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ABSTRACT

Recently, it is proposed that oxidant- antioxidant imbalance may have a role in the pathophysiology of
schizophrenia. The present study was performed to assess differences in plasma levels of
Malondialdehyde (MDA), as an oxidant product, antioxidant such as superoxide dismutase (SOD),
reduced glutathione (GSH), vitamin E (a-tocopherol), vitamin C (ascorbic acid) etc., and total antioxidant
capacity(TAC) in the patients with schizophrenia as compared with healthy controls. Our secondary aim
was to further evaluate the effect of combined supplementation of antioxidant vitamins E and C along
with antipsychotics treatment on these parameters. The study includes prospective, double blind, non-
crossover, and 12 weeks intervention of antioxidants. Plasma levels of MDA, erythrocytes SOD, GSH,
vitamin E, vitamin C and TAC levels in plasma in patients with schizophrenia before (n=40) and after
regular antipsychotic treatment (n=20) and treatment with antipsychotics plus antioxidant E and C
supplementation (n=20) were compared with healthy controls (n=40). The levels of MDA were
significantly increased in patient before treatment while the levels of SOD, GSH, vitamin E and C and
TAC in plasma shown significant reduction. However, the antioxidant supplementation along with
antipsychotics reverses the above levels. PANSS (positive and negative syndrome scale) change scores at
12 weeks improved statistically significant with antioxidant E and C supplementation as compared to
alone antipsychotics treatment. So 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.
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INTRODUCTION schizophrenia, employing various areas of

research, oxidative  biomarkers,

Schizophrenia is a devastating mental disorder,
expressed in the form of abnormal mental
functions and disturbed behavior. It has a life-time
prevalence of approximately 1% of the world’s
population. The disorder has a bad outcome,
regardless of different treatment (pharmacological,
social, cognitive etc.). Oxidative stress is common
to several neuropsychiatric disorders. The
mechanisms have been most widely studied in
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including
psychopharmacology and clinical studies with
antioxidants (1).

The aetiopathogenesis of  neuropsychiatric
disorders is incompletely understood, which may
partly account for the persisting dominance of the
syndrome nosology in neuropsychiatry, despite its
widely recognized inadequacies. Oxidative stress
mechanism have been implicated in the
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pathogenesis has theoretical appeal, as the brain is
considered particularly vulnerable to the damage
for several reasons (2). The oxidative vulnerability
of the brain, with growing evidence for
neuropsychiatry ~ syndromes,  suggests that
oxidative damage may be a plausible pathogenic
candidate (2).

In fact, experimental models have demonstrated
that oxidative stress induces behavioral and
molecular anomalies strikingly similar to those
observed in schizophrenia. Thus the extant
evidence for the role of oxidative stress in the
pathophysiology of neuropsychiatric disorders
such as Schizophrenia, Depression, Alzheimer’s
disease, Epilepsy etc. offers a hypothesis derived
therapeutic approach in the form of antioxidants.
Vitamin E and vitamin C are well known
antioxidants that are postulated to protect against
damage to biological membranes by their ability to
scavenge free radicals. Accordingly, several
studies have examined the efficacy of vitamin E or
vitamin C in the treatment of schizophrenia (1, 3).
Treatment of schizophrenia, particularly the most
disturbing symptoms is considered to be very
difficult. This is because treatment with both
typical as well as atypical antipsychotics has
serious side effects that lead to a significant loss of
quality of life. It is important to develop
alternative or adjunctive treatment strategies that
may augment the antipsychotic action and reduce
the side effects.

Clinical trials investigating adjunctive antioxidants
in the treatment of schizophrenia and depression
have utilized vitamin E and vitamin C, Ginkgo
biloba extract and N-acetyl cysteine (NAC) have
been considered for some to improve the outcome
of these diseases (2). Supplementation has been
done, first with vitamin C with haloperidol
reported no symptomatic improvement (4). Then
vitamins E/C along with omega — 3 fatty acids,
shown significant symptomatic improvement, but
no significant change in oxidative products has
been found (5).

Some studies showed reversal of MDA, ascorbic
acid and SOD levels along with improved positive
and negative symptoms, extrapyramidal side
effects and superior BPRS outcome (6,7). As the
evidence is increasing for the increased oxidative
stress and oxidative cellular injury in various
neuropsychiatric disorders, use of more than one
antioxidant vitamin may be the preferred
supplementation. Thus the use of antioxidants is
critical since peroxidative membrane injury may
contribute to pathophysiology and must be
prevented (8). It is also important to point out that
the number of studies has reported variable
therapeutic effects of dietary antioxidants,
primarily vitamin E on tardive dyskinesis (9).
Supplementation with vitamin C, an effective
intracellular antioxidant, has not been tried,
although its use in preventing intracellular
peroxidative injury and restoration of active
vitamin E for the prevention of membrane lipid
peroxidation has been suggested (8).

There is a lack of information on oxidative process
in cerebrospinal fluid and brain. Considering the
size of the CNS in comparison to the other
compartments of the human body, it seems
reasonable to assume that changes in the levels of
various biomolecules inside the brain can
influence the plasma levels of those biomarkers.
This was concluded by various studies on CNS
(CSF, post mortem or animals) showed at least
correlative tendencies with studies assaying
biomarkers in  erythrocytes, plasma or
polymophonuclears (1). So most of the oxidative
stress in patients with schizophrenia have made on
peripheral tissues.

The patients with schizophrenia had increased
serum Malondialdehyde levels and decreased
plasma ascorbic acid levels, which proves
increased oxidative stress. These levels were
significantly reversed after treatment with vitamin
C along with atypical antipsychotics compared to
placebo with atypical antipsychotics. BPRS scores
improved significantly with addition of vitamin C
as compared to placebo after 8 weeks of treatment
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(6). The supplementary use of vitamin C in
schizophrenia requires caution since a high dietary
intake of iron will result in vitamin C having a
pro-oxidant rather than an antioxidant action.
Vitamin E is a lipid soluble antioxidant with the
potential to prevent oxidative damage. However,
vitamin E cannot prevent oxidative damage to
cytosolic proteins, mitochondria, and nuclei,
where most of the ROS are generated. Therefore,
it may be important to use vitamin E in
combination with vitamin C. Addition of vitamin
C probably reduces this risk because of its
interactions with vitamin E, i.e. vitamin C reduces
vitamin E radicals formed when vitamin E
scavenges the oxygen radicals (10). Also, theses
vitamins are suitable for human clinical trials
because they are readily available, inexpensive
and relatively safe (11). We have therefore tested
the safety and efficacy of combining vitamin C
and E in a sample of patients. So, aim of this study
was to explore the beneficial effects of combined
supplementation of vitamin E and C on oxidative
stress parameters in schizophrenia patients. Also
to suggest the new therapeutic approaches using
appropriate antioxidants which might partially
alleviate or prevent the symptoms of
schizophrenia.

MATERIALS AND METHODS

This prospective cohort study, 12 weeks trial was
carried out in the department of Biochemistry and
outpatient and inpatient department of Psychiatry,
PDVVPF’s Medical College, Ahmednagar, India.
Study group consist of a control group of healthy
subjects and that of schizophrenia selected
consecutively. Healthy subjects more than 18
years of age, of both sexes, more than 50
kilograms weight, taking good diet, non-smokers,
and non-alcoholic, free of any medication for at
least one month prior to study were selected as
controls. These were enrolled from the general
population and academic community.

The research protocol and consent forms were
approved by institutional ethics committee. Some

the patients had a decision-making capacity and
consented for the study signed the consent form,
but most of the cases, the consent form was signed
by the family members. After taking consent and
screening with routine investigations, physical
examination. Fasting blood samples were obtained
at 0 weeks and at the end of 12" weeks from the
start of the treatment. After initial analysis subjects
were divided into to two groups by stratified
sampling.  First group receiving regular
antipsychotic treatment (consisting of haloperidol,
dose decided by psychiatrist, depends on severity)
and second group allow receiving antioxidant
vitamins E and C along with antipsychotic
treatment. The vitamin supplementation was
carried out by supplying both vitamin E (400 1U,
dl-a-tocopheryl acetate/day, Evion) and vitamin C
(250 mg L-ascorbic acid/day, Celin). The patients
were instructed to consume vitamin E and C daily
for the duration of 12 weeks (3 months). After 12
weeks of supplementation, the effect of
supplements was assessed by measurement of
oxidant and antioxidant markers in the patient.

The patient and control were excluded for high
levels of dietary supplemental, sever under or
malnourishment, seizure disorders, head injury,
with loss of consciousness, alcohol and substance
abuse and dependence, excessive smoking, type Il
diabetes, lipid disorders, cardiovascular diseases,
hypertension or a family history of the same.
These factors and obesity, which is also rarely
seen in these patients, known to affect free radicals
and antioxidant status were also excluded.
Diagnosis of schizophrenia was derived by
structured clinical interview (SCID-P) according
to axis | of DSM-IV (Diagnostic and Statistical
manual of Mental Disorders- fourth edition)
criteria (12). Patients with WAIS-R full scale
IQ<80 were excluded. The psychopathology of
status of the patient was assessed on admission
and after treatment by a trained physician using
PANSS (positive and negative symptoms scale)
score.
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The following
carried out

1) Complete blood count to exclude anemia or any
other abnormality.

2) Renal function tests (blood urea and serum
creatinine) to exclude renal impairment.

3) Liver function tests to exclude liver affection,
especially those with diminished albumin levels or
high globulin levels.

Biochemical assays

The heparinised venous blood samples obtained
from these subjects were used for the analysis.
Plasma was separated by centrifugation at 3000 g
for 15 minutes. Separated plasma was used for the
estimation of MDA, vitamin E, vitamin C, TAC.
The buffy coat was removed and the packed cells
were washed three times with physiological saline.
The erythrocytes suspension was prepared by the
method of Dodge et. al. (13), modified by Quist
(14). The packed cells were used for the analysis
of SOD and GSH. SOD activity was measured in
hemolysate, according to the method of Kajari Das
(15). Superoxide radicals were generated by photo
reduction of riboflavin. These radicals react with
hydroxylamine hydrochloride to produce nitrite.
The nitrite in turns reacts with sulfanilamide to
produce diazonium compound, which
subsequently react with N-naphthylene diamine to
forom a red colored azocompound whose
absorbance was measured at 543nm.

Erythrocyte GSH was estimated by the method of
Beutler et. al. using dithio-bis- nitro benzoic acid
(DTNB) (16). DTNB was reduced by sulf-hydryl
compounds to an intense yellow colored complex
which was measured at 412nm.

Plasma vitamin E (alpha-tocopherol) was
determined by the method of Baker and Frank
(17). Vitamin E was measured by their reduction
of ferric to ferrous ions which then forms a red
colored complex with dipyridyl. Tocopherol and
carotene were first extracted into xylene and
absorbance was measured at 460nm to measure
carotene. A correction for carotenes was made
after adding ferric chloride and read at 520nm.

laboratory investigation were

Ascorbic acid levels were estimated in plasma by
the method of Tietz (18). Ascorbic acid was
oxidized to diketogulonic acid in the presence of
strong acid solution. This ketogulonic acid reacts
with  2,4-dinitrophenylhydrazine to  form
diphenylhydrazone which dissolved in sulphuric
acid to produce red colored complex which
measured spectrophotometrically at 520nm.
Plasma MDA concentrations was determined as
the measure of TBARS (19). MDA as an indicator
of oxidative stress measuring it as a secondary
fragmentation product of PUFA peroxide, a
thiobarbituric acid reactive substance (TBARS)
that gives a pink colored complex with
thiobarbituric acid (TBA). It was read on a
spectrophotometer (Systronic Co. Gujarat, India.)
at 530nm.

TAC was measured by the assay of FRAP (20).
Ferric tripyridyl triazide (Fe II-TPTZ) complex
was reduced to its ferrous form, which is intense
blue colored complex and absorb light at 593nm.
All the reagents used were of analytical reagent
grade and purchased by local chemical
distributors.

Statistical analysis

Statistical analysis between controls and patients
was performed by using SPSS version 17 package
(Chicago, USA). The test for normality was
accomplished by the normality plots. Studentst’
test was done for group comparison. The data
were expressed as meant SD. All analyses were
two-tailed and used p of 0.05 or less to determine
significance.

RESULTS

Table No. 1 shows demographic features of the
schizophrenic patients. The results of the oxidative
stress parameters study are illustrated in the Table
2. Significantly increased levels of MDA was seen
in the patient before treatment compared to
controls, whereas the levels MDA were
significantly reduced after supplementation of
antioxidant in the patient as compared to the
patient before treatment and those taking only
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antipsychotics. From the results it is evident that
individual antioxidant parameters like SOD, GSH,
vitamin E, vitamin C etc. and total antioxidant
capacity were significantly reduced in the pre-
treatment patients as compared to healthy controls.
But the significant improvement in these
parameter levels in the 11" group patients than that
of I group patient. The results also revealed that
significant improvement of clinical symptoms
indicated by PANSS, in the patients receiving
antioxidant supplementation as compared to
patients receiving antipsychotics alone.

DISCUSSION

There are very few studies that the combined
supplementation of vitamin E and C is effective
improvement in the levels of oxidative stress
parameters so as to maintain homeostasis of free
radicals and antioxidants. Our results are
inconsistent to the many studies the studies in the
field of schizophrenia research. The use of
combined supplementation of vitamin E and C is
justified by few studies indicating that
pathophysiology schizophrenia of involves both
reduced antioxidant defense system and increased
oxidative stress mediated lipid peroxidation (6, 21-
23). Few studies with supplementation with either
vitamin E or C alone have reported inconsistent
and variable improvement in the clinical measures.
This study is also unique since it involved patients
and normal controls with same racial background
with similar lifestyle and dietary patterns.

This suggests several ways in which ongoing
oxidative stress might impact the occurrence and
course of schizophrenia. Several studies have
shown that alteration in the antioxidant defense
system cause cognitive  impairment and
biochemical relevant to schizophrenia. Our study
has shown highly significant increase in plasma
MDA level in pre-treatment patient as compared
to controls. This clearly indicates that there is
increased  oxidative stress mediated lipid
peroxidation. Our results also reveal that the
antioxidant defense system is also severely

affected. A significant reduction in the SOD
activity in patients, before treatment as compared
to controls. The decrease in the activity of this
antioxidant enzyme against lipid peroxidation due
to increased oxidative stress. SOD, a chief
regulator of oxidative stress, was found to be
compromised with an increased oxidative stress in
schizophrenia patients (23). However, there is not
significant change in the SOD activity was seen in
the patients receiving either regular treatment or
antioxidant supplementation.

The present study showed significant reduction in
the erythrocyte-GSH, plasma vitamin E,C and
TAC levels in schizophrenics before any
treatment. The GSH deficit found in this study
and previous reports indicates the role of GSH in
pathophysiology of variety of neuropsychiatric
disorders including schizophrenia. This may be
involved in membrane peroxidation and micro
lesions related to dopamine, which seem to be
increased in schizophrenia, suggests that GSH
may be a possible indicator of damage in neuronal
membrane (24). Vitamin E is the potent lipid
soluble antioxidant that stops the spread of the
chain reaction in the lipid part of the cell
membrane. Currently there is not enough evidence

that provides the information about the
supplementation with vitamin E improves
symptoms of neuroleptic- induced tardive

dyskinesia (9). Vitamin C is a water soluble
antioxidant that scavenges reactive species. It can
inhibits  peroxidation of the membrane
phospholipids and can also improve regeneration
of vitamin E. Vitamin C is found at higher than
plasma levels in a variety of tissues, including the
brain (there is a greater than 10-fold gradient
between the concentration of ascorbic acid in brain
and serum) (1). Vitamin C is also important for
maintaining levels of antioxidant vitamin E by
reducing the vitamin E radical. Each antioxidant
nutrient has specific activities. Yet in combination
they are found to be more effective, suggesting
synergistic action (25). After supplementation of
these antioxidants the levels of erythrocyte-GSH,
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vitamin E and C, and TAC in plasma were
significantly improved towards normal as
compared to I** group patients. Thus the data
analysis suggested that the antioxidant vitamins
particularly plasma ascorbate and vitamin E
significantly contribute in reducing the oxidative
stress. The previous studies, it has been found that
the levels of nutrient antioxidant ascorbate and
vitamin E decline as a result of the increasing
oxidative stress. In the few studies a combination
of both antioxidants (vitamin E and vitamin C)
was used, the results showed that the dyskinetic
movements total score was significantly reduced.
Results of the vitamin combination are promising
and further studies on this combination therapy are
suggested (26). Decline in TAC is also associated
with increased production of free radicals and
decreased levels of antioxidant defenses. Our data
regarding the TAC is consistent with the previous
reports showing depletion of main antioxidants:
vitamin E, C, GSH and decreased activities of
antioxidant enzyme in schizophrenia (27, 28). This
provides the indication that the mechanisms of
free radical induced damage to lipids, proteins and
DNA may be involved in the pathogenesis of
schizophrenia. In the present study, we have
observed that PANSS score at 12weeks improved
significantly with antioxidant supplementation as
compared to antipsychotics treatment. The major
limitation of the present study is less sample size.
Thus, further studies on larger number of patients,
subgroup analysis according to age, symptoms and
the duration of illness should be carried out.
analyzing and comparison of the total antioxidant
and total oxidant status levels among groups might
have give the best results to assert the antioxidant
vitamins effect and the oxidative stress
involvement in the pathogenesis of the
schizophrenia.

CONCLUSION

In conclusion, oxidative stress may be involved in
schizophrenic patients and the treatment with
antioxidants in the initial stage of the disease may

be useful as secondary therapy to prevent the
oxidative damage and deterioration of the neural
tissues in schizophrenia. The results of our study
have shown higher oxygen free radical production
and decreased SOD activity supports the higher
oxidative stress hypothesis in schizophrenic
patients. It is evident from the study that increased
oxidative stress in schizophrenics leads to decrease
in the levels of antioxidants like GSH, vitamin E
and C and disturb their metabolism, which weaken
their ability to fight the growing stress.
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Table 1: Clinical Demographic features of schizophrenia patients

Schizophrenia patients (n=40) Mean +SD
Age (years) 32.8+£14.4
Gender (M/F) 18/12
Duration of illness (months) 8.5+ 6.8
Hemoglobin (Gm %) 323+ 13

Table 2: The mean = SD values of Plasma MDA, Erythrocyte-SOD, GSH, Plasma VITAMIN E,
VITAMIN C, and TAC in controls and patients with schizophrenia before and after intervention

Schizophrenic patients
controls Before After regular Aftt_ar regular treatment
Parameters (n=40) treat t(BT treatment antioxidant supplementation
real m_e;o( ) (RT) (RT+S) P values
(n=40) (n=20) (n=20)
MDA
253.22+ 39.20 367.33+ 58.49 329.65+ 40.01 280.97+ 45.23 a, b, ¢, d<0.0001
(nmol/L)

SOD (U/gm A< 0.0001, b=NS,
Hb) 24.816.38 20.05+ 3.97 20.50 +£1.43 21.88+1.40 ¢= 0.05, d= 0.004
GSH a<0.0001, b,c,

(mg/gm Hb) 34.68 4.67 26.81+ 3.53 28.09+ 2.32 26.69+ 2.17 d=NS.

Vitamin E a< 0.0001,b, d=NS,
(mg/L) 10.13 1.11 9.20+£0.82 9.38+ 1.07 10.04+ 1.17 ©=0.002
Vitamin C a, < 0.0001, b=NS,
(mg/dL) 0.90 0.21 0.63+ 0.14 0.64+ 0.09 0.81+ 0.16 4<0.0002
TAC a<0.0001, b=NS,
(nmol/L) 904.61+ 111.40 | 761.93 +105.00 767.81+ 22.70 845.58+ 94.78 ¢=0.004, d=0.03
PANSS 84.20+ 13.75 77.25+12.27 75.30 £14.60 b, d=NS, ¢=0.024

Values are expressed as mean + SD Control vs. BT= a, BT vs. RT=b, BT vs. RT+S=c, RT vs. RT+S  NS=Non-

significant
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