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ABSTRACT

INTRODUCTION: Schizophrenia is the sever type of mental disorder that occur due to various
type of factors in the late teens or early adulthood. Mostly it is present in the age of 15-35 years.
Worldwide it affects approximately 24 million peoples that lead to cause disability. Oxidative
biomarkers have the significant role in schizophrenic patients because brain is very sensitive
organ in the body as compare to other. Schizophrenia is a mental disorder which involves
impairment in perception, abnormal mental function, cognition and abolition resulting in triad of
positive, negative and cognitive symptoms results in disturbed behavior. Approximately 1%
peoples were suffering from mental disorder though the involvement of various types of factors
including social, pharmacological, cognitive, environmental and some biological factors.
According to the cardinal symptoms, schizophrenia is categorized into two major types like

positive and negative symptoms, deterioration in social functioning, cognitive dysfunction and
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occupational functioning. It is a neuro-generative disease either behavioral or structural
abnormalities.

MATERIAL AND METHOD: Patients clinically analyzed with schizophrenia were included in
present study to evaluate the role of oxidative biomarkers in schizophrenic patients. . In present
study, Fifty (50) diagnostic schizophrenic patients were taken as subject in the age limit between
20-50 years and Twenty (20) clinically healthy peoples were included as controls. In present
study various types of inflammatory (MMP-9, IL-6) and oxidative biomarkers (8-OHdG, 4-HNE,
SOD, GSH and CAT) were determined through commercially available ELIZA kits but the
levels of MDA were estimated through spectrophotometery method.

RESULTS: Present study revealed a significant elevation of MDA (3.99+0.013), 8-OHdG
(1.2940.056), isoprostanes (102.26+6.23) and 4-HNE (6.26+1.22) in subjects as compared to
control group (0.91+0.0019), (0.13+0.06), (29.65+3.88) and (1.29+0.77) respectively, According
to the results of present study levels of inflammatory biomarkers (IL-6 and TNF-a) were
significantly increased like IL-6 (6.35+0.55), TNF-a (25.26+1.11) and MMP-9 (103.294+6.35) in
subjects as compared to control group (3.88+0.76), (10.16£1.33) and (33.26+2.16) respectively
but the levels of antioxidants SOD (1.094+0.33), GSH (6.35+1.55) and CAT (1.23+0.021) were
significantly low in subjects as compared to normal individuals (3.08+0.044), (9.66+2.18),
(2.88+0.021) respectively. Additionally, levels of vitamin D (16.35+£3.08) disturbed in subjects
as compare to controls (30.18+8.29).

CONCLUSION: 1t is concluded that increased oxidative stress in patients with schizophrenia
may depends on the inflammation response. These results indicate that, increased oxidative stress
in schizophrenic patients is main determinant and increased by oxidative biomarkers (MDA, 8-
OHJG, isoprostanes and 4-HNE), nitric oxide and they are not degraded or detoxified by
enzymatic antioxidants SOD and CAT and non-enzymatic GSH, Vitamins D. Increased
oxidative stress (RNS, ROS) are the major mediators of the neuronal damage and inflammation
in the cells of central nerves system. Conclusively, schizophrenia might occur through the up-

regulation of oxidative free radicals and down-regulation of antioxidant scavenger activity.

Keywords: Oxidative stress biomarkers, MDA, 8-OHdG, MMP-9, schizophrenia, Antioxidants,
Vitamin D
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INTRODUCTION

Schizophrenia is a neuropsychiatric
ailment manifested as disruptive thinking,
effected language, perception and self-sense.
It characterized by disturbances in behavior,
thinking and feeling and grosses distortion
from reality [1]. Approximately 21 million
peoples affected in the US of psychiatric
disorders in which 1.1% adults suffer from
causative

schizophrenia. The identified

agents for schizophrenia are  stress,
malnutrition, genetics, drugs and alcohol
abuse. The symptoms of schizophrenia are
categorized into three groups i.e. general
(depression and hostility), positive (delusions
and hallucinations) and negative (Anhedonia
and Avoilation) [2]. Schizophrenia is a
mental disorder, which involves impairment
in perception, abnormal mental function,
cognition and avolition resulting in triad of
positive, negative and cognitive symptoms
results in disturbed behavior. Schizophrenia
is a very rare disease in world according to
the world ranking report approximately 1%
peoples were suffer from mental disorder
though the involvement of various types of
factors including social, pharmacological,
cognitive, environmental and some biological
factors [3]. According to the cardinal
symptoms, schizophrenia categorized into

two major types like positive and negative

Research Article
symptoms, deterioration in social
functioning, cognitive dysfunction and
occupational  functioning. It is a

neurogenrative disease either behavioral or
structural abnormalities [4, 5]. It is well
established schizophrenia occur through
various abnormality like malfunctioning of
some desire genes and non-genetic factors
including, alcohol consumption, medications,
neonatal infections, ethnicity, drug intake,
maternal malnutrition, pre-natal infection
during the birth as well as various other types
of factors are also involved in schizophrenia.
These morphological changes in dendritic
spines are more obvious in prefrontal cortical
are mediated by Matrix Metalloproteinase 9.
So there is prefrontal cortical impairment in
schizophrenia [6]. Matrix Metalloproteinase
degrade extracellular matrix and is expressed
by neurons in brain and also by glial cells. It
is released in response to enhanced neuronal
activity. Matrix Metalloproteinase plays a
role in the conversion of Pro Brain Derived
Neurotropic factor into its mature form
which contributes in the pathophysiology of
schizophrenia. As shown in some prior
studies the cellular metabolic stress also
involved to increase the development of
schizophrenia by increasing oxidative stress

and causing molecular damage because
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oxidative stress is the common psychiatric
disorders [7]. ROS are free radicals e.g super
oxide radical (O;7), hydroxyl radical (HO)
and hydreperoxyl radical (HO;) and
molecules e.g (H,O,). Excess of molecular
oxygen or its chemical derivatives which are
produced in Haber Weiss reaction in which
Ferric reacts with Superoxide radical and
produce Ferrous and Hydreperoxyl radical
which cause lipid peroxidation. Ferrous is
recycled in Fenton reaction reacts with
hydrogen per oxide and produce hydroxyl
radicals. These two types of radicals were
produced in cells under stressful condition
and cause lipid peroxidation [8]. Oxidative
stress is the major cause for the development
of different type of disease because the level
of oxidative free radicals were increased in
biological system as compare to the activity
of antioxidant defense scavenger system
because the antioxidant have great potential
to compete with oxidative free radicals to
prevent oxidative damage as well as different
types of antioxidants also act as antipsychotic
treatment [9]. Central nervous system (CNS)
is more sensitive to the high reactive toxic
free radicals than the other body organ
because the rate of metabolic activity was
high in brain cells so it also need the high
rate of oxygen for metabolism, so the

production of oxidative free radicals also

higher in brain as compare to other body
organ because oxygen also act as substrate
for the production of reactive oxygen species
(ROS) and reactive nitrogen species (RNS)
though the activation of iNOS [10]. The
levels of antioxidant enzymes in the cells of
CNS also low, neural functional network
susceptible to interruption, but high ratio of
membrane surface area to cytoplasmic
volume. Due to the high surface area the rate
of oxidative damage also high results in
increased oxidation of  membrane
polyunsaturated fatty acids (PUFAs) which is
the major indicator of oxidative damage
which can be measured in biologicals system

determination of

(MDA), that 1is the

through the
malondialdehyde
universal oxidative biomarkers. MDA have
the directly proportional do the severity of
oxidative damage through the production of
free radicals in biological system [11, 12].
MMPs are endoproteases which cleave
protein components and extracellular matrix
[13]. So the signaling molecules are activated
or inactivated. 4HNE induces MMP-9
production in Macrophages and production
of MMP-2 in vascular smooth muscle cells
[9]. As well as vitamin D also have the
significant indirect antipsychotic potential.
Vitamin D3 (cholecalciferol) and vitamin D2

(Ergocalciferol) are the major type of vitamin
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D that can be taken from either endogenous
or exogenous source respectively through
cascade of reaction [14]. Both of these types
are taken up from diet as a exogenous source
but can be synthesized in the skin as
endogenous source after the exposure of
ultraviolet B (UVB) radiation from sunlight
because sunlight have direct proportion with
the production of vitamin D in normal
biological system. Various Other factors also
influenced on the activation of vitamin D.
Transfer of Vitamin D3 and D2 are transfer
from one region to another occurs through
binding protein called vitamin D binding
protein (VDBP). After binding, it moves
towards liver for hydroxylation, process
through  specific enzyme called 25
hydroxylase and converted to vitamin D (25-
OH). Commonly it is used to determine the
status of vitamin D in biological system
because it is storage form of vitamin D [15].
McGrath stipulated that low prenatal vitamin
D (especially during the third trimester) may
be a risk factor for the development of
schizophrenia in offspring. Similarly, a lack
of vitamin D supplementation during the first
year of life in Finnish boys correlated with an
increased risk of developing schizophrenia
because it has the ability for the regeneration

of neuron and multifactorial effect in

biological system [16].

AIM AND OBJECTIVE
- The aims and objective of present
study was to evaluate the role of
oxidative biomarkers like MDA, 4-
OHdG, 4-HNE and inflammatory
biomarkers including MMP-9, IL-6 in
schizophrenia subject.
- As well as also determine the role of
antioxidants like SOD, CAT and
GSH in schizophrenia subject and
also determine how antioxidants
reduce the activity of free radicals
damaging process.
MATERIAL AND METHOD
SOURCE OF DATA
The present work was conducted in
university of Lahore to determine the key
role of Matrix metalloproteinase-9 (MMP-9),
inflammatory cytokines like IL-6, oxidative
biomarkers (MDA, 8-OHdG, 4-HNE) and
antioxidants (SOD, GSH, CAT) in diagnosed
schizophrenic individuals. All these selected
patients diagnosed at fountain house Lahore.
In present study, fifty (50) diagnostic
schizophrenic patients were taken as subject
in the age limit between 20-50 years and
Twenty (20) clinically healthy peoples were
taken as controls. All of these experimental
protocols were officially approved from the

Research, Ethical Committee of The Institute
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of molecular biology and biotechnology
(IMBB), The University of Lahore.
INCLUSION CRITERIA

Patients clinically analyzed with
schizophrenia were included in present study
to evaluate the role of oxidative biomarkers
in schizophrenic patients.

EXCLUSION CRITERIA

The individuals those were clinically
analyzed other diseases like cancer, diabetes,
hepatitis etc or taking drugs of respective
diseases were excluded from this experiment.
CHEMICALS

All chemical reagents used for
analytical grades were bought from
sigma/Invitrogen Chemical Co. (St. Louis,
Mo, USA).

BLOOD SEPARATION

Serum was separated after
centrifugation for 10 minutes at 3000rpm and
stored at -80°C.

EVALUATION OF GLUTATHIONE
(GSH)

Blood GSH was evaluated through
Moron et al., 1979 method by using Ellman’s
reagent (5, 5-dithio bis (Nitrobenzoic acid) or
DTNB) to produce a chromophore TNB with
maximal absorbance at 412nm and oxidized

glutathione GSSG.
EVALUATION OF CATALASE (CAT)

Catalase was also evaluated through
the method of Aebi, et al. and this method
was done through spectrophotometry method
[19].

EVALUATION OF MALONDIALDEHYDE
(MDA)

The estimation of Lipid peroxidation
in blood samples was done through
calorimetrically method by measuring
Thiobarbituric acid reactive substances
(TBARS) with the help of spectrophotometer
by the method of Ohkawa er al., [18].
Because the TBARS is directly proportional

to MDA that is the universal oxidative

biomarkers.
ESTIMATION OF SUPER OXIDE
DISMUTASE (SOD)

The determination of superoxide
dismutase (SOD) activity was also

determined through Kakkar, 1972 method

[17].

DETERMINATION OF NITRIC OXIDE
It is well established that the Griess

assay was applied to determine the nitrite

(NO) concentration according to colorimetric

principle [20].

ESTIMATION OF MMP-9 ELISA
Estimation of matrix metallo-

proteinases (MMPs) is impotent to evaluate

its role in schizophrenic patients because it is

well established that the specific type of
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MMPS have significant role in various
disorders and is directly proportional with the
severity of disease. The MMPs were
estimated through commercially available
ELIZA Kits.
ESTIMATION OF IL-6 ELISA

As shown above inflammatory
biomarkers especially IL-6 was determined
through human ELISA kit (Bio Vendor).
ESTIMATION OF VITAMIN D

Vitamin D was also estimated by
using human ELISA kit (Bio Vendor).
ESTIMATION OF OXIDATIVE
BIOMARKERS

The  estimation of  oxidative
biomarkers including 8-OHdG and 4-HNE
were determined through
available ELIZA kits method.

RESULTS

commercially

As shown in results the weight has no
relation with disease because schizophrenia
is the neuronal disorder that take place due to
different physical and chemical factor but
according to the demographical data age
might have significant effect on the health of
patient and the values of RBCs and WBCs
was not differed between control and
subjects. Similarly BMI might have positive
correlation with disease, and was increased in
subjects as shown in table 01. In consistence

with many other observations present study

revealed a significant elevation (P=0.031) of
MDA (3.994£0.013) in subjects as compared
group (0.91+£0.0019).
Malondialdehyde (MDA) is a universal
oxidative biomarker that bind with DNA and

to control

form DNA adduct that is another oxidative
biomarker in subjects so according to the
results of present study the levels of 8-OHdG
(1.29+£0.056) was high in schizophrenic
patients as compared to normal person
(0.13+0.06) and the P values were highly
significant (P=0.041). Like 8-OHdG the
levels of isoprostanes (102.26+6.23) and 4-
HNE (6.26+1.22) also increased in subjects
normal

as parallel to

(29.65+3.88), (1.29+0.77) respectively, and

healthy group

the P values also more significant (P=0.041),
(P=0.030) respectively.

All these parameters were directly
proportional with the severity of oxidative
damage through the production of free
radicals in biological system and represent to
specific site of damage. Therefore, measuring
of oxidative biomarkers in serum is an
important indicator of lipid peroxidation in
severe schizophrenic patients. According to
the results of present study in graphs the
levels of inflammatory biomarkers (IL-6 and
TNF-a) also significantly increased in
subjects as compared to normal healthy

individuals like levels of IL-6 (6.35+0.55)
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was significantly (P=0.034) increased in
subjects as compare to control group
(3.884+0.76). As well as the levels of TNF-a
(25.26£1.11) and MMP-9 (103.29+6.35)
were high in patients as compared to normal
individuals (10.16+1.33) and (33.26+2.16)
respectively and the P values were highly
significant for both variables (P=0.00) and
(P=0.037) respectively. The low levels of
antioxidants were the indicator of oxidative
damage because during the oxidative stress
the levels of free radicals were increased but
the levels of antioxidants were decrease as
shown in table 01. So according to present
study the levels of SOD (1.09+0.33), GSH
(6.35+1.55) and CAT (1.23+£0.021) were
significantly low in subjects as compared to
normal  health (3.0840.044),
(9.66+2.18), (2.88+0.021) respectively, and

patients

S = N W A W

MDA (nmol/ml)

Subjects
(p=0.031)

the P values also highly significant (P=0.00),
(P=0.042), (P=0.018) respectively. As shown
is table 01 in schizophrenic patients thyroid
profile also disturbed that might have the
positive correlation with the severity of
neuronal disorder development. So the levels
of T3 (4.56+1.26) and T4 (9.09+2.19) were
decreased in subjects as compared to normal
person (6.35+£2.16), (11.26+3.29)
respectively and the P values were highly
significant (P=0.027), (P=0.041) respectively
but the levels of TSH (1.354+0.92) were high
in  schizophrenic control

(0.63£0.056). Like some prior studies the
levels of vitamin D (16.35+3.08) disturbed in

patient Vs

subjects as compared to control (30.18+8.29)
because vitamin D has great preventive

potential against oxidative stress condition.
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DISCUSSION

Schizophrenia is the sever type of
mental disorder that occur due to various
type of factors in the late teens or early

adulthood. Mostly it is present in the age of
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15-35 years. Worldwide it affects

approximately 24 million peoples that lead to
cause disability. According to the results of
present study the oxidative biomarkers have

the significant role in schizophrenic patients
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because brain is very sensitive organ in the
body as compared to others. As shown in
prior studies the rate of metabolism was high
in the brain because brain need more energy
in the presences of oxygen every time so
after the occurrence of any abnormality in
oxygen metabolism leads to induce oxidative
enzyme activation that triggers to the
production of free radicals and cause
stress. reacts with

oxidative Oxygen

unsaturated lipids and form oxidation

products mainly lipid hydroperoxides.
Secondary products are different aldehydes
like Malondialdehyde (MDA), propanal,
hexanal, 4-Hydroxy nonenal (4-HNE) [21,
22]. 1t is the most mutagenic product of lipid
peroxidation and is more convenient and
reliable biomarker for lipid peroxidation of
omega 3 and omega 6 containing lipids. It
can be tested with thiobarbituric acid to
produce a chromogen fluorescent red adduct
to evaluate auto oxidative degradation of fats
and oils [22, 11]. It is a cytotoxic product
originating from lipid peroxidation of live
microsomal lipids [23]. 4-HNE produced in
biomembrane lipid peroxidation and produce
free radicals and chemicals which has
genotoxic effects [24]. It is produced in large
amounts and is very reactive aldehyde which

act as second messenger. It is involved in the

regulation of several transcription factors for

example nuclear factor erythroid 2 related
factor, Activating Protein 1 and peroxisome
proliferator activated receptors [25]. These
are involved in cell proliferation,
differentiation, cell survival, autophagy,
senescence,  apoptosis, and  necrosis.
According to the results of present study free
radicals were bind with membrane bilayer
and initiate the process of oxidation because
membrane is consist of lipid bilayer that is
very sensitive to free radicals. Lipids in the
form of PUFAs is the main component of
plasma membrane. These PUFAs are
separated through the unconjugated double
bonds in the presences of methylene groups.
Free radicals generated in response to
oxidative stress binds with double bond and
initiate the process of oxidation results in
membrane damage by oxidizing into small
fragment called lipid peroxidation (LPO)
through cascade of chemical reaction and
induce the loss of integrity of membrane
through brake the double bond of
phospholipids.

After the breakdown of lipid bilayer
the levels of malondialdehyde (MDA) were
increased that is the major universal
oxidative biomarkers. MDA was analyzed to
determine the severity of oxidative damage.
Additionally, MDA further move toward the

nucleic acid and bind with DNA and made

I9BPAS, April; 2019, 8(4)
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the DNA adducts that analyzed in the form of
8-OHdG. This biomarkers are used to check
the severity of DNA damage in biological
system. According to the literature it is well
established that the oxygen free radicals
causing damaging of macromolecules
including carbohydrates, proteins, lipids and
nucleic acid through the production and
activation of hydroxyl radicles (OH’) and this
free radicle are produce through different
mechanism  especially through  Fenton
reaction of hydrogen peroxide that further
attacks to the cellular and mitochondrial
DNA stand through cascade of reaction and
cause modification. Interaction between OH'
free radicals and DNA nucleobases such as
guanine cause the C8-hydroxyguanosine (8-
OHGua) or deoxyguanosine (8-hydroxy-2-
deoxyguanosine). Initially hydroxyl radicles
interact with DNA and form DNA adducts
that isolated in the form of 8-OHdG to check
the stage of DNA damage through hydroxyl
free radical binding in oxidative stress
condition in schizophrenic patient. As shown
Matrix metalloproteinase-9 (MMP-9) is the
major inflammatory biomarker that have the
direct correlation  with  schizophrenic
severity. MMP-9 belongs to Zn dependent
proteases. It 1is secreted as inactive
proenzyme which is activated outside the cell

upon proteolytic cleavage. MMPs degrade

extracellular matrix like proteases, growth
factors, extracellular domains of transcellular
proteins for example cell adhesion molecules
and receptors [26]. According to the prior
studies few reports were established to
evaluate the role of vitamin D in
schizophrenic patients because within the
passage of time scientists are focused to the
activity of vitamin D because it have the
great potential to reduce the expression or
development of different disorders including
brain related disease, infertility, various types
of cancer, bone related disease. so as shown
in present study results the levels of vitamin
D  were significantly  decrease in
schizophrenic patients as compared to normal
healthy individuals and shows an inverse
correlation between the disease activity and
vitamin D concentration according to CGI-S
and PANSS scores [27].

This result remained after the
determination of different type of factors
including sun exposure, sex, skin color,
dietary life style as well as ethnicity. The
present study result show that negative
correlation between the severity of psychotic
symptoms and vitamin D concentration. A
cross section studies established that vitamin
D have the negative relationship between the

somatic complaints, physical energy and

psychomotor activity. Normal levels of

I9BPAS, April; 2019, 8(4)
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vitamin D also prevent the production of free
radicals in oxidative stress because vitamin
D have the great ability to maintain the
calcium levels in biological system through
cascade of reaction either influx of calcium
in rough endoplasmic reticulum (RER) and
efflux in mitochondrial membrane. Calcium
trigger cell death through the stimulation of
apoptosis that depends upon different type of
caspases. In schizophrenic patients the
mortality rate of neuronal cell were increased
as compared to regeneration that leads to the
development of different type of mental
disorders especially schizophrenia.
Deficiency of calcium through vitamin D
triggers iNOS production to cause oxidative
stress through the production of free radicals.
As shown in results these free radicals were
directly bind with macromolecules and
accelerate the damaging process through
lipid peroxidation. In this results the levels of
oxidative biomarkers were increased that
represent to the severity of disease in
schizophrenic patients [16]. It has been
observed that IL-6 has a significant positive
correlation with the antipsychotic dose.
There is a contradiction in the relationship of
antipsychotic dose with cytokines, various
studies showed strong correlation, some
literature shows negative association and on

the other hand wvarious literature articles

shows no relation among each other [28].
Antipsychotics, such as atypical
antipsychotic leads to increase the cases of
diabetes, obesity which in turn up-regulate
IL-6 and leptin. It has been observed through
various studies and literature that leptin has
neuroprotective role. IL-6 moreover plays a
key role in inflammation and stress profile.
Increase inflammatory cytokines leads to
increased level of ROS resulting depletion of
antioxidants, generating the condition of
oxidative stress [29-31].
CONCLUSION

It 1s

concluded that increased

oxidative  stress in  patients  with
schizophrenia may be depends on the
inflammation response. These results indicate
that, increased oxidative stress in
schizophrenic  patients is the main
determinant and estimated by oxidative
biomarkers (MDA, 8-OHdG, isoprostanes
and 4-HNE), nitric oxide and they are not
degraded or detoxified by

antioxidants SOD and CAT and non-

enzymatic

enzymatic GSH, Vitamins D. Increased
oxidative stress (RNS, ROS) are the major
mediators of the neuronal damage and
inflammation in the cells of central nerves
system. Conclusively, schizophrenia may

occur through the up-regulation of oxidative

I9BPAS, April; 2019, 8(4)
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free radicles and down-regulation of
antioxidant scavenger activity.
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