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Abstract 

When an overload of free radicals cannot gradually be 

destroyed, their accumulation in the body generates a 

phenomenon called oxidative stress. Oxidative stress has 

been suggested to contribute to the pathophysiology of 

schizophrenia. In particular, oxidative damage to lipids, 

proteins, and DNA as observed in schizophrenia. 

Experimental models have demonstrated that oxidative 

stress induces behavioral and molecular anomalies 

strikingly similar to those observed in schizophrenia. The 

body has several mechanisms to counteract oxidant stress 

by producing antioxidants which are either naturally 

produced in situ or externally supplied through foods and/ 

or supplements. Recently, available evidence points 

towards an alteration in the of antioxidant defense systems 

in schizophrenia. Oxidative stress has been implicated in 

the pathogenesis of diverse disease states, and may be a 

common pathogenic mechanism underlying many major 

psychiatric disorders, as the brain has comparatively 

greater vulnerability to oxidative damage. This review 

aims to overview the current evidence for the role of 

oxidative damage in schizophrenia, and its academic and 

clinical implications. Recent clinical studies have shown 

antioxidant treatment to be effective in ameliorating 

schizophrenic symptoms. Hence, describing antioxidant 

therapeutic strategies to tackle oxidative stress and the 

resulting physiological disturbances provide an exciting 

opportunity for the treatment and ultimately prevention of 

schizophrenia. These data suggest that oxidative 

mechanisms may form unifying common pathogenic 

pathways in schizophrenia and thus introduce new targets 

for the development of therapeutic interventions. 

Keywords: Free radicals, Oxidative stress, Schizophrenia, 

Antioxidants. 
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Introduction  

Schizophrenia is a debilitating, hereditary, disorder of the 

brain, resulting from abnormalities that arises early in life 

and disrupt normal development of the brain and has a 

lifetime risk of 1% and affects at all age groups (average 

age at the onset 24±4.6 year) in many culture around the 

world. The onset usually occurs around 18-25 years of age 

and is often preceded by pre-morbid behavioral 

deviations, such as social withdrawal and affective 

changes (1).  

The theory of oxidative stress as pathological mechanisms 

at its most basic concept referred to as the oxygen paradox 

that while oxygen is essential for aerobic life, excessive 

amount of its free radical metabolic byproducts are toxic. 

This hypothesis has theoretical appeal, as the brain is 

considered particularly susceptible to oxidative damage 

for several reasons. These include, its high oxygen 

consumption rate ( 20% of the total oxygen inhaled by the 

body) that account for increased generation of oxygen free 

radicals and reactive oxygen species like superoxide 

radicals, singlet oxygen, hydrogen peroxide, hydroxyl 

radicals. Also, brain is enriched with polyunsaturated fatty 

acids that render them vulnerable to oxidative attack (2). 

The concentration of various antioxidants like Superoxide 

dismutase, catalase, glutathione peroxidase, glutathione 

reductase, reduced glutathione is low in brain. This burden 

is increased by a number of factors including the oxidative 

potential of monoamines such as the glutamate as well as 

the generation of secondary oxidative cellular insults 

through the neurotoxic effects of released excitatory 

amines (particularly dopamine) and secondary 

inflammatory responses. In addition to these factors, brain 

has high concentration of ascorbate and iron in certain 

regions which provide favorable environment for the 

generation of ROS and reducing the potential of 

neurotransmission. All these intrinsic factors together with 

growing evidence for neurodegenerative changes 

associated with many psychiatric syndromes may suggest 

fundamental pathological pathways and their interactions 

may provide a beneficial conceptual framework and 

subsequent means of therapeutic implication (1). 

Oxidative stress and antioxidant defense system 

Oxygen is an element indispensable for life. When cells 

use oxygen to generate energy, free radicals are created as 

a consequence of ATP (adenosine triphosphate) 

production by the mitochondria. These by products are 

generally reactive oxygen species (ROS) and reactive 

nitrogen species (RNS) that results from the cellular redox 

process (oxidation and reduction) (3 and 4). When 

produced in excess, free radicals and oxidants generate a 

phenomenon called oxidative stress, a deleterious process 

that can seriously alter the cell membranes and other 

structures such as proteins, lipids, lipoproteins, and 

deoxyribonucleic acids (DNA) (2 and 5). The brain is 

particularly vulnerable to oxidative damage, given its 

relatively low contents of antioxidants defenses in 

addition to its high metal content, which can catalyze the 

formation of ROS/RNS (6).  

The potential toxicity of ROS/RNS in the brain is 

counteracted by a number of antioxidants that can protect 

the brain against oxidative damage in several ways, 

including: 1) removal of ROS/RNS (7), 2) inhibition of 

ROS/RNS formation, and 3) binding metal ions needed 

for catalysis of ROS/RNS generation. Superoxide 

dismutase, catalase, glutathione peroxidase and 

glutathione reductase are well known major intracellular 

antioxidant enzymes. Other notable defense mechanisms 

against free radical induced and nitrosative stress include 

α-tocopherol, bilirubin, albumin, uric acid, niacin, 

carotenoids and flavonoides. Thioredoxine and 
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thioredoxine reductase can catalyze the regeneration of 

many antioxidant molecules, including ascorbic acid, 

ubiquinone, lipoic acid and as such constitute an important 

antioxidant defense against ROS/RNS (2, 5-10).  

Oxidative stress induced pathogenesis schizophrenia  

Over the last decade there has been a proliferation of 

information on oxidative stress mechanism in the 

psychiatric literature. The greatest volume of oxidation 

biology data is present in schizophrenia. Demonstration of 

antioxidative effects of established therapeutic agents and 

clinical trials of antioxidant therapies complete the 

evidence base. Such manifold evidences strengthen the 

hypothesis, that oxidative stress is a common pathological 

process in major neuropsychiatric disorders. As the direct 

measurement of free radicals concentration is not possible 

because of their short half life and low concentration.  

Oxidative status can be estimated by assay of ROS 

metabolites such as Malondialdehyde, nitric oxide and 

antioxidant enzymes (SOD, CAT, and GPx), antioxidants 

like GSH, vitamin E (α –tocopherol), vitamin C (ascorbic 

acid), albumin, and uric acid. In the essence of these 

studied have demonstrated reduced concentration of 

antioxidants such as albumin and bilirubin in 

schizophrenia as well as there is GSH dysregulation and 

increased lipid peroxidation products (1, 2, 4, 11).  

Oxidative stress caused by elevated dopamine oxidation 

levels may enhance striatal glutamatergic 

neurotransmission leading to late onset long lasting 

permanent CNS damage. Studies reported that nitric oxide 

(NO) may have a role in the pathophysiology of 

schizophrenia. NO is a gaseous neurotransmitter which is 

closely connected to dopaminergic and serotoninergic 

neurotransmission (12, 13). This provides a rational for 

the involvement of NO and its pathway in schizophrenia. 

Moreover by its interaction with superoxide, NO can 

produce peroxy nitrite. The focus of this review is on 

examining the evidence for oxidative stress involvement 

in neuropsychiatric disorders and to comment on the 

therapeutic and research approach of this knowledge.  

Discussion  

A literature search was conducted using the PsycINFO, 

CINAHL PLUS, BIOSIS Previews Medline, Pubmed, and 

Cochrane databases. Search terms entered included: 

‘oxidative, oxidative stress, reactive oxygen species, 

reactive nitrogen species, antioxidants, lipid peroxidation, 

thiobarbituric acid reactive substances, DNA damage, 

psychiatry, pathogenesis, schizophrenia, anxiety disorder, 

personality disorder, autism, attention deficit hyperactivity 

disorder, glutathione and treatment’, grouped in various 

combinations. This was supplemented by a hand search of 

references in selected articles, as well as references 

obtained from researchers of oxidative mechanisms in the 

field of psychiatry.  

NO in Schizophrenia: Clinical study evidences 

NO is an important messenger molecule involved in many 

physiological and pathological processes within the 

mammalian body, both beneficial and detrimental (14, 

15). Being a free radical, NO has both pro- and 

antioxidant properties (16). Evidence is accumulating that 

NO may be involved in the pathophysiology of 

schizophrenia given the various roles that NO plays in the 

brain, such as regulating synaptic plasticity, 

neurotransmitter release, and neurodevelopment (17- 21). 

Nitric oxide is especially important as the second 

messenger of NMDA receptor activation, which interacts 

with both dopaminergic and serotonergic pathways (22, 

23). Abnormal functioning of these pathways has been 

suggested to be involved in the pathophysiology of 

schizophrenia. Perhaps relevant to the previous connection 

are the findings suggesting that nitric oxide synthase 
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(NOS, an enzyme widely expressed throughout the brain 

and which is responsible for NO production in the central 

nervous system) inhibitors protect against phencyclidine 

(PCP) induced schizophrenia-mimicing phenotypes such 

as PPI deficits and cognitive inflexibility in animals (24, 

25, 26).  

Some studies have examined peripheral concentrations of 

the free radicals, NO in patients with schizophrenia by 

measuring its metabolites, nitrites and nitrates, but have 

yielded inconsistent results. Whilst some have found 

elevated plasma NO (27, 28, 29, 30, 31, 32) and reduced 

polymorphonucleocyte NO in those with schizophrenia 

compared with controls, no significant changes were 

found in plasma and platelet NO (33). Comparatively 

lower concentrations of the NO metabolites were found in 

the cerebrospinal fluid (CSF) of schizophrenia patients 

(34) compared with control patients who presented with 

non-inflammatory and non-degenerative neurological 

conditions, but these metabolites were significantly 

increased in a sample of post-mortem caudate specimens 

(35). The disparate sample sizes, patient characteristics, 

tissue specimen types and substances measured in these 

studies, and the many inherent metabolic variables in any 

given individual, make direct comparison of these results 

difficult, although they support the presence of abnormal 

NO metabolism in schizophrenia. One of the recent 

experiments develops the method of hydroxyl (OH•) 

radical detection in human serum in patients with 

pathological schizophrenia shows increased levels of OH• 

radicals in patients compared to controls. Interestingly, 

postmortem studies have reported elevated levels of NO 

and NOS in brain tissue of subjects with schizophrenia 

and have suggested that NOS may be activated in the 

illness (35-38). However, the evidence surrounding NO 

metabolites in schizophrenia has been inconsistent with 

studies reporting both increased (28 and 39) and decreased 

(40-42) levels. A negative correlation was observed 

between NO metabolite levels and positive and negative 

syndrome scale (PANNS) scores in schizophrenia 

subjects, indicating that reduced plasma NO metabolites 

maybe related to the severity of negative symptoms in 

schizophrenia (42). Altered populations or distribution of 

NOS-containing neurons have been reported in frontal, 

temporal, cortices, hypothalamus and cerebellum in 

schizophrenia (43- 46). The cholinergic receptors known 

to be sensitive to NO toxicity were decreased in both 

blood and cortex of patients with schizophrenia (47 and 

48). Patients with schizophrenia frequently smoke 

cigarettes and often smoke heavier than the normal 

population (49-51). A series of studies in humans has 

implicated the α7 nicotinic acetylcholine receptor in the 

physiology of P50 auditory gating (a measure of pre-

attentive auditory processing). Nicotine gum and 

physostigmine were found to improve gating in the 

relatives of persons with schizophrenia who also had 

impaired auditory gating (52). Thus, NO appears to 

influence neurotransmission (e.g. cholinergic 

transmission) and may play a role in some of the 

endophenotypes associated with schizophrenia.  

Homocysteine in Schizophrenia  

Homocysteine (Hcy) is the demethylated derivative of 

methionine, which, after conversion to s-adenosyl 

methionine, is the most important methyl group donor in 

the body. Hcy is a neuro and vasculo-toxic intermediary 

product and can be trans-sulfurated to cystathione and 

subsequently to cysteine which is a component of 

glutathione (52). Hcy was demonstrated to act as an 

agonist at the glutamate binding site of the N-methyl-D-

aspartate (NMDA) receptor, causing cytoplasmic calcium 

influx, decreased cellular viability and increased reactive 
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oxygen species within cells. These experiments also 

showed that glycine potentiates the neurotoxic effect. 

Neurotoxicity mediated by activation of the NMDA 

receptor is dependent upon compromise of cellular energy 

production. Studies with cultured cerebellar granular cells 

concluded that activation of the NMDA receptor by Hcy 

leads to neurotoxicity from free radical formation. Hcy 

has also been suggested as useful biomarker of oxidative 

stress in variety of Hcy arises from generation of ROS 

during its catabolism, which could oxidize membrane 

lipids and proteins, including enzymes. In fact, it has been 

suggested that Hcy may have a significant influence on 

the development and clinical symptoms of schizophrenia. 

Hcy increases apoptosis in cultured human leukemic cells 

exposed to 3- deaza adenosine. The apoptotic damage to 

DNA caused by Hcy-thiolactone in cultured human 

leukemic cell is mediated by increased hydrogen peroxide 

production and caspase activation in cultured rat 

hippocampal neurons (52, 53). The current view of the 

origin of oxidative stress in cells exposed to increased 

levels of Hcy is that auto-oxidation of thiol groups 

generates hydrogen peroxide and the ROS, superoxide, 

hydroxyl radicals leading to oxidant stress. Recent reviews 

have summarized the extensive literature on vascular 

oxidative stress in hyperhomocysteinemia and the key role 

of GPx in modifying endothelial dysfunction from oxidant 

stress (54 and 55).   

Hcy enhances superoxide anion release and NADPH 

oxidase assembly by human neutrophils. In addition to 

this Hcy increases the production of hydrogen peroxide 

and stimulates migration of neutrophils either in 

suspension or adherent to fibrin. A recent study reported 

that higher maternal Hcy levels may be a risk factor for 

schizophrenia (56). Specifically, mothers that have 

elevated third-trimester Hcy levels may elevate 

schizophrenia risk through developmental effects on brain 

structure and function and/or through subtle damage to the 

placental vasculature that compromises oxygen delivery to 

the fetus (56). In this context, it has been shown that high 

levels of Hcy are negatively correlated with glutathione 

peroxidase activity (57), suggesting that high levels of 

Hcy may also be associated with oxidative stress in 

schizophrenia. Altered gene expression has been shown to 

be associated with the pathogenesis of schizophrenia. 

Oxidative damage to specific gene promoters results in 

gene silencing. The mechanism of silencing is likely 

epigenetic; specifically, it may be mediated through 

dysregulation of DNA methylation. High Hcy levels have 

been shown to be accompanied by high S-adenosyl-Hcy 

levels with the elevation of S-adenosyl-Hcy suggested 

being associated with DNA hypomethylation and 

alterations in gene expression (58 and 59). S-Adenosyl-

Hcy and its analogs have been reported to be a non-

competitive inhibitor of catechol-O-methyltransferase 

(COMT), an enzyme that catalyze the first step in the 

degradation of monoamine neurotransmitters such as 

dopamine, epinephrine and nor-epinephrine. Elevated 

levels of Hcy may play some aggravating role in the 

pathogenesis of schizophrenia through an indirect effect 

on COMT (60- 62). Previous studies implicated 

homocysteine in the production of superoxide and 

oxidation of LDL by cultured arterial smooth muscle cells. 

A requirement for transition metal cations including ferric 

and cupric ions is implicated in the oxidative modification 

of LDL by homocysteine. In addition, Hcy react with NO 

to form S-nitroso-Hcy counteracting the adverse vascular 

effects of Hcy including endothelial dysfunction, 

vasoconstriction and platelet aggregation. Also Hcy 

decreases NO production by decreasing transcription of 

the mRNA for GPx in the aortic endothelial cells. These 
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suggest that increased Hcy induced oxidative stress 

promotes impaired endothelium- dependent vasodilatation 

presumably by decreased bioavailability of NO (12). The 

possible effect of homocysteine on the thioretinaco 

ozonide to enhance oxygen radical production needs 

further investigation. One possibility is that Hcy leads to 

increased formation of Hcy-thiolactone which displaces 

thioretinamide, from binding to cobalamin, forming 

thioco, a complex that inhibits oxidative phosphorylation 

and leads to accumulation of oxygen radicals and 

oxidative stress. Neuropsychiatrists must consider the 

relationship of homocysteine levels and documented 

usefulness of homocysteine measurements as sensitive 

indicator in neuropsychiatric disorders. Finally, on the 

basis of various observations, it proposed that antioxidants 

can inhibit the oxidative stress induced by homocysteine 

(53 and 63).  

Lipid peroxidation products and antioxidants in 

Schizophrenia  

Most data demonstrating oxidative disturbances have 

examined indirect measures of oxidative status, such as 

peripheral and brain levels of antioxidants, oxidative 

enzymes and products. The direct measurement of free 

radicals is hindered by their short half-lives and low titres. 

Estimating levels of oxidative reactive products provide 

another useful strategy to determine the impact of 

oxidative stress. Published studies have predominantly 

examined products of lipid peroxidation and DNA 

oxidation as markers of oxidative damage. A widely used 

method of measuring lipid peroxidation is the 

performance of thiobarbituric acid reactive substances 

(TBARS) assays. TBARS are low molecular- weight 

substances, consisting largely of malondialdehyde 

(MDA), which are formed from the decomposition of 

unstable lipid peroxidation products and react with 

thiobarbituric acid to form fluorescent adducts (64). 

TBARS have been reported to be elevated in the plasma 

(27, 65-7), erythrocytes, leucocytes and platelets (33, 38, 

72-74) of schizophrenia patients, with abnormalities in 

antioxidant levels, and depleted essential polyunsaturated 

fatty acids, which are specially prone to lipid peroxidation 

(75 and 76). Data on CSF levels of TBARS in 

schizophrenia are limited, unexpected finding raises 

questions about the origins of the elevated blood TBARS 

that has been broadly reported in the literature, although 

the CSF results may have been confounded by diminished 

neuronal membrane substrates in the patient cohort (77) 

and this needs further study. A marked increase of urinary 

8-isoprostaglandin F2a has recently been reported in a 

sample of schizophrenia patients compared with healthy 

controls (69). A smaller collection of studies has been 

published in relation to markers of DNA damage in 

schizophrenia. A post-mortem study examining the 

hippocampi of patients with ‘poor outcome’ schizophrenia 

and non-psychiatric controls, found a ten-fold higher 

presence of neuronal 8-hydroxy-2’-deoxyguanosine (8-

OhdG) among the patients compared with controls, which 

correlated with elevated quantities of a cell-cycle 

activation marker (Ki-67) (78). One study reported a trend 

increase in lymphocyte DNA damage in schizophrenia 

patients compared with control subjects (79), but another 

found no difference, although those with schizophrenia 

showed a non-significant increase in sensitivity to 

externally induced DNA damage and decrease in DNA 

repair efficiency (80).  

Similarly, studies involving blood assays of intrinsic 

antioxidants have collectively demonstrated significantly 

altered antioxidant activities. Reduced levels of the major 

antioxidant enzymes, superoxide dismutase (SOD), 

catalase (CAT) and glutathione peroxidase (GSH-Px), in 
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patients with schizophrenia (31, 67 and 81). Others have 

reported unchanged levels for these three enzymes (33), or 

altered concentrations of individual enzymes (27, 38, 66, 

72, 74, 82-86) schizophrenic patients, other studies have 

reported either no change (33). Interestingly, the levels of 

superoxide dismutase have been found to be high in 

chronic schizophrenic patients (87-90) or to be low in 

neuroleptic-naïve first episode schizophrenic patients (86), 

suggesting that the efficacy of neuroleptics may in part be 

mediated by promoting an endogenous antioxidative 

mechanism (91). Another post-mortem study examined a 

number of cortical and subcortical areas from donors with 

schizophrenia and controls, and found elevated levels of 

two SOD isoenzymes in the frontal cortex and substantia 

innominata of those with schizophrenia, thereby 

suggesting neuroanatomical specificity of redox 

disturbances in schizophrenia (92). A strong negative 

correlation between blood GSH-Px and structural 

measures of brain atrophy was also reported by an early 

study (93). Furthermore, some studies have differentiated 

enzymatic changes among the schizophrenia subtypes (38 

and 68), and one study showed a linear correlation 

between antioxidant enzyme levels and positive symptom 

severity (31). But, the study of Zhang et al showed that the 

activities of glutathione peroxidase and catalase were not 

affected in patients with schizophrenia (94). . In one study 

erythrocytes glutathione transferase (GST) activity was 

significantly increased and glucose 6- phosphate 

dehydrogenase and ceruloplasmin ferroxidase activities 

are decreased (73). Further supportive evidence is 

provided by a study reporting a 27%reduction in the CSF 

glutathione level in neuroleptic-naive patients with 

schizophrenia compared with controls, which coexisted 

with a 52% glutathione reduction in the medial prefrontal 

cortex, as measured by magnetic resonance spectroscopy 

(95).  

The antioxidants uric acid (88), albumin and bilirubin 

(96), and the plasma total antioxidant status (TAS) (71 and 

88,) have also been reported to be lower in patients with 

schizophrenia. Other study found no impairment of 

antioxidative defense as determined using the same 

indices, in those with first-episode affective psychosis 

(97), suggesting that oxidative stress may be involved at 

different stages in the two groups of disorders.  

In tandem with the peripheral antioxidant abnormalities 

found in patients with schizophrenia, post-mortem brain 

tissue studies have reported significantly lower levels of 

glutathione in both its reduced (GSH) and oxidized forms 

(GSSG), and the two enzymes responsible for conversions 

between these two forms (GSH-Px, and glutathione 

reductase or GR), in the caudate region from donors with 

schizophrenia compared with those with other psychiatric 

conditions and without psychiatric conditions. Deficiency 

of glutathione, the major intracellular antioxidant, in its 

reduced form (GSH), has been observed and suggested to 

be of pathophysiological significance in schizophrenia (72 

and 86). In addition, magnetic resonance spectroscopy 

studies have shown that levels of GSH were reduced by 

52% in the prefrontal cortex and by 27% in cerebrospinal 

fluid of drug-naïve schizophrenia patients (95). However, 

other spectroscopy studies have failed to detect a decrease 

in the levels of GSH in the anterior cingulated cortex, 

posterior medial frontal cortex or the medial temporal lobe 

(98-100).  

Therapeutic implications  

Pharmacological treatments for millions worldwide that 

have neuropsychiatric disorders are limited to a handful of 

antipsychotics. In addition to the differences observed in 

treated vs. untreated schizophrenics, there are also 
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controversies regarding the oxidative stress status in 

patients treated with typical vs. atypical antipsychotic (1).  

There is also some evidence of an impaired antioxidant 

defense and increased oxyradical mediated cellular injury 

in patients with non-affective psychoses who have never 

been treated with antipsychotics. Recently, a new 

hypothesis combining the facts that antipsychotics 

enhance striatal glutamatergic neurotransmission by 

blocking presynaptic dopamine receptors and cause 

neuronal damage by oxidative stress was presented. The 

contradicted the idea that oxidative stress in patients with 

schizophrenia could be exacerbated further by treating 

them with antipsychotics, which possess pro-oxidant 

properties, based mostly of some papers reporting some 

possible oxidative stress induced by typical antipsychotics 

treatment in both humans. Of these studies, some have 

been carefully conducted, but majority are open label. 

Despite the proven efficacy of these drugs, the overall 

outcome for neuropsychiatric disorders remains 

suboptimal (101).  

Thus, the alternative treatment options are urgently 

needed. One possible approach may be antioxidant 

therapy. Clinical trials investigating adjunctive 

antioxidants in the treatment of neuropsychiatric disorders 

have utilized vitamin E and C, ginkgo biloba extrac and 

N- acetyl cysteine (NAC), because they are readily 

available inexpensive and relative safe. Use of 

antioxidants for treatment related side effects has been 

none extensively investigated. The totality of the evidence 

to date suggests that specific antioxidants such as NAC, 

may offer tangible benefits for the clinical syndromes of 

schizophrenia. Vitamin may offer salutary effects on the 

glycemic effects on antipsychotics. Therapy using 

antioxidants has the potential to prevent, delay or 

ameliorate many neuropsychiatric disorders including 

schizophrenia (13). Supplementation of omega-3 poly 

unsaturated fatty acids in combination with ascorbic acid 

and α-tocopherol is effective in improving 

psychopathology (viz. increased scores on the Brief 

Psychiatric Rating and the positive and negative syndrome 

scale (PANSS) in chronic-medicated schizophrenic 

patients. Atypical antipsychotic medication with ascorbic 

acid, α-tocopherol and lipoic acid has also been shown to 

improve the clinical outcome of patients with 

schizophrenia (102). 

Similarly, it has been reported that treatment with Ginkgo 

biloba extract (a powerful flavonoid antioxidant) and 

haloperidol results in better PANSS scores. Moreover, 

treatment with NAC the rate limiting factor in the 

synthesis of GSH, has been shown to improve core 

symptoms of schizophrenia (103-105). Considering the 

previous studies has been suggested that NAC treatment 

could increase GSH levels, thus improving NMDA 

reception functioning, which is thought to be reflected by 

the amplitude of the MMN in schizophrenia (105 and 

106). Our previous study was shown that oral 

supplementation of antioxidants in combination reduces 

oxidative stress and improves clinical symptoms suggest 

the application of antioxidant in clinical trials is beneficial 

to prevent or reduces the progression of disease (107). 

Conclusion  

Currently, the most robust and multi-dimensional 

evidence for the pathophysiological involvement of 

oxidative stress for schizophrenia. However, the exact 

molecular mechanisms are yet to be determined. Indeed, 

the maintenance of redox balance within cells is a primary 

component of homeostasis underlying neuronal survival. 

It may not be too surprising therefore that any process that 

leads to a disruption of the redox balance can drastically 
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interfere with a range of other biochemical processes and 

result in neuronal deficits and dysfunction.  

Oxidative stress involvement offers a novel 

therapeutic target for schizophrenia, however, only when 

the mechanisms and involvement of oxidative stress in the 

pathogenesis of schizophrenia are understood, will 

approaches to antioxidant therapy be designed effectively 

and targeted. The practical utility of this theory has 

already garnered support from the existing literature, 

which has found benefits from the use of vitamins C and 

E, EGb, NAC and other antioxidants in psychiatric 

disorders. Hence, identifying viable therapeutic strategies 

to restore redox balance and the physiological 

disturbances that result from oxidative stress provide an 

exciting opportunity for the treatment and ultimately 

prevention of schizophrenia. Further clinical evidence is 

required to consolidate the efficacies of antioxidants for 

the various conditions, but their potential in acute and 

maintenance, treatment settings are clearly implied on 

theoretical grounds. These treatments may be useful in the 

prevention of long-term sequelae by minimizing cell 

damage and cell death, as well as primary prevention in 

vulnerable individuals. There are still too few data on the 

role of essential fatty acid supplementation in the 

treatment of patients with schizophrenia and larger, well 

designed clinical studies need to be conducted. The use of 

antioxidants in their treatment is both substantiated and 

promising, in view of the internally consistent theoretical 

framework, convincing early evidence, wide-ranging 

potential therapeutic benefits, the high population 

prevalence and overall disease burden associated with 

these disorders, and the limited efficacies of existing 

pharmacotherapy. As such, there would seem to be no 

harm in supplementing a diet with antioxidants. Finally, 

the mechanism and involvement of oxidative stress in the 

pathogenesis of schizophrenia needs to be well 

understood, to design effective and targeted approaches to 

antioxidant therapy. However, whether this will prove to 

be the elixir of longevity remains difficult issue to answer 

accurately. 

References  

1. R Kumari, M Chatterjee, S Singh, M Kaundal and 

V.D. Ashwalayan, ‘Oxidative stress: a novel treatment 

target in psychiatric disorder’, vol. 9, no. 1, 2011, p. 

165. 

2.  B.Halliwell, ‘Reactive oxygen species and the central 

nervous system’, J Neurochem, vol. 59, no.9, 1992, p. 

1609. 

3. L.A. Pham-Huy, H. He and C. P. Huyc, ‘Free radicals, 

antioxidants in disease and health’, International 

Journal of Biomedical Science, vol.4, no.2 2008, p. 

89. 

4. J. A. klein and L. Ackerman, ‘Oxidative stress, cell 

cycle and neurodegeneratioin’, The journal of clinical 

investigation, vol. 111, no.6, 2003, p. 785. 

5. B. Halliwell, ‘Reactive species and antioxidants, 

Redox biology is a fundamental theme of aerobic life’, 

Plant Physiol, vol.14, no.2, 2006, p. 312. 

6. M. Rougemont , K.Q. Do and V. Castagné, ‘New 

model of glutathione deficit during development: 

Effect on lipid peroxidation in the rat brain’, J. 

Neurosci. Res, vol. 70 no.6, 2002, p. 774. 

7. E. Ozturk E, S. Demirbilek S, A.K. But, V. 

Saricicek, M. Gulec, O. Akyol, M. O. Ersoy, 

‘Antioxidant properties of propofol and erythropoietin 

after closed head injury in rats’, Prog 

Neuropsychopharmacol Biol, Psychiatry, vol. 29, no. 

6, 2005, p. 922.  

8. R.P.Singh, S. Sharad, and S. Kapur, ‘Free radicals and 

oxidative stress in neurodegenerative diseases; 

https://pubmed.ncbi.nlm.nih.gov/?term=Kadir+But+A&cauthor_id=15972243
https://pubmed.ncbi.nlm.nih.gov/?term=Saricicek+V&cauthor_id=15972243
https://pubmed.ncbi.nlm.nih.gov/?term=Saricicek+V&cauthor_id=15972243
https://pubmed.ncbi.nlm.nih.gov/?term=Gulec+M&cauthor_id=15972243
https://pubmed.ncbi.nlm.nih.gov/?term=Akyol+O&cauthor_id=15972243
https://pubmed.ncbi.nlm.nih.gov/?term=Ozcan+Ersoy+M&cauthor_id=15972243


 Dr. Santoshi Ram Ghodake, et al. International Journal of Medical Sciences and Advanced Clinical Research (IJMACR) 

 

 
© 2021, IJMACR, All Rights Reserved 
 
                                

Pa
ge

31
 

Pa
ge

31
 

Pa
ge

31
 

Pa
ge

31
 

Pa
ge

31
 

Pa
ge

31
 

Pa
ge

31
 

Pa
ge

31
 

Pa
ge

31
 

Pa
ge

31
 

Pa
ge

31
 

Pa
ge

31
 

Pa
ge

31
 

Pa
ge

31
 

Pa
ge

31
 

Pa
ge

31
 

Pa
ge

31
 

Pa
ge

31
 

Pa
ge

31
 

  

Relevance of dietary antioxidants’, JIACM vol. 5, 

no.3, 2004, p. 218. 

9. J.Bouayed, H. Rammal and R. Soulimani, ‘Oxidative 

stress and anxiety - relationship and cellular 

pathways’, Oxidative Medicine and Cellular 

Longevity, vol. 2, no. 2, 2009, p. 63. 

10. A. Popa-Wagner, S. Mitran, S. Sivanesan and E. 

Chang, ‘ROS and Brain     Diseases: The Good, the 

Bad, and the Ugly’, Oxidative Medicine and   Cellular 

Longevity, vol. 2013, Article ID 963520, 2013, 14 

pages. 

11. M. Valko 1, D. Leibfritz, J. Moncol, M.T. D. 

Cronin, M. Mazur and  J. Telser, ‘Free radicals and 

antioxidants in normal physiological functions and 

human disease’, The International Journal of 

Biochemistry & Cell Biology, vol. 39, no. 1, 2007, p. 

44. 

12. O. Akyol, S. S. Zoroglu, F. Armutcu, S. Sahin and A. 

Gurel, ‘ Nitric oxide as a physiopathological factor in 

neuropsychiatric disorders’, In vivo, vol.18, no. 3, 

2004, p. 377. 

13. F. Ng, M.Berk, O. Dean, A. I.Bush, ‘Oxidative stress 

in psychiatric disorders: evidence base and therapeutic 

implications’, Int J Neuropsychopharmacol, vol. 11, 

no. 6, 2008, p. 851. 

14. A.K.Mustafa, M. M. Gadalla and S.H. Snyder, 

‘Signaling by gasotransmitters’, Sci Signal, vol. 2, no. 

28, 2009, p. re2. 

15. N. Shahani and A Sawa, ‘Nitric oxide signaling and 

nitrosative stress in neurons: role for S-nitrosylation’, 

Antioxid Redox Signal, vol. 14, no. 8 2011, p. 1493. 

16. R. Radi, J.S. Beckman, K. M. Bush and B. A. 

Freeman, ‘Peroxynitrite-induced membrane lipid 

peroxidation: the cytotoxic potential of superoxide 

and nitric oxide’,  Arch  Biochem  Biophys, vol. 288 

no. 2, 1991, p. 481. 

17. C. Hölscher and S.P. Rose, ‘ An inhibitor of nitric 

oxide synthesis prevents memory formation in the 

chick’, Neurosci Lett, vol. 145 no. 2, 1992, p. 165. 

18. G. Lonart and K. M. Johnson, ‘Characterization of 

nitric oxide generator-induced hippocampal [3H] 

norepinephrine release. II. The role of calcium, 

reverse norepinephrine transport and cyclic 3’,5’-

guanosine monophosphate’, J Pharmacol ExpTher, 

vol. 275 no. 1, 1995, p. 14. 

19. S. Hindley , B. H. Juurlink, J. W. Gysbers, P. J. 

Middlemiss, M. A. Herman and M. P. Rathbone, ‘ 

Nitric oxide donors enhance neurotrophin-induced 

neurite outgrowth through a cGMP-dependent 

mechanism’, J Neurosci Res,  vol. 47 no. 4, 1997,p. 

427. 

20. A. Contestabile, ‘Roles of NMDA receptor activity 

and nitric oxide production in brain development’, 

Brain Res, Brain Res Rev, vol. 32, no. 2, 2000, p. 476. 

21. S.M. Gibbs, ‘Regulation of neuronal proliferation and 

differentiation by nitric oxide’’, Mol Neurobiol, vol. 

27, 2003, p. 107. 

22. D. S. Lorrain and E. M. Hull, Nitric oxide increases 

dopamine and serotonin release in the medial preoptic 

area’, Neuroreport, vol. 5 no. 1 1993, p. 87. 

23. J. E. Brenman and D. S. Bredt, ‘Synaptic signaling by 

nitric oxide’,  Curr Opin Neurobiol, vol. 7, no. 3, 

1997, p. 374. 

24. C. Johansson, D. M. Jackson and L. Svensson, ‘Nitric 

oxide synthase inhibition blocks phencyclidine-

induced behavioural effects on prepulse inhibition and 

locomotor activity in the rat’, Psychopharmacology 

(Berl),  vol. 131, no.2, 1997, p. 167. 

https://pubmed.ncbi.nlm.nih.gov/?term=Valko+M&cauthor_id=16978905
https://pubmed.ncbi.nlm.nih.gov/16978905/#affiliation-1
https://pubmed.ncbi.nlm.nih.gov/?term=Leibfritz+D&cauthor_id=16978905
https://pubmed.ncbi.nlm.nih.gov/?term=Moncol+J&cauthor_id=16978905
https://pubmed.ncbi.nlm.nih.gov/?term=Cronin+MT&cauthor_id=16978905
https://pubmed.ncbi.nlm.nih.gov/?term=Cronin+MT&cauthor_id=16978905
https://pubmed.ncbi.nlm.nih.gov/?term=Mazur+M&cauthor_id=16978905
https://pubmed.ncbi.nlm.nih.gov/?term=Telser+J&cauthor_id=16978905
https://pubmed.ncbi.nlm.nih.gov/?term=Akyol+O&cauthor_id=15341194
https://pubmed.ncbi.nlm.nih.gov/?term=Zoroglu+SS&cauthor_id=15341194
https://pubmed.ncbi.nlm.nih.gov/?term=Armutcu+F&cauthor_id=15341194
https://pubmed.ncbi.nlm.nih.gov/?term=Sahin+S&cauthor_id=15341194
https://pubmed.ncbi.nlm.nih.gov/?term=Gurel+A&cauthor_id=15341194
https://pubmed.ncbi.nlm.nih.gov/?term=Gurel+A&cauthor_id=15341194
https://pubmed.ncbi.nlm.nih.gov/?term=Hindley+S&cauthor_id=9057136
https://pubmed.ncbi.nlm.nih.gov/?term=Juurlink+BH&cauthor_id=9057136
https://pubmed.ncbi.nlm.nih.gov/?term=Gysbers+JW&cauthor_id=9057136
https://pubmed.ncbi.nlm.nih.gov/?term=Middlemiss+PJ&cauthor_id=9057136
https://pubmed.ncbi.nlm.nih.gov/?term=Middlemiss+PJ&cauthor_id=9057136
https://pubmed.ncbi.nlm.nih.gov/?term=Herman+MA&cauthor_id=9057136
https://pubmed.ncbi.nlm.nih.gov/?term=Rathbone+MP&cauthor_id=9057136
https://pubmed.ncbi.nlm.nih.gov/?term=Lorrain+DS&cauthor_id=8280866
https://pubmed.ncbi.nlm.nih.gov/?term=Hull+EM&cauthor_id=8280866
https://pubmed.ncbi.nlm.nih.gov/?term=Brenman+JE&cauthor_id=9232800
https://pubmed.ncbi.nlm.nih.gov/?term=Bredt+DS&cauthor_id=9232800
https://pubmed.ncbi.nlm.nih.gov/?term=Johansson+C&cauthor_id=9201805
https://pubmed.ncbi.nlm.nih.gov/?term=Jackson+DM&cauthor_id=9201805
https://pubmed.ncbi.nlm.nih.gov/?term=Svensson+L&cauthor_id=9201805


 Dr. Santoshi Ram Ghodake, et al. International Journal of Medical Sciences and Advanced Clinical Research (IJMACR) 

 

 
© 2021, IJMACR, All Rights Reserved 
 
                                

Pa
ge

32
 

Pa
ge

32
 

Pa
ge

32
 

Pa
ge

32
 

Pa
ge

32
 

Pa
ge

32
 

Pa
ge

32
 

Pa
ge

32
 

Pa
ge

32
 

Pa
ge

32
 

Pa
ge

32
 

Pa
ge

32
 

Pa
ge

32
 

Pa
ge

32
 

Pa
ge

32
 

Pa
ge

32
 

Pa
ge

32
 

Pa
ge

32
 

Pa
ge

32
 

  

25. D. Klamer ,, J. A. Engel and L. Svensson, ‘The nitric 

oxide synthase inhibitor, L-NAME, block 

phencyclidineinduced disruption of prepulse 

inhibition in mice’, Psychopharmacology (Berl), vol. 

156, no. 2-3, 2001, p. 182. 

26. C. Wass, D. Klamer, K. Fejgin and E. Pålsson, ‘The 

importance of nitric oxide in social dysfunction’, 

Behav Brain Res, vol. 200, no. 1, 2009, p. 113. 

27. O. Akyol, H. Herken, E. Uz, E. Fadillioglu, S. Unal, 

S. Sogut, H. Ozyurt and Savas HA, ‘The indices of 

endogenous oxidative and antioxidative processes in 

plasma from schizophrenic patients. The possible role 

of oxidant/ antioxidant imbalance’, Progress in 

Neuropsychopharmacology and Biological Psychiatry, 

vol. 26, no 5, 2002, p. 995. 

28. S. S. Zoroglu, H. Herken, M. Yürekli, E. Uz, H. 

Tutkun, H. A. Savaş, C. Bagci, M. E. Ozen, B. 

Cengiz, E. A. Cakmak, M I. Dogru and  O. 

Akyol, ‘The possible pathophysiological role of 

plasma nitric oxide and adrenomedullin in 

schizophrenia’, Journal of Psychiatric Research, 

vol. 36, no. 5, 2002, p. 309. 

29. M. Yanik, H. Vural, A. Kocyigit, H. Tutkun, S. S. 

Zoroglu, H. Herken, H.  A. Savaş, A. Köylü and O. 

Akyol, ‘Is the arginine-nitric oxide pathway involved 

in the pathogenesis of schizophrenia?’,  

Neuropsychobiology, vol. 47, no. 2, 2003, p. 61.  

30. F. Taneli , S. Pirildar, F. Akdeniz, B.  S. Uyanik 

and Z. Ari, ‘Serum nitric oxide metabolite levels and 

the effect of antipsychotic therapy in schizophrenia’, 

Archives of Medical Research, vol. 35, no. 5, 2004, p. 

401.  

31. H. C. Li, Q. Z.Chen, Y. Ma and J. F. Zhou, 

‘Imbalanced free radicals and antioxidant defense 

systems in schizophrenia: a comparative study’, 

Journal of Zhejiang University, Science B, vol. 7, no. 

12, 2006, p. 1981. 

32. O. G. Arinola and O. B. Idonije, ‘Status of plasma 

nitric oxide and non-enzymatic antioxidants before 

and after antipsychotic treatment in Nigerian patients 

with schizophrenia’, JRMS vol. 14, no. 1, 2009, p. 37. 

33. N. Srivastava,  M. K. Barthwal, P. K. Dalal, A. K. 

Agarwal, D. Nag, R. C. Srimal,  P. K. Seth and M. 

Dikshit, ‘Nitrite content and antioxidant enzyme 

levels in the blood of schizophrenia patients’, 

Psychopharmacology, vol. 158, 2001, p. 140. 

34. J. Ramirez, R. Garnica, M. C. Boll, S. Montes and C. 

Rios, ‘Low concentration of nitrite and nitrate in the 

cerebrospinal fluid from schizophrenic patients: a 

pilot study’, Schizophrenia Research, vol. 68, no. 2-3, 

2004, p. 357. 

35. J. K. Yao, S. Leonard and R. D. Reddy, ‘Increased 

nitric oxide radicals in postmortem brain from patients 

with schizophrenia’, Schizophrenia Bulletin, vol. 30, 

no. 4, 2004, p. 923. 

36. E. I. Korotkova, B. Misini, E. V. Dorozhko, M. V. 

Bukkel, E. V. Plotnikov and W. Linert, ‘Study of OH● 

radicals in human serum blood of healthy individuals 

and those with pathological schizophrenia’, Int J Mol 

Sci, vol. 12, no. 1, 2011, p. 401.  

37. B. Xu, N. Wratten, E. I Charych, S. Buyske, B. L. 

Firestein and L. M. Brzustowicz, ‘Increased 

expression in dorsolateral prefrontal cortex of 

CAPON in schizophrenia and bipolar disorder’,  PLoS 

Med, vol. 2, no. 10, 2005, p. e26. 

38. H. Herken, E. Uz, H. Ozyurt, S. Söğüt, O. Virit and O. 

Akyol, ‘Evidence that the activities of erythrocyte free 

radical scavenging enzymes and the products of lipid 

peroxidation are increased in different forms of 

https://pubmed.ncbi.nlm.nih.gov/?term=Klamer+D&cauthor_id=11549221
https://pubmed.ncbi.nlm.nih.gov/?term=Engel+JA&cauthor_id=11549221
https://pubmed.ncbi.nlm.nih.gov/?term=Svensson+L&cauthor_id=11549221
https://pubmed.ncbi.nlm.nih.gov/?term=Zoroglu+SS&cauthor_id=12127598
https://pubmed.ncbi.nlm.nih.gov/?term=Herken+H&cauthor_id=12127598
https://pubmed.ncbi.nlm.nih.gov/?term=Y%C3%BCrekli+M&cauthor_id=12127598
https://pubmed.ncbi.nlm.nih.gov/?term=Uz+E&cauthor_id=12127598
https://pubmed.ncbi.nlm.nih.gov/?term=Tutkun+H&cauthor_id=12127598
https://pubmed.ncbi.nlm.nih.gov/?term=Tutkun+H&cauthor_id=12127598
https://pubmed.ncbi.nlm.nih.gov/?term=Sava%C5%9F+HA&cauthor_id=12127598
https://pubmed.ncbi.nlm.nih.gov/?term=Bagci+C&cauthor_id=12127598
https://pubmed.ncbi.nlm.nih.gov/?term=Ozen+ME&cauthor_id=12127598
https://pubmed.ncbi.nlm.nih.gov/?term=Cengiz+B&cauthor_id=12127598
https://pubmed.ncbi.nlm.nih.gov/?term=Cengiz+B&cauthor_id=12127598
https://pubmed.ncbi.nlm.nih.gov/?term=Cakmak+EA&cauthor_id=12127598
https://pubmed.ncbi.nlm.nih.gov/?term=Dogru+MI&cauthor_id=12127598
https://pubmed.ncbi.nlm.nih.gov/?term=Akyol+O&cauthor_id=12127598
https://pubmed.ncbi.nlm.nih.gov/?term=Akyol+O&cauthor_id=12127598
https://pubmed.ncbi.nlm.nih.gov/?term=Yanik+M&cauthor_id=12707486
https://pubmed.ncbi.nlm.nih.gov/?term=Vural+H&cauthor_id=12707486
https://pubmed.ncbi.nlm.nih.gov/?term=Kocyigit+A&cauthor_id=12707486
https://pubmed.ncbi.nlm.nih.gov/?term=Tutkun+H&cauthor_id=12707486
https://pubmed.ncbi.nlm.nih.gov/?term=Zoroglu+SS&cauthor_id=12707486
https://pubmed.ncbi.nlm.nih.gov/?term=Zoroglu+SS&cauthor_id=12707486
https://pubmed.ncbi.nlm.nih.gov/?term=Herken+H&cauthor_id=12707486
https://pubmed.ncbi.nlm.nih.gov/?term=Sava%C5%9F+HA&cauthor_id=12707486
https://pubmed.ncbi.nlm.nih.gov/?term=K%C3%B6yl%C3%BC+A&cauthor_id=12707486
https://pubmed.ncbi.nlm.nih.gov/?term=Akyol+O&cauthor_id=12707486
https://pubmed.ncbi.nlm.nih.gov/?term=Akyol+O&cauthor_id=12707486
https://pubmed.ncbi.nlm.nih.gov/?term=Taneli+F&cauthor_id=15610909
https://pubmed.ncbi.nlm.nih.gov/?term=Pirildar+S&cauthor_id=15610909
https://pubmed.ncbi.nlm.nih.gov/?term=Akdeniz+F&cauthor_id=15610909
https://pubmed.ncbi.nlm.nih.gov/?term=Uyanik+BS&cauthor_id=15610909
https://pubmed.ncbi.nlm.nih.gov/?term=Ari+Z&cauthor_id=15610909
https://pubmed.ncbi.nlm.nih.gov/?term=Ramirez+J&cauthor_id=15099617
https://pubmed.ncbi.nlm.nih.gov/?term=Garnica+R&cauthor_id=15099617
https://pubmed.ncbi.nlm.nih.gov/?term=Boll+MC&cauthor_id=15099617
https://pubmed.ncbi.nlm.nih.gov/?term=Montes+S&cauthor_id=15099617
https://pubmed.ncbi.nlm.nih.gov/?term=Rios+C&cauthor_id=15099617
https://pubmed.ncbi.nlm.nih.gov/?term=Rios+C&cauthor_id=15099617
https://pubmed.ncbi.nlm.nih.gov/?term=Herken+H&cauthor_id=11244487
https://pubmed.ncbi.nlm.nih.gov/?term=Uz+E&cauthor_id=11244487
https://pubmed.ncbi.nlm.nih.gov/?term=Ozyurt+H&cauthor_id=11244487
https://pubmed.ncbi.nlm.nih.gov/?term=S%C3%B6%C4%9F%C3%BCt+S&cauthor_id=11244487
https://pubmed.ncbi.nlm.nih.gov/?term=Virit+O&cauthor_id=11244487
https://pubmed.ncbi.nlm.nih.gov/?term=Akyol+O&cauthor_id=11244487
https://pubmed.ncbi.nlm.nih.gov/?term=Akyol+O&cauthor_id=11244487


 Dr. Santoshi Ram Ghodake, et al. International Journal of Medical Sciences and Advanced Clinical Research (IJMACR) 

 

 
© 2021, IJMACR, All Rights Reserved 
 
                                

Pa
ge

33
 

Pa
ge

33
 

Pa
ge

33
 

Pa
ge

33
 

Pa
ge

33
 

Pa
ge

33
 

Pa
ge

33
 

Pa
ge

33
 

Pa
ge

33
 

Pa
ge

33
 

Pa
ge

33
 

Pa
ge

33
 

Pa
ge

33
 

Pa
ge

33
 

Pa
ge

33
 

Pa
ge

33
 

Pa
ge

33
 

Pa
ge

33
 

Pa
ge

33
 

  

schizophrenia’, Molecular Psychiatry, vol. 6, no. 1 

2001, p. 66. 

39. N. Yilmaz, H. Herken, H. K. Cicek, A. Celik, M. 

Yürekli and O. Akyol, ‘ Increased levels of nitric 

oxide, cortisol and adrenomedullin in patients with 

chronic schizophrenia’,  Med Princ Pract, vol. 16, no. 

2, 2007, p. 137. 

40. E. Suzuki, T. Nakaki, M. Nakamura and H. Miyaoka, 

‘Plasma nitrate levels in deficit versus non-deficit 

forms of schizophrenia’, J Psychiatry Neurosci, vol. 

28, no. 4, 2003, p. 288. 

41. B. H. Lee and Y. K. Kim, ‘Reduced plasma nitric 

oxide metabolites before and after antipsychotic 

treatment in patients with schizophrenia compared to 

controls’, Shizophre Res, vol. 104, no. 4, 2008, p. 36. 

42. Y. Nakano, R. Yoshimura, H. Nakano, A. Ikenouchi-

Sugita, H. Hori, W. Umene-Nakano, N. Ueda and J. 

Nakamura, ‘Association between plasma nitric oxide 

metabolites levels and negative symptoms of 

schizophrenia: a pilot study’, Hum Psychopharmacol, 

vol. 25, no. 2, 201, p. 139. 

43. S. Akbarian, W. E. Bunney, S. G. Potkin, S. B. Wigal, 

J. O. Hagman, C. A. Sandman and E. G. Jones, 

‘Altered distribution of nicotinamide-adenine 

dinucleotide phosphate-diaphorase cells in frontal lobe 

of schizophrenics implies disturbances of cortical 

development’, Arch Gen Psychiatry, vol. 50, no. 3, 

1993a, p. 169. 

44. S. Akbarian, A. Viñuela,J. J. Kim, S. G. Potkin W. E. 

Bunney Jr and E. G. Jones, ‘Distorted distribution of 

nicotinamide-adenine dinucleotide phosphate-

diaphorase neurons in temporal lobe of schizophrenics 

implies anomalous cortical development’, Arch Gen 

Psychiatry, vol. 50 no. 3, 1993b, p. 178. 

45. H.G. Bernstein, A. Stanarius, B. Baumann, H. 

Henning, D. Krell, P. Danos, P. Falkai and B. Bogerts, 

‘Nitric oxide synthase-containing neurons in the 

human hypothalamus: reduced number of 

immunoreactive cells in the paraventricular nucleus of 

depressive patients and schizophrenics’, 

Neuroscience, vol. 83, no. 3, 1998, p. 867. 

46. C. N. Karson,  W. S. Griffin, R. E. Mrak, M. Husain, 

T. M. Dawson, S. H. Snyder, N. C. Moore and W. Q, 

Sturner, ‘Nitric oxide synthase (NOS) in 

schizophrenia: increases in cerebellar vermis’, Mol 

Chem Neuropathol, 27, no. 3, 1996, p. 275. 

47. O. Perl, T. Ilani, R. D. Strous, R. Lapidus, and S. 

Fuchs, ‘The alpha7 nicotinic acetylcholine receptor in 

schizophrenia: decreased mRNA levels in peripheral 

blood lymphocytes’,  FASEB J, vol. 17 no. 13, 2003, 

p. 1948. 

48. S. V. Mathew, A. J. Law, B. K. Lipska, M. I. Dávila-

García, E. D. Zamora, S. N. Mitkus, R. Vakkalanka, 

R. E. Straub, D. R. Weinberger, J. E. Kleinman and T. 

M. Hyde, ‘Alpha7 nicotinic acetylcholine receptor 

mRNA expression and binding in postmortem human 

brain are associated with genetic variation in 

neuregulin 1’, Hum Mol Genet, vol. 16, no. 23, 2007, 

p. 2921. 

49. E. Masterson and B. O’Shea, ‘Smoking and 

malignancy in schizophrenia’, Br J Psychiatry, vol. 

145, 1984, p. 429. 

50. K. Lasser, J. W. Boyd, S. Woolhandler, D. U. 

Himmelstein, D. McCormick and D. H. Bor, 

‘Smoking and mental illness: A population-based 

prevalence study’, JAMA, vol. 284, no. 20, 2000, p. 

2606. 

51. L. E. Adler, L. J. Hoffer, J. Griffith, M. C. Waldo and 

R. Freedman,  ‘Normalization by nicotine of deficient 



 Dr. Santoshi Ram Ghodake, et al. International Journal of Medical Sciences and Advanced Clinical Research (IJMACR) 

 

 
© 2021, IJMACR, All Rights Reserved 
 
                                

Pa
ge

34
 

Pa
ge

34
 

Pa
ge

34
 

Pa
ge

34
 

Pa
ge

34
 

Pa
ge

34
 

Pa
ge

34
 

Pa
ge

34
 

Pa
ge

34
 

Pa
ge

34
 

Pa
ge

34
 

Pa
ge

34
 

Pa
ge

34
 

Pa
ge

34
 

Pa
ge

34
 

Pa
ge

34
 

Pa
ge

34
 

Pa
ge

34
 

Pa
ge

34
 

  

auditory sensory gating in the relatives of 

schizophrenics’, Biol Psychiatry, vol. 32, no. 7, 1992, 

p. 607. 

52. P. Sachdev, ‘Homocysteine and neuropsychiatric 

disorders’, Rev Bras Psiquiatr, vol. 26, no. 1, 2004, p. 

49 

53. A. L. Miller, G. S. Kelly and J. Tran, ‘Homocysteine 

metabolism: nutritional modulation and impact on 

health and disease’, Alt Med Rev, vol. 2, no.4, 1997, 

p. 234. 

54. J. W. Heinecke, H. Rosen, L. A. Suzuki and A. Chait, 

‘The role of sulphur containing amino acids in 

superoxide production and modification of low 

density lipoprotein by arterial smooth muscle cells’, J 

Biol Chem, vol. 262, no. 21, 1987, p.10098. 

55. G. R. Upchurch Jr, G. N. Welch, A. J. Fabian, J. E. 

Freedman, J. L. Johnson, J. F. Keaney Jr and J. 

Loscalzo, ‘ Homocyst(e)ine decreases bioavailable 

nitric oxide by a mechanism involving glutathione 

peroxidase’, J Biol Chem, vol.  272, no. 27, 1997, p. 

17012. 

56. A. S. Brown, T. Bottiglieri, C. A. Schaefer, C. P. 

Quesenberry Jr, L. Liu, M. Bresnahan and E. S.  

Susser, ‘Elevated prenatal homocysteine levels as a 

risk factor for schizophrenia’, Arch, Gen, Psychiatry, 

vol. 64, no. 1,  2007, p. 31. 

57. S. P. Paşca, B. Nemeş, L. Vlase, C. E. Gagyi, E. 

Dronca, A. C.Miu and M. Dronca, ‘ High levels of 

homocysteine and low serum paraoxonase 1 

arylesterase activity in children with autism’, Life Sci, 

vol. 78, no. 19, 2006, p. 2244. 

58. T. Lu, Y. Pan, S. Y. Kao, C. Li, I. Kohane, J. Chan 

and B. A. Yankner, ‘ Gene regulation and DNA 

damage in the ageing human brain’, Nature, vol. 429, 

2004, p. 883. 

59. S. J. James, S. Melnyk, M. Pogribna, I. P. Pogribny 

and M. A. Caudill, ‘Elevation in S-

adenosylhomocysteine and DNA hypomethylation: 

potential epigenetic mechanism for homocysteine-

related pathology’, J Nutr, vol. 132, no. 8 (suppl), 

2002, p. 2361S. 

60. Y. Jiang, B. Langley, F. D. Lubin, W. Rentha, M. A. 

Wood, D. H. Yasui, A. Kumar,E. J. Nestler, S. 

Akbarian and A. C. Beckel-Mitchener, ‘ Epigenetics 

in the nervous system’, J Neurosci, vol. 28, no. 46, 

2008, p. 11753. 

61. J. W. Muntjewerff, Van der Put N, Eskes T, 

Ellenbroek B, Steegers E, Blom H and F. Zitman, 

‘Homocysteine metabolism and B-vitamins in 

schizophrenic patients: low plasma folate as a possible 

independent risk factor for schizophrenia’,  Psychiatry 

Res, vol. 121, no. 1, 2003, p. 1. 

62. J. Applebaum, H. Shimon, B. A. Sela, R. H. Belmaker 

and J. Levine, ‘ Homocysteine levels in newly 

admitted schizophrenic patients’, J Psychiatr Res, vol. 

38, no. 4, 2004, p. 413. 

63. S. Uppala and V. U. Badikillaya, ‘Homocysteine- an 

culprit in all health and diseases’, Journal of Dr NTR 

University of Health Sciences, vol. 1, no. 3, 2012, p. 

139. 

64. K. Fukunaga, M. Yoshida and N. A. Nakazono, ‘A 

simple, rapid, highly sensitive and reproducible 

quantification method for plasma malondialdehyde by 

high-performance liquid chromatography’, 

Biomedical Chromatography, vol. 12, no. 5, 1998, p. 

300. 

65. S. P. Mahadik, S. Mukherjee, R. Scheffer, E. E. 

Correnti and J. S. Mahadik, ‘Elevated plasma lipid 

peroxides at the onset of nonaaective psychosis’, 

Biological Psychiatry, vol. 43, no. 9, 1998, p. 674 

https://pubmed.ncbi.nlm.nih.gov/?term=Heinecke+JW&cauthor_id=3038867
https://pubmed.ncbi.nlm.nih.gov/?term=Rosen+H&cauthor_id=3038867
https://pubmed.ncbi.nlm.nih.gov/?term=Suzuki+LA&cauthor_id=3038867
https://pubmed.ncbi.nlm.nih.gov/?term=Chait+A&cauthor_id=3038867
https://pubmed.ncbi.nlm.nih.gov/?term=Upchurch+GR+Jr&cauthor_id=9202015
https://pubmed.ncbi.nlm.nih.gov/?term=Welch+GN&cauthor_id=9202015
https://pubmed.ncbi.nlm.nih.gov/?term=Fabian+AJ&cauthor_id=9202015
https://pubmed.ncbi.nlm.nih.gov/?term=Freedman+JE&cauthor_id=9202015
https://pubmed.ncbi.nlm.nih.gov/?term=Freedman+JE&cauthor_id=9202015
https://pubmed.ncbi.nlm.nih.gov/?term=Johnson+JL&cauthor_id=9202015
https://pubmed.ncbi.nlm.nih.gov/?term=Keaney+JF+Jr&cauthor_id=9202015
https://pubmed.ncbi.nlm.nih.gov/?term=Loscalzo+J&cauthor_id=9202015
https://pubmed.ncbi.nlm.nih.gov/?term=Loscalzo+J&cauthor_id=9202015
https://europepmc.org/search?query=AUTH:%22Frans%20Zitman%22


 Dr. Santoshi Ram Ghodake, et al. International Journal of Medical Sciences and Advanced Clinical Research (IJMACR) 

 

 
© 2021, IJMACR, All Rights Reserved 
 
                                

Pa
ge

35
 

Pa
ge

35
 

Pa
ge

35
 

Pa
ge

35
 

Pa
ge

35
 

Pa
ge

35
 

Pa
ge

35
 

Pa
ge

35
 

Pa
ge

35
 

Pa
ge

35
 

Pa
ge

35
 

Pa
ge

35
 

Pa
ge

35
 

Pa
ge

35
 

Pa
ge

35
 

Pa
ge

35
 

Pa
ge

35
 

Pa
ge

35
 

Pa
ge

35
 

  

66. M. Kuloglu, B. Ustundag, M. Atmaca, H. Canatan, A. 

E. Tezcan and N. Cinkilinc, ‘Lipid peroxidation and 

antioxidant enzyme levels in patients with 

schizophrenia and bipolar disorder’, Cell 

Biochemistry and Function, vol. 20, no. 2, 2002c, p. 

171. 

67. P. K. Ranjekar, A. Hinge, M. V. Hegde, M. Ghate, A. 

Kale, S. Sitasawad, U. V. Wagh, V. B. Debsikdar and 

S. P. Mahadik, ‘Decreased antioxidant enzymes and 

membrane essential polyunsaturated fatty acids in 

schizophrenic and bipolar mood disorder patients’, 

Psychiatry Research, vol. 121, no. 2, 2003, p. 109. 

68. X. Y. Zhang, Y. L. Tan, L. Y. Cao, G. Y. Wu, Q. Xu, 

Y. Shen and D. F.  Zhou, ‘Antioxidant enzymes and 

lipid peroxidation in different forms of schizophrenia 

treated with typical and atypical antipsychotics’, 

Schizophrenia Research,  vol. 81, no. 2-3, 2006a, p. 

29. 

69. A. Dietrich-Muszalska and B. Olas, ‘Isoprostanes 

as indicators of oxidative stress in schizophrenia’, 

World J Biol Psychiatry, vol.  10, no. 1, 2009, p. 

27. 

70. C. S. Gama, M. Salvador A. C. Andreazza, M. I. 

Lobato,  M.  Berk, F. Kapczinski and P. S. Belmonte-

de-Abreu, ‘Elevated serum thiobarbituric acid in 

clinically symptomatic schizophrenic males’, 

Neuroscience Letters, vol. 433, no. 3, 2008, p. 270. 

71. A. Dietrich-Muszalska and B. Kontek, ‘Lipid 

peroxidation in patients with schizophrenia’, 

Psychiatry and Clinical neurosciences, vol. 64, no. 5, 

2010, p. 469. 

72. I. Altuntas, H. Aksoy, I. Coskun, A. Caykoylu and  F. 

Akcay, ‘ Erythrocyte superoxide dismutase and 

glutathione peroxidase activities, and 

malondialdehyde and reduced glutathione levels in 

schizophrenic patients’, Clinical Chemistry and 

Laboratory Medicine, vol. 38, no. 12, 2000, p. 1277. 

73. P.Uma Devi and P. Chinnaswamy, ‘Oxidative injury 

and enzymatic antioxidant misbalance in 

schizophrenics with positive, negative and cognitive 

symptoms’, African J of Biochemistry Research, vol. 

2, no. 4, 2008, p. 92. 

74. A. Dietrich-Muszalska, B. Olas and J. Rabe-

Jablonska, ‘Oxidative stress in blood platelets from 

schizophrenic patients’,  Platelets, vol. 16, no. 7, 2005, 

p. 386. 

75. M. M. Khan, D. R. Evans, V. Gunna, R. E. Scheffer, 

V. V. Parikh and S. P. Mahadik, ‘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’, Schizophrenia Research, vol. 58, 

no. 1, 2002, p. 1. 

76. M. Arvindakshan, S. Sitasawad, V. Debsikdar, M. 

Ghate, D. Evans, D. F. Horrobin, C. Bennett, P. K. 

Ranjekar and S. P. Mahadik, ‘Essential 

polyunsaturated fatty acid and lipid peroxide levels in 

never-medicated and medicated schizophrenia 

patients’, Biological Psychiatry, vol. 53, no. 1, 2003b, 

p. 56. 

77. A. O. Skinner, S. P. Mahadik and D. L. Garver, 

‘Thiobarbituric acid reactive substances in the 

cerebrospinal fluid in schizophrenia’, Schizophrenia 

Research, vol. 76, no. 1, 2005, p. 83. 

78. N. Nishioka and S. E. Arnold, ‘Evidence for oxidative 

DNA damage in the hippocampus of elderly patients 

with chronic schizophrenia’, American Journal of 

Geriatric Psychiatry, vol. 12, no. 2, 2004, p. 167. 

79. J. Young, S. B. McKinney, B. M. Ross, K. W. Wahle 

and S. P. Boyle, ‘Biomarkers of oxidative stress in 

https://pubmed.ncbi.nlm.nih.gov/?term=Berk+M&cauthor_id=18255229
https://pubmed.ncbi.nlm.nih.gov/?term=Kapczinski+F&cauthor_id=18255229
https://pubmed.ncbi.nlm.nih.gov/?term=Belmonte-de-Abreu+PS&cauthor_id=18255229
https://pubmed.ncbi.nlm.nih.gov/?term=Belmonte-de-Abreu+PS&cauthor_id=18255229


 Dr. Santoshi Ram Ghodake, et al. International Journal of Medical Sciences and Advanced Clinical Research (IJMACR) 

 

 
© 2021, IJMACR, All Rights Reserved 
 
                                

Pa
ge

36
 

Pa
ge

36
 

Pa
ge

36
 

Pa
ge

36
 

Pa
ge

36
 

Pa
ge

36
 

Pa
ge

36
 

Pa
ge

36
 

Pa
ge

36
 

Pa
ge

36
 

Pa
ge

36
 

Pa
ge

36
 

Pa
ge

36
 

Pa
ge

36
 

Pa
ge

36
 

Pa
ge

36
 

Pa
ge

36
 

Pa
ge

36
 

Pa
ge

36
 

  

schizophrenic and control subjects’, Prostaglandins, 

Leukotrienes, and Essential Fatty Acids, vol. 76, no. 

2,  2007, p. 73. 

80. D. Psimadas, N. Messini-Nikolaki, M. Zafiropoulou, 

A. Fortos,  S. Tsilimigaki and S. M. Piperakis, ‘DNA 

damage and repair efficiency in lymphocytes from 

schizophrenic patients’, Cancer Letters,  vol. 204, no. 

1, 2004, p. 33. 

81. L. B. Othmen, A. Mechri, C. Fendri, M. Bost, G. 

Chazot, L. Gaha and A. Kerkeni, ‘ Altered antioxidant 

defense system in clinically stable patients with 

schizophrenia and their unaffected siblings’, Progress 

in Neuropsychopharmacology and Biological 

Psychiatry’, vol. 32, no. 1, 2008, p. 155.  

82. D. S. Abdalla, H. P. Monteiro, J. A. Oliveira and E.J. 

Bechara, ‘Activities of superoxide dismutase and 

glutathione peroxidase in schizophrenic and manic-

depressive patients’, Clinical Chemistry, vol. 32, no. 

5, 1986, p. 805. 

83. D. Pavlović, V. Tamburić,  I. Stojanović. G. Kocić, T. 

Jevtović and V. Đorđević, ‘Oxidative stress as marker 

of positive symptoms in schizophrenia’, Facta 

Universitatis, Series: Medicine and Biology, vol. 9, 

no. 2, 2002, p. 157. 

84. G. Dadheech, S. Mishra, S. Gautam, P. Sharma, 

‘Evaluation of antioxidant deficit in schizophrenia’, 

Indian J Psychiatry, vol. 50, no. 1, 2008, p. 16. 

85. O. P. Singh, I. Chakraborty, A. Dasgupta and S. Datta, 

‘A comparative study of oxidative stress and 

interrelationship of important antioxidants in 

haloperidol and olanzapine treated patients suffering 

from schizophrenia’, Indian J Psychiatry, vol. 50, no. 

3, 2008, p. 71. 

86. M. Raffa, A. Mechri, L. B. Othman, C. Fendri, L. 

Gaha and A. Kerkeni, ‘Decreased glutathione levels 

and antioxidant enzyme activities in untreated and 

treated schizophrenic patients’, Prog 

Neuropsychopharmacol Biol Psychiatry, vol. 33, no. 

7, 2009, p. 1178. 

87. R. Reddy, M. P. Sahebarao, S. Mukherjee and J. N. 

Murthy, ‘Enzymes of the antioxidant defense system 

in chronic schizophrenic patients’, Biol Psychiatry, 

vol. 30, no. 4, 1991, p. 409. 

88. J. K. Yao, R. Reddy, L. G. McElhinny and D. P. van 

Kammen, ‘Effects of haloperidol on antioxidant 

defense system enzymes in schizophrenia’, J Psychiatr 

Res, vol. 32, no. 6, 1998a, p. 385. 

89. J. K. Yao, R. Reddy, and D. P. van Kammen, 

‘Reduced level of plasma antioxidant uric acid in 

schizophrenia’, Psychiatry Research, vol. 80, no. 1, 

1998b, p. 29. 

90. X. Y. Zhang, D. F. Zhou, L. Y. Cao, P. Y. Zhang, G. 

Y. Wu and Y. C. Shen, ‘The effect of risperidone 

treatment on superoxide dismutase in schizophrenia’,  

Journal of Clinical Psychopharmacology, vol. 23, no. 

2,  2003, p. 128. 

91. M. Padurariu, A. Ciobica, I. Dobrin and C. 

Stefanescu, ‘Evaluation of antioxidant enzymes 

activities and lipid peroxidation in schizophrenic 

patients treated with typical and atypical 

antipsychotics’, Neurosci Lett, vol. 479, no. 3, 2010, 

p. 317. 

92. T. M. Michel, J. Thome, D. Martin, K.  Nara, S. 

Zwerina, T. Tatschner, H. G. Weijers and E. 

Koutsilieri, ‘Cu, Zn- and Mn superoxide dismutase 

levels in brains of patients with schizophrenic 

psychosis’, J Neural Transm., vol.111, no. 9, p. 1191. 

93. T. D. Buckman, A. S. Kling, S. Eiduson, M. S. 

Sutphin and A. Steinberg, ‘Glutathione peroxidase 



 Dr. Santoshi Ram Ghodake, et al. International Journal of Medical Sciences and Advanced Clinical Research (IJMACR) 

 

 
© 2021, IJMACR, All Rights Reserved 
 
                                

Pa
ge

37
 

Pa
ge

37
 

Pa
ge

37
 

Pa
ge

37
 

Pa
ge

37
 

Pa
ge

37
 

Pa
ge

37
 

Pa
ge

37
 

Pa
ge

37
 

Pa
ge

37
 

Pa
ge

37
 

Pa
ge

37
 

Pa
ge

37
 

Pa
ge

37
 

Pa
ge

37
 

Pa
ge

37
 

Pa
ge

37
 

Pa
ge

37
 

Pa
ge

37
 

  

and CT scan abnormalities in schizophrenia’, 

Biological Psychiatry, vol. 22, no. 11, 1987, p. 1349. 

94. M. Zhang, Z. Zhao, L. He and C. Wan, ‘A meta-

analysis of oxidative stress markers in schizophrenia’, 

Sci China Life Sci, vol. 53, no. 1, p. 112. 

95. K. Q. Do, A. H. Trabesinger, M. Kirsten-Kruger, C J. 

Lauer, U. Dydak, D. Hell, F. Holsboer, P. Boesiger 

and M. Cuenod, ‘Schizophrenia: glutathione deficit in 

cerebrospinal fluid and prefrontal cortex in vivo’, 

European Journal of Neuroscience, vol. 12, no. 10, 

2000, p. 3721. 

96. J. K. Yao, R. Reddy and D. P. van Kammen, 

‘Abnormal age-related changes of plasma antioxidant 

proteins in schizophrenia’, Psychiatry Research, vol. 

97, no. 2-3, 2000, p. 137. 

97. R. Reddy, M. Keshavan and J. K.Yao, ‘Reduced 

plasma antioxidants in first-episode patients with 

schizophrenia’, Schizophrenia Research, vol. 62 no. 3, 

2003, p. 205. 

98. M. Terpstra, T. J. Vaughan, K. Ugurbil, K. O. Lim, S. 

C. Schulz and R.  Gruetter, ‘Validation of glutathione 

quantitation from STEAM spectra against edited 1H 

NMR spectroscopy at 4T: application to 

schizophrenia’, MAGMA, vol. 18, no. 5, 2005, p. 276 

99. D. Matsuzawa, T. Obata, Y. Shirayama, H. Nonaka, 

Y. Kanazawa, E. Yoshitome, J. Takanashi, T. 

Matsuda, E. Shimizu, H. Ikehira, M. Iyo and K. 

Hashimoto, ‘ Negative correlation between brain 

glutathione level and negative symptoms in 

schizophrenia: a 3T 1H-MRS study’,  PLoS One, vol. 

3, no, 4, 2008, p. e1944 

100. S. J. Wood, G. E. Berger, R. M. Wellard, T. M. 

Proffitt, M. McConchie, M. Berk, P. D. McGorry and 

C. Pantelis, ‘Medial temporal lobe glutathione 

concentration in first episode psychosis: a 1H-MRS 

investigation’, Neurobiol Dis, vol. 33, no. 3, 2009b, p. 

354. 

101. G. Tsai, D. C. Goff, R. W. Chang, J. Flood, L. Baer 

and J. T. Coyle, ‘Markers of glutamatergic 

neurotransmission and oxidative stress associated with 

tardive dyskinesia’, Am J Psychiatry, vol. 155, no. 9, 

1998, p. 1207. 

102. M. Arvindakshan, M. Ghate, P. K. Ranjekar,D. R. 

Evans and S. P. Mahadik, ‘Supplementation with a 

combination of omega-3 fatty acids and antioxidants 

(vitamins E and C) improves the outcome of 

schizophrenia’, Schizophrenia Research, vol. 62, no. 

3, 2003a, p. 195. 

103. X. Y. Zhang, D. F. Zhou, J. M. Su and P. Y. Zhang, 

‘The effect of extract of ginkgo biloba added to 

haloperidol on superoxide dismutase in patients with 

chronic schizophrenia’,  Journal of Clinical 

Psychopharmacology, vol. 21, no. 1, 2001a, p. 85. 

104. M. Berk, D. Copolov, O. Dean, K. Lu, S. Jeavons, I. 

Schapkaitz, M. Anderson-Hunt, F. Judd, F. Katz, P. 

Katz, S. Ording-Jespersen, J. Little, P. Conus, M. 

Cuenod, K. Q. Do and A. I. Bush, ‘N-acetyl cysteine 

as a glutathione precursor for schizophrenia--a 

double-blind, randomized, placebo-controlled trial’, 

Biol Psychiatry, vol. 64, no. 5, 2008, p. 361. 

105. S. Lavoie, M. M. Murray, P. Deppen, M. G. 

Knyazeva, M. Berk, O. Boulat, P. Bovet, A. I. Bush, 

P. Conus, D. Copolov, E. Fornari, R. Meuli, A. Solida, 

P. Vianin, M. Cuénod, T. Buclin and K. Q. Do, 

‘Glutathione precursor, N-acetyl-cysteine, improves 

mismatch negativity in schizophrenia patients’, 

Neuropsychopharmacology, vol. 33, no. 9, 2008 p. 

2187. 

106. D. C. Javitt, S. Grochowski, A. M. Shelley and W. 

Ritter, ‘Impaired mismatch negativity (MMN) 



 Dr. Santoshi Ram Ghodake, et al. International Journal of Medical Sciences and Advanced Clinical Research (IJMACR) 

 

 
© 2021, IJMACR, All Rights Reserved 
 
                                

Pa
ge

38
 

Pa
ge

38
 

Pa
ge

38
 

Pa
ge

38
 

Pa
ge

38
 

Pa
ge

38
 

Pa
ge

38
 

Pa
ge

38
 

Pa
ge

38
 

Pa
ge

38
 

Pa
ge

38
 

Pa
ge

38
 

Pa
ge

38
 

Pa
ge

38
 

Pa
ge

38
 

Pa
ge

38
 

Pa
ge

38
 

Pa
ge

38
 

Pa
ge

38
 

  

generation in schizophrenia as a function of stimulus 

deviance, probability, and interstimulus/interdeviant 

interval. Electroencephalogr’, Clin Neurophysiol, vol. 

108, no. 2, 1998, p. 143. 

107. S. R. Ghodake, A. N. Suryakar, A. K Shaikh, P. M. 

Kulhalli, R. K. Padalkar and A. M. Raut, ‘The effect 

of combined vitamin E and C supplementation on the 

oxidative stress parameters in patients with 

schizophrenia’, International Journal of Current 

Research and Review, vol. 4, no. 18, 2012, p. 176. 

 

 

 

 

 


	Corresponding Author: Dr. Santoshi Ram Ghodake, Reader and HOD, Department of Biochemistry, SMBT Dental College and Hospital, Sangamner, Dist- Ahmednagar, Maharashtra, India.

