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Status of plasma nitric oxide and non-enzymatic antioxidants before and

after antipsychotic treatment in Nigerian patients with schizophrenia

Arinola OG™, Idonije OB**

Abstract

BACKGROUND: 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 nitric oxide (as oxidant),
caeruloplasmin (secondary antioxidant), and antioxidant trace metals (Zn, Se, Mn, Cu and Fe) in patients with schizo-
phrenia compared with healthy controls. Our secondary aim was to further evaluate the impact of psychopharmacologic
treatment on these parameters.

METHODS: Plasma levels of nitric oxides (NO), caeruloplasmin, zinc (Zn), selenium (Se), manganese (Mn), copper (Cu)
and iron (Fe) in patients with schizophrenia before (n = 15) and after antipsychotic drug treatment (n = 20) were com-
pared with those of healthy controls (n = 20). Convenient sampling method was used for the selection of subjects. NO
was estimated by the use of Griess method, caeruloplasmin was estimated by the use of immunodiffusion method and
antioxidant trace metals was estimated by the use of atomic absorption spectrophotometer.

RESULTS: The levels of Cu and caeruloplasmin were not significantly different while Fe and Se were significantly re-
duced in both groups of schizophrenic patients compared with the controls. Zn was significantly elevated in medicated
schizophrenics compared with drug-free patients or controls. NO was significantly elevated in drug free patients with
schizophrenia compared with controls or treated patients.

CONCLUSIONS: Our findings suggest the application of management strategies that will reduce NO but will increase
antioxidant trace metals in patients with schizophrenia.
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chizophrenia is a disabling brain disorder

and the condition is one of the major con-

tributors to the global burden of brain
diseases.! Free radicals and reactive oxygen
species play a number of significant and di-
verse roles in neurodegenerative diseases, in-
cluding schizophrenia.2 The brain and the
nervous system are particularly prone to free
radical damage.? As the membrane lipids are
very rich in polyunsaturated fatty acids and
areas of the human brain are very rich in iron,
these factors play an essential role in generat-

ing free radical species. The ability of a tissue
or fluid to buffer the effects of reactive oxygen
species is called total antioxidant capacity.*
Blood contains many antioxidant molecules
that prevent and/or inhibit harmful free radi-
cal reactions.*

Karson et al> showed that the nitric oxide
synthase (NOS) concentration is increased in
the cerebellar vermis of postmortem brains of
those who had schizophrenia. By means of ex
vivo experiments, Das et al® also showed NOS
activity to be significantly elevated in the
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platelets of drug-naive patients with schizo-
phrenia compared with controls, drug-treated
patients with schizophrenia and patients with
panic disorder. Herken et al” reported a re-
markable increase in nitrite plus nitrate levels
in red blood cells of patients with schizophre-
nia compared with control subjects. This find-
ing suggests that there is an excess NO produc-
tion in the brains of individuals with schizo-
phrenia. Excess NO is neurotoxic owing to the
formation of peroxinitrite,® which is formed
from the reaction of NO with superoxide. Pre-
vious results indicated reduced levels of blood
antioxidants such as albumin, uric acid and
bilirubin in patients with schizophrenia.® Low
levels of total antioxidants capacity are also
reported low in patients with schizophrenia.10
The potential toxicity of free radicals (such as
excessive NO) is counteracted by a number of
cytoprotective enzymes and antioxidants that
limit the damage.!* This protective mechanism
functions cooperatively in the form of a cas-
cade in which various cytoprotective enzymes
such as superoxide dismutase (SOD) and glu-
tathione peroxidase (GSHPx) and nutrients, as
well as endogenous antioxidants act in combi-
nation.!2 Nutritionally essential trace metals
(Zn, Se, Mn, Cu and Fe) are either integral
parts or catalysts to these cytoprotective en-
zymes.12

Given these lines of evidence, we hypothe-
sized excess NO and reduced antioxidant
status in the plasma of patients with schizo-
phrenia. To support this working hypothesis,
we determined the plasma levels of nitric ox-
ides, caeruloplasmin, Zn, Se, Mn, Cu and Fe in
schizophrenic patients and healthy controls.

Methods

Ethical Approval was obtained from Uselu
Psychiatric Hospital's Management Ethical
Committee before the commencement of the
study and informed consent was obtained
from all subjects, guardians and families of the
subjects as circumstances demanded. A total of
thirty-five patients suffering from schizophre-
nia (20 males and 15 females between ages of
18 and 50 years) were recruited from Uselu

38

Arinola et al

Psychiatric Hospital, Nigeria. The patients
with schizophrenia were divided into two
groups consisting of 20 on chlorpromazine an-
tipsychotic drugs for at least 12 weeks, and 15
newly diagnosed and not taking antipsychotic
drugs. The patients were diagnosed by a Con-
sultant Psychiatrist according to axis 1 of DSM
-IV (the fourth edition of the diagnostic and
statistical manual of mental disorders) crite-
ria.3 Psychological evaluation of each subject
was done using Positive and Negative Syn-
drome Scale (PANSS). None of the patients
had significant psychiatric or somatic comor-
bidity.

Twenty healthy volunteers (12 males and 8
females) who were age and sex matched with
the patients served as controls for this study.
The control group had no previous individual
or family history of any psychiatric disorders.
A history was obtained and a clinical psychiat-
ric examination was performed. The history
included information regarding age, approxi-
mate duration of illness, length of medication,
type of medication, family medical history of
schizophrenia, economic status, level of educa-
tion, location of abode (rural or urban dweller).
All patients were evaluated clinically (history
and clinical examination), searching for signs
of immunological changes, e.g. recurrent viral
infection and searching for any diseases that
can affect immunity, e.g. sore throat, bronchi-
tis, liver diseases, thyroid enlargement etc.

The following laboratory investigations were
carried out:

1) Complete blood count to exclude anaemia,
leucopenia, leucocytosis, eosinophilia or any
other abnormal figures in blood count.

2) Thyroid function tests to exclude increased
T3 and T4 serum levels or to exclude patients
with low serum T3 and T4 levels.

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

4) Liver function tests to exclude liver affec-
tion, especially those with high liver enzymes
or those with diminished albumin levels or
high globulin levels.

5) Urine and stool analysis to exclude urinary
tract infection or parasitic infestations. Other
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Table 1. Demographic profile of the subjects.

Controls Newly diagnosed Schizophrenics on
Schizophrenics medication
Age (Yrs) 28+ 13 24+ 14 27+9
Duration of illness (Wks) NA 8+ 1 22+9
Time on medication NA NA 19 £ 5 (Weeks)
Family history NA 1 3
Education:
Literate 13 10 15
[lliterate 7 5 5
Gender:
Male (n) 12 11 13
Female (n) 8 4 7
Abode:
Urban dwelling 18 13 19
Rural Dwelling 2 2 1

exclusion criteria were subjects with suicide
attempt in past years, serious medical condi-
tions, severe head injury, seizure disorder,
rheumatic fever, rheumatoid arthritis, subjects
who received oral contraceptives, nonsteroidal
anti-inflammatory drugs, corticosteroids, anti-
convulsants and antidepressants.

About 5ml of venous blood was collected
from each subject into a bottle containing lith-
ium heparin. The plasma was separated by
centrifugation at 5000rpm for 20 minutes.
Caeruloplasmin was quantified by the single
radial immunodiffusion method as previously
described.! It is based on the principle of anti-
gen-antibody precipitation reaction in agarose
gel. Nitric oxide was estimated using Griess
method?!> while the plasma essential minerals

were analysed using atomic absorption spec-
trophotometer.16

Statistical analysis: The data were presented
as mean + SDs and were analysed with 1-way
analysis (ANOVA). Post-hoc analysis was per-
formed with Wilcoxon-Rank sum test.

Results

The demographic characteristics of patients
and controls are presented in Table 1. The ages
of all subjects were similar. There were more
males, urban dwellers, and literate subjects in
the studied population. The duration of illness
was significantly different between schizo-
phrenic patients on medication compared with
newly diagnosed patients.

Table 2. The levels (mean + SD) of non-enzymatic antioxidants and nitric oxide in newly
diagnosed drug free schizophrenic patients (NDS), schizophrenic patients on
anti-psychotic drug (DS) and control.

Caerulop- Zn (ug/l) Fe (ug/l) Mn (ug/l) Se (ug/l) Cu (ug/l) NO (uM/)
lasmin(g/l)
Control 0.21+0.92 934+13 65+6.0 62+4.1 63+6.0 58+5.0 23.6 £545
(n=20)
NDS 0.19+0.79 95+ 7" 59 +3* 60 + 2.3 57+3* 58+6.6 36.8+ 6.7
(n=15)
DS 0.23+0.11 108.2 + 14*  52+43* 57 +£4.3* 56 £ 4* 57+4.0 24.8+11.2*%
(n=20)
NDS: Newly diagnosed drug free schizophrenic patients
DS: Schizophrenic patients on antipsychotic drug
"Significantly different from schizophrenics on drugs
*Significantly different from controls.
JRMS/ January & February 2009; Vol 14, No 1. 39

WWW.mui.ac.ir


http://www.mui.ac.ir

Nitric oxide, anti psychotics and schizophernia

As shown in Table 2, the levels of Cu and
caeruloplasmin were not significantly different
while Fe and Se were significantly reduced in
patients with schizophrenia compared with the
controls. Zn was significantly elevated in pa-
tients with schizophrenia compared with drug-
free patients or control. NO was significantly
raised in drug free schizophrenic patients com-
pared with controls or treated patients.

Discussion

As evidence supporting the relation between
NO and central nervous system/function con-
tinues to accumulate,’ relation between plasma
NO and schizophrenia could also be conjec-
tured. We found significant increase in plasma
NO levels in drug free schizophrenic patients
compared with controls or schizophrenics on
antipsychotic medication. This supports previ-
ous studies that suggest NO production is in-
creased in brains of individuals with schizo-
phrenia.5 Glutathione peroxidase (GSH-Px)
and superoxide dismutase (SOD) are antioxi-
dant enzymes which protects against the po-
tential toxicity of free radicals. In conditions of
increased production of free radicals, an im-
balance towards a pro-oxidant is formed,
which is fundamentally important in the
pathogenesis of schizophrenia.21718 Decreased
GSH-Px, decreased SOD activity and increased
lipid peroxidation products in RBC of drug
free patients with schizophrenia was re-
ported.l” Glen et al'® also suggested that drug
free patients with schizophrenia have high
level of long chain unsaturated fatty acids in
RBC membranes. High lipid peroxidation of
poly unsaturated fatty acid and GSH-Px might
result in accumulation of H>O, and other per-
oxides, thus explaining elevated level of NO in
drug free patients with schizophrenia. It was
earlier reported that accumulated NO may
comprises ATP synthesis and organelle’s abil-
ity to sequester excess cellular Ca2*.1® These
could contribute to neuronal death.

CuZnSOD is utilized for neutralising super-
oxide ions to H»O, and O.. Se dependent-
GSH-Px and Fe-dependent catalase reduces
H>O» to H2O and oxygen. Thus reduction of Fe,
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Mn, Cu and Se in patients with schizophrenia
may lead to disturbed functions of antioxidant
enzymes. The disturbance of the oxidant-
antioxidant equilibrium owing to abnormal
activity of SOD and GSHPx was reported.20.2!
Pavlovic et al2 showed depleted antioxidant
status due to increased utilization with increas-
ing oxidative stress in patients with schizo-
phrenia. Schizophrenia has also been shown to
disturb the glutathione homeostasis, which is
one of the factors responsible for weakening
the antioxidant defense provided by enzymatic
antioxidants.

Selenium is an important constituent of glu-
tathione peroxidase enzyme. Also, manganese,
copper, and zinc are important components of
super oxide dismutase (SOD) and iron in cata-
lase.2? Due to high lipid peroxidation and oxi-
dative stress as shown by raised NO in pa-
tients with schizophrenia, deficiencies of these
nutritionally essential metals are expected in
patients with schizophrenia. As shown in the
present study Fe, Mn and Se were reduced
while Zn was elevated. Depleted antioxidant
status due to increased utilization with increas-
ing oxidative stress has been reported.20.21,23-25
However, few studies have advocated
strengthening of antioxidant status in schizo-
phrenia so as to counteract oxidative stress.

Fe was significantly decreased in newly di-
agnosed drug-free patients with schizophrenia
compared with controls. Fe level has been
shown to be deposited in the brain of patients
with schizophrenia, this may account for our
observed low plasma iron in patients with
schizophrenia. Since low circulating Fe has
been found to alter dopaminergic pathway?l,
low plasma Fe found in our patients with
schizophrenia might have predispose them to
the development of schizophrenia.

Se level was significantly reduced in pa-
tients with schizophrenia compared with con-
trol. Se deficiency has been reported in un-
treated patients with schizophrenia.?2* Se is an
important component of GSH-Px. Se deficiency
is associated with altered GSH-Px enzyme and
consequently altered glutathione redox state.15
Therefore reduced selenium in patients with
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schizophrenia is one of the causes of oxidative
stress in these patients. Also, a low soil Se level
has been associated with increased incidence
of schizophrenia.?* Soils in most of the urban
areas have low level of Se due to increased pol-
lution which increases soil acidity. This may be
responsible for higher prevalence of schizo-
phrenia in urban areas. Moreover, modern
stressful living contributes to free radical gen-
eration® and may also lead to schizophrenia.

Our result showed that Zn was significantly
increased in schizophrenic patients on medica-
tion. Zn is important in the normal functioning
of Zn-dependent CuZnSOD.2 The conse-
quence of raised Zn in patients with schizo-
phrenia on treatment is reduction of oxidative
stress. It is known that Zn and Cu are antago-
nists both competing for sites on metal-
lothionein.26 Therefore, uncontrolled elevation
of Zn level in patients with schizophrenia may
lead to further reduction in Cu level. The im-
plication of further reduction in Cu level may
be detrimental in patients with schizophrenia
since Cu increases the activity of tyrosinase
and beta-hydroxylase enzymes which are in-
volved in dopaminergic activity.

Mn was observed to be significantly de-
creased with medications. It has been reported
that antipsychotic drugs chelate body manga-
nese,? thus explaining the decrease in Mn level
in patients with schizophrenia on antipsy-
chotic medications as reported in the present
study. Mn is necessary for brain function and
component of SOD (an antioxidant enzyme).
Reduced level of Mn may be due to low anti-
oxidant capacity of MnSOD resulting in in-
creased oxidative stress or NO as found in this
study.

Schizophrenia is a severe psychiatric disor-
der whose etiology still remains elusive. Con-
verging evidences indicate that oxidative
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mechanisms may play a role in schizophrenia.?
Plasma free radicals were found to be elevated
while SOD, GSH-Px, albumin, uric acid and
bilirubin were reported to be reduced in pa-
tients with schizophrenia.®® However, sup-
plementation of antioxidant vitamin C with
atypical antipsychotics was shown to reduce
oxidative stress and improves the outcome of
schizophrenia.?® Trace elements play a vital
role in brain development and/or functions.
Prenatal and neonatal exposure to toxic metal
(arsenic, lead, cadmium) exposure had been
linked with the development of schizophre-
nia.? Deficiency of selenium and iron had been
shown to play a role in the aetiopathogenesis
of schizophrenia.?

The major limitation of the present study is
the decline of consent by most patients, thus
reducing the sample size. Thus, further studies
on larger number of patients, sub-group analy-
sis according to age, symptom and duration of
illness should be carried out.

Conclusion

Our results showed that NO was elevated in
untreated patients with schizophrenia but it
was normal in treated patients and had an in-
consistent relationship with trace metals. This
may suggest the potential role of antioxidant
trace metals in the therapeutic strategy and
their implication in preventive approaches of
populations at risk for schizophrenia.
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