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ABSTRACT 
 

Aim: Many researchers have studied the oxidative mechanism and found that its disruption may 
play a role in the etiopathogenesis of certain psychiatric diseases such as major depression, 
bipolar disorder, attention deficit and hyperactivity disorders and schizophrenia, all of which have 
high suicide incidences. We aimed to investigate post-mortem suicide cases to test the hypothesis 
that the oxidative mechanism is disturbed by suicidal behaviours.  
Methods: We performed this study on post-mortem blood samples of 35 suicide cases and 25 
control patients with different mortis causa. The total antioxidant status (TAS) and total oxidant 
status (TOS) of the plasma were measured using a novel automated colorimetric measurement 
method. 
Results: TAS levels were significantly higher in the suicide group compared to the control group. 
There was no significant difference in the TOS level between the two groups. 
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Conclusion: TAS is increased in the systemic circulation of people who commit suicide. We 
believe that TAS and TOS may be used as a diagnostic parameter in the future after further study. 
Additionally, antioxidant prophylaxis may be used in psychiatric disorders to prevent suicide. 
 

 
Keywords: Oxidative stress; total antioxidant status; total oxidant status; suicide; postmortem. 
 
1. INTRODUCTION 
 
Suicide is defined as a person intentionally 
ending his or her own life. Suicidal behavior is a 
general expression reflecting suicide and suicide 
attempts. The neurobiology of suicide is complex 
and many genetic and environmental factors to 
suicide have been proposed [1]. The role of 
heritable factors in suicidal behavior is well 
established, as demonstrated by postmortem 
brain autopsies and family studies [2]. It is 
claimed that genes may influence the risk for 
suicide through their impact on response to 
stress and risk of psychiatric disorder related to 
suicide [3]. 
 
To understand suicidal behavior, neuro-
transmitters, hormones, neurochemicals and 
different mechanisms in organisms have been 
investigated to date [4].  Neurotransmitters and 
their receptors had been studied to understand 
the biology of suicidal behavior because of their 
roles in psychiatric impairments; levels of CSF-
5HIAA were low in the suicide cases in those 
studies [5]. It has been reported that dysfunction 
of three neurobiological systems (serotonergic, 
dopaminergic and adrenergic) are important to 
the etiopathogenesis of psychiatric diseases, and 
the hypothalamic-pituitary-adrenal (HPA) axis 
has a role in suicidal behavior [6].  
 
In neurobiological studies of suicide, how the 
systems play roles in the etiopathogenesis of 
psychiatric diseases, as mentioned above, has 
been investigated. The oxidative mechanism has 
been explored in many studies in recent years; it 
has been reported that in many psychiatric 
diseases, such as major depressive, bipolar, 
schizophrenia and attention deficit and 
hyperactivity disorders, oxidative mechanism 
plays a pivotal role in their etiopathogenesis            
[7-10]. Free radical formation is normal for an 
organism and may cause a breakdown of 
enzymes, neurotransmitters and receptor 
proteins [11]. They may also cause a breakdown 
of membrane integrity by decreasing the cell 
membrane permeability and fluidity [12,13]. It has 
been emphasized that overbalance of the 
oxidative mechanism may cause formation or 
exacerbation of psychiatric disorders by 

disturbing function of cell membranes, 
neurotransmitters and receptor proteins. Review 
of the literature did not produce any research 
studies on oxidative stress in suicide cases. 
 
Increased risk of suicide has been reported with 
certain psychiatric diseases such as 
schizophrenia, bipolar and major depressive 
disorders. From these data, we aimed to 
investigate the oxidative mechanism in suicide 
attempts that resulted in death in order to test the 
hypothesis that the oxidative mechanism is 
disturbed by suicidal behaviors.  
 
2. MATERIALS AND METHODS 
 
Permission of the local ethics committee was 
obtained for the study. Included in the study were 
a group of cases by the manner of death ruled as 
suicide and a control group with other causes of 
death, all of which had autopsies performed prior 
to the study.  
  
2.1 Blood Sampling 
 
Venous blood samples were collected from the 
post-mortem samples into heparinized tubes. 
The blood samples were centrifuged at 3.000 
rpm for 10 min at 4°C to remove plasma. The 
buffy coat on the erythrocyte sediment was 
separated carefully. Plasma samples were stored 
at –80°C until analysis. 
 
2.2 Measurement of Variables 
 
2.2.1 Measurement of total antioxidant status 

(TAS) 
 
The total antioxidant capacity of the plasma was 
measured using a novel full-automatic 
colorimetric measurement method developed by 
Erel [14]. In this method Fe2+-o-dianisidine 
complex gives a Fenton type reaction with the 
hydrogen peroxide to form the OH radical. This 
potent biological radical reacts with the substrate 
o-dianisidine at the reducting low pH to produce 
the dianisyl radical colorless o-dianisidine 
molecule at the reducting low pH, which is 
yellow-brown in color. With addition of a plasma 
sample, the antioxidants in the sample suppress 
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these oxidation reactions and inhibit color 
formation. This reaction is measured 
spectrophotometrically. The assay results are 
expressed as mmol Trolox Eqv./L. 
 
2.2.2 Measurement of total oxidant status 

(TOS) 
 
The total oxidative status of the plasma was 
measured using a full-automatic colorimetric 
method [15]. The oxidants in the sample oxidize 
the ferrous ion-o-dianisidine complex to ferric ion. 
The oxidation reaction is enhanced by glycerol 
molecules which is present in  the the reaction 
medium. Ferric ions form a colored compound 
with xylenol orange in the acidic media. The color 
intensity is associated with the amount of 
oxidants in the sample and is measured 
spectrophotometrically. The results are 
expressed in terms of micromolar hydrogen 
peroxide equivalent per liter (µmol H2O2 Eqv./L). 
 
2.3 Statistical Analysis 
 
The data were evaluated by SPSS 15.0 
packaged software. The Kolmogorov-Smirnov 
test was used to evaluate the continuous 
variables in terms of normal distribution. We also 
used the chi-square test to evaluate nominal 
variables and the Mann-Whitney U test to look 
for continuous variables in groups, with P<0.05 
considered statistically significant.  
 
3. RESULTS 
 
We performed this study on post-mortem blood 
samples of 35 suicide cases and 25 control 
patients with different mortis causas. TAS levels 
were found significantly higher in the suicide 
group compared to controls (Table 1). There was 
no significant difference in TOS level between 
the groups. Age, gender, TAS and TOS levels of 
groups are shown in Table 2. 
 

Table 1. Test statisticsa 

 
 TAS TOS 
Mann-Whitney U 1224,000 701,000 
Wilcoxon W 3054,000 2531,000 
Z -2,519 -5,409 
Asymp. sig. (2-tailed) ,012 ,000 

a. Grouping variable: Groups 
 

4. DISCUSSION 
 
The Glutathion levels of post-mortem bipolar 
disorder (BD), major depressive disorder (MDD), 
and schizophrenia (SCH) patients’ prefrontal 
cortex tissues were found to be lower. It was 
reported that these patient groups were more 
sensitive to oxidative stress. This study shows 
that oxidative stress, known to occur in 
psychiatric patients, can be present post-mortem 
[16]. There was no significant difference between 
suicidal patients and the control group in terms of 
TAS and TOS in our study. We could not 
compare our results to other studies of post-
mortem TAS levels, TOS levels or oxidative 
stress because ours was the first. 
 
However, we did find significantly higher levels of 
nitric oxide metabolites (NOX) and lipid 
hydroperoxides and lower total radical-trapping 
anti-oxidant parameter (TRAP) in depressive 
patients who had attempted suicide versus those 
who had not.  Vargas et al. found increased 
oxidant levels and decreased antioxidant levels 
in individuals with history of suicide attempt and 
they concluded that increased oxidant levels as 
well as lowered antioxidant levels could play a 
role in the pathophysiology of suicidal behavior 
independently from the effects of depression [1]. 
In a study of plasma, NOX was higher in 
depressive patients who had attempted suicide 
versus depressive patients who had not (control 
group) [17]. In that study, it was found that high 
levels of plasma NOX correlated with the lethality 
of the suicide attempts. 
 

Table 2. Age, gender, TAS and TOS levels of groups 
 

 Suicide (n:35) Control  (n:25) p 
Age (mean±sd) 31.63±15.93 40.04±19.38 >0.05 
Gender   >0.05 
Male (%) 40 (71.4%) 19 (76.0%)  
Female (%) 16 (28.6%) 6 (24.0%)  
TAS (mmol Trolox Eqv./L) 
(median, min-max) 

1.99, 0.5-4.08 1.40, 0.07-3.45  0.027 

TOS (µmol H2O2 Eqv./L) 
(median, min-max) 

24.32, 0.12-5623.0 17.46, 0.93-158.02 >0.05 

TAS: Total antioxidant status, TOS: Total oxidant status, sd: Standard deviation 
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Table 3. Possible reasons of suicide cases 
 

Histories of suicide cases n % 
Depression 4 11.4 
Schizophrenia 1 2.9 
Prostate cancer 1 2.9 
Unknown psychiatric disorder (using unknown psychiatric medications) 3 8.6 
Homicide 3 8.6 
Economic problems 7 20 
No information 7 20 
No medical or pscyhiatric condition 9 25.7 
Total 35 100 

Many parameters of oxidative metabolism have 
been studied in major psychiatric diseases, such 
as MDD, SCH and BD, which increase suicide 
risk. In a review, oxidative metabolism was 
indicated in major depression with a low level of 
antioxidants. In contrast, other studies indicated 
an increase in antioxidants [9]. Although it has 
been reported that the antioxidant level was low 
in the studies that investigated oxidative 
metabolism in patients with schizophrenia, it has 
been shown that the antioxidant level did not 
change or increased [18-23]. There are also 
studies that have confirmed that TAS and other 
antioxidant levels are increased in patients with 
bipolar disorder [24,25]. In psychiatric diseases 
that increase suicide risk, such as MDD, SCH 
and BD, the oxidative mechanism has 
deteriorated, and while it has generally been 
shown that oxidants are increased and 
antioxidants are decreased, there are opposite 
evidence, hence the results are contradictory.  
 
We hypothesized that we would find increased 
antioxidants and decreased oxidants in suicide 
cases, but we found that oxidant capacity does 
not change, and antioxidant capacity increased 
in suicide cases, so our findings didn’t affirm our 
hypothesis. This increased antioxidant capacity 
can be thought of as a compensatory 
mechanism, which may cause suicidal 
tendencies by damaging the brain like an 
autoimmune response. 
 
In a limited number of studies, as mentioned 
above, the interaction of suicide with oxidative 
stress was researched; increased levels of SOD, 
an antioxidant enzyme, and NO, an oxidant 
molecule, were seen in the suicide cases. 
Although our study revealed differences between 
suicide and control cases in terms of oxidative 
stress, more study is needed on this issue. 
 
There are several limitations of our study. Firstly, 
sample size is small. Second, our study can be 

questioned because it lacked data about some of 
the medical histories of participants, e.g., alcohol, 
smoking, comorbidity, usage of antioxidants and 
drug addiction as well as how soon autopsies 
were performed. In the present study, four cases 
had depression, one case was prostate cancer, 
seven cases had money problems. Three cases 
were having psychiatric treatment (diagnoses' 
were unknown), three cases had committed 
homicide and history of medical records of seven 
cases were unknown. Many of these cases could 
be in depression. As it is known that oxidative 
stress is elevated in major depression, our 
findings could be effected from this psychiatric 
disorder. So one must be cautious when 
interpreting these results. Neverthless, the 
association between suicide and psychiatric 
disorders is not linear [26], and in our study 
25.7% of the cases (n=9) had neither psychiatric 
symptoms nor psychiatric treatment history in 
their medical records. 
 
5. CONCLUSION 
 
In conclusion, these results show that there is a 
positive association between increased total 
antioxidant  levels and  suicidal behavior.  Many 
factors contribute to the development of suicidal 
behavior and not all of these factors are known. 
Therefore, our results can only depict 
associations and not causality. This is the first 
study to investigate and compare oxidative stress 
of suicide victims and those of different mortis 
causa. It can also lead the way for new studies 
about oxidative stress and suicide.  
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