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Oxidative stress has been suggested to contribute to the pathophysiology of schizophrenia. Increased oxidative 

stress is the result of either an increased production of free radicals or a depletion of the endogenous antioxidants. 

However, whether this imbalance of oxidant-antioxidant status in schizophrenia is integral to disease itself or the 

effect of antipsychotic drugs is not clearly understood. The present study was undertaken to evaluate the effect of 

olanzapine and risperidone on oxidative stress, and anti oxidant status. A total of 179 patients were enrolled, and 

93 of them completed the study. Malondialdehyde (MDA) and reduced glutathione (GSH) were measured for 

oxidative stress assessment. Plasma levels of ascorbic acid (vitamin C) and α-tocopherol (vitamin E) were 

measured for anti-oxidant status evaluation. All patients were studied at baseline, and after 3 months  treatment 

with olanzapine or risperidone. 30 apparently healthy people were taken as control. The schizophrenia group 

presented higher levels of oxidative stress than the control group, as revealed by elevated quantities of the pro -

oxidant MDA, and decreased levels of the antioxidants GSH, plasma α-tocopherol and ascorbic acid (P< 0.01). 

After 3 months in both olanzapine and risperidone treated groups MDA levels were reduced significantly (P < 

0.01). However, levels of erythrocyte GSH, plasma vitamin E, and vitamin C were increased significantly (P < 

0.01). Therefore, atypical antipsychotics like olanzapine and risperidone improved the antioxidant status which 

might play a role in the improvement of schizophrenia symptoms. 
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he incidence of psychotic illness is increasing 

in general population. Among those schizo-

phrenia is the most common which is a chronic, 

severe disabling psychiatric illness. The World 

Health Organization reported a worldwide 

prevalence of about 0.7% for schizophrenia in 2011 

with about 24 million people suffering from with the 

disease.  

Over  the past  years,  several  researches  have  

been conducted to identify the aetipathogenesis of 

schizophrenia. Different neuro-developmental, 

structural, and behavioral abnormalities are 

associated with schizophrenia. It has been suggested 

that such abnormalities might be originated from 

malfunctioning genes. Non genetic factors such as 

ethnicity, drug or alcohol abuse, life-style, 

medications, pre-natal and neonatal infections, 

maternal malnutrition, complication during birth, 
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and many other factors may play an important role 

in disease etiopathogenesis (1). Accumulating 

evidence suggests that these factors increase the 

possibility of oxidative stress and damage to the 

brain by inducing cellular metabolic stress (2). 

Oxidative stress has been proposed to be common to 

several psychiatric disorders (3). Oxidative stress is 

a condition where there is imbalance between 

generation of reactive oxygen species (ROS), and 

antioxidant defenses in favor of the former. Free 

radicals are highly reactive chemical species 

generated during normal metabolic processes (4). 

Neuronal membranes can be altered by free radicals 

through lipid peroxidation, leading to functional 

alterations and even cell death (5). However; 

oxyradicals have a very short life span and usually 

are inactivated or scavenged by antioxidants before 

they can induce damage to lipids, proteins or nucleic 

acids. The human body has complex antioxidant 

enzymes such as superoxide dismutase (SOD), 

glutathione peroxidase (GPx), and catalase (CAT). 

These enzymes block the initiation of reactive 

species chain reactions (6).  

The non-enzymatic antioxidants are compo-

unds like glutathione (GSH), vitamin E, vitamin C 

and β-carotene, which react with reactive species 

and thereby prevent the propagation of chain 

reactions (7). Cellular levels of antioxidants respond 

to levels of oxyradicals, which enables cells to 

defend against increased oxyradicals production (8). 

Cellular antioxidants act in combination (9). α-

tocopherol is a chain breaking antioxidant that act by 

neutralizing a free radical, and gets converted into α-

tocopheroxyl radical by ascorbic acid (10). If 

produced in excess or not removed effectively by 

antioxidants, oxyradicals result in cellular damage. 

Dehydroascorbic acid formed in this reaction can be 

reconverted back to ascorbic acid by reduced GSH 

(11).Therefore, it is important that sufficient 

amounts of α-tocopherol, reduced ascorbic acid, and 

reduced GSH be present within the cell so as to 

provide protection against oxidative injury. 

Free  radicals  and ROS play a number of sign- 

ificant and diverse roles in neurodegenerative 

diseases, including schizophrenia (12). The brain 

and nervous system are particularly prone to free 

radical damage (13). The brain has a high rate of 

oxidative metabolic activity, high oxygen 

consumption, and low levels of protective 

antioxidant enzymes. The high proportion of readily 

oxidizable membrane polyunsaturated fatty acids 

(PUFAs) makes it more exposed to oxidative stress 

(8). There are strong evidence that oxygen free 

radicals may play an important role in the 

pathophysiology of schizo-phrenia (14, 15). 

Estimating the levels of reactive oxidative products 

provides a useful strategy to determine the impact of 

oxidative stress. Lipid peroxidation is often assayed 

by measuring thiobabituric acid reactive substances 

(TBARS). The end products of lipid peroxidation, 

especially malondialdehyde (MDA) assessment 

have been the most widely used indice of oxidative 

stress in clinical studies (16, 17). Studies performed 

in schizophrenia patients have generally suggested a 

compromised antioxidant system, and increased 

levels of lipid peroxidation products. Many 

researchers have found a significant increase in 

plasma MDA levels in patients with schizophrenia 

(18, 19). 

For quantifying the antioxidative defense in 

schizophrenia, antioxidant enzymes such as SOD, 

GPx, and CAT are most commonly measured, along 

with vitamin E and vitamin C levels. The changes 

reported about the activities of antioxidant enzymes 

are controversial in schizophrenia patients (19-21). 

GSH is the brain’s dominant antioxidant implicated 

in the pathophysiology of schizophrenia (22). There 

is 27% reduction in the cerebrospinal fluid (CSF) 

levels of GSH, and 41% reduction in the postmortem 

CSF of schizophrenic patients (23, 24). A significant 

decrease was reported in the blood levels of total 

GSH in schizophrenia patients in comparison with 

control subjects (13). 

The mainstay of treatment of schizophrenia is 

antipsychotic medications of which the first 

generation drugs primarily act by suppressing the 
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dopaminergic receptor activity. At the beginning of 

1990s, a new generation of antipsychotic drugs like 

atypical antipsychotics was introduced. In 

comparison with the first generation or typical 

antipsychotics, atypical antipsychotics exhibit better 

efficacy in treating both negative and positive 

symptoms of schizophrenia, and a superior safety 

profile regarding adverse events as extrapyramidal 

symptoms (25). The antipsychotic effects of second 

generation is attributed to their action on serotonin 

receptors rather than dopaminergic receptors. 

Typical antipsychotics bind D2 receptor 50 times 

more avidly than D1 or D3 receptors (26). There are 

also controversies regarding the oxidative stress 

status in patients treated with typical vs atypical 

antipsychotics. Some researchers reported that 

chronic administration of typical antipsychotic 

haloperidol but none atypical antipsychotics like 

risperidone, clozapine or olanzapine induces 

oxidative stress by decreasing the activity of 

antioxidant enzymes, causing membrane lipid 

peroxidation (27). However, there are also studies 

which demonstrated a decreased level of lipid 

peroxidation in the cerebral cortex after chronic 

administration of haloperidol. Lipid peroxidation 

was found to be significantly higher after treatment 

with typical antipsychotics (28), whereas atypical 

antipsychotics improved oxidative damage markers 

such as TBARS (29). 

The aim of the present study was to evaluate 

the oxidative stress, and the status of protective 

antioxidants under stress condition due to 

schizophrenia. We measured the plasma levels of 

stress markers like MDA and GSH in red blood cells 

(RBCs), and evaluated the antioxidant status by 

determining plasma levels of vitamin C and vitamin 

E. We also determined the alteration of these 

markers in patients on treatment with atypical 

antipsychotics, olanzapine and risperidone.  

 

Materials and methods 

Patients 

The  study  was  carried  out  in  Department of 

Pharmacology and Department of Psychiatry of 

BSMMU during September 2013 to January 2015. 

Samples were collected up to November 2014. 

Patients with schizophrenia attending the outpatient 

department or admitted in the inpatient department 

of psychiatry, BSMMU were recruited in the study. 

A total of 179 patients fulfilling the inclusion criteria 

were enrolled by non-probability sampling. Of 

them, 93 completed the study, where 43 were in 

olanzapine, and 50 were in risperidone treatement. 

Patients were above 18 years, from either sex, and 

were diagnosed by psychiatrists of BSMMU 

according to DSM-5 criteria. 30 apparently healthy 

age and sex matched controls that came for routine 

checkup, were included from outpatient department. 

The ethical issue was reviewed and approved by the 

Institutional Review Board (IRB) of BSMMU and 

informed consent was obtained from all subjects, 

guardians and families of the subjects as circum-

stances demanded. 

Patients who received antipsychotic drugs 

within the last 30 days, or  took vitamin E, vitamin 

C for the last 3 months, or had serious cognitive 

deficit that causes disturbance of communication, or  

had serious infection or terminal illness were 

excluded from the study:   

Study design 

Schizophrenia patients were divided into two 

groups: risperidone treated group (n= 50) received 

risperidone at a dose of 4-16 mg/day orally, and 

olanzapine treated group (n=43) received olanzapine 

tablets at a dose of 5-20 mg/day orally for a period 

of 3 months. The whole study consisted of 2 visits: 

a baseline, and a follow up visit after 3 months  

of treatment. At baseline visit, blood was collected 

for MDA, GSH, vitamin C, and vitamin E  

levels assessment. All patients received standard 

routine medical care throughout the study. 

Regularity of drug intake was ensured over 

telephone, and with patient’s compliance sheet. 

After 3 months of treatment, blood was collected for 

biochemical parameters measurement. In control 

group, blood  collection  was  performed  only  once 
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after  overnight  fasting to measure  the biochemical  

parameters.  

 Biochemical analyzes 

With all aseptic precaution 5 ml blood were 

collected by venepuncture from the antecubital vein, 

and kept in 1 x 5 ml K3EDTA (anticoagulant) 

containing test tube. Plasma was separated by 

centrifugation (3,500 rpm for 10 min), and stored for 

further use. 

For erythrocyte hemolysate preparation, 

plasma and buffy coat were separated from the top. 

The packed RBCs were washed thrice with five 

volumes of cold 0.9% saline by centrifugation at 

3,500 rpm for 10 min. The packed cells were 

suspended in five volumes of deionized distilled 

water at 4 °C for 24 h to lyse RBCs. Then suspension 

was then centrifuged at 3,500 rpm for 10 min to 

collect RBCs lysate.   

Plasma MDA level was estimated by UV- 

180 spectrophotometer (Shimadzu, Japan) by 

thiobarbituric acid (TBA) reaction method of  

Yagi (30). Estimation of erythrocyte GSH level was 

based on the method of Ellman (31). Estimation of 

plasma vitamin C level was performed by the 

method of Rahman et al. (32), and vitamin E level 

was assessed by the method of Baker and Frank 

(33). 

Statistical analysis 

Data were processed and analyzed using 

computer  software  SPSS  (Statistical  Package  for 

Social Sciences) version 16.0. Unpaired and paired 

sample t-test was used to compare the continuous 

data between and within groups, respectively. The 

level of significance was set at 5% and P< 0.05 was 

considered significant. 

 

Results 

According to Table 1, before treatment with 

antipsychotic drugs, MDA level was significantly 

higher in study group in comparison with control 

group, while GSH, vitamin E, and vitamin C levels 

were significantly lower in study group in 

comparison with control group.  

Table 2 reveals that in olanzapine treated 

group, MDA level was significantly reduced after 3 

months of drug treatment, while GSH level 

increased significantly. The antioxidant vitamins 

such as vitamin E and vitamin C levels were also 

increased significantly after 3 months of drug 

treatment. 

Table 3 reveals that in the risperidone treated 

group MDA level was reduced significantly after 3 

months of drug treatment, while GSH level was 

increased significantly. The antioxidant vitamins E 

and C levels were also increased significantly after 

3 months. 

Figures 1-4 represent the variations of plasma 

MDA, erythrocytes GSH, plasma vitamin E, and 

plasma vitamin C levels in schizophrenia and 

control subjects during the treatment period.  

Oxidative stress markers 

Groups 

P-value 

Case (n=93) Control (n=30) 

Plasma MDA (μmol/L) 6.30.5 2.10.5 0.0001 

Erythrocyte GSH (mg/gm of Hb) 0.60.2 2.10.5 0.0001 

Plasma vitamin E (mg/L) 4.30.6 7.30.7 0.0001 

Plasma vitamin C (μmol/L) 30.68.3 78.710.9 0.0001 

 

Table 1.  Oxidative stress markers at baseline 

Data were analyzed using Unpaired t-Test and were presented as mean±SD.  
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Oxidative stress markers 
Olanzapine (n=43) 

P-value 
Baseline At 3 months 

Plasma MDA (μmol/L) 6.3±0.5 2.8±0.3 0.0001 

Erythrocyte GSH (mg/gm of Hb) 0.5±0.1 1.1±0.3 0.0001 

Plasma vitamin E (mg/L) 4.4±0.6 6.5±0.6 0.0001 

Plasma vitamin C (μmol/L) 30.9±8.7 59.9±10.7 0.0001 

 

Table 2.  Oxidative stress markers in olanzepine treated group after 3 months  

Data were analyzed using Paired t-Test, and were presented as mean ± SD.  

 

Oxidative stress markers 
Risperidone (n=50) 

P-value 
Baseline At 3 months 

Plasma MDA (μmol/L) 6.4±0.5 3.0±0.4 0.0001 

Erythrocyte GSH (mg/gm of Hb) 0.6±0.2 1.5±0.4 0.0001 

Plasma vitamin E (mg/L) 4.2±0.6 6.1±0.7 0.0001 

Plasma vitamin C (μmol/L) 30.4±8.1 61.3±10.4 0.0001 

 

Table 3.  Oxidative stress markers in risperidone treated group after 3 months  

Data were analyzed using Paired t-Test, and were presented as mean ± SD.  

 

Figure 1.  Plasma MDA levels. Plasma MDA levels were higher in schizophrenia patients in comparison with controls, but decreased after 

3 months treatment with either olanzapine or risperidone. 
 

 

Figure 2.  Erythrocytes GSH levels. Erythrocytes GSH levels were lower in schizophrenia patients in comparison with controls, but 

increased after 3 months treatment with either olanzapine or risperidone.  
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Discussion 

A growing body of evidence suggests that 

oxidative stress is involved in the pathophysiology 

of schizophrenia. However, many of the results 

regarding oxidative stress and antioxidant status in 

this disease are contrasting. In the present study, 

examination of oxidative stress status revealed that 

the MDA level, an indicator of oxidative stress, was 

significantly higher (P< 0.05) in schizophrenia 

patients as compared to control subjects. We also 

assessed the antioxidant status by measuring GSH 

level in erythrocytes, and non enzymatic 

antioxidants plasma vitamin E and C levels. We 

found a significantly lower (P< 0.05) level of GSH 

in schizophrenia patients compared to control group. 

Vitamin E and C levels were also significantly lower 

(P< 0.05) in patients in comparison to control group. 

In a similar study, assessment of oxidative 

stress showed that the MDA level was significantly 

elevated in schizophrenia patients compared to 

control subjects ranging in age from 18 to 60 years 

(34). Issa et al. measured MDA, GSH, and vitamin 

C levels in sera of 70 schizophrenic patients and 30 

healthy individuals, where a significant elevation 

(P<0.005) in MDA level of schizophrenia patients 

was observed in comparison with the control group 

(35). In contrast, GSH, SOD and vitamin C values 

showed a significant decrease in sera (P< 0.005) of 

schizophrenia patients when compared with those of 

control group. A significant decrease in the RBC 

total GSH levels was also reportd previously in 

schizophrenia patients in comparison with controls 

(13). In another study, plasma levels of MDA in 

schizophrenia patients were found to be increased 

three to four fold compared to normal controls (8). 

The finding of an elevation in plasma levels of MDA 

is consistent with the majority of studies of 

schizophrenia patients with increased lipid 

Figure 3.  Plasma vitamin E levels. Plasma vitamin E levels were lower in schizophrenia patients in comparison with controls, but 

increased after 3 months treatment with either olanzapine or risperidone.  

Figure 4.  Plasma vitamin C levels. Plasma vitamin C levels were lower in schizophrenia patients in comparison with controls, but 

increased after 3 months treatment with either olanzapine or risperidone.  
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peroxides (12, 36). However, some other studies 

have reported no significant difference in lipid 

peroxides between patients and controls (37). 

The raised level of MDA in our study indicates 

a high oxidative stress in schizophrenia patients, and 

this may promote many pathophysiological changes 

in those patients. A high level of MDA is a sign of 

peroxidative injury to membrane phospholipids. The 

raised levels of MDA could be attributed to a rise in 

generation of ROS owing to the high rate of 

oxidative damage process that occurs in those 

patients.  

It has been anticipated that antioxidant defense 

mechanisms could be impaired in patients with 

schizophrenia with alteration in antioxidant status 

leading to lipid peroxidation (12, 38). Vitamin C and 

E act as radical scavenging antioxidants, and 

suppress lipid peroxidation (39). In the present 

study, a significant reduction (P< 0.05) in 

erythrocytes GSH, plasma vitamin E and C levels 

was found in schizophrenia patients compared to 

control group. Our results of decreased GSH and 

vitamin C are consistent with the hypothesis which 

suggests that there is deficiency in the amounts of 

antioxidants in patients with schizophrenia which 

was put forward by Zhang et al. (40). Vitamin C 

serves as an essential defense line against dopamine 

induced neurogenerative processes (41). It reacts 

with activated oxygen species and prevents 

conversion of ferric to ferrous ions responsible for 

facilitating the generation of hydroxyl radicals (42). 

As most of the vitamin C is utilized for scavenging 

free radicals, and inhibiting lipid peroxidation, 

levels of vitamin C may be decreased in such 

patients (43). 

The levels of vitamin E, the most potent lipid 

bound chain breaking antioxidant in serum was 

found to be significantly lower in schizophrenia 

patients as compared to controls (44). This report is 

consistent with our results of decreased vitamin E 

level in schizophrenia patients. This decrease may 

probably be contributed to the increased 

consumption of vitamin E for free radical neutraliz-

ation, and its conversion to α-tocopheroxyl radical 

(45). 

There are also controversies regarding the 

oxidative stress status in patients treated with typical 

vs atypical antipsychotics. It has been proposed that 

GSH deficit in schizophrenia may be associated with 

dopamine-induced oxidative stress (46). Antipsych-

otic drugs are known to block dopamine receptors, 

and consequently may result in increased levels of 

GSH. In our study following 3 months treatment 

with both olanzapine and risperidone there was 

significant reduction (P< 0.05) in MDA levels, and 

significant increase in erythrocytes GSH and plasma 

vitamin E and C levels in schizophrenia patients. 

However, the improvement in MDA and vitamin E 

levels was better in olanzapine treated group than 

risperidone group (P= 0.009 and P= 0.011, 

respectively). Some authors reported that chronic 

administration of typical antipsychotic haloperidol, 

but none of some atypical antipsy-chotics like 

risperidone, clozapine or olanzapine induced 

oxidative stress by decreasing the activity of 

antioxidant enzymes, and causing membrane lipid 

peroxidation (27). Studies show that atypical 

antipsychotics may improve oxidative status, 

increase antioxidant levels, and decrease oxidative 

stress markers such as TBARS (47). Dakhale et al. 

showed that the serum MDA and SOD levels were 

decreased significantly in schizophrenia patients 

after 8 weeks of treatment with atypical 

antipsychotics (29). At the same time levels of 

plasma vitamin C was increased significantly after 

same duration of treatment compared to baseline 

levels. In another study, serum total antioxidant 

status was shown to be decreased by olanzapine 

treatment in schizophrenia patients (48). However, 

other studies that included the individual antioxidant 

system gave controversial results (29). 

It is evident from the present study that 

olanzapine and risperidone increase the level of 

antioxidants like GSH, vitamin C, and vitamin E, 

and reduce the oxidative stress by decreasing MDA 

levels. They might have an influence on improving 
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the symptoms of schizophrenia through decreasing 

the oxidative stress. The present findings need to be 

further explored through a broad based study.  

Conflict of interest 

The authors declare that they have no 

competing interest. 

 

References 

1. Boskovic M, Vovk T, Kores Plesnicar B, et al. Oxidative stress 

in schizophrenia. Curr Neuropharmacol. 2011;9:301-12. 

2. Mahadik S P, Pillai A, Joshi S, et al. Prevention of oxidative 

stress-mediated neuropathology and improved clinical outcome 

by adjunctive use of a combination of antioxidants and omega-3 

fatty acids in schizophrenia. Int Rev Psychiatry. 2006;18:119- 31. 

3. Berk M, Copolov D, Dean O, et al. N-acetyl cysteine as a 

glutathione precursor for schizophrenia--a double-blind, 

randomized, placebo-controlled trial. Biol Psychiatry. 

2008;64:361-8. 

4. Yao J K and Keshavan M S. Antioxidants, redox signaling, and 

pathophysiology in schizophrenia: an integrative view. Antioxid  

Redox Signal. 2011;15:2011-35. 

5. Ruiz-Litago F, Seco J, Echevarria E, et al. Adaptive response 

in the antioxidant defence system in the course and outcome in 

first-episode schizophrenia patients: a 12-months follow-up  

study. Psychiatry Res. 2012;200:218-22. 

6. Halliwell B. Reactive species and antioxidants. Redox biology 

is a fundamental theme of aerobic life. Plant Physiol. 

2006;141:312-22. 

7. Halliwell B. Role of free radicals in the neurodegenerative 

diseases: therapeutic implications for antioxidant treatment. 

Drugs Aging. 2001;18:685-716. 

8. Mukerjee S, Mahadik S P, Scheffer R, et al. Impaired  

antioxidant defense at the onset of psychosis. Schizophr Res. 

1996;19:19-26. 

9. Marshall W J and Banget S K, Clinical Biochemistry ;  

Metabolic and Clinical Aspects. New York: Churchill living  

stone. 1995 

10. Chen L H. Interaction of vitamin E and ascorbic acid (review). 

In Vivo. 1989;3:199-209. 

11. Bandyopadhyay U, Das D, Banerjee R K. Reactive oxygen 

species: Oxidative damageand pathogenesis. Current Science 

1999;77:658-66. 

12. Akyol  O,  Zoroglu  S  S,  Armutcu  F, et al. Nitric oxide as a 

physiopathological factor in neuropsychiatric disorders. In Vivo . 

2004;18:377-90. 

13. Pavlovic D, Tamburic V, Stojanovic I, et al. Oxidative stress 

as marker of positive symptoms in schizophrenia. Medicine and 

Biology. 2002;9:157-61. 

14. Zhang M, Zhao Z, He L, et al. A meta-analysis of oxidative 

stress markers in schizophrenia. Sci China Life Sci. 2010;53:112-

24. 

15. Bitanihirwe B K and Woo T U. Oxidative stress in 

schizophrenia: an integrated approach. Neurosci Biobehav Rev. 

2011;35:878-93. 

16. Arvindakshan M, Ghate M, Ranjekar P K, et al. 

Supplementation with a combination of omega-3 fatty acids and 

antioxidants (vitamins E and C) improves the outcome of 

schizophrenia. Schizophr Res. 2003;62:195-204. 

17. Grignon S and Chianetta J M. Assessment of 

malondialdehyde levels in schizophrenia: a meta-analysis and 

some methodological considerations. Prog Neuropsychopharm-

acol Biol Psychiatry. 2007;31:365-9. 

18. Mahadik S P, Mukherjee S, Scheffer R, et al. Elevated plasma 

lipid peroxides at the onset of nonaffective psychosis. Bio l 

Psychiatry. 1998;43:674-9. 

19. Dadheech G, Mishra S, Gautam S, et al. Evaluation of 

antioxidant deficit in schizophrenia. Indian J Psychiatry. 

2008;50:16-20. 

20. Raffa M, Mechri A, Othman L B, et al. Decreased glutathione 

levels and antioxidant enzyme activities in untreated and treated 

schizophrenic patients. Prog Neuropsychopharmacol Bio l 

Psychiatry. 2009;33:1178-83. 

21. Yao J K, Reddy R, Mcelhinny L G, et al. Effects of 

haloperidol on antioxidant defense system enzymes in 

schizophrenia. J Psychiatr Res. 1998;32:385-91. 

22. Wood S J, Berger G E, Wellard R M, et al. Medial temporal 

lobe glutathione concentration in first episode psychosis: a 1H-

MRS investigation. Neurobiol Dis. 2009;33:354-7. 

23. Do K Q, Trabesinger a H, Kirsten-Kruger M, et al. 

Schizophrenia: glutathione deficit in cerebrospinal fluid and 

prefrontal cortex in vivo. Eur J Neurosci. 2000;12:3721-8. 

24. Yao J K, Leonard S, Reddy R. Altered glutathione redox state 

in schizophrenia. Dis Markers. 2006;22:83-93. 

25. Geddes J, Freemantle N, Harrison P, et al. Atypical 

antipsychotics in the treatment of schizophrenia: systematic 

overview and meta-regression analysis. BMJ. 2000;321:1371-6. 

 [
 D

ow
nl

oa
de

d 
fr

om
 ib

bj
.o

rg
 o

n 
20

25
-1

1-
05

 ]
 

                               8 / 9

http://ibbj.org/article-1-170-en.html


Effect of Antipsychotic Drugs on Oxidative Stress in Schizophrenia 

97                    Int.  Biol.  Biomed.  J.   Spring 2018; Vol 4, No 2 

26. Potter W Z and Hollister L E, Antipsychotic agents & 

Lithium, in Basic and clinical pharmacology, B.G. Katzung, 

Editor. Mc Graw Hill: Singapore. 2007:457-74. 

27. Parikh V, Khan M M, Mahadik S P. Differential effects of 

antipsychotics on expression of antioxidant enzymes and 

membrane lipid peroxidation in rat brain. J Psychiatr Res. 

2003;37:43-51. 

28. Kropp S, Kern V, Lange K, et al. Oxidative stress during 

treatment with first- and second-generation antipsychotics. J 

Neuropsychiatry Clin Neurosci. 2005;17:227-31. 

29. Dakhale G, Khanzode S, Khanzode S, et al. Oxidative damage 

and schizophrenia: the potential benefit by atypical 

antipsychotics. Neuropsychobiology. 2004;49:205-9. 

30. Yagi K. Lipid peroxides and human diseases. Chem Phys 

Lipids. 1987;45:337-51. 

31. Ellman G L. Tissue sulfhydryl groups. Arch Biochem 

Biophys. 1959;82:70-7. 

32. Rahman M M, Khan M M R, Hosain M M. Analysis of 

vitamin C (ascorbic acid) contents in various fruits and vegetables 

by UV-spectrophotometry. Bangladesh Journal of Scientific and 

Industrial Research. 2007;42:417-24. 

33. Baker H and Frank O, Determination  of  serum  tocopherol, 

in Varley’s Practical  Clinical  Biochemistry, A.H. Gowenlock, 

J.R. McMurray, and D.M. McLauchlan, Editors. Heinemann  

Medical Books: London. 1988:902. 

34. Dadheech G, Mishra S, Gautam S, et al. Oxidative stress, 

alpha-tocopherol, ascorbic acid and reduced glutathione status in 

schizophrenics. Indian J Clin Biochem. 2006;21:34-8. 

35. Issa a M, Frhan H M, Younis L A. Oxidative stress in 

schizophrenia. Kufa Medical Journal. 2011;14:41-6. 

36. Khan M M, Evans D R, Gunna V, et al. Reduced erythrocyte 

membrane essential fatty acids and increased lipid peroxides in 

schizophrenia at the never-medicated first-episode of psychosis 

and after years of treatment with antipsychotics. Schizophr Res. 

2002;58:1-10. 

37. Ranjekar P K, Hinge A, Hegde M V, et al. Decreased 

antioxidant  enzymes  and  membrane  essential  polyunsaturated 

fatty acids in schizophrenic and bipolar mood disorder patients. 

Psychiatry Res. 2003;121:109-22. 

38. Mico J A, Rojas-Corrales M O, Gibert-Rahola J, et al. 

Reduced antioxidant defense in early onset first-episode 

psychosis: a case-control study. BMC Psychiatry. 2011;11:26. 

39. Niki E, Noguchi N, Tsuchihashi H, et al. Interaction among 

vitamin C, vitamin E, and beta-carotene. Am J Clin Nutr. 

1995;62:1322S-6S. 

40. Zhang X Y, Tan Y L, Cao L Y, et al. Antioxidant enzymes  

and lipid peroxidation in different forms of schizophrenia treated 

with typical and atypical antipsychotics. Schizophr Res. 

2006;81:291-300. 

41. Rebec G V, Ascorbate and antioxidant neuroprotectant and 

extracellular neuromodulator, in Metals and Oxidative Damage 

in Neurobiological Disorders, J.R. Connor, Editor. Plenum Press: 

New York. 1997:149-73. 

42. Halliwell B and Gutteridge J M. Oxygen toxicity, oxygen 

radicals, transition metals and disease. Biochem J. 1984;219:1-

14. 

43. Ambrosone C B, Freudenheim J L, Thompson P A, et al. 

Manganese superoxide dismutase (MnSOD) genetic 

polymorphisms, dietary antioxidants, and risk of breast cancer. 

Cancer Res. 1999;59:602-6. 

44. Halliwell B and Cross C E. Oxygen-derived species: their 

relation to human disease and environmental stress. Environ  

Health Perspect. 1994;102 Suppl 10:5-12. 

45. Sies H. Oxidative stress: from basic research to clinical 

application. Am J Med. 1991;91:31S-8S. 

46. Grima G, Benz B, Parpura V, et al. Dopamine-induced  

oxidative stress in neurons with glutathione deficit: implication  

for schizophrenia. Schizophr Res. 2003;62:213-24. 

47. Wei Z, Bai O, Richardson J S, et al. Olanzapine protects PC12 

cells from oxidative stress induced by hydrogen peroxide. J 

Neurosci Res. 2003;73:364-8. 

48. Al-Chalabi B M, Thanoon I A, Ahmed F A. Potential effect 

of olanzapine on total antioxidant status and lipid peroxidation in 

schizophrenic patients. Neuropsychobiology. 2009;59:8-11. 

 

 [
 D

ow
nl

oa
de

d 
fr

om
 ib

bj
.o

rg
 o

n 
20

25
-1

1-
05

 ]
 

Powered by TCPDF (www.tcpdf.org)

                               9 / 9

http://ibbj.org/article-1-170-en.html
http://www.tcpdf.org

