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ABSTRACT

Bipolar disorder (BD) is a chronic psychiatric illness which molecular foundations have yet to be elucidated. Oxidative 
stress appears to be a promising field of study to understand the formation of this disease in molecular level. The objective 
was to investigate the oxidative status of BD and its association with age, gender and body mass index (BMI). A cross-
sectional study was conducted in a tertiary university hospital in Cheras, Malaysia on 55 patients with BD diagnosed using 
Mini Neuropsychiatric Interview (MINI). Peripheral markers of oxidative stress which include superoxide dismutase (SOD), 
glutathione peroxidise (GPx), catalase (CAT), malondialdehyde (MDA) and DNA damage were examined in subjects with BD 
(n=55) and compared to healthy controls (n=28). BD patients had significantly higher concentrations of MDA compared 
to healthy controls (p<0.001). Concentration of MDA was significantly higher in BD patients aged 40 and above compared 
to those aged 39 years and below (p<0.05). The concentration of MDA did not show significant difference between male 
and female BD patients, likewise between patients with BMI below and above 25. The percentage of normal DNA in healthy 
controls was significantly higher than that of BD patients (p<0.001), while percentage of mildly and severely damaged 
DNA in BD patients was significantly higher than that of healthy controls (mildly damaged: p<0.001; severely damaged: 
p<0.001). The severity of DNA damage in the BD patients was similar when compared between age, gender and BMI. SOD 
activity of BD patients was found to be comparable to that of healthy subjects as well as when compared between gender 
and age, but was significantly lower in subjects with BMI above 25 (p<0.05). CAT activity was significantly higher in BD 
patients compared to controls (p<0.001), while no significant difference was found when compared between gender, age 
and BMI. GPx activity did not show significant difference when compared between BD and healthy controls, gender, age 
and BMI. Multiple linear regression analysis showed that the percentage of normal DNA increases with age in BD patients 
(p<0.001), while the percentage of damaged DNA decreases with age (mildly damaged: p<0.002; severely damaged: 
p<0.001). Percentage of normal and damaged DNA are not significantly correlated with BMI, while all antioxidative 
enzymes (SOD, GPx, CAT) and MDA concentration did not show significant correlation with age and BMI. In conclusion, 
age and BMI are associated with the oxidative status of BD patients regardless of gender.
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ABSTRAK

Gangguan bikutub (BD) ialah sejenis penyakit psikiatrik kronik kerana asas kejadian molekulnya masih belum ditentukan. 
Tekanan oksidatif adalah bidang yang berpotensi dikaji dalam memahami kejadian penyakit ini pada peringkat molekul. 
Objektif kajian adalah untuk menentukan status oksidatif pada pesakit BD dan kaitannya dengan umur, jantina dan indeks 
jisim tubuh (BMI). Satu kajian keratan rentas telah dijalankan di sebuah hospital universiti pengajian tinggi di Cheras, 
Malaysia ke atas 55 pesakit BD yang didiagnos menggunakan Mini Neuropsychiatric Interview (MINI). Aktiviti enzim 
superoksida dismutase (SOD), glutation peroksida (GPx), katalase (CAT), kepekatan malondialdehid (MDA) dan kerosakan 
DNA dibandingkan antara subjek dengan BD (n=55) dan kawalan sihat (n=28). Pesakit BD mempunyai kepekatan MDA 
yang lebih tinggi secara signifikan berbanding kepada kawalan sihat (p<0.001). Kepekatan MDA adalah lebih tinggi 
bagi pesakit BD berumur 40 ke atas berbanding kepada yang berumur 39 dan ke bawah (p<0.05). Kepekatan MDA tidak 
menunjukan perbezaan yang signifikan apabila dibandingkan antara jantina, sama juga antara pesakit dengan BMI 
kurang atau lebih daripada 25. Peratus DNA normal pada kawalan sihat adalah lebih tinggi secara signifikan berbanding 
kepada pesakit BD (p<0.001), manakala peratus DNA rosak ringan dan rosak teruk pada pesakit BD adalah lebih tinggi 
secara signifikan berbanding kepada kawalan sihat (rosakan DNA ringan: p<0.001; kerosakan DNA teruk: p<0.001). 
Tahap kerosakan DNA dalam pesakit BD adalah lebih kurang sama apabila dibandingkan antara umur, jantina dan BMI. 
Aktiviti SOD pesakit BD adalah lebih kurang sama dengan subjek sihat dan apabila dibandingkan antara jantina dan umur, 
tetapi adalah lebih rendah secara signifikan pada subjek dengan BMI lebih daripada 25 (p<0.05). Aktiviti CAT adalah 
lebih tinggi secara signifikan dalam pesakit BD berbanding kumpulan kawalan (p<0.001), manakala tiada perbezaan 
signifikan antara jantina, umur dan BMI. Aktiviti GPx tidak menunjukkan perbezaan signifikan apabila dibandingkan 
antara pesakit BD dan subjek sihat, jantina, umur dan BMI. Analisis regresi linear berganda menunjukkan peratus DNA 
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normal meningkat dengan umur (p<0.001), manakala peratus DNA rosak menurun dengan umur (kerosakan DNA ringan: 
p<0.002; kerosakan DNA teruk: p<0.001). Peratus DNA normal dan rosak tidak menunjukkan korelasi signifikan dengan 
BMI, manakala semua enzim oksidatif (SOD, GPx, CAT) dan kepekatan MDA tidak menunjukkan korelasi signifikan dengan 
umur dan BMI. Secara kesimpulannya, umur dan BMI adalah berkaitan dengan status oksidatif pesakit BD tanpa mengira 
jantina.

Kata kunci: Gangguan bikutub; glutation peroksidase; katalase; malondialdehid; superoksida dismutase

INTRODUCTION

Bipolar disorder (BD) is a chronic psychiatric illness, 
involving mood swings that range from extreme high 
(mania) to extreme low (depression) that occur with 
distinctive beginnings and ends, but may arise together 
(Elhaik & Zandi 2015). Based on a large cross sectional 
study over 11 countries in the Americas, Europe and 
Asia, the overall lifetime prevalence of bipolar spectrum 
disorders was documented as 2.4% (Merikangas et al. 
2011). This disease represents a complex interplay of 
genes and environment (Uher 2014). It is found that 
life expectancy of individuals suffering from this illness 
is shortened by 10 to 15 years not just because of an 
increased suicide rate but also by the presence of medical 
comorbidities such as obesity, diabetes, cardiovascular 
disease, and other metabolic conditions (Laursen 2011; 
Merikangas et al. 2007; Swartz & Fagiolini 2012). 
	 Despite the discovery of this manic-depressive 
illness for nearly a century (Kraepelin 1921), the 
molecular foundations for this disease progression are still 
unclear. Several systemic alterations including increased 
inflammatory markers, oxidative stress, DNA damage 
and reduced neurotrophic factors has been proposed to 
contribute to the pathophysiology of bipolar disorder 
(Andreazza et al. 2008; Fernandes et al. 2011; O’brien 
et al. 2006). Among these, oxidative stress seems to be a 
promising lead in biological alterations in BD (Frey et al. 
2013; Grande et al. 2012). 
	 Oxidative stress occurs when the pro-oxidant levels 
in cells overwhelm the antioxidant capacity. This happens 
when there is an overproduction of free radicals or a 
reduction in antioxidant defence systems or when both 
circumstances occur at once. Free radicals play a role in 
physiological processes when kept in controlled conditions 
by antioxidant systems. However, an imbalance between the 
production of free radicals and insufficient decomposition 
by the endogenous antioxidant system can lead to oxidative 
stress which threatens the normal functionality of proteins, 
lipids, and nucleic acids (Sarangarajan et al. 2017). 
	 Superoxide dismutase (SOD), catalase (CAT) and 
glutathione peroxidase (GPx) are the main intracellular 
antioxidant enzymes which form an antioxidant defence 
system against radical mediated damage. SOD is the first 
detoxification enzyme against reactive oxygen produced 
in cells. SOD dismutates superoxide radical to hydrogen 
peroxide (H2O2), which is further converted to H2O by 
CAT and GPx. Deficiency of SOD enzyme may increase 
cell membrane peroxidation, neurodegeneration, weakened 
immune response and myocardial injury thus leading 

to vascular injury, neurological diseases, inflammatory 
conditions and cardiovascular diseases (Ighodaro & 
Akinloye 2017). CAT and GPx function to limit H2O2 
concentration in cells which is crucial for the regulation 
of signaling in cell proliferation, cell death, carbohydrate 
metabolism, mitochondrial function, and platelet activation 
and maintenance of normal thiol redox-balance (Dröge 
2002). Increased oxidative stress due to deficiency of 
CAT may contribute to the manifestation of diabetes while 
deficiency of GPx is suggested to accelerate diabetes-
associated atherosclerosis (Góth & Nagy 2013; Lewis et 
al. 2007). 
	 Due to the fact that the brain is only 2% of total body 
weight while metabolizing 20% of total body oxygen, it 
is particularly vulnerable to the production of reactive 
oxygen species (ROS) (Kim et al. 2015). Bipolar disorder 
is associated with decreased glutathione levels, resulting 
in increased oxidative stress (Brown et al. 2014; Rosa et 
al. 2014). N-Acetylcysteine (NAC) has been used as an 
adjunct therapy in bipolar disorder to increase glutathione 
levels and reduce oxidative stress in the brain (Choy et al. 
2010; Dean et al. 2009). Two previous clinical trials on 
NAC for bipolar disorder have shown significant effects 
on depressive symptoms (Berk et al. 2011, 2008).
	 Even though oxidative stress markers have been 
studied in BD, conflicting results are still being reported. 
Oxidative damage to DNA, RNA, proteins, and lipids in BD 
subjects are found in some studies (Andreazza et al. 2007; 
Brown et al. 2014; Che et al. 2010), while others report of 
altered levels of some antioxidant enzymes (Brown et al. 
2014; Kuloglu et al. 2002; Ozcan et al. 2004). Moreover, 
most if not all of these studies have been conducted on 
Caucasian subjects and no studies have been done on 
Asian populations at best of our knowledge (Andreazza 
et al. 2007; Che et al. 2010; Kuloglu et al. 2002; Ozcan et 
al. 2004; Savas et al. 2006).
	 Bipolar disorder usually appears in adolescence or 
early adulthood, but can emerge in childhood or onset later 
in adulthood. In Malaysia, the mean age of onset is between 
17 and 21 years (Malaysian Psychiatric Association 2007). 
Early and late onset bipolar disorder differ in clinical 
expression, where those with early onset have more manic 
relapses but slower relapse frequency than those with late 
onset (Haouala et al. 2016). Patients with early onset also 
demonstrated more psychotic characteristics than late onset 
bipolar disorder patients (Haouala et al. 2016; Mcglashan 
1988), and are associated with an elevated morbid risk 
among relatives. Because of the increasing attention of the 
role of oxidative stress in the pathophysiology of BD, it is 
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interesting to explore the oxidative stress between early 
and late onset of this illness. Further insights regarding 
oxidative stress in BD with relevance to age may potentially 
shed some light towards the formation of this disease. In 
addition, these findings may also prove to be useful for 
future clinical and genetic studies for this illness.
	 In terms of gender, existing literatures proposed that 
it plays an important role in the clinical presentation of 
bipolar disorder (BD) (Diflorio & Jones 2010). Studies have 
found that comorbid anxiety (Benedetti et al. 2007) and 
eating disorders (Diflorio & Jones 2010) are more common 
in women with BD, while men are more prone to comorbid 
alcohol or drug abuse (Kawa et al. 2005; Kessing 2004; 
Ringen et al. 2008). The predominance of depressive and 
anxious symptomatology in women with BD correlates 
with validated findings of increased prevalence of affective 
morbidity in women (Kessler et al. 1993). Some studies 
have shown that in recent years, several pathologies 
involving oxidative imbalances have been underestimated 
in women and that those diseases progress differently by 
gender (Malorni et al. 2007). Furthermore, the clinical 
features, phenomena and evolution of BD greatly differ 
between men and women, particularly the course of illness, 
quality of life and psychosocial functioning of patients 
(Miquel et al. 2011; Nivoli et al. 2011).
	 BD has also been found to be associated with increased 
morbidity and mortality due to general medical conditions 
such as metabolic syndrome, cardiovascular diseases and 
obesity (Kupfer 2005; Roshanaei-Moghaddam & Katon 
2009). Obesity rates are found to be higher than normal 
across an array of psychiatric disorders including anxiety 
disorder, major depressive disorder, schizophrenia as well 
as bipolar disorder (Lopresti & Drummond 2013). Although 
this phenomenon is acknowledged in mental health studies 
and treatment, an understanding of their bi-directional 
relationship is still lacking. With the similarities in their 
dysregulated pathways in both obesity and bipolar disorder, 
the relationship between these two phenomenon in terms 
of oxidative status could show novel insights, subsequently 
help to fine tune interventions in complementing treatment 
to enhance mental health outcomes in BD patients.
	 Age, gender and body mass index (BMI) effects on 
oxidative status of BD are still limited and the influence of 
these factors towards BD is not fully understood. In this 
present study, we aim to determine the oxidative status 
among BD patients compared to healthy controls. The 
BD subjects were subdivided based on age, gender and 
body mass index (BMI) to determine if these variables 
influence the oxidative status of those individuals, leading 
to differences in BD vulnerability.

MATERIALS AND METHODS

SUBJECTS RECRUITMENT

The protocol for this study was approved by the 
Ethical Committee of Universiti Kebangsaan Malaysia 
(UKM1.5.3.5/244/GUP-2014-048). Study participants that 

includes 55 patients with BD and 27 healthy controls, age 
ranging from 19 years old to 74 years old were recruited 
from both inpatient and outpatient settings in University 
Kebangsaan Malaysia Medical Centre (UKMMC) between 
December 2015 and November 2017. The diagnosis of 
BD was confirmed based on the M.I.N.I. Neuropsychiatric 
Interview (MINI 7.0) (Van Vliet & De Beurs 2007). All 
subjects had given written informed consent before 
participating in the study. Exclusion criteria were the 
presence of alcohol dependence, substance misuse 
disorder, smoker, and terminal medical illness. Additional 
exclusion criteria for controls were the presence of lifetime 
psychiatric diagnoses as well as first and second grade 
relationship to relatives with psychiatric disorders. 

ANTIOXIDANT ENZYMES

Blood samples of 10 mL were collected in heparinized 
tubes for the analysis of superoxide dismutase (SOD), 
glutathione reductase (GPx), and catalase (CAT) activities 
as well as comet assay and malondialdehyde (MDA) 
concentrations. Fresh whole blood was used for comet 
assay while the rest of the blood samples were centrifuged 
to separate the red blood cells from the plasma. The 
plasma layer was transferred into eppendorf tubes and the 
remaining RBC pellet were washed before being stored at 
-80°C freezer until time of analysis.
	 Measurement of SOD activity was performed according 
to Beyer and Fridovich (1987). Hemosylate prepared was 
added to 1 mL of substrate solution, and the mixture was 
reacted with 10 μL riboflavin (0.117 mM) in a brightly lit 
aluminium foil lined box for 7 min. A control tube in which 
phosphate buffer was used in place of the sample was run 
in parallel, and the absorbance was measured at 560 nm. 
One unit of SOD was defined as the amount of enzyme that 
would inhibit the rate of reduction of nitro blue tetrazolium 
by 50% at 25°C at pH7.8.
	 Measurement of GPx activity was determined based 
on the method published by Paglia and Valentine (1967). 
Hemolysates were first diluted with 0.8 mL distilled water 
and then mixed with 1 mL of cyanmethemoglobin reagent 
before adding to a substrate mixture. H2O2 (2.2 mM) was 
added into the reaction mixture and a change in absorbance 
for 5 min at 340 nm was recorded. For control, the same 
procedure was performed by replacing the hemolysate with 
distilled water. One unit of GPx was defined as the amount 
of enzyme that would oxidize 1 μmole NADPH to NADP+ 
per min at 25°C and pH8.0.
	 CAT activity was determined according to the method 
published by Aebi (1984). The reaction was initiated with 
the addition of H2O2 (30 mM) to the enzyme solution. The 
change in absorbance was read against a blank containing 
1 mL phosphate buffer instead of H2O2 and 2 mL enzyme 
solution. One unit of CAT was defined as the amount of 
enzyme that would decompose 1 μmole H2O2 per second 
at 25°C and pH7.0.
	 Haemoglobin content of all hemolysates used for 
SOD, GPx and CAT analyses were measured by using a 
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haemoglobin assay kit supplied by Eagle Diagnostic (USA) 
based on manufacturer’s guide. 

DNA DAMAGE 

DNA damage determination was carried out based on the 
comet assay protocol published by Singh et al. (1994). 
To prepare the slides, 5 μL fresh whole blood with 80 μL 
0.6% low-melting-point agarose (LMA) was sandwiched 
between a layer of 0.6% normal melting-point agarose 
(NMA) on a frosted slide. Then, the slides were immersed 
in lysis solution for 1 h at 4°C to release the DNA. Next, 
the DNA was denatured by placing the slides in an 
alkaline bath to enable the expression of alkali-labeled 
DNA damage for 20 min at 4°C. Electrophoresis was 
conducted for 20 min at 4°C using 25 V and 300 mA. 
After electrophoresis, the slides were neutralized using 
0.4 M Tris-base by a dropwise manner. Lastly, the DNA 
was stained with ethidium bromide (20 μg/mL) and 
before being analyzed using a fluorescence microscope. 
A total of 500 cells were analyzed for each subject, and 
the degree of DNA damage was categorized into normal, 
mildly damaged, and severely damaged DNA based on 
the microscopic observation of tail length of each cell 
shown in Figure 1.

MALONDIALDEHYDE (MDA) 

Plasma MDA concentration was determined using the 
method published by Pilz et al. (2000). MDA standard 
curve was first prepared according to the manufacturer’s 
guide. For alkaline hydrolysis of protein-bound MDA, 50 
µL of 6 M sodium hydroxide was added to 0.25 mL of 
plasma, and the sample was incubated for 1 h in a 60°C 
water bath. The hydrolyzed sample was acidified with 

0.125 mL of 35% perchloric acid. After centrifugation 
at 3000 rpm, 0.25 mL of supernatant was mixed with 
25 μL 2,4-dinitrophenylhydrazine (DNPH) solution and 
incubated for 10 min. A 30 μL volume of the reaction 
mixture was directly injected into the high performance 
liquid chromatography system (HPLC). Analytical HPLC 
separations were performed with a variable wavelength 
ultraviolet detector operated at 310 nm on a 3.9 ×150 mm 
C18 column.

STATISTICAL ANALYSIS

Statistical analysis was performed using SPSS 23.0 (IBM, 
Armonk, USA). The results are expressed as means ± 
SD, and p<0.05 was considered statistically significant. 
All parameters which are SOD, GPx, CAT activities, MDA 
concentration and percentage of DNA damage were tested 
for normality distribution. Non-parametric Mann-Whitney 
test was used for the analysis of SOD activity as the subjects 
were not normally distributed in BD and control groups. 
All other parameters were found to be normally distributed 
and analysed using parametric tests. Independent-samples 
t-test was used to determine the significance of differences 
in the measured parameters based on type of subject, while 
two-way ANOVA was used to determine the significance 
of differences in the measured parameter according to 
gender, age and BMI category between BD and healthy 
controls. Three-way ANOVA was used to analyse the 
results of comet assay where levels of normal, mildly and 
severely damaged DNA were compared between BD and 
healthy subjects grouped according to gender, age and 
BMI. Bivariate correlation was employed to determine the 
influence of age and BMI on MDA concentration as well as 
normal and damaged DNA. 

FIGURE 1. Comet assay images of DNA at different degrees of damage. Score 0 is normal DNA, scores 1 and 2 are 
mildly damaged DNA while scores 3 and 4 are severely damaged DNA
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RESULTS

The demographic data of the study participants with 
BD and healthy controls are shown in Table 1. Due to 
the limitation of research funding, subjects that were 
successfully recruited were not age- and sex-matched 
with cases. The average age for subjects with BD was 
generally older as compared to the controls while the 
number of females were more than males in BD. 

	 There were no significant differences in SOD activity 
when compared between male and female BD subjects 
(Figure 2). Either male nor female BD subjects had 
differences in the activity of SOD when compared to their 
respective controls. BD subject aged ≥40 had similar SOD 
activity to those aged ≤39. Comparisons within the similar 
age groups also showed no significant differences in the 
activity of SOD. However, SOD activity was significantly 
higher in BD patients with BMI ≤ 24.9 compared to ≥ 25. 

FIGURE 2. SOD activity in BD patients and normal controls. (A) SOD activity was comparable between BD patients and controls, (B) 
SOD activity were similar between males and females BD patients as well as between patients and controls of the same gender, (B) 

SOD activity did not show significant difference between BD patients aged ≤39 and ≥40 as well as between patients and controls 
of the same age group, (C) SOD activity was significantly higher in BD patients with BMI ≤ 24.9 compared to BMI ≥ 25 (p<0.05). 

Comparison between BD patients and controls within the same BMI group showed no significant differences

TABLE 1. Demographic data of participants

BD Control
M F M F

Subjects (n=83)
Age (years)
BMI (kgm-2)

19
46.1 ± 16.8
23.6 ± 3.5

36
40.3 ± 12.9
27.6 ± 5.5

13
35.8 ± 10.9
23.2 ± 3.4

15
30.7 ± 6.9
23.4 ± 5.1

BMI, body mass index



1088	

The activity of SOD was similar between BD and control 
when comparison was made within the same BMI groups.
	 As for CAT activity, significantly higher enzyme 
activity was found in BD patients compared to controls 
(Figure 3). Further grouping by gender showed that CAT 
activity was comparable between male and female BD 
patients. In addition, no significant differences were 
found in the activity of CAT when comparison was made 
between BD and control subjects within a single gender. 
The activity of this enzyme was also similar between 
BD patients aged ≤39 and ≥40. Patients within the same 
age groups had comparable CAT activity to the controls. 
Overweight BD patients with BMI ≥25 had similar level 
of CAT activity compared to BD patients with BMI ≤24.9. 
Patients within the same BMI groups also had comparable 
levels of CAT activity to the controls. 

	 BD patients had no significant differences in GPx 
activity compared with the controls (Figure 4). The activity 
of this enzyme also showed no significant differences when 
comparisons were made between BD patients and control 
grouped according to gender, age and BMI was found 
when compared between all groups. Similarly, no marked 
differences were found when BD patients were compared 
to the controls within the same gender, age group and BMI 
group. 
	 BD patients had significantly higher concentrations of 
MDA compared to healthy controls (p<0.001) (Figure 5). The 
concentration of MDA was significantly higher in BD patients 
aged ≥40 years compared to those aged ≤39 years (p<0.05). 
No significant differences were found when comparison was 
made between BD patients and controls grouped according 
to different age and BMI categories respectively. 

FIGURE 3. CAT activity in BD patients and normal controls. (A) CAT activity was significantly higher in BD patients compared to 
controls (p<0.001), (B) CAT activity did not show significant differences between male and female BD patients as well as between 

BD and controls within a similar gender, (C) CAT activity did not show significant difference between ages ≤39 and ≥40 years 
in BD patients. The enzyme activity was comparable between control and BD patients in either age groups. (D) CAT activity did 
not show significant difference between BMI ≤24.9 and ≥25 among BD patients and controls. The two groups of subjects had no 

significant differences in CAT activity when compared within the same BMI category



	 	 1089

	 Percentage of normal DNA was significantly lower 
in BD patients compared to controls (p<0.001), while 
percentage of mildly and severely damaged DNA were 
significantly higher in BD subjects compared to controls 
(mildly damaged: p<0.001; severely damaged: p<0.001) 
(Figure 6). Conversely, percentage of normal, mildly and 
severely damaged DNA were found to be comparable 
between BD and controls when they were grouped 
according to different genders, age and BMI categories, 
respectively. In addition, no significant differences were 
noted within BD patients or the healthy controls when they 
were grouped respectively as mentioned.
	 Statistical analysis was first performed to determine the 
correlation of MDA concentration to age and BMI, percentage 
of normal DNA to age and BMI as well as percentage of 
damaged DNA with age and BMI in BD patients. The results 
showed that there was no significant correlation between 
the concentration of MDA with age and BMI. Percentage of 
normal DNA was positively correlated with age (r=0.346) 
(Figure 7), while percentage of damaged DNA was 
negatively correlated with age (r=-0.346) (Figure 8).

DISCUSSION

The average age of BD subjects recruited in this study was 
older as compared to the healthy controls. Nevertheless, 
the BD subjects and healthy controls were all below 50 
years of age. Previous studies had grouped healthy older 
adults aged between 35-49 years old and compared 
their oxidative stress level to older adults aged above 
50 where a significant higher stress level was observed 
in the later (Chin et al. 2011, 2008). These studies also 
indicated that younger adults within 35-49 years old had 
lower oxidative stress level which were unaffected by 
antioxidant supplementation. Hence, it is assumed that the 
differences in age between BD and control groups should 
have insignificant effects on the level of oxidative stress 
markers measured in this study.
	 The human brain is a highly oxygenated organ 
that utilizes about one-fifth of the body’s total oxygen 
requirement making it highly susceptible to oxidative 
damage (Kuloglu et al. 2002). A number of studies 
have reported increased lipid peroxidation and altered 
antioxidant enzymes activities in individuals diagnosed 

FIGURE 4. GPx activity in BD patients and normal controls. (A) GPx activity did not show significant difference between 
BD patients and controls, (B) GPx activity did not show significant differences between genders as well as between BD 

patients and controls of a similar gender, (C) GPx activity did not show significant differences between BD patients aged 
≤39 and ≥40 years. The enzyme activity was similar between BD patients and controls in either age groups, (D) GPx 

activity did not show significant difference between BD patients with BMI
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FIGURE 5. MDA concentration in BD patients and normal controls. (A) MDA concentration was significantly higher in BD patients 
compared to controls (p<0.001). MDA was significantly higher in BD patients aged ≥40 years compared to those aged ≤39 years 
(p<0.05), (B) MDA concentration did not show significant differences when compared between genders in BD patients and well 
as in controls, (C) MDA concentration was significantly higher in BD patients aged ≥40 years compared to ≤39 yeras, (D) MDA 

concentration did not show significant difference between BD patients and control in different BMI categories

with BD (Kapczinski et al. 2011; Kuloglu et al. 2002; 
Ozcan et al. 2004; Ranjekar et al. 2003). A meta-analysis 
done by Brown et al. (2014) also reported increased 
lipid peroxidation and elevated DNA/RNA damage in BD 
compared to controls. 
	 Based on the results, SOD activity in BD was similar 
to that of healthy controls. This is in line with the findings 
of previous studies which reported of unchanged SOD 
activity in BD (Andreazza et al. 2008; Bengesser et al. 
2015). However, SOD activity have also been reported to 
be higher in BD compared to healthy individuals in another 
study (Kuloglu et al. 2002). This discrepancy surrounding 
SOD activities in BD may be due to the state dependent 
changes in oxidant levels (Savas et al. 2006; Selek et al. 
2008), where SOD activity have been reported to be higher 
in euthymic state compared to manic or depressed state. 
The unaltered activity of SOD seen in this study could be 
due to the lower severity of the disease as compared to 
previous studies. However, this hypothesis renders further 
investigation as the severity of BD was not assessed in our 
subjects and the number of patients enrolled were limited. 
GPx activity was also found to be similar to that of control, 
which agrees to the results of some previous findings 

(Andreazza et al. 2008; Kuloglu et al. 2002). Due to the 
nature of the synergistic and interdependent properties 
of the antioxidative enzyme system, the action of one 
antioxidant enzyme may be dependent on the proper 
function of other members in the antioxidant defense 
(Bengesser et al. 2015). In this case, it is postulated that 
CAT compensated the dysregulation in oxidative defenses 
leading to its increased activity in BD. This compensatory 
response has also been suggested to occur in the acute 
phase of bipolar episodes (Kunz et al. 2008). Similarly, 
CAT activity has been previously found to be elevated in BD 
patients during depressive episodes (De Sousa et al. 2014). 
Lipid peroxidation markers such as MDA are products of 
oxidation, which express the oxidative damage of structural 
lipids leading to cell death (Mahadik et al. 2001). Our 
study noted significantly higher MDA concentrations in BD 
compared to control, similar to findings reported previously 
(Brown et al. 2014; Kuloglu et al. 2002). As the volume of 
lipids make up for approximately 70% of the dry weight 
of myelin, which is the major component of white matter, 
this damage may be a factor that leads the progression of 
BD (Brown et al. 2014). Additionally, Versace et al. (2014) 
have found that 59% of fractional anisotropy and 51% of 



	 	 1091

FIGURE 6. Percentage of DNA damage in BD patients and controls (A) Percentage of normal DNA was significantly higher in 
controls compared to BD (p<0.001), percentage of mildly damaged DNA was significantly higher in BD compared to controls 

(p<0.001), percentage of severely damaged DNA was significantly higher in BD compared to controls (p<0.001), (B) Percentage 
of DNA damages did not show significant difference when compared between BD and controls within a single gender as well as 
between males and female BD patients or controls, (C) Percentage of DNA damages did not show significant difference between 

BD and controls within a single age category as well as between BD patients aged ≤39 years and ≥40 years, (D) Percentage of DNA 
damages did not show significant differences between BD and controls grouped according to BMI ≤24.9 and ≥25

FIGURE 7. Percentage of normal DNA has positive correlation with age, r = 0.346



1092	

radial diffusivity differences, could be explained by the 
variation in lipid hydroperoxide levels, indicating that 
peripheral lipid peroxidation levels were associated with 
white matter abnormalities. 
	 In this study, DNA damage was also found to be 
markedly higher in BD compared to control. This is parallel 
with the findings from previous studies using similar 
methods (Andreazza et al. 2007; Frey et al. 2007). The 
effect of DNA damage in BD may be in concordance to 
the elevated morbidity and mortality risk due to general 
medical conditions such as obesity (Gao et al. 2004) and 
cardiovascular disease (Demirbag et al. 2005), since these 
conditions are more prevalent in BD compared to the 
general population (Kupfer 2005; Lopresti & Drummond 
2013). Thus, further analysis was performed to determine 
whether increased BMI has significant influence on 
oxidative status in BD compared to control. 
	 BMI classification was used according to the 
recommendation by WHO. Because none of the subjects 
were underweight (<18.5), the subjects were grouped to 
normal weight (≤24.9) and overweight (≥25). Based on 
the results, only SOD levels showed significant difference 
when compared between subjects with BMI ≤24.9 and 
≥25. BD subjects with BMI ≥25 had lower SOD activity 
compared to those with BMI ≤24.9. This result shows that 
excess weight in BD is associated with lower SOD activity. 
This is in line with previous findings which reported that 
overweight leads to depletion in antioxidant enzyme 
activity (Olusi 2002; Ozata et al. 2002).
	 To the best of our knowledge, there is limited study 
which evaluates oxidative stress in BD patients according 
to age. One study which examined oxidative stress in older 
patients with BD found that patients had higher measures of 
lipid peroxidation than controls but the two groups showed 
comparable results in protein nitration (3-nitrotyrosine, 
3NT), protein carbonylation (protein carbonyl, PC) and sub-

products of lipid peroxidation (4-hydroxynonenal, 4HNE) 
(Andreazza et al. 2015). In this study, MDA concentration 
was significantly higher in subjects aged ≥40 compared 
to those aged ≤39. This is similar to the results published 
by Gil et al. (2002) where they concluded that old age is 
associated with an increase in systemic oxidative stress.
	 According to a previous finding, the prevalence of 
BD is higher in women compared to men (Wiener et al. 
2014). While no significant difference was found between 
genders in all the oxidative parameters examined in our 
study, conflicting results have been documented, where 
one reported that male subjects showed significantly 
higher peripheral markers of oxidative stress than women 
(Bengesser et al. 2015), while another reported that 
women are more susceptible to oxidative stress than men 
(Wiener et al. 2014). The inconclusive results may due to 
the difference in studied population, research design and 
analysis methods used.
	 Correlation study was also performed in this 
study to determine whether age and BMI affected MDA 
concentration and DNA damage in BD. Interestingly, the 
results showed that the percentage of normal DNA increases 
with age while percentage of damaged DNA decreases with 
age among BD subjects. Age at onset has been regarded 
as a proxy assessment of disease severity in psychiatric 
disorders, where an early age at onset exhibits more 
incompetence in cognition, social ability, brain ventricle 
sizes as well as clinical and behavioral presentation 
(Saetre et al. 2011). It has been noted that an increase in 
frequency of DNA damage in patients with BD compared 
to controls is correlated to the severity of depression and 
manic symptoms (Andreazza et al. 2007). Young people 
with early-stage BD was also found to have an increase 
in protein damage and this has been postulated to be an 
early indication of systemic toxicity (Magalhaes et al. 
2012). Thus, the combination of early onset as well as 

FIGURE 8. Percentage of damaged DNA has negative correlation with age, r = -0.346
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severe psychiatric symptoms of the younger group during 
sampling in this study may have contributed to higher 
percentage of DNA damage compared to the group aged 
40 and above. On the other hand, no significant correlation 
has been found on age and BMI with MDA concentration. 
However, this data is limited to the small sample size 
adopted in this study as well as unequal distribution of age 
and gender of subjects in BD and control groups. Further 
investigations involving larger sample size are necessary 
to illustrate the underlying mechanisms of oxidative stress 
pathways in the progression of BD, as well as moderating 
the influence of gender, age and anthropometric parameters 
in BD.

CONCLUSION

Our findings support the preliminary evidence of altered 
oxidative status in BD. Based on the results, age and BMI 
are found to be associated with the oxidative status of BD 
patients regardless of gender. 
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