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Introduction
Schizophrenia is a debilitating psychiatric 
disease affecting approximately 1% of the world 
population (1). The symptoms of schizophrenia 
are classified into positive symptoms, which 
represent distortion of normal functioning and 
include delusion and hallucinations, paranoia, 
agitation; negative symptoms, which represent 
a deficit in functioning and include social 
withdrawal, affective flattening, and lack of 

motivation and cognitive symptoms which 
comprise deficits in learning, memory, attention, 
and executive functions (2-3).

Despite the advance in the understanding of the 
pathophysiology of the disease, schizophrenic 
patients still suffer from poor prognosis. The 
exact mechanism by which schizophrenia 
develops remains unknown. Genetic factors, 
neurotransmitter disturbances especially 
dopamine (DA), serotonin (5-HT) and glutamate 
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in addition to environmental factors have been 
implicated in the etiology of schizophrenia (4).

The commonly used pharmacological treatments 
for schizophrenia were based on modulation of 
neurotransmitters, DA for the “typical”, 5-HT, 
norepinephrine, acetylcholine, and histamine 
for the “atypicals”. The typical antipsychotics 
are generally less effective against negative than 
positive symptoms of schizophrenia. They 
also produce small and inconsistent effects 
on cognitive functioning. They can produce 
extrapyramidal side effects (EPS) at therapeutic 
doses, including acute (parkinsonism, dystonia, 
akathisia) and later-onset tardive dyskinesia 
(TD). In addition to EPS, typical antipsychotics 
also cause increase serum prolactin concentration, 
dysphoria/anhedonia and depressed mood. 
These side effects can be unpleasant for the 
patient and frequently an important reason for 
noncompliance with medication and can lead to 
subsequent relapse (5). Atypicals comprise a class 
of antipsychotics with a higher ratio of affinity for 
serotonin 5-HT2A receptor relative to dopamine 
D2. This explains the enhanced efficacy and 
reduced EPS of this class of drugs. Clozapine, 
risperidone, olanzapine and ziprasidone are 
examples of atypical antipsychotics (6).

Although atypical antipsychotics have been 
shown to be more effective than typicals in 
treating negative symptoms, studies revealed 
rather moderate advantage, for atypical versus 
typical drugs in the treatment of negative 
symptoms (7). Atypicals have unique adverse 
effects that are of potential concern such as 
weight gain, diabetes mellitus, prolonged QTc 
interval and possible secondary cardiovascular 
complications. These side effects are associated 
with potential long-term health risks of patients 
as well as decreased adherence to treatment 
regimens, and eventually may lead to relapse 
(8). Therefore there is a need for the use of novel 
drugs which act by mechanisms other than the 
commonly used antipsychotics may help to treat 
negative and neurocognitive symptoms. This 
may be also associated with less adverse effects 
and increases the patients adherence to the 
medication and decreases relapse.

Oxidative stress is the loss of balance between 
cellular antioxidant defense mechanisms and 
the production of endogenous reactive oxygen 
species (ROS) and reactive nitrogen species 
(RNS). Brain is more vulnerable to the toxic 
effects of ROS due to its high rate of oxidative 
metabolic activity, low levels of protective 
antioxidant enzymes and high ratio of membrane 

polyunsaturated fatty acids (9). Several authors 
have reported elevated levels of malondialdehyde 
(MDA) and nitric oxide (NO), along with lower 
levels of the antioxidant molecule glutathione 
(GSH) in the plasma, cerebrospinal fluid 
(CSF) and peripheral tissues of schizophrenia 
patients (10). However, the relation between 
oxidative stress and behavioral impairment in 
schizophrenia has not been well clarified.

The role of neuro-inflammation in schizophrenia 
has also been studied. Microglia hypothesis of 
schizophrenia stated that microglia which are 
derived from peripheral macrophages respond 
to minor pathological changes in the brain by 
releasing pro inflammatory cytokines such as 
IL-6, TNF-α and IFN-γ. Prolonged microglial 
hyperactivity may lead to neuronal degeneration 
neuronal apoptosis and brain damage (11). 
One of the most important cytokines in the 
pathophysiology of schizophrenia is TNF-α. It 
plays a key role in orchestrating the complex 
events involved in inflammation and immunity 
(11-12). Although the majority of the studies 
have reported elevated levels of TNF-α in 
schizophrenic patients (13), some studies have 
observed either decreases (11) or no change in 
TNF-α concentration.

Omega-3 polyunsaturated fatty acids (PUFA) 
play a vital role in brain function as well as 
normal growth and development (14). Being 
located at the core of the walls of brain cells, 
they provide the flexibility necessary to receive 
the signals from other cells (15). Reduced cell 
membrane PUFA levels has been found in 
schizophrenia (16). The therapeutic effects of 
omega-3 PUFAs in schizophrenia may result 
from altered membrane fluidity and receptor 
responses following their incorporation into cell 
membranes (17). They also interact with the 
dopaminergic and serotonergic systems through 
modulation of receptor-coupled arachidonic 
acid release (18).

Celecoxib is a non-steroidal anti-inflammatory 
drug acting by cyclooxygenase-2 (COX-2) 
inhibition. COX-2 is the inducible form of 
cyclooxygenase enzymes. COX-2 catalyses the 
first step in the synthesis of prostanoids which 
include prostaglandins (PGs), prostacyclin, and 
thromboxanes. In addition to their involvement in 
inflammatory cascade, PGs participate to synaptic 
plasticity through several mechanisms, including 
modulation of adrenergic, noradrenergic, and 
glutamatergic neurotransmission, remodeling 
of actin in the cytoskeleton thus influencing 
the shape of spines and dendrites (19). Studies 
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have shown that COX-2 inhibition can be 
added to the a beneficial add-on therapy to the 
commonly used antipsychotics in schizophrenia 
used antipsychotics (20). Although their well-
established therapeutics benefits, celecoxib and 
omega-3 have not been extensively studied in 
treatment of schizophrenia.

Considering the role played by the on 
inflammation and oxidative stress in the 
pathophysiology of schizophrenia, it seems 
meaningful to study the effects of COX-2 
inhibition and antioxidants using an add-on 
design together with a well-proven neuroleptic 
medication in schizophrenic model. Celecoxib 
is a selective cyclooxygenase- 2 inhibitor, which 
accesses the CNS easily and has few adverse side 
effects. Omega-3 fatty acids are broad spectrum 
antioxidants with proven beneficial effects 
in neuropsychiatric disorders with little side 
effects. Risperidone was selected because it is 
an atypical neuroleptic with high efficacy in the 
therapy for both positive and negative symptoms 
of schizophrenia. In addition a wealth of 
experience with risperidone treatment has been 
collected to date. The effects of the combination 
of celecoxib or omega-3 FAs and risperidone on 
inflammatory, oxidative markers as well as the 
behavior of animals were studied in the current 
study.

Materials and Methods
Animals
All experimental procedures were carried out 
in accordance with the National Institutes of 
Health Guide for the Care and Use of Laboratory 
Animals and with the approval of Ethics

Committee of faculty of Pharmacy, Tanta 
University. Adult white male albino rats obtained 
from the animal house of the National Institute 
of Ophthalmology, Cairo, Egypt, and weighing 
150-180 gm were used in the present study The 
animals were kept in climate-controlled (22 
°C) with light–dark cycle of 12 h; water and 
food were provided ad libitum throughout the 
treatment.

Drugs and reagents
Amphetamine sulfate (d-isomer) was purchased 
as a white powder from Sigma Aldrich Co 
(U.S.A). 2,5- dimethyl–celecoxib was purchased 
as a white powder from Sigma Aldrich Co 
(U.S.A.). Omega-3 fatty acid was purchased as 
soft gelatin capsules (180 mg eicosapentanenoic 
acid (EPA) + 120 mg docosahexaenoic acid 
(DHA)/ capsule) from Sedico Co. (Egypt). 
Risperidal was purchased as 1 mg/ml solution 

from Janseen Cilag (France). Rat Tumor necrosis 
factor alpha (TNF-α) ELISA kit was purchase 
from Bioscience Co (U.S.A).All other chemicals 
were of analytical grade.

Drug Administration
The study used a total of 98 animals, which were 
divided randomly into seven groups of 14 rats.

Group I: Rats were injected with control vehicle 
(saline and DMSO) s.c or i.p, respectively at a 
dose volume of 0.5 ml/100g body weight each for 
five consecutive days. The group was co-currently 
carried out with Amphetamine- treated groups 
to serve as a control group. Group II: Rats are 
injected with amphetamine (2.5 mg/kg, s.c) every 
other day for a total of five doses (21). Group III: 
Rats are injected with risperidone (0.1mg/kg, 
i.p) (21) 20 minutes before amphetamine every 
other day for a total of five doses. Group IV: Rats 
are injected with celecoxib (5 mg/kg ,i.p.) 20 
minutes before amphetamine every other day for 
a total of five doses (20). Group V: Rats received 
omega-3 FA (0.1 mg, p.o.) 20 minutes before 
amphetamine every other day for a total of five 
doses (22). Group VI: Rats are injected with a 
combination of risperidone and celecoxib 20 
minutes before amphetamine every other day for 
a total of five doses. Group VII: Rats are injected 
with a combination of risperidone and omega -3 
FA 20 minutes before amphetamine every other 
day for a total of five doses. Randomly chosen 
rats were divided in two main categories (7 rats 
each). The first category was used for evaluation 
of the behavioral parameters 24hr after the last 
dose treatment and the second category was used 
for estimation of biological parameters.

Behavioral testing
Swimming test
A rectangular glass tank (140cm×70 cm diameter 
× 60cm high) was filled to 30cm deep with 
water that was made opaque by addition of milk 
powder at a temperature (26°C). A stainless steel 
ramp was placed within the pool, submerged 
approximately 2cm below the surface of the 
water. The platform was placed in the center 
of the west quadrant for each trial. Before the 
start of training, animals were habituated to 
the pool without a platform 1 min per day for 
3 days. The experimenters and extramaze cues 
remained constant throughout testing (23). To 
test for spatial memory as an indicator for the 
cognitive performance of rats, a simple water 
maze apparatus and procedure was designed 
as follows: The rats were trained to locate the 
hidden platform in the water pool. During 
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training, animals were required to locate the 
submerged platform by using extramaze cues. 
The rat was placed into the pool, facing the wall 
of the tank and allowed 120 seconds to locate 
and climb onto the submerged platform on 
which it was allowed to stay for 30 sec., before 
the next training. trial. If it failed to find the 
platform within 120 sec., it was guided gently 
onto platform. The behavior of the animal in 
the swimming pool was observed in order to 
evaluate the latency time which is the time to 
reach the hidden platform was recorded on each 
day of testing. The mean latency for each group 
of rats was estimated (12 trials per day for 3 days 
namely session1,2 and 3 with a 10-min interval 
between trials for rest). Swimming speed is also 
estimated as distance travelled by rats per sec.

Y-maze task
This task assesses recent memory related to 
the optimal foraging strategies in the wild and 
depends on the integrity of prefrontal and 
hippocampal systems (24). Each arm of the Y 
maze was 22 x 7 cm. The mouse was placed in 
one arm and allowed to move freely through the 
maze for a 5 min test session. The sequence of arm 
entries was recorded. An alternation was defined 
as the number of triads containing entries into 
all three arms divided by the maximum possible 
alternations (25). For this and all subsequent 
tasks, the maze was cleaned with a diluted 
alcohol solution and dried with a paper towel.

Social interaction test
It was carried out in a neutral arena consisting of 
a clean standard rat cage (26). The test rat use was 
placed in the novel cage 2 min before stimulus 
rat to avoid an interaction of the orientation 
response to the cage and to the stimulus rat. 
Stimulus animals were 23–28 day-old rat of 
the same sex as the test rat. Stimulus rats were 
derived from the same strain background. The 
test rat was exposed to the same juvenile rat for 
2 min over two trials with an inter-trial interval 
of 20 min. For the third dishabituation trial, the 
subject was exposed to a novel juvenile mouse for 
2 min. The time spent in social investigation for 
each trial was recorded. Social investigation was 
defined as direct, active, olfactory exploration 
of the stimulus rat, specifically nosing and 
sniffing of the head and anogenital regions, close 
following, and pursuit. Each stimulus rat was 
used only once per day for 3 sessions.

Biochemical analysis
Preparation of samples
Rats were killed by cervical dislocation then, 

brains were carefully removed. Brain samples 
from some rats were kept frozen at -20ºC until 
used. Before the procedures rat brain tissues 
were homogenized in phosphate buffer solution, 
PBS (Intertrade, USA) with protease inhibitor 
cocktail (Sigma-Aldrich, USA) and centrifuged 
at 5000 rpm for 5 min. The supernatant was 
separated for the assays.

MDA measurement
The method of Yoshioka et al., (27) was adopted. 
The lipid peroxide products were estimated in 
the brain homogenate by determination of the 
levels of thiobarabituric acid reactive substances 
(TBARS) that were measured as malodialdehyde 
(MDA). The latter is a decomposition product 
of the process of lipid peroxidation and is used 
as a measure of this process. It depends on 
colorimetric determination of the pink color 
resulting from the reaction of TBARS with 
thiobarbituric acid in acidic medium, at high 
temperature (100oC). To increase the specificity 
and sensitivity of the assay, the resultant color 
product was extracted in n-butanol and measured 
at 535 nm to exclude the interfering substances. 
Two hundred fifty milligrams (0.25 gm) of the 
brain was washed with sodium chloride (0.9 
%) and homogenized in 10 volumes of ice cold 
potassium chloride solution (1.15%) using 
polytron homogenizer (PT 3100). To 0.5 ml of 
the homogenate, 3 ml of TCA (0.5%) and 1 ml 
TBA (0.6%) were added, mixed and then the 
mixture was heated for 45 minutes in a boiling 
water bath. After cooling, 4 ml of n-butanol was 
added and mixed vigorously. The n-butanol layer 
was separated by centrifugation at 3000 rpm for 
15 minutes. The absorbance of the pink colored 
product was measured at 535 nm against blank 
containing water instead of the sample, using 
double-beam spectrophotometer (Shimadzu 
UV-PC 1601, Japan). The concentration of 
TBARS in the brain samples was expressed as 
nmol/gm tissue using a standard curve

TNF-α measurement
Brain TNF- α contents were measured by a 
commercial TNF- α sandwich-ELISA kit, 
according to the manufacturer’s instructions.

Statistical analysis
Data management and analysis were performed 
using Minitab computer software (version 13).

Comparisons among groups were performed 
using Kruskal–Wallis test for behavioral tasks. 
Data from the biochemical analyses are reported 
as ANOVA followed by Tukey post hoc test 
and expressed as mean±S.D. In all comparisons, 
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p<0.05 indicated statistical significance.

Results
Behavioral tests
When performance in the water maze task was 
analyzed, it was found that treatment of rats 
with amphetamine showed a significant increase 
in latency time at sessions 1,2 and 3 (1120.3%, 
1123.2% and 951.1%) compared with their 
respective control vehicle group. Pretreatment 
of rats with risperidone before amphetamine 
caused significant decrease in latency time at 
sessions 1, 2 and 3 (37.4%, 33.9% and 66.2%, 
respectively) compared with their respective 
amphetamine–treated group. Pretreatment of 
rats with celecoxib (before amphetamine caused 
significant decrease in latency time at sessions 1, 
2 and 3 (73.6%, 76.6% and 80%, respectively) 
compared with their respective amphetamine–
treated group. Pretreatment of rats with 
omega-3 FA before amphetamine caused 
significant decrease in latency time at sessions 1, 
2 and 3 (73%, 72.5% and 81.4%, respectively) 
compared with their respective amphetamine–
treated group. Schizophrenic rats treated with a 
combination of risperidone and celecoxib caused 
significant decrease in latency time at sessions 1, 
2 and 3 (80%, 80.5% and 60.5%, respectively) 
compared with the respective schizophrenic 
group treated with RIS alone.Schizophrenic 
rats treated with a combination of risperidone 
and omega-3 FA caused significant decrease in 
latency time at sessions 1, 2 and 3 (83%, 76.7% 
and 71.8%, respectively) compared with the 
respective schizophrenic group treated with 
RIS alone.Intra-comparing the two treatment 
regimens of amphetamine-treated rats, injection 
of celecoxib or omega-3 fatty acids revealed 
significant alterations in latency time from that 
of risperidone treatment. (Figure 1).

Treatment of rats with amphetamine showed 
a significant decrease in swimming speed at 
sessions 1,2 and 3 (92%, 91.8% and 91%) 
compared with their respective control vehicle 
group. 

Pretreatment of rats with risperidone before 
amphetamine caused significant increase in 
swimming speed at sessions 1, 2 and 3 (68.5%, 
54.4% and 154.3%, respectively) compared 
with their respective amphetamine–treated 
group. Pretreatment of rats with celecoxib before 
amphetamine caused significant increase in 
swimming speed at sessions 1, 2 and 3 (284.6%, 
316.4% and 437.2%, respectively) compared 
with their respective amphetamine–treated 

group. Pretreatment of rats with omega-3 FA 
before amphetamine caused significant increase 
in swimming speed at sessions 1, 2 and 3 
(292.7%, 255.2% and 463.1%, respectively) 
compared with their respective amphetamine–
treated group. Schizophrenic rats treated with a 
combination of risperidone and celecoxib before 
amphetamine caused significant increase in 
swimming speed at sessions 1, 2 and 3 (47.3%, 
446.6% and 195.3%, respectively) compared 
with the respective schizophrenic group treated 
with RIS alone. Schizophrenic rats treated with 
a combination of risperidone and omega-3 FA 
caused significant increase in swimming speed at 
sessions 1, 2 and 3 (506%, 644.6% and 324.3%, 
respectively) compared with the respective 
schizophrenic group treated with RIS alone. 
Intra-comparing the two treatment regimens of 
amphetamine-treated rats, injection of celecoxib 
or omega-3 fatty acids revealed significant 
alterations in swimming speed from that of 
risperidone treatment ( Figure 2).

Regarding the Y-maze task, treatment of rats 
with amphetamine showed a significant decrease 
in the number of alternations (66.8%) compared 
with control vehicle group. Pretreatment of rats 
with risperidone before amphetamine caused 
significant increase in the number of alternations 
(53.4%) compared with amphetamine–treated 
group. Pretreatment of rats with celecoxib 
before amphetamine caused significant 
increase in the number of alternations (57%) 
compared with amphetamine–treated group. 
Pretreatment of rats with omega-3 FA (before 
amphetamine caused significant increase in the 
number of alternations (67.3%) compared with 
amphetamine–treated group. Schizophrenic rats 
treated with a combination of risperidone and 
celecoxib before amphetamine caused significant 
increase in the number of alternations (33.7%) 
compared with the schizophrenic group treated 
with RIS alone. Schizophrenic rats treated with 
a combination of risperidone and omega-3 
FA caused significant increase in the number 
of alternations (37.1%) compared with the 
schizophrenic group treated with RIS alone.
Intra-comparing the two treatment regimens of 
amphetamine-treated rats, injection of celecoxib 
or omega-3 fatty acids revealed non-significant 
change in the number of alternations from that 
of risperidone treatment (Figure 3).

Treatment of rats with amphetamine showed 
a significant increase in the time required to 
investigate a foreign rat at sessions 1,2 and 3 
(1058.3%, 972.8% and 1889%) compared 
with their respective control vehicle group. 
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a Significant difference from the control vehicle group at p< 0.05.
b Significant difference from the AMPH-treated group at p< 0.05.
c Significant difference from the AMPH+RIS treated group at p< 0.05.
Figure 1: Effects of celecoxib or omega-3 alone or in combination with risperidone on the swimming 
performance measured as latency time (sec.) in amphetamine-induced schizophrenia. Data are presented as 
mean ± S.D, n= 14. AMPH (amphetamine); RIS (risperidone), CELECO (celecoxib), OMEG-3 (omega-3 fatty acids).
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a Significant difference from the control vehicle group at p< 0.05.
b Significant difference from the AMPH-treated group at p< 0.05.
c Significant difference from the AMPH+RIS treated group at p< 0.05.
Figure 2: Effects of celecoxib or omega-3 alone or in combination with risperidone on the swimming 
performance measured as swimming speed (cm/sec.) in amphetamine-induced schizophrenia. Data are 
presented as mean ± S.D, n= 14. AMPH (amphetamine); RIS (risperidone), CELECO (celecoxib), OMEG-3 (omega-3 
fatty acids).
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Pretreatment of rats with risperidone before 
amphetamine caused non-significant decrease in 
the time required to investigate a foreign rat at 
sessions 1 (4.7%) but caused significant decrease 
in time required to investigate a foreign rat at 
sessions 2 and 3 (73.7% and40.2%, respectively) 
compared with their respective amphetamine–
treated group. Pretreatment of rats with celecoxib 
before amphetamine caused significant decrease 
in the time required to investigate a foreign rat at 
sessions 1, 2 and 3 (37.8%, 81.1% and 70.2%, 
respectively) compared with their respective 
amphetamine–treated group. Pretreatment of 

rats with omega-3 before amphetamine caused 
significant decrease in the time required to 
investigate a foreign rat at sessions 1, 2 and 
3 (78.4%, 74.6% and 90%, respectively) 
compared with their respective amphetamine–
treated group. Schizophrenic rats treated with 
a combination of risperidone and celecoxib 
before amphetamine caused significant decrease 
in the time required to investigate a foreign rat 
at sessions 1, 2 and 3 (51%, 27% and 71.5%, 
respectively) compared with the respective 
schizophrenic group treated with RIS alone.
Schizophrenic rats treated with a combination of 
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risperidone and omega-3 FA 1, 2 and 3 (72.1%, 
38.7% and 90.2%, respectively) compared with 
the respective schizophrenic group treated with 
RIS alone. Intra-comparing the two treatment 
regimens of amphetamine-treated rats, injection 
of celecoxib or omega-3 fatty acids revealed 
significant alterations in the time required to 
investigate a foreign rat from that of resperidone 
treatment (Figure 4).

Biochemical measurements
Brain MDA and TNF-α contents were 
significantly higher n amphetamine group 
compared to control group. Risperidone, 
celecoxib and omega-3 PUFAs alone caused 
non-significant decrease in MDA and TNF-α 
contents compared to amphetamine group. 
Combinations of riisperidone with either 
celecoxib or omega-3 PUFAs caused significant 
decreases in MDA and TNF-α contents.(Figure 
5 and Figure 6).

Discussion
To our knowledge, this is the first study to show 
the use of celecoxib or omega-3 for positive, 
negative and cognitive symptom prevention 
in amphetamine- induced animal model of 
schizophrenia.

Swimming test is used to test spatial orientation 
and recognition which is a part of declarative 
memory. The results of the present study shows 
that treatment of rats with amphetamine showed a 
significant increase in latency time and significant 
decrease in swimming speeds at all test sessions. It 

is well known that amphetamine damages brain 
areas which includes the hippocampus which is 
critical to declarative memory (28). These results 
are in agreement with previous studies (29-31) 
whose major findings were that latencies and 
swimming speeds in were sharply affected due 
to treatment with methylamphetamine. The 
speed of swimming seems to have the positive 
correlation to the motivation of the animal to 
find the platform in the swimming test (32-33).

Groups received RIS alone showed significant 
reduction in latency time and significant increase 
in swimming speeds at all sessions compared to 
AMHP-treated group. Similar to the these results 
were the results of previous studies (34-36) which 
demonstrated that that RIS has a positive effect 
on cognition in the swimming test. Risperidone 
acted via blockade of 5-HT2A. Serotonergic 
system play a key role in behaviors that involve 
a high cognitive demand. Groups treated with 
celecoxib showed significant decrease in the 
latency time and increase in the swimming 
speed compared to AMPH –treated group. The 
effects of combination were also significant to 
group treated with RIS alone. These results are 
in agreement with previous findings (37-39) 
which found that celecoxib reduced immobility 
in forced swim test. 

In the present study, AMPH-treated group 
showed significant decrease in the number of 
alternations in the arms of Y-maze compared 
with control vehicle group. These data are 
similar to previous results (40-41). Groups 
treated with celecoxib or omega-3 FAs showed 

a Significant difference from the control vehicle group at p< 0.05.
b Significant difference from the AMPH-treated group at p< 0.05.
c Significant difference from the AMPH+RIS treated group at p< 0.05.
Figure 3: Effects of celecoxib or omega-3 alone or in combination with risperidone on the spontaneous 
alternations in the Y- maze task in amphetamine-induced schizophrenia. Data are presented as mean ± S.D, n= 
14. AMPH (amphetamine); RIS (risperidone), CELECO (celecoxib), OMEG-3 (omega-3 fatty acids).
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significant increase in the number of alternations 
in the Y-maze. The effects of combination were 
also significant to group treated with RIS alone 
and this effect was in agreement with previous 
studies (42-43) which found that celecoxib and 
omega-3 FAs, respectively, improve the behavior 
in Y-maze.

In the present study, AMPH-treated group 
was shown to significantly reduce the social 
interaction compared to the control-vehicle 
group. These findings are in consistent with 
previous findings (44-45). Celecoxib and omega-
3FAs showed significant decrease in the time 
required for the investigation of a novel animal. 

The effects of combination were also significant 
to group treated with RIS alone. These results 
are in accordance with previous studies (46-47) 
which revealed that celecoxib or omega3 FAs, 
respectively have positive effects on the social 
interaction.

The effect of celecoxib is probably due to its 
inhibition of the cyclooxygenase-2 (COX-2) 
enzyme which is responsible for production of 
the prostaglandins (PGs). COX-2 and PGs are 
involved in physiological mechanism of memory. 
Also, celecoxib causes reduction of the brain 
levels of inflammatory cytokines (TNF–α and 
IL-1β) and induction of inducible nitric oxide 

a Significant difference from the control vehicle group at p< 0.05.
b Significant difference from the AMPH-treated group at p< 0.05.
c Significant difference from the AMPH+RIS treated group at p< 0.05.
Figure 4: Effects of celecoxib or omega-3 alone or in combination with risperidone on the social recognition 
memory task in amphetamine-induced schizophrenia. Data are presented as mean ± S.D, n= 14. AMPH 
(amphetamine); RIS (risperidone), CELECO (celecoxib), OMEG-3 (omega-3 fatty acids).
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synthase in the brain. This suggests that celecoxib, 
attenuates neurodegeneration and improves 
cognitive impairment. This provides evidence 
on the relevance of persistent inflammation as a 
triggering factor for schizophrenia.

In the present study, treatment of schizophrenic 
rats with omega-3 fatty acids resulted in 
significant reduction in latency time and increase 
in swimming speed in Morris water maze at all 
test sessions. The effects of combination were 
also significant to group treated with RIS alone. 
Studies (48-49) revealed that administration of 
omega-3 Fas reduced immobility and increased 
swimming behavior in forced swim test. 
Omega-3 fatty acids are essential components 
of CNS membrane phospholipid-acyl (50). An 
optimal fluidity is required for neurotransmitter 
binding and signaling within the cell (51). 
Also, omega-3 fatty acids can increase adenyl 
cyclase activity. This pathway is used by 
5-HT1 receptors, alpha-2 adrenergic and beta-
adrenergic receptors, and both D1 and D2 
(dopamine) receptors. Omega-3 fatty acids are 
well-documented inhibitors of proinflammatory 
cytokines, particularly TNF-α and IL-1 which 
are well known players in mood and cognition 
respectively (52-53). Also, omega-3FAs increased 
the hippocampal calmodulin genes expression. 
The increased level of calmodulin enhances 
the signal transduction and communication 
between neurons during memory formation 
(54). In addition, Omega-3 fatty acids induced 
suppression of PGE2, thromboxane A2 and 

histamine (55) which are involved in anti-
inflammatory effects Chronic administration 
of omega-3 fatty acids can cause an increase in 
brain-derived neurotrophic factor (BDNF), 
which plays a role in the plasticity and survival of 
nervous system (56).

Schizophrenia is associated with mitochondrial 
dysfunction and high levels of genes responsible 
for oxidative stress (57-58). Lipid peroxidation 
measured as malondialdehyde is a good measure 
of oxidative stress. Many previous studies found 
that schizophrenia is associated with increased 
lipid peroxidation (59-60).

The present study provides a strong evidence 
for involvement of oxidative stress in the 
pathophysiology of schizophrenia since 
treatment with AMPH resulted in a significant 
increase in brain MDA levels. Excessive 
dopamine production due to AMPH use which 
is observed in the current study represents the 
main source of oxidative stress in the brain, due 
to redox potential of dopamine. Dopamine may 
be metabolized via monoamine oxidase with 
production of H2O2 and dihydroxphenylacetic 
acid (61-62), or can go through nonenzymatic 
hydroxylation in the presence of Fe2+ and H2O2 
leading to the formation of 6-hydroxydopamine 
(6-OHDA) (63).

Inflammation represents another source of 
oxidative stress in the present study. Increased 
levels of TNF-α was observed in the AMPPH-
treated group. TNF- α activates NF-kB which in 

a Significant difference from the control vehicle group at p< 0.05.
b Significant difference from the AMPH-treated group at p< 0.05.
c Significant difference from the AMPH+RIS treated group at p< 0.05.
Figure 4: Effects of celecoxib or omega-3 alone or in combination with risperidone on the brain TNF-α contents  
in amphetamine-induced schizophrenia. Data are presented as mean ± S.D, n= 14. AMPH (amphetamine); RIS 
(risperidone), CELECO (celecoxib), OMEG-3 (omega-3 fatty acids).
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turn activates the production of cytokines, such 
as IL-6 and IL-8, and T-cell derived cytokines, 
such as interferon gamma (64). The release of 
monoamine neurotransmitters provides tonic 
sympathetic control on cytokine production 
and hence on the balance of pro-inflammatory/ 
anti-inflammatory cytokines. The extent of 
lipid peroxidation is positively correlated with 
the severity of symptoms (65). Combination 
of celecoxib or omega-3 FAs with risperidone 
produced significant decreases in brain MDA 
and TNF-α levels compared to RIS alone.

Several mechanisms may explain the antioxidant 
properties of COX-2 inhibitors. One depends on 
the enhanced release of cytokines that promote 
the formation and release of reactive oxygen 
species (ROS) and nitric oxide from microglial 
cells (66). In this context, proinflammatory 
cytokines influence brain activity by inducing 
the expression of COX-II in brain vascular cells, 
which transduces inflammatory signals into a 
prostaglandin signaling cascade (67). Another 
mechanism is based on the release of excitatory 
amino acids, aspartate and glutamate, that induce 
free radical formation during their physiological 
action (68). A third mechanism is related to 
mobilization of mitochondrial calcium, which 
in turn, activates the arachidonic acid cascade 
that produces ROS. COX isoenzyme leads to an 
increase in the peroxynitrite levels in rat brain. 
COX inhibitors could also scavenge NO and 
hydrogen peroxide and prevent excitotoxicity 
and subsequent oxidative stress (69-70).

The therapeutic effects of omega-3 FAs may 
result from altered membrane fluidity and 
receptor responses following their incorporation 
into cell membranes (71). They also interact 
with the dopaminergic and serotonergic systems, 
which both have been associated with the 
pathophysiology of schizophrenia (72). They 
inhibit IL-6, IL-1b and TNF-α expression 
in human endothelial cells and macrophages 
when stimulated with bacterial endotoxin 
lipopolysaccharide (LPS) (73- 75). The increase 
in brain cytokine production is linked with 
schizophrenia symptoms (76). Furthermore, 
they increase glutathione in the temporal lobes 
of first-episode psychosis patients (77-79). The 
evidence that PUFAs can reduce symptoms 
in schizophrenia, may have neuroprotective 
properties, and do not have clinically relevant 
adverse effects make them an ideal candidate 
for indicated prevention of schizophrenia. 
To summarize, the present study shows that 
administration of celecoxib or omega-3 alone 
or in combination with risperidone prevent 

positive, negative and cognitive symptoms in 
amphetamine animal model of schizophrenia. 
Their effects on behavior were attributable to 
their antioxidants and anti-inflammatory effects 
since they were able to prevent elevation of 
MDA and TNF-α.
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