder; HAMD: Hamilton Depression Rating Scale; YMRS: Young Mania Rating Scale; CGI: Clinical 
Global Impressions. *p<0.001.

Table 3. Comparisons of TAS, TOS, OSI and 8-OHdG levels in BD patients and control group

BD patients 
(n=80) 

mean±SD

Control group 
(n=48) 

mean±SD

 
p

TAS (mmol Trolox Eqv/L) 2.36±0,22 2.02±0.20 <0.001*
TOS (μ mol H2O2 Eqv/L) 14.03±4.77 5.39±1.37 <0.001*
OSI (au) 5.98±2.111 2.68±0.76 <0.001*
8-OHdG (ng/mL) 11.81±5.03 7.55±3.13 <0.001*

Student’s t-test and Mann–Whitney U Test were used. BD: bipolar disorder; TAS: total antioxidant status; TOS: total oxidant status; OSI: oxidative stress 
index; 8-OHdG: 8-hydroxy-2’-deoxyguanosine. *p<0.001.
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Table 4. TAS, TOS, OSI and 8-OHdG levels and ANOVA results

ASG 
 (n=40) 

mean±SD

ESG 
(n=40) 

mean±SD

CG 
(n=48) 

mean±SD

ANOVA ASG vs. ESG ASG vs. CG ESG vs. CG

TAS

(mmol Trolox Eqv/L)

(Min-Max)

2.41±0,22

(1.83-2.79)

2.31±0,22

(1.83-2.76)

2.02±0.20

(1.55-2.43)

F=39.35

p<0.001*

p=0.062 p<0.001* p<0.001*

TOS

(μ mol H2O2 Eqv/L)

(Min-Max)

14.74±5.88

(7.45-29.65)

13.33±3.26

(7.25-19.83)

5.39±1.37

(2.26-7.78)

F=77.02

p<0.001*

p=0.233 p<0.001* p<0.001*

OSI (au)

(Min-Max)

6.16±2.62

(3.18-13.92)

5.80±1.45

(3.30-9.72)

2.68±0.76

(1.27-4.37)

F=54.34

p<0.001*

p=0.616 p<0.001* p<0.001*

8-OHdG (ng/mL)

(Min-Max)

12.39±6.52

(6.00-39.2)

11.22±2.83

(6.09-18.3)

7.55±3.13

(3.37-13.8)

F=14.66

p<0.001*

p=0.463 p<0.001* p<0.001*

ASG: acute state group; ESG: euthymic state group; CG: control group; TAS: total antioxidant status; TOS: total oxidant status; OSI: oxidative stress 
index; 8-OHdG: 8-hydroxy-2’-deoxyguanosine. *p<0.001.

Table 5. Age-gender-smoking, and BMI adjusted TAS, TOS, OSI, 8-OHdG levels of and ANCOVA results

ASG

(n=40)

mean±SD

ESG

(n=40)

mean±SD

CG

(n=48)

mean±SD

ANCOVA ASG vs. ESG ASG vs. CG ESG vs. CG

TAS

(mmol Trolox Eqv/L)

2.42±1.18 2.31±1.16 2.02± 1.23 F=39.284

P<0.001

P=0.78 p<0.001* p<0.001*

TOS

(μ mol H2O2 Eqv/L)

14.79±4.83  
13.05±4.82

 
5.57±5.06

F=77.044

P<0.001

P=0.116 p<0.001* p<0.001*

OSI (au)  
6.18±3.26

 
5.67±3.25

 
2.77±3.4

F=52.730

P<0.001

P=0.553 p<0.001* p<0.001*

8-OHdG (ng/mL) 12.46±5.35  
11.19±5.34

 
7.53±5.6

F=13.941

P<0.001

P=0.64
P=0.001 p<0.001*

ASG: acute state group; ESG: euthymic state group; CG: control group; TAS: total antioxidant status; TOS: total oxidant status; OSI: oxidative stress 
index; 8-OHdG: 8-hydroxy-2’-deoxyguanosine. *p<0.001.

DISCUSSION

Main results of this study; TAS, TOS, OSI and 8-OHdG 
levels were significantly higher in BD patients than 
controls. It was determined that TAS level was associated 
with severity of disease and depression in BD patients, 
and TOS levels were higher in female patients than men. 
While TAS, TOS, OSI and 8-OHdG levels were significantly 
higher in the active and euthymic state groups than 
control group, there was no significant difference 
between active and euthymic patients.
There are many studies in the literature that oxidative 
stress contributes to the pathophysiology of BD (12-
14). It has been reported that in post-mortem studies, 
there is an increase in oxidative damage and oxidative 
stress markers in BD patients (23) and this increase 

in oxidative stress markers are causing more serious 
cognitive impairment (24) and is associated with more 
incidence of comorbidity, especially metabolic disorders 
(25). In our study, it was understood that TAS, TOS 
and OSI levels were found to be higher in BD patients 
compared to the control group (26-30). Although there 
are studies reporting that TAS levels decrease or do not 
change in BD, there is more evidence that it increases 
(28, 31). The increase in TAS level could possibly be 
interpreted as a reaction of metabolism to suppress 
oxidant increase. This may explain that TAS and TOS 
levels in our study were higher in BD patients than in 
controls. According to OSI, we can evaluate both aspects 
of oxidative metabolism as antioxidant-oxidant and see 
the ability of antioxidants to suppress oxidants. Based 
on the controls, increased OSI values indicate that the 
system deteriorated in the direction of oxidants despite 
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the increase in stabilizing antioxidants. Corresponding 
TAS increase cannot ensure balance of metabolism. 
Clearly there is an oxidative stress in BD and internal 
regulatory mechanisms are inadequate in regulating 
oxidative stress. Indeed, in a similar biochemical pattern 
study in major depression, antioxidants and oxidants 
were found to be decreased, while OSI was shown 
to increase in patients (32). In two previous studies, 
oxidative stress has increased in BD (11, 32). Unlike the 
parameters we use in our study, many studies have been 
conducted to define the relationship between BD and 
oxidative metabolism. Inconsistent results are observed 
in studies performed in BD with superoxide dismutase 
(SOD) (12, 14), glutathione peroxidase (GSH-Px) (33, 34) 
and catalase (CAT) (12, 14, 34) involved in antioxidant 
metabolism. In many studies, malondialdehyde (MDA), 
which is a marker of lipid peroxidation, was found to 
be higher in BD patients compared to controls (14). It 
has been reported that thiobarbituric acid reactive 
substances (TBARS) (35) and oxidant nitric oxide (NO) 
(36), which are lipid peroxidation products, are high 
in BD patients, and the arginine-NO pathway may be 
associated with the pathogenesis of bipolar disorder 
(32). In a recent review about BD biomarkers, lipid 
peroxidation, DNA / RNA damage, nitric oxide parameters 
have been put forward (37). In our study, while TAS, TOS 
and OSI levels were significantly higher in the active 
and euthymic state groups, there was no significant 
difference between active and euthymic patients. It has 
been reported that TAS, TOS and OSI levels are higher 
in BD patients compared to healthy controls since the 
first mania episode (29). In another study with manic BD 
patients, this result was supported (30). In another study 
investigating the TAS, TOS and OSI levels of euthymic BD 
patients according to the subtypes of the disorder (BD 
I, BD II and previous antidepressant-induced mania), it 
was reported that TAS, TOS and OSI levels were higher 
than the healthy control group (26). In another study 
conducted with a low sample number, it was reported 
that serum TAS, TOS and OSI levels had no differences 
between euthymic, manic and healthy controls, and 
were higher than healthy controls in all BD patients 
[38]. Regardless of psychotropic therapy, increased 
TBARS in mania and depression has been reported in BD 
(12, 35). In studies conducted with a small number of 
samples with euthymic bipolar patients, they identified 
higher TBARS levels (35), while no difference was found 
compared to others (39). Parameters such as the course 
of the disease with different clinical features such as 
manic, hypomanic, depressive, mixed or euthymic, 

treatment types differ according to these state, number 
of samples and methodological differences may be the 
reason for the variability of the results in BD patients. 
In the light of the findings of our study, we can say that 
oxidative metabolism can be disrupted in both active 
state and euthymic state of BD.
DNA damage in BD has been shown in postmortem 
brain tissue (40) and peripheral blood (35). In our study, 
8-OHdG levels in BD were significantly higher than the 
control group. While 8-OHdG levels were significantly 
higher in BD in both acute and euthymic patients 
than in the control group, there was no significant 
difference between patients in acute and euthymic 
state. An increase in 8-OHdG levels in blood and urine 
samples was observed in BD patients (7, 41). There are 
a limited number of studies specifically investigating 
nucleoside oxidation. Che et al. (23) showed 8-OHdG 
levels by immuno-histochemical methods in the 
postmortem hippocampus samples of patients with 
bipolar disorder, schizophrenia and major depression, 
and reported that oxidative damage of nucleic acids 
increased in the hippocampus in all 3 diseases. DNA 
damage was measured in different studies by single 
cell gel electrophoresis technique called Commet 
assay (CA) method, and increased DNA damage was 
observed in bipolar disorder patient groups (35, 42). 
In a DNA oxidation study conducted on BD patients, it 
was reported that 8-OHdG levels in peripheral blood 
were higher than the control group (41). It has been 
suggested that these studies cannot provide sufficient 
and reliable information in a methodological manner 
(43). In a recent review, it has been reported that 
euthymic, manic and depressive episodes of BD and 
disease progression may be related to oxidative stress, 
DNA / RNA damage, and mitochondrial dysfunction. In 
the same review, the authors stated that more focused 
on 8-OHdG to demonstrate DNA damage in BD, yet there 
is insufficient and consistent evidence, and large-scale 
studies involving DNA damage and repair mechanisms 
and how they respond to treatment are needed in BD 
(44). When our current literature and study findings 
are evaluated together, we can say that oxidative 
stress causes DNA damage in BD, however, even if the 
symptoms of the disease subsides, DNA damage does 
not return, and DNA damage continues in the euthymic 
state of the disease and the literature needs more study 
in this regard.
In BD patients; It was determined that TAS level was 
associated with disease severity and depression 
severity, and TOS levels were higher in female patients 
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than in men. The results of a double-blind randomized 
placebo-controlled study showed that an antioxidant 
supplement, N-acetyl cysteine (NAC), can reduce 
depressive symptoms in BD (45). In our study, the 
relationship between the severity of depression and 
TAS level can be evaluated as that more antioxidant 
supplements may be needed in depressive patients. 
Although there have been previous studies reporting 
that antioxidant metabolism is associated with disease 
severity in BD (46), there is limited information in 
this field. In previous studies, as far as we know, the 
relationship between general disease severity and TAS 
has not been studied, and this finding suggests that it 
may be emphasizing the support needed by the body 
against disease severity in BD. These findings of our 
study emphasize the importance of antioxidant therapy 
in BD patients. Although the literature does not focus 
on examining the differences between genders in 
particular, it has been reported that in most studies, 
there is no difference between the genders in terms of 
oxidative stress in BD (28). To the best of our knowledge, 
there are no studies reporting gender difference in the 
BD, except for a study (47) that reported that male 
patients in BD had significantly higher TBARS levels 
than women, and that this may be due to a mechanism 
that exhibits estrogen and progesterone or other 
antioxidant properties in female patients. The fact 
that the level of TOS was higher in women compared 
to men and that TAS and OSI did not differ in our 
study also supports that there are different oxidative 
mechanisms in women than in men. Of course, this will 
be an interesting subject to be emphasized and studied 
in BD patients.
Our study has some limitations. All of our patients 
continued to use their medications, including 
antipsychotics and mood-stabilizers, over the duration 
of the study due to ethical issues known to affect their 
oxidative status. As in previous studies, it was not 
possible to fully control environmental factors such as 
diet intake and exercise, which are known to affect our 
results. Another important limitation is merging manic 
and depressive episodes as acute state. Furthermore, 
longitudinal studies are needed to evaluate these 
different episodes. Finally, our sample size was not large 
enough and it was a cross-sectional study.
In conclusions, the results of our study show that TAS, 
TOS, OSI and 8-OHdG were higher in BD patients in 
both acute and euthymic state compared to the healthy 
control group, TAS level increased with disease severity 
and depression severity, and TOS levels were higher 

in female patients than in men. In BD patients; It is 
observed that oxidative metabolism is shifting in favor of 
oxidant, increased TAS cannot compensate for this, and 
this process continues in both acute and euthymic state 
with an increase in DNA damage. It can be said that in 
BD patients, the need for antioxidants may increase with 
the severity and severity of depression, and the body 
tries to do this relatively. In BD, different gender-based 
antioxidant mechanisms are an issue that needs to be 
emphasized and need further study.
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