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ABSTRACT  

Many studies show that oxidative stress is a pathophysiological 
mechanism of schizophrenia. Elevated oxidative stress levels and 
the damage to the antioxidant defense system can observed in early 
schizophrenia. High oxidation levels damage lipids, proteins, nucleic 
acids and other tissues. Antioxidant defense system imbalance has 
been observed in both neuroleptic-naïve first-episode schizophrenics 
and chronic schizophrenics being treated with medication and indicates 
the presence of oxidative stress in schizophrenia. 

Antipsychotic drugs also exert certain impacts on oxidative stress 
while improving the schizophrenia clinical symptoms. Antioxidants 
synergistically improve schizophrenia clinical symptoms. A combination 
regime of antipsychotic drugs and antioxidants is a potentially  effective 
treatment strategy for schizophrenia.  

Keywords: Schizophrenia; Oxidative stress; Antioxidant defense 
system; Antioxidants. 

Schizophrenia is a common, serious mental illness, usually associated 
with, among other things, disordered perceptions, thoughts, emotions, 
volition and behavior. Major symptoms include positive symptoms 
(e.g. delusions or hallucinations), negative symptoms (i.e. affective 
flattening, alogia, or avolition) and cognitive dysfunction. The 
precise etiology of the disease remain unclear and both genetic 
and environmental factors appear to be involved. Recently scholars 
and researchers have begun to study the effect of oxidative stress 
on schizophrenia pathophysiology and it is thought to be involved 
in schizophrenia generation and development. This study reviews, 
and summarizes, schizophrenia pathogenesis, and oxidative stress 
medication therapy. Oxidative stress explained first, followed by 
a discussion of its relationship to schizophrenia. It then discusses 
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oxidative stress from the perspective of the oxidative 
and anti-oxidative systems, and finally, it explores 
the synergistic effects of antipsychotic drugs and 
antioxidants.

1 OXIDATIVE STRESS
Oxidative stress results from the presence of an 
excess of highly reactive molecules of reactive 
oxygen species (ROS) and reactive nitrogen species 
(RNS). This presence results from harmful stimuli 
which generate oxides beyond the ability to remove 
them and leads to an imbalance between the 
oxidative and antioxidant systems. Tissue damage, 
mainly to lipids, proteins and DNA, results [1].  There 
are two kinds of antioxidant defense systems: 1) 
enzymatic anti-oxidants; and, 2) non-enzymatic anti-
oxidants. The first is the major antioxidant defense 
system in cells, primarily three key enzymes: 
superoxide dismutase (SOD); catalase (CAT); and, 
glutathione peroxidase (GSH-Px). The second is the 
major antioxidant defense system for extracellular 
fluid including, among other things, plasma, and 
cerebrospinal fluid. It primarily involves vitamins A, C, 
and E (tocopherol), glutathione, uric acid, albumin, 
and bilirubin [2].   

2 RELATIONSHIP BETWEEN 
OXIDATIVE STRESS AND 
SCHIZOPHRENIA
Though constituting only 2 % of body weight, the 
brain consumes about 20 % of its oxygen. It is rich 
in phospholipids and transitional metal ions (Fe2+, 
Cu+), but contains a relatively low level of antioxidant 
enzymes. Nerve tissues are extremely sensitive to 
ROS and RNS-caused oxidative damage. Neurons 
mitochondrial aerobic respiration, never cell 
structure component perioxidation, and microglia 
phagocytosis all produce large amounts of ROS and 
RNS causing oxidative damage to brain tissue [3]. 
The oxidative stress mechanism of schizophrenia is 
not fully understood, but increasingly more evidence 
supports a hypothesis that oxidative stress plays a 
role in schizophrenia pathophysiology. 

2.1 Elevated Indicator Level of Oxidative 
Stress in Schizophrenia 
C u r r e n t l y  m a n y  s t u d i e s  h a v e  f o u n d  t h e 
presence of elevated levels of oxidative stress 
in schizophrenics. Through the clinical studies 

of hospitalized schizophrenia selected from an 
average disease duration of 5 years treated with 
second antipsychotic drugs during therapy, Dietrich-
Muszalska, et al.  [4] found that carbonyl groups 
and 3-nitrotyrosine were significantly higher in the 
experimental group thans the normal control group. 
Herken, et al. [5] and Al-Chalabi, et al. [6]  found that 
erythrocyte thiobarbituratic acid reactive substances 
(TBARS) in chronic schizophrenics treated with 
stable daily doses of neuroleptics and serum 
malondiadehyde (MDA) in patients newly diagnosed 
with schizophrenia were significantly increased, 
respectively.  Yao, et al. [7] found, in an autopsy study, 
that NO levels in the caudate areas of schizophrenics 
in the experimental group were significantly higher 
than that in the normal control group. This indicates 
different degrees of oxidative stress in different 
brain areas in schizophrenics.  Radonjic, et al. [8] 

confirmed this finding in animal studies in which 
phencyclidine-fed perinatal Wister rats were used to 
produce schizophrenic animal models. It was found 
that lipid peroxidation levels in the hippocampus 
and thalamus areas were significantly increased. 
Schizophrenics are in a highly oxidated state and a 
variety of oxidative stress indicators are significantly 
elevated over that of healthy populations. Oxidation 
states differ from one brain area to another. 
Oxidation products undoubtedly damage tissue 
which may not the primary cause, but the damage 
may be a common pathogenesis for schizophrenia 
deterioration and poor prognoses.   

 

2.2 Changes of Antioxidant System in 
Schizophrenia 
Studies have concentrated on the enzymatic 
antioxidants in schizophrenia. Few have focused 
on non-enzymatic antioxidants. There have been 
studies on schizophrenia-based antioxidant enzymes 
but no consistent results have appeared. Some 
papers suggest that the level of the enzymatic 
antioxidants is higher, or lower, in schizophrenics 
than in normal controls while others have found no 
change. No consistent findings for the three key 
enzymes have been obtained either between, or 
within, studies. There are gender-based differences. 
Levels vary among schizophrenia subtypes. Studies 
that divide experimental patients into three subtypes: 
paranoid type; residual type; and disorganized type, 
Herken, et al. [9] did find that erythrocyte CAT level of 
the three subtypes was significantly higher than that 
of the normal control group. However erythrocyte 
SOD levels were not significantly different. In addition 
to the paranoid type, the erythrocyte GSH-Px level 
of other two subtypes was higher than the normal 
control group. Residuals had higher erythrocyte SOD 
levels than paranoids. Wu, et al. [10] discovered that 
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patient plasma SOD levels of both first-episode never 
took drugs and administered chronic schizophrenics 
in the experimental group were significantly higher 
than the normal control group. Plasma SOD levels of 
the first-episode schizophrenia negatively correlated 
with PANSS positive subscale scores. 

Most studies suggest that schizophrenia patient 
levels of plasma non-enzymatic antioxidants, such 
as uric acid, bilirubin, and albumin, were lower than 
that of  normal controls. Some researchers found 
that it did not change significantly [10]. Recently, 
the retrospective study of total plasma bilirubin in 
schizophrenics by Widschwendter, et al. [11] found that 
levels were significantly decreased in the second 
week and fourth week of treatment compared with 
the baseline, while the fourth week of treatment 
levels decreased more significantly. Meanwhile, total 
plasma bilirubin level changes significantly correlated 
with PANSS positive subscale score changes. 
Reddy, et al.  [12] found that levels of uric acid, 
bilirubin, and albumin in experimental group were 
significantly lower than the normal control group, 
and there were gender differences. The changes 
in these indicators in the experimental group was 
not significantly associated with smoking. This is 
consistent with most studies that have suggested 
that smoking did not significantly affect plasma non-
enzymatic antioxidants level in schizophrenics. 

There appears to be a significant heterogeneity 
in schizophrenic antioxidant defense systems 
, indicating that it may associate with the three 
schizophrenic subtypes, disease status, disease 
development stage, antipsychotic drugs use, gender, 
and other factors. Research results vary for different 
case samples.  Most current studies do not strictly 
control related factors, and more standardized 
randomized control led tr ials are required to 
clarify antioxidant defense system changes in 
schizophrenics.  The antioxidant defense system 
was associated with the PANSS positive subscale 
score or maybe the PANSS negative subscale score, 
too. Some researchers have concluded that it also 
relates to patient cognitive symptoms [13] and the 
extrapyramidal symptoms induced by antipsychotic 
drugs [14]. These studies of oxidative stress indicators 
and antioxidant defense systems have shown that 
antioxidant defense system defects reflect early 
pathophysiologic changes in schizophrenics, rather 
than factors such as the results of medication, 
chronic disease, or smoking.    

3 EFFECTS OF ANTIPSYCHOTIC 
DRUGS ON ANTIOXIDANT 
DEFENSE SYSTEMS OF 

SCHIZOPHRENIA
Studies of haloperidol-based medications are in a 
majority among typical antipsychotic medications 
with studies of atypical antipsychotic medications 
such as, risperidone, quetiapine, olanzapine, 
ziprasidone forming the balance. Al-Chalabi, et al. 
[6] showed that olanzapine could improve plasma 
total antioxidant status (TAS) and alleviate lipid 
peroxidation damage. Eftekhari, et al. [15] found, 
in animal experiments, that olanzapine induced 
oxidat ive stress and hepatocytotoxici ty and 
associated with the CYP450 enzyme. Olanzapine 
and clozapine were recently thought to be more 
effective than risperidone, quetiapine, ziprasidone 
and haloperidol in resisting oxidation [16]. For the 
effects of typical and atypical antipsychotic drugs on 
oxidative stress, typical neuroleptics may aggravate 
oxidative damage as the resulting extrapyramidal 
side effects are thought to be associated with typical 
antipsychotic drugs-based oxidative damage. On 
the contrast, atypical antipsychotic drugs may 
lessen oxidative damage. Whether this is a direct, or 
indirect, effect warrants further study. The different 
research results of antipsychotic drugs suggests that 
schizophrenic oxidative stress may be independent 
of antipsychotic medication therapies and reflect the 
pathophysiological progress of the disease. 

4 EFFECTS OF ANTIOXIDANTS ON 
SCHIZOPHRENIA
Some researchers have further analyzed the 
effects of oxidative stress on the schizophrenia by 
focusing on antioxidants. Studies have concentrated 
on medications such as N-acetylcysteine (NAC), 
ginkgo biloba extracts (EGb), ω-3 fatty acids, and 
vitamins C and E. Farokhnia, et al. [17] found that 
a combination of antipsychotic medications with 
NAC significantly improved schizophrenics negative 
symptoms  while no significant effects were found 
in improving either positive symptoms or general 
psychopathology symptoms (based on the changes 
of the PANSS total scores and its three subscale 
scores). Jingfeng Qi, et al. [18] found, in a psychiatric 
study, that ω-3 fatty acids increased antioxidant 
enzyme levels and alleviated oxidative stress in the 
brain, was synergistic with antipsychotic medications, 
improved PANSS total scores, and separately 
improved schizophrenic symptoms. Synergistically, 
antioxidants played a certain therapeutic role in 
schizophrenia treatment, suggesting that they 
may be considered a possible new schizophrenia 
treatment strategy. However, the pharmacological 
mechanisms and applicable conditions and other 
limitations should be further studied.  
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5 CONCLUSION 

The etiology of schizophrenia is remains unclear. 
It has begun to be considered a progressive 
neurodevelopmenta l  d isorder  as  there are 
progressive abnormal changes in brain structure 
and brain function. A variety of possible pathological 
mechanisms, such as neurobiological pathology 
hypothesis, have been proposed.  More and more 
evidence suggest that there is oxidative stress 
effect in the pathophysiology of schizophrenia, that 
there is an imbalance between oxidant system and 
antioxidant defense system that results in tissue 
damage, an increase in oxidation and damage to 
the antioxidant defense system. Multiple oxidative 
stress indicators levels were significantly higher in 
schizophrenics than in normal controls, and the level 
of both its enzymatic antioxidants and non-enzymatic 
antioxidants was significantly different to normal 
controls, some of enzymatic antioxidants levels are 
higher or lower, most of non-enzymatic antioxidants 
levels are lower than that of normal controls. 
Antioxidant defense system changes associated with 
clinical symptoms of schizophrenia and with disease 
development and prognosis. They also associated 
with disease severity, disease status, social 
demographics and other factors. Current studies 
do not provide definitive evidence of whether the 
disease state or antipsychotic medications are more 
closely related to oxidative stress. Future studies 
should strictly control the relevant factors to assure 
more meaningful and valuable  results.
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