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Abstract Reactive oxygen species (ROS) formed in
various metabolic reactions cause unlimited damage by
attacking and oxidizing the macromolecules. An arsenal of
antioxidant substances neutralizes these ROS at various
sites of their metabolic cascade, and if disequilibrium
exists between the pro and antioxidant system, oxidative
stress persists. The present study was undertaken in
schizophrenia, to highlight the response and role of some
endogenous antioxidants viz. reduced glutathione (GSH),
bilirubin, total proteins, albumin and uric acid in scav-
enging the ROS. The effect of severity of disease, age
factor, and substance abuse was also studied. In all, 50
schizophrenics and 50 age and sex-matched controls were
enrolled in the present study. Fasting blood samples were
drawn for estimating malondialdehyde (MDA), GSH,
bilirubin, total proteins, albumin and uric acid in both
the groups. The results were statistically analyzed by Z-test
and correlated using correlation coefficient (r). The study
shows reduction in MDA levels and decline in the level of
endogenous antioxidants, but within the normal range.
Chronic schizophrenics were at a higher risk of oxidative
stress and age and substance abuse seems to worsen the
situation.
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Introduction

Higher eukaryotic aerobic organisms cannot exist without
oxygen, yet oxygen is inherently dangerous to their exis-
tence [1] as it produces pro-oxidants or reactive oxygen
species (ROS) in various metabolic processes [2]. ROS
attack macromolecules viz. lipids, proteins/enzymes, car-
bohydrates and DNA, inducing undesirable oxidation and
producing toxic substances that cause membrane damage,
protein modification, DNA damage, lipid peroxidation, etc.
[3]. This oxidative damage is believed to be involved
not only in the process of aging, but accumulating
evidence also suggests that it may contribute to patho-
genesis of various diseases [4]. The brain tissue contains
large amounts of unsaturated fatty acid, catecholamines,
increased oxygen consumption, presence of transition
metals making the neuronal membrane uniquely vulnerable
to free radical mediated damage [5], that may be important
in diseases like Alzheimers, Schizophrenia, etc. [6].
Schizophrenia is a psychiatric disorder, with a complex
pathophysiology and a broad range of behavioral and
biological manifestations [7]. The disease is common to
people belonging to all strata of the society who are under
constant stress due to socio-economical, environmental
and demographic conditions. These conditions may also
become etiological factors for the progression of schizo-
phrenia [8]. To better comprehend the relationship between
changes in brain membrane lipids and schizophrenia, the
protective strategies evolved against free radical toxicity
requires to be explored [9]. For combating the offending
behavior of ROS, our body is equipped with an arsenal of
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powerful defense components that include enzymatic,
nutrient and endogenous substances known as antioxidants
[10]. These are very important for existence and if
homeostasis between pro-oxidant and antioxidant is dis-
turbed, it creates oxidative stress [11]. The antioxidants
neutralize oxidants by acting cooperatively at different
sites of the metabolic cascade of free radicals [12]. Apart
from the enzymatic and nutrient antioxidants the biological
system has evolved some endogenous defensive substances
as additional antioxidative tools. These include glutathione
(GSH), bilirubin, total proteins, albumin and uric acid, that
as a whole play a homeostatic role against ROS produced
during normal cellular metabolism and after active oxida-
tion insults [13].

In our previous studies it was found that nutrient anti-
oxidants [14] as well as enzymatic antioxidant substances
[15] are altered in response to oxidative stress in condition
of schizophrenia perhaps as a defensive mechanism.
Hence, the aim of the present study is to evaluate the
response of some endogenous antioxidants in condition of
oxidative stress in schizophrenia.

Materials and Methods

The study comprised of 50 schizophrenic patients, screened
thoroughly for the disease at Psychiatric Centre, Jaipur.
These were compared with another group of 50 normal,
healthy, age and sex-matched subjects selected from general
population as controls. Personal and clinical history of the

Table 1 Some anthropometric parameters of control and schizo-
phrenic groups

Parameters Control group Schizophrenic group
n = 50 (%) n = 50 (%)

Age (years)

Mean + SD 39.22 4+ 9.23 40.38 + 9.48

<40 28 (56%) 25 (50%)

>40 22 (44%) 25 (50%)
Sex (M/F)

Male 35 (70%) 34 (68%)

Female 15 (30%) 16 (32%)
Diet

Vegetarian 38 (76%) 40 (80%)

Non-vegetarian 12 (24%) 10 (20%)
Phase of illness

Acute - 40 (80%)

Chronic - 10 (20%)
Substance abuse

Abusers 18 (36%) 18 (36%)

Non- abusers 32 (64%) 32 (64%)

subjects was recorded in form of a questionnaire (Table 1).
Psychopathological screening of schizophrenic patients was
done by positive and negative syndrome scale (PANSS)
under the guidance of a trained psychiatrist. Subjects were
selected using the following exclusion criterion:

Pregnant and lactating females

Symptoms of any organic illness

History of receiving ECT in last 1 year

Any substance dependence for last 1 month

History or present symptoms of any other stress-
induced disorders

Subjects under or equal to the age of 40 years were
considered as one group and above 40 years of age as
another group. Acute and chronic schizophrenics and
substance abusers and non-abusers were also counted for in
separate groups. Samples of blood from the anticubital vein
were drawn and collected in plain vials for serum separa-
tion. The samples were centrifuged for 15 min at 2,000
rpm and stored at —20°C until analysis. Endogenous
antioxidants were measured using Randox kit methods on
the Olympus AU 400 analyser according to the manufac-
turer’s procedures viz. bilirubin (Diazo kit method), total
proteins (Biuret kit method), total proteins (Biuret kit
method), albumin (BCG kit method) and uric acid (Uri-
case-Pod kit method). Reduced GSH was estimated using
standard clinical chemistry method [16] and malondialde-
hyde (MDA) a marker of oxidative stress and end product
of lipid peroxidation was estimated in RBC as thiobarbi-
turic acid reactive substance (TBARS) [17]. The data
collected was expressed as mean and SD and statistically
evaluated by Z-test and Student’s ‘¢’ test. Pearson’s cor-
relation coefficient (r) was used to assess the association
between related parameters.

Results

The results are shown in Tables 1, 2, 3, 4, and 5 and
Figs. 1, 2, 3. Table 1 shows distribution of subjects
according to gender, age, diet, stage of illness and sub-
stance abuse. Table 2 shows the level of MDA; the easily
extractable product of PUFA oxidation and endogenous
antioxidants [18]. The value of MDA in schizophrenics
was significantly higher as compared to controls
(p = 0.005) indicating pro-oxidant induced damage. When
the patients were segregated on the basis of stage of
schizophrenia (Table 3), the MDA levels seem to increase
in chronic cases as compared to acute (p = 0.005). Also,
statistically significant increase in MDA was observed in
subjects more than 40 years of age (>40 years) in both
control and schizophrenic groups as compared to those less
than or equal to 40 years of age (<40 years) (Table 4).
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Table 2 Level of MDA and

endogenous antioxidants in Parameter Control group (n = 50) Schizophrenic group (n = 50)  Z-value (p)
healthy individuals and Mean + SD Range Mean + SD Range
Schizophrenic patients
MDA (nmol/gmHb) 0.047 + 0.005 0.040-0.062 0.061 £+ 0.010* 0.048-0.093  7.48 (0.005)
GSH (mg/dl) 41.05 + 5.89 31.30-50.00 33.40 £ 3.92% 26.40-38.00  7.65 (0.005)
Bilirubin (mg/dl) 0.51 £ 0.08 0.40-0.70 0.68 £+ 0.13* 0.52-0.09 7.90 (0.005)
Total Proteins (gm/dl) 7.86 £ 0.35 7.20-8.60 6.80 + 0.73* 5.50-7.35 9.29 (0.005)
Albumin (gm/dl) 4.67 £ 0.51 3.88-5.10 4.00 £ 0.52* 3.20-4.80 6.50 (0.005)
o Uric acid (mg/dl) 3.94 £ 0.44 3.20-4.70 3.16 + 0.48* 2.50-4.00 8.47 (0.005)
 Significant change
Table 3 Level of oxidative Parameter Acute (n = 40) Chronic (n = 10) Z-value (p)
stress and endogenous
antioxidants in acute and MDA (nmol/gmHb) 0.058 4 0.017 0.076 &+ 0.011* 5.18 (0.005)
chronic Schizophrenic patients .
GSH (mg/dl) 36.02 £+ 3.78 32.03 £2.79 3.74 (0.005)
Bilirubin (mg/dl) 0.63 & 0.13 0.64 & 0.14™8 0.20 (NS)
Values are mean + SD Total proteins (gm/dl) 7.03 £ 0.66 6.22 £ 0.75 3.24 (0.005)
. Albumin (gm/dl) 4.11 £ 0.51 3.75 £ 0.51% 2.00 (0.025)
NS not significant o NS
Uric acid (mg/dl) 3.40 £ 0.48 3.19 £ 0.45™ 1.30 (NS)

 Significant change

Table 4 Effect of age on oxidative stress and level of antioxidant substances in controls and Schizophrenics

Parameter Control group (n = 50)

Schizophrenic group (n = 50)

<40 years (n = 28)

>40 years (n = 22)

<40 year (n = 25) >40 year (n = 25)

MDA (nmol/gmHb) 0.044 + 0.003 0.051 + 0.005* 0.058 + 0.007 0.076 + 0.011*
GSH (mg/dl) 44.81 + 431 36.26 + 3.76% 38.74 + 0.77 32.03 + 2.74%
Bilirubin (mg/dl) 0.71 + 0.10 0.07 + 0.13N8 0.65 + 0.13 0.61 + 0.13™
Total proteins (gm/dl) 8.02 + 0.36 7.64 £ 0.25% 7.53 £ 0.23 6.26 & 0.47
Albumin (gm/dl) 4.49 + 0.32 3.65 £ 0.26* 4.48 + 0.39 3.62 £ 0.18*
Uric acid (mg/dl) 3.93 4+ 0.41 4.00 £ 0.46™S 3.98 + 0.39 3.05 4+ 0.38*

Comparison between age groups <40 years and >40 years of control and schizophrenic groups. Values are mean + SD

NS not significant
*p < 0.001

Substance abusers also had higher levels of MDA as
compared to non-abusers (Table 5) in both the groups.
Glutathione (reduced), a potential antioxidant in blood
that neutralizes the oxidants [19] showed an inverse rela-
tionship with MDA (Fig. 1), as its levels declined
from 41.05 £ 5.89 in controls to 33.40 £ 3.92 mg/dl in
schizophrenics (Table 2) which was significant (p =
0.005). The effect of persistent oxidative stress in chronic
phase of illness also decreased the level of GSH signifi-
cantly (p = 0.001) as compared to acute (Table 3). Aging
weakens the body physiology which was clearly reflected
in the decline (p < 0.001) observed in the levels of GSH in
both the groups but more prominent in schizophrenics
(Table 4). Substance of abuse metabolize and generate
excessive free radicals that create a deficit in GSH levels
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(Table 5), which was more pronounced in schizophrenics
(p < 0.001) due to the generation of free radicals in
metabolism of the substance as well as membrane lipid
oxidation. In an effort to study the importance of bilirubin
as an effective antioxidant, its serum levels were estimated
and it was found that there were higher levels in schizo-
phrenics on comparing with controls (Table 2) raising from
0.51 £ 0.08 to 0.68 = 0.13 mg/dl, but within the normal
range (0.6-1.2 mg/dl). And moreover, none of the subjects
had bilirubin levels higher than 1.2 mg/dl, the upper limit
of normal reference interval for bilirubin in human blood.
Stage of illness, aging, and substance abuse did not show
any significant change.

Albumin levels decreased significantly (p = 0.005) in
controls when compared to schizophrenics (Table 2) and
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Table 5 Effect of substance abuse on oxidative stress and level of antioxidant substances in controls and Schizophrenics

Parameter Control group (n = 50)

Schizophrenic group (n = 50)

Non users (n = 32)

Users (n = 18)

Non users (n = 32) Users (n = 18)

MDA (nmol/gmHb) 0.045 £ 0.004 0.051 £ 0.005* 0.056 £ 0.016 0.076 £ 0.014*
GSH (mg/dl) 43.83 £ 5.18 36.69 £ 4.43* 36.37 £ 3.72 33.13 £ 3.42%
Bilirubin (mg/dl) 0.53 £+ 0.07 0.48 £ 0.07%** 0.64 £ 0.13 0.61 & 0.13N
Total Proteins (gm/dl) 7.80 £ 0.33 7.89 &+ 0.398 6.48 £ 0.58 7.07 £ 0.73*
Albumin (gm/dl) 391 +0.44 4.25 £ 0.51%%%* 3.71 £ 0.53 4.19 £ 0.31*
Uric acid (mg/dl) 3.86 £ 0.40 4.03 £ 0.46™ 3.43 £ 0.48 3.20 £ 0.45%
Comparison between non-users and users of control and schizophrenic groups. Values are mean £+ SD
NS not significant
*p = 0.001; **p < 0.01;***p < 0.02
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Fig. 1 Correlation of oxidative stress and reduced GSH levels in
schizophrenics
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Fig. 2 Correlation of oxidative stress and albumin levels in
schizophrenics

had a negative correlation with the MDA level (Fig. 2).
This depletion was accompanied by a subsequent fall in
serum total protein also showing a negative correlation
with MDA levels (Fig. 3). Total protein and albumin
levels depleted in chronic patients (Table 3) and also
subjects of age group more than 40 years (Table 4). No

MDA(nmol/gm Hb)

Fig. 3 Correlation of oxidative stress and Total protein levels in
schizophrenics

significant change was observed in control group, but
schizophrenics who were substance abusers had signifi-
cantly (p = 0.001) decreased levels of total proteins and
albumin (Table 5).

The role of uric acid and oxygen species in tissue injury
is interrelated [20], where uric acid is said to act as an
important physiological antioxidant [21]. On investigating
the serum levels of uric acid there was found a significant
decrease (p = 0.005) in schizophrenics as compared to
controls but in the normal range (Table 2). Aging and
substance abuse altered the levels of uric acid significantly
in schizophrenics (Tables 4, 5) while in chronic stage no
significant change was observed. The results reflect altered
levels of endogenous antioxidants in response to the
increase in MDA levels; an index of oxidative stress.

Discussion
Schizophrenia is associated with a complex pathophysiol-

ogy and an outcome of radical mediated neurotoxicity. The
effectiveness of the antioxidant defense system against the
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ROS not only depends upon its enzymatic constituents, but
non-enzymatic constitutes also contribute to the defensive
mechanism [22]. Various biomarkers of oxidative stress are
the products of lipid peroxidation [23], of these MDA is
measured as TBARS in the erythrocytes. The intensity of
peroxidation and antioxidative defense in RBC to a certain
extent reflect the state of the cell membrane in different
tissues including those of nervous system [24], therefore
the increase in MDA necessarily indicates the presence of
oxidative stress and associated membrane lipid damage in
schizophrenia as it is toxic and disturbs the lipid protein
membrane function and neuronal conduction [25]. While
measuring the severity of disease by PANSS, in sympto-
logically divided schizophrenics as acute or chronic, it was
found that MDA was higher in chronic patients as com-
pared to acute (Table 3) indicating the effect of persisting
illness. The process of aging and metabolism of substance
of abuse are associated with generation of free radicals
which was reflected in the raise in the MDA levels
(Table 4, 5). It should be kept in mind that schizophrenics
have a high prevalence of smoking [26] and high rates of
drug or alcohol abuse [27] as compared to normal popu-
lation. This fact favors the observations of increased oxi-
dative stress in schizophrenics resulting from drug abuse.
There is significant evidence of disturbance of GSH
homeostasis that either leads to or results from oxidative
stress in neurodegenerative disorders [28].

The decline in GSH levels in this study can be explained
as a consequence of increased demands on the GSH system
in schizophrenia. GSH acts as a substrate for enzymatic
antioxidant glutathione peroxidase (GSHPx) and also
contributes to the recycling of the ascorbate radicals into
ascorbic acid, a major vitamin antioxidant of aqueous
medium [29]. The deficit in GSH levels is also evident in
chronic condition due to growing oxidative stress. Aging as
well as negative lifestyle choices like drug abuse, deplete
the levels owing to a heavy cumulative burden of oxidative
stress in such conditions [30]. Moreover, aging and decline
of GSH levels is considered as a key risk factor in psy-
chiatric illnesses [31].

Bilirubin, the end product of heme-catabolism also
participates in antioxidative machinery of the body, by
efficiently scavenging peroxyl radicals and playing the
role of a chain breaking antioxidant [32]. The elevated
serum levels of bilirubin in schizophrenics are due to
possible increased vulnerability of red cell membranes in
condition of oxidative stress [33]. Also in such a condition
the pro-oxidant effect of heme oxygenase, mediated by
iron release may outcompete the antioxidant property of
bilirubin [34]. Recent studies suggesting that bilirubin
synthesis is induced in response to oxidative stress also
emphasize that no big difference should be expected [35].
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The toxicity created by substances of abuse altered bili-
rubin levels, reflecting a compensatory mechanism for free
radical scavenging, also shown in a prospective study by
Breimer et al. [36] who found an inverse relationship
between serum bilirubin and smoking. The two factors of
aging and substance abuse are a reflection of increasing
free radical load, where the level of bilirubin decreased in
both these conditions contrary to the overall increase in all
other groups. Here, it becomes pertinent to mention that
bilirubin is transported as albumin bound complex in
plasma [32] and it may be possible that the depleting
plasma albumin levels are responsible for similar behavior
of bilirubin [37].

It is well known that albumin is an endogenous anti-
oxidant with radical scavenging properties. It is a powerful
scavenger of HOCI and also inhibits Cu* dependent lipid
peroxidation by binding copper ions and hydroxyl radical
generation [10]. The depletion of albumin and total protein
levels in schizophrenic patients suggests its action as a
sacrificial molecule while combating ROS. The decrease in
their level has also been reported in Taiwanese chronic
schizophrenics perhaps due to episodic form of disease
[38]. Aging and substance abuse being pro-oxidative pro-
cesses also take their toll.

The antioxidative property of uric acid is via, the urate
radical that is able to react with peroxynitrite intermediates,
nitric oxide and peroxyl radical, thus inactivating them
[39]. In this process uric acid is destroyed and easily oxi-
dized at a comparable rate [21]. Owing to this property, the
levels of serum uric acid deplete in condition of oxidative
stress as observed in schizophrenics as compared to con-
trols. Further in accordance with the study of Yao et al.
[40] who observed a trend of lower uric acid levels in
relapsed patients relative to clinically stable chronic
schizophrenics also had depleted levels. Cumulative attack
by free radicals, due to substance abuse explains the
depletion in uric acid levels [41].

In conclusion the findings of the present study indicate
that the levels of endogenous antioxidants viz. GSH, bili-
rubin, total protein, albumin and uric acid, are disturbed in
condition of schizophrenia which is an attempt to neutralize
the ROS in body and reduce oxidative stress. These results to
some extent support the role of endogenous antioxidants as
components of total antioxidant response. Our previous
studies have emphasized the role of vitamins [14] and
enzymes [15] as antioxidants and further, the role of
endogenous substances is emphasized by this study, together
they form the total antioxidant defense of the body [42].
Further it opens a new avenue to explore the pattern of
dietary antioxidant supplementation that may improve the
prognosis of schizophrenia and other neuropsychiatric
illnesses.
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