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Abstract

Background: Previous studies have indicated abnormalities in the immune system, such as central nervous system inflammation
and high levels of activating cytokines in the cerebrospinal fluid of schizophrenic patients. Celecoxib, a modulator of
proinflammatory cytokines, as an adjunctive therapy add-on risperidone (a well-established atypical antipsychotic) and
amisulpiride (a benzamide antipsychotic), had improved these patients significantly.
Objectives: A trial was conducted to evaluate the therapeutic effects of celecoxib add-on haloperidol, a classic antipsychotic that
has been reported to have an immunomodulatory effect andmainly affects positive psychotic symptoms in schizophrenia.
Methods: In a prospective, double-blind study, after a washout period, 49 patients with schizophrenia were randomly assigned
to either 15 - 30 mg/day haloperidol plus 400 mg/day of celecoxib or the same dose of haloperidol plus placebo for 5 weeks.
Psychopathology was evaluated via the Positive and Negative Symptoms Scale (PANSS). The data were reported asmean ± standard
deviation and frequency. An Independent t-test was carried out when comparing the data of these two groups for each week.
The proportion comparison was carried out using the chi-square test. In terms of age, gender, marital and educational state, and
duration or severity of disease or psychopathology and subtypes of schizophrenia, there were no significant differences.
Results: Over 5 weeks, there was significantly greater improvement in the celecoxib group in scores on the total PANSS and on
positive symptoms and general psychopathology subscales ([t = 2.89, P = 0.006], [t = 2.37, P = 0.022], and [t = 3.34, P = 0.002]
respectively).
Conclusions: Celecoxib is an efficient adjuvant agent in the treatment of patients with schizophrenia. Significant superiority
of management with a modulator of proinflammatory cytokine, which balances immune responses over haloperidol alone,
reconfirms the immune dysfunction and inflammation hypothesis of schizophrenia.
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1. Background

Major psychiatric disorders (e.g., schizophrenia)
and mood disorders (e.g., bipolar and major depressive
disorders) have been hypothesized to be affected by
inflammatory conditions (1-3). In many cases, these
disorders have poor outcomes (4). In particular,
schizophrenia is associatedwith a deteriorative process in
most of the affected patients (5).

One study demonstrated decreased gene expression
for the cytokines interferon-gamma (IFN-γ) and tumor
necrosis factor-alpha (TNF-α) in schizophrenia, which is

associatedwithdisturbed type 1 cellular immunity (6). The
assumption that both inflammation and neuropsychiatry
disorders, such as this one, have the same molecular
pathways is supported by the fact that sickness-like
behavior can be induced by inflammatory cytokines (7).
Schizophrenia has been considered to be an idiopathic
autoimmune/inflammatory disease related to a deviant
amount of circulating pro- and anti-inflammatory
immune biomarkers and peripheral cytokines (6-13).

Several other immunological abnormalities, such
as high levels of interleukin-1 (IL-1) and interleukin-2
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(IL-2), have also been reported in schizophrenic patients
(8, 14, 15). A high amount of lL-2 in the cerebrospinal
fluid (CSF) is a known predictor of a greater likelihood
of relapse in these patients (16). Therefore, activating
cytokines’ down-regulation in the central nervous system
(CNS) resulting from anti-inflammatory therapy might
have beneficial consequences for some schizophrenic
patients (10). The immunomodulatory properties of some
antipsychotic agents, especially atypical neuroleptics
(17-19), and some classical antipsychotic drugs, such as
haloperidol, support this hypothesis (16, 20, 21).

This interesting etiological hypothesis has been
challenged by studies that have attempted to assess
whether immunomodulatory drugs show beneficial
effects on schizophrenia symptoms. For instance,
subchronic prescription of a cyclooxygenase-2 (COX-2)
inhibitor improved schizophrenia-like behavioral deficits
and accordingly regulated dopamine turnover in animal
studies (22). Some studies have demonstrated the
effectiveness of aspirin, a nonsteroidal anti-inflammatory
drug (NSAID), on the reduction of schizophrenia
symptoms (23-25). Several clinical trials have studied
the effect of risperidone plus celecoxib (a selective
COX-2 inhibitor [pdCOX-2 inhibitor]) compared to the
group with risperidone plus placebo in the treatment of
schizophrenia (10, 26, 27).

Another clinical trial has examined the advantageous
antipsychotic consequences of celecoxib plus amisulpride
therapy compared to amisulpride alone in schizophrenia
(28). Risperidone is a second-generation neuroleptic with
a high impact on both positive and negative symptoms
of schizophrenia (26, 29, 30). Amisulpiride, a benzamide
antipsychotic, affects the negative symptoms (31). The
effect of amisulpiride on the negative symptoms of
schizophrenia has been improved by celecoxib (28).
However, celecoxib add-on risperidone has resulted in
different effects on positive symptoms and no effect
on negative symptoms (10, 26, 27). On the other hand,
different antipsychotic drugs have been reported to affect
(i.e., increase or decrease) different interleukins (3, 17, 20,
21, 32-35).

With these controversial findings, it seems useful
to study the effects of anti-inflammatory therapy (i.e.,
celecoxib) plus a different neuroleptic (i.e., haloperidol).
Haloperidol was selected because it is one of the most
widely used antipsychotics, which is more effective in
the reduction of positive symptoms of schizophrenia
than in the treatment of negative symptoms. It is
generally believed that paranoid symptoms are treated
more effectively than non-paranoid symptoms by this
drug and that women are more responsive thanmen (36).
On the other hand, haloperidol has been reported to have

immunomodulatory properties (16, 20, 21).

2. Objectives

This trial evaluates the therapeutic effects of celecoxib
add-on haloperidol in comparison to haloperidol plus
placebo on the reduction of positive and negative
symptoms of schizophrenia.

3. Methods

3.1. Patients

Forty-nine eligible inpatients with schizophrenia
in the Zare Hospital (Sari, Mazandaran, Iran) were
included in the study (IRCT registration number:
IRCT138809201457N6). The inclusion criteria were the
diagnostic and statistical manual of mental disorders,
fourth edition, text revision (DSM-IV-TR) criteria for
schizophrenia and the informed consent of patients and
their guardians to participate in the study. The exclusion
criteria were infectious diseases, inflammatory diseases,
and anti-inflammatory drug consumption. By using a
table of random numbers and block randomization, 25
patients (4 women, 21 men) were randomly assigned
to treatment with haloperidol plus celecoxib, and 25
(4 women, 21 men) were assigned to haloperidol plus
placebo. All participants were in the active phase of
the disorder and had been hospitalized at the same
facility, and none of them was affected by infectious or
inflammatory diseases. Two independent psychiatrists
made the diagnosis of schizophrenia according to the
criteria of the DSM. No patient fulfilled the criteria for
treatment resistance.

3.2. Procedure

This study was a prospective, double-blind clinical
trial of parallel comparison groups of patients with
schizophrenia who were stratified according to
gender and subtype of schizophrenia (paranoid and
non-paranoid) and randomly allocated to treatment
with either “haloperidol plus celecoxib” or “haloperidol
plus placebo”. The division of patients into paranoid
and non-paranoid was due to the fact that the ego
resources of the paranoid subtype tend to be more
outstanding, and they display less regression of their
mental capacities, emotional responses, and conduct
than other subtypes of schizophrenia (37). The study
was accomplished in accordance with the Declaration
of Helsinki and subsequent revisions and approved by
the Research Committee and the Human Subject Review
Ethics Committee of Mazandaran University of Medical
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Sciences (ethics committee referencenumber: 108-82). The
patients were included after they and/or their guardian
had given their informed consent to participate in the
trial.

After diagnosing and screening, the patients who
were consuming oral neuroleptic medication underwent
a washout period of 3 - 5 days. No patients were taking
long-acting injectable neuroleptic before admission to the
hospital.

The patients were medicated with lorazepam, if
necessary, during the washout period. During the trial,
patients with agitation, anxiety, or sleep problems also
received lorazepam.

A psychiatry resident assessed psychopathology via
the Positive and Negative Symptoms Scale (PANSS) (38),
recorded drug side effects with a checklist for each patient
at the beginning of the study and repeated thesemeasures
weekly until 35 days (5weeks). The psychiatry resident and
patients were blind to the treatment groups.

In this study, 15 - 30mg haloperidol was prescribed for
each patient. Celecoxib was started with a dosage of 200
mgBID (400mg/day) for the first group. The control group
was also prescribed with placebo capsules, which had the
same shape, color, taste, and size as celecoxib, in the same
way as the first group. This regimenwas followed through
for the next 5 weeks.

For the treatment of extrapyramidal side effects of
haloperidol, biperidenwas available. Lorazepamwas used
for the treatment of insomnia, agitation, or anxiety. No
other anti-inflammatory or sedative-hypnotic drug was
used. Both of thesemedicationswere used for the patients
in an ad libitum dose schedule.

3.3. Statistical Analysis

All of the statistical analyses were carried out with
the statistical package for social sciences (SPSS) version
20.0 (SPSS Inc., Chicago, IL). The data were reported as
mean ± standard deviation (SD) and frequency (%). An
independent t-test was used to compare the data from
each group on a weekly basis. For the comparison of
proportions, the chi-square test was used. This process
was performed for the PANSS total scale and the positive,
negative, and general psychopathology subscales. A
significance level of 0.05 was considered in all analyses.

4. Results

It was supposed to study 50 patients. However, the
trialwas stoppeddue to theMinistryof HealthandMedical
Education’s Celecoxib Related Sudden Death warning at
the time of the study and because there was a case of
sudden death in the studied patients.

The mean doses of haloperidol in the celecoxib group
and placebo group, in addition to the age of the patients
and duration of the disorder, can be observed in Table 1.
These variables were not significantly different in the two
groups.

Table 1. Comparison of Celecoxib and Placebo Groups in Terms of Age (y), Amount
of Haloperidol (mg) and Course of the Disorder (y)

Mean ± SD t-Value Sig.

Age

Celecoxib group 37.71 ± 11.61 0.39 0.53

Placebo group 36.57 ± 10.41

Amount of haloperidol

Celecoxib group 20.60 ± 2.63 1.52 0.22

Placebo group 21.43 ± 2.80

Course of the disorder

Celecoxib group 12.78 ± 8.97 0.33 0.56

Placebo group 16.29 ± 9.08

The mean age was 37.71 years (± 11.61) and 36.57
(± 10.41) years in the celecoxib and placebo groups,
respectively. Two groups were matched according to
gender and subtype of schizophrenia. Moreover, 20 men
and 3 women in the celecoxib group and 19 men and 4
women in the control group completed the study (χ2 =
0.02, df = 1, P = 0.87). The celecoxib group consisted of
11 paranoid and 12 non-paranoid schizophrenic patients;
however, the control group consisted of 10 paranoid and
13 non-paranoid patients (χ2 = 0.08, df = 2, P = 0.58).
Additionally, there was no significant difference in the
marital (χ2 = 1.74, df = 3, P = 0.62) and educational (χ2 =
6.06, df = 4, P = 0.19) states of the two groups.

At the beginning of the study, the mean score of the
PANSSand its subscales scoresdidnot showany significant
difference in the two groups (Table 2).

Before the end of this trial, 2 patients discontinued
treatment with celecoxib, and 1 patient dropped out of
treatment with a placebo. The dropout from the placebo
group was aged 37 years (one man) due to unexplained
sudden death. The dropouts from the celecoxib group
were aged 38 and 43 years (one woman, one man).
The reason for dropping out of these two patients was
noncompliance with oral medication. In general, the
dropout rate of the trial was low in both groups; for
celecoxib, it was 8%, and for placebo, it was 4.2%.

A significant amelioration in psychopathology was
observed over the 5 weeks of trial in both groups. The
effects of haloperidol treatment, however, were not the
focal point of our trial.

More effect on the mean improvement in the total
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Table 2. Comparison of Positive and Negative Symptoms Scale Scores and Its Subscales’ Scores at the Beginning of the Study in Celecoxib and Placebo Groups a

Subscales and Group n Mean ± SD t-Value Sig.

P 0.96 0.34

Celecoxib group 21 18.08 ± 5.50

Placebo group 25 16.52 ± 5.43

N 0.52 0.6

Celecoxib group 21 27.52 ± 8.37

Placebo group 25 26.29 ± 7.53

G 1.57 0.12

Celecoxib group 21 36.28 ± 8.16

Placebo group 25 32.52 ± 7.89

S 0.19 0.85

Celecoxib group 21 4.95 ± 2.32

Placebo group 25 5.08 ± 2.17

Total 1.37 1.76

Celecoxib group 21 86.96 ± 17.97

Placebo group 25 80.29 ± 14.26

a P, positive symptoms; N, negative symptoms; G, general psychopathology; S, supplementary items of aggression.

PANSS score was observed in the celecoxib group than
in the placebo group over the 5 weeks of the trial (t =
2.89, P = 0.006). In particular, reductions in the scores
on the positive symptoms subscale (t = 2.37, P = 0.022)
and on the general psychopathology subscale (t = 3.34, P
= 0.002) contributed to this effect; nevertheless, negative
symptoms (t = 1.78, P = 0.81) and supplementary items of
aggression (t = 0.87, P = 0.385) were different significantly
between two groups (Table 3).

The side effects of haloperidol were not significantly
different in the two groups. No side effects were observed,
which were attributed to celecoxib administration, in
particular gastrointestinal problems. Celecoxib was well
tolerated, and there was no significant difference in drug
side effects between the two groups.

5. Discussion

Neuroimmune-endocrine dysregulation is a
fundamental mechanism underlying psychiatric
disorders, including schizophrenia (8). Several immune
system abnormalities, including dysregulation of
cytokines production, immunoglobulins, and T-cell
subsets, have been reported in this disorder (39). Possibly,
another mechanism of schizophrenia pathogenesis is an
imperfect connection between the central and peripheral
immune systems (40-42).

In the current study, a significant improvement in

the total PANSS score and in all subscales during the 5
weeks of the trial with haloperidol was observed in both
haloperidol plus celecoxib and haloperidol plus placebo
groups. It was an expected event because both groups had
received a well-established antipsychotic drug, which also
has immunomodulatory properties. This improvement
was higher in the experimental group, which had received
celecoxib. The improvement in the total PANSS score, total
positive subscale, and general psychopathology subscale
were significantly higher in the celecoxib group than in
the placebo group. However, the improvement in the
total negative subscale and supplementary items of the
aggression profile was not significantly different.

As there were no significant differences regarding the
demographic and clinical features of the patients, such
as age, gender, marital and educational state, duration
or severity and subtype of the disorder, and haloperidol
dosage, the differences in therapeutic outcome cannot be
attributed to these variables.

Celecoxib in 400 mg/day dosage was well tolerated,
and no significant clinical adverse effects were reported.

There are a few contentions with respect to the
immunomodulatory properties of haloperidol (39).
Haloperidol normalized (i.e., decreased the increased)
serum IL-2, CD3 (+), CD4 (+), CD8a (+), CD3 (+) CD8a (+),
and CD3 (+) CD4 (+) T-cell subsets, and immunoglobulin
A (IgA), immunoglobulin M (IgM), and immunoglobulin
G (IgG) levels in experimental animal models of
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Table 3. Comparison of Differences in Positive and Negative Symptoms Scale Scores and Its Subscales’ Scores in Celecoxib and Placebo Groups After the Intervention a

Subscales and Group n Mean ± SD t-Value Sig.

P 2.37 0.022

Celecoxib group 21 7.56 ± 4.22

Placebo group 25 4.43 ± 4.72

N 1.78 0.081

Celecoxib group 21 9.12 ± 6.72

Placebo group 25 6.00 ± 5.00

G 3.34 0.002

Celecoxib group 21 12.20 ± 5.37

Placebo group 25 6.00 ± 7.18

S 0.87 0.385

Celecoxib group 21 1.80 ± 2.29

Total 2.89 0.006

Celecoxib group 21 30.68 ± 12.97

Placebo group 25 18.14 ± 16.43

a P, positive symptoms; N, negative symptoms; G, general psychopathology; S, supplementary items of aggression.

schizophrenia and schizophrenic patients (3, 19, 43,
44). However, although there is some evidence indicating
the normalizing effect of haloperidol on CD4 (+)/CD8a (+)
T cells, IL-6, IL-1β, and TNF-α, this outcome is partial or
controversial (39, 44-47).

Overall, despite the above-mentioned controversies
regarding the effects of haloperidol on cytokines
production, immunoglobulins, and T-cell subsets
switch, and despite the synthesis of new drugs for the
treatment of schizophrenia, haloperidol is still widely
used, and its therapeutic effects on schizophrenia are a
benchmark against which newer antipsychotic drugs can
be measured. Additionally, immunomodulatory therapy
might be a beneficial approach to the management of
schizophrenia (39).

The beneficial response of the experimental group
in the current study has to be related to the celecoxib
effects. Celecoxib is a nonsteroidal anti-inflammatory,
inexpensive, cost-effective drug with few side effects
and is easily available in many countries. Celecoxib
is an inhibitor of COX-2, a major selective mediator
of inflammation in the periphery and brain, and a
key regulatory enzyme associated with the synthesis of
prostaglandins (48, 49). The removal of COX-2 expression
of neurons in the forebrain has been shown to produce
neuroprotective effects (50).

Some authors have reported a reduction of plasma IL-2
(20, 21, 51, 52), which activates the COX-2 and mediates the
inflammation of the CNS (26). Others have notmentioned

reductions in IL-6 (32, 46, 52).

A recent meta-analysis has concluded that celecoxib
is safe in the treatment of psychotic symptoms (53),
which is in line with the results of the current study.
Severalmechanisms have been suggested for the effects of
celecoxib as follows:

(A) The observation of psychotic symptoms in chronic
abusers of the glutamate/N-methyl-d-aspartate (NMDA)
receptor antagonist phencyclidine (PCP) has led to the
glutamatergic hypothesis of schizophrenia (54); that is,
NMDA receptors and glutamatergic neurons hyperactivity
are involved in the pathogenesis of schizophrenia
(17, 55, 56). On the other hand, glutamate/NMDA
receptor-mediated neurotoxicity involves COX-2 (57),
and COX-2 inhibitors make this state adverse (28, 58).
However, there are some controversies regarding the
effects of COX-2 inhibitors on NMDA. Some researchers
have reported inhibited effects mediated by the NMDA
receptor (28). Nevertheless, others have not mentioned
the kainite receptors’ mediated effects of COX-2 (32). This
findingmight be themechanism of the celecoxib effects.

(B) Type-1 immune response is blunt in schizophrenia.
This phenomenon is associated with an imbalance in
the tryptophan–kynurenine acid and in the activation
of the enzyme indoleamine 2,3-dioxygenase (IDO)
and, in turn, with an imbalance in the glutamatergic
neurotransmission and then NMDA antagonism.
The resulting inflammation has been attributed to
immunological deficit, more COX-2 expression, and
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prostaglandin E2 (PGE2) production (59). Celecoxibmight
rebalance this immunity imbalance, a property that
overcomes the production of kynurenic acid (60).

Some studies refer to changes in T helper cells with
a relative shift to anti-inflammatory T helper-2 activity
over proinflammatory T helper-1 activity in schizophrenia
(61, 62). The inhibition of PGE2 synthesis and regulating
anti-inflammatory cytokine production, which leads
to T helper-1/T helper-2 cytokine ratio by NSAIDs (such
as celecoxib), restore this imbalance (25, 62, 63), and
celecoxib’s COX activity is the result of PG synthesis
inhibition by the selective inhibition of the PG G/H
synthase-2 (54-67).

Peripheral cytokines have an important role in the
regulation of the hypothalamic-pituitary-adrenal axis (7),
which is involved in the pathogenesis of schizophrenia.
Decreased levels of IL-4 have been observed during the
acute phase of schizophrenia (68). However, on the other
hand, increased anti-inflammatory cytokines, particularly
soluble IL-1RA (sIL-1RA), IL-2R, TNF-α, IL-10, TGF-β, IL-2, sL-2R,
and soluble IL-6 receptors observed in the serum and the
CNSof patientswith schizophreniamightbeaccompanied
by increased COX-2 expression (69, 70). Interleukin-2, IL-6,
and IL-I0 activate theCOX-2 andmediate the inflammation
of the CNS (15, 16, 71, 72). It has been hypothesized that the
mechanism of celecoxib effects is probably through the
inhibition of COX-2 (26).

Structurally, epidermal growth factor (EGF)-like
peptides (ErbB1 ligands) inhibit death and improve
neurite outgrowth of CNS dopaminergic neurons and
are involved in dopamine-associated brain diseases, such
as schizophrenia (73). The administration of celecoxib
has improved the abnormalities in prepulse inhibition
(PPI) and suppressed learning and normalized dopamine
metabolism in animal models (22). This EGF-triggered
neuroinflammatory course of action,which ismediated in
part by COX-2 activity anddisturbs dopaminemetabolism,
might be involved in schizophrenic patients.

The anti-inflammatory COX-2 inhibitor celecoxib
might improve this irregular connection and
transmigration of immune cells (18, 74). This
relationship between psychoneuroimmunology and
psychopathology has been hypothesized to mediate
negative symptomatology (75, 76).

Several clinical trials have examined the effect of the
combination of celecoxib and different antipsychotic
medications on positive and negative symptoms of
schizophrenia. The current study has shown no effect
of celecoxib add-on haloperidol on negative symptoms.
On the other hand, celecoxib plus amisulpiride has been
effective on the negative symptoms (28), and celecoxib
combined with risperidone has resulted in different

effects on positive symptoms and no effect on negative
symptoms (10, 26, 77-79).

Considering that haloperidol is mainly effective
in positive symptoms and has immunomodulatory
properties (80, 81), amisulpiride is another neuroleptic
drug that affects the negative symptoms (31) and
risperidone is an antipsychotic medication with high
effect on both positive and negative symptoms of
schizophrenia (29, 30). The effect of celecoxib on negative
symptoms should bemore attributed to the antipsychotic
component of the drug combinations rather than the
celecoxib component.

On the other hand, a report of the acute onset of
auditory hallucinations, which is an important positive
symptom, has been reported after the initiation of
celecoxib therapy (29). Lantz and Giambanco, who
had reported the acute onset of this positive psychotic
symptom by celecoxib, have concluded that celecoxib
is effective in a special subgroup of patients (82).
Rapaport et al. have reported that celecoxib added to
the neuroleptic regimen of continuously ill patients
with schizophrenia did not make a difference in any of
the clinical psychopathology, functional disability, and
extrapyramidal side effects (79). Additionally, Zheng et
al., in their meta-analysis, indicated that celecoxib usually
affects the first-episode schizophrenia (53). This finding is
despite the fact that none of our patients was in the first
episode of schizophrenia. The duration of the disorder in
the patients of the current study ranged from 3.81 to 25.37
years.

The unexplained sudden death in the present study
occurred in a deteriorated cachectic patient who had
received a placebo. A review article that has studied
the population data and clinical studies linking COX
inhibition to cardiovascular side effects concluded that
there is a great body of evidence to support the safety
of celecoxib at recommended doses in the treatment
of arthritis (83). This finding has been confirmed
later in a cross-trial safety analysis of six randomized
placebo-controlled clinical trials (83). However, some
authors believe that although many considerable clinical
trials have studied its efficacy/safety and mechanism of
action, there is insufficient knowledge about the resources
in the incident of side effects (67, 84).

5.1. Limitations

This study did not monitor the plasma levels
of haloperidol/celecoxib and/or their metabolites.
The differences in treatment response between
the groups might be due to non-adherence during
haloperidol/celecoxib prescription or to differences in
haloperidol/celecoxib metabolism. However, an inpatient

6 Iran J Psychiatry Behav Sci. 2024; 18(1):e138643.



Zarghami M et al.

treatment method lowers the chance of noncompliance.
The limited follow-up period was another limitation of
this trial.

5.2. Suggestions for Further Studies

The investigation of the effects of add-on celecoxib
to different antipsychotic medications in first-episode
psychosis, extension of the duration of the study,
different doses of celecoxib, and add-on of different
COX-2 inhibitors are recommended for further clinical
trials.

5.3. Conclusions

Celecoxib is an effective adjuvant medication in
the treatment of patients with schizophrenia. The
significant superiority of treatment with a modulator
of the proinflammatory cytokine, which balances
immune responses over haloperidol alone, reconfirms
the immune dysfunction and inflammation hypothesis of
schizophrenia.

Acknowledgments

The authors acknowledge Mazandaran University of
Medical Sciences and all hospital staff involved in patient
treatment.

Footnotes

Authors’ Contribution: Mehran Zarghami, Nasrin
Dodangi, Paria Azari, and Alireza Khalilian conceived and
designed the evaluation. Nasrin Dodangi collected the
clinical data. Alireza Khalilian performed the statistical
analysis. Mehran Zarghami, Nasrin Dodangi, and Paria
Azari interpreted the clinical data. Mehran Zarghami
drafted the manuscript. Nasrin Dodangi, Paria Azari,
and Alireza Khalilian revised it critically for important
intellectual content. All the authors read andapproved the
final manuscript.

Clinical Trial Registration Code: IRCT138809201457N6.

Conflict of Interests: The correspond author is the EIC of
the journal.

Data Availability: The dataset presented in the study
is available on request from the corresponding author
during submission or after publication. The data are not
publicly available due to privacy.

Ethical Approval: The study was performed in
accordance with the Declaration of Helsinki and
subsequent revisions and approved by the Research
Committee and the Human Subject Review Ethics

Committee of Mazandaran University of Medical Sciences
(ethics committee reference number: 108-82).

Funding/Support: The costs of this project were paid by
Mazandaran University of Medical Sciences.

InformedConsent: Thepatientswere included after they
and/or their tutor had given their informed consent to
participate in the study.

References

1. Baumeister D, Russell A, Pariante CM, Mondelli V. Inflammatory
biomarker profiles of mental disorders and their relation to
clinical, social and lifestyle factors. Soc Psychiatry Psychiatr
Epidemiol. 2014;49(6):841–9. [PubMed ID: 24789456]. https:
//doi.org/10.1007/s00127-014-0887-z.

2. Goldstein BI, Kemp DE, Soczynska JK, McIntyre RS. Inflammation and
the phenomenology, pathophysiology, comorbidity, and treatment
of bipolar disorder: a systematic review of the literature. J Clin
Psychiatry. 2009;70(8):1078–90. [PubMed ID: 19497250]. https://doi.
org/10.4088/JCP.08r04505.

3. Maes M, Meltzer HY, Bosmans E. Immune-inflammatory
markers in schizophrenia: comparison to normal controls
and effects of clozapine. Acta Psychiatr Scand. 1994;89(5):346–51.
[PubMed ID: 8067274]. https://doi.org/10.1111/j.1600-0447.1994.
tb01527.x.

4. Merikangas KR, Akiskal HS, Angst J, Greenberg PE, Hirschfeld
RM, Petukhova M, et al. Lifetime and 12-month prevalence
of bipolar spectrum disorder in the National Comorbidity
Survey replication. Arch Gen Psychiatry. 2007;64(5):543–52.
[PubMed ID: 17485606]. [PubMed Central ID: PMC1931566].
https://doi.org/10.1001/archpsyc.64.5.543.

5. McGlashanTH. Theprofilesof clinicaldeterioration inschizophrenia.
J Psychiatr Res. 1998;32(3-4):133–41. [PubMed ID: 9793866]. https://doi.
org/10.1016/s0022-3956(97)00015-0.

6. FreudenreichO, BrockmanMA, HendersonDC, Evins AE, Fan X,Walsh
JP, et al. Analysis of peripheral immune activation in schizophrenia
using quantitative reverse-transcription polymerase chain reaction
(RT-PCR). Psychiatry Res. 2010;176(2-3):99–102. [PubMed ID: 20132993].
[PubMed Central ID: PMC2844464]. https://doi.org/10.1016/j.psychres.
2008.11.007.

7. Vitkovic L, Bockaert J, Jacque C. “Inflammatory” cytokines:
neuromodulators in normal brain? J Neurochem. 2000;74(2):457–71.
[PubMed ID: 10646496]. https://doi.org/10.1046/j.1471-4159.2000.
740457.x.

8. Licinio J, Mastronardi C, Wong ML. Pharmacogenomics of
neuroimmune interactions in human psychiatric disorders.
Exp Physiol. 2007;92(5):807–11. [PubMed ID: 17675415]. https:
//doi.org/10.1113/expphysiol.2007.038471.

9. Rapaport MH, Müller N. Immunological states associated
with schizophrenia. In: Ader R, Felten DL, Cohen N, editors.
Psychoneuroimmunology. Vol. 2. 3rd ed. San Diego, CA: Academic
Press; 2001. p. 373–82.

10. Akhondzadeh S, Tabatabaee M, Amini H, Ahmadi Abhari SA,
Abbasi SH, Behnam B. Celecoxib as adjunctive therapy in
schizophrenia: a double-blind, randomized and placebo-controlled
trial. Schizophr Res. 2007;90(1-3):179–85. [PubMed ID: 17208413].
https://doi.org/10.1016/j.schres.2006.11.016.

11. Yolken RH, Torrey EF. Viruses, schizophrenia, and bipolar disorder.
Clin Microbiol Rev. 1995;8(1):131–45. [PubMed ID: 7704891]. [PubMed
Central ID: PMC172852]. https://doi.org/10.1128/CMR.8.1.131.

12. Korschenhausen DA, Hampel HJ, Ackenheil M, Penning R, Muller
N. Fibrin degradation products in post mortem brain tissue of

Iran J Psychiatry Behav Sci. 2024; 18(1):e138643. 7

https://irct.behdasht.gov.ir/search/result?query=IRCT138809201457N6
http://www.ncbi.nlm.nih.gov/pubmed/24789456
https://doi.org/10.1007/s00127-014-0887-z
https://doi.org/10.1007/s00127-014-0887-z
http://www.ncbi.nlm.nih.gov/pubmed/19497250
https://doi.org/10.4088/JCP.08r04505
https://doi.org/10.4088/JCP.08r04505
http://www.ncbi.nlm.nih.gov/pubmed/8067274
https://doi.org/10.1111/j.1600-0447.1994.tb01527.x
https://doi.org/10.1111/j.1600-0447.1994.tb01527.x
http://www.ncbi.nlm.nih.gov/pubmed/17485606
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1931566
https://doi.org/10.1001/archpsyc.64.5.543
http://www.ncbi.nlm.nih.gov/pubmed/9793866
https://doi.org/10.1016/s0022-3956(97)00015-0
https://doi.org/10.1016/s0022-3956(97)00015-0
http://www.ncbi.nlm.nih.gov/pubmed/20132993
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2844464
https://doi.org/10.1016/j.psychres.2008.11.007
https://doi.org/10.1016/j.psychres.2008.11.007
http://www.ncbi.nlm.nih.gov/pubmed/10646496
https://doi.org/10.1046/j.1471-4159.2000.740457.x
https://doi.org/10.1046/j.1471-4159.2000.740457.x
http://www.ncbi.nlm.nih.gov/pubmed/17675415
https://doi.org/10.1113/expphysiol.2007.038471
https://doi.org/10.1113/expphysiol.2007.038471
http://www.ncbi.nlm.nih.gov/pubmed/17208413
https://doi.org/10.1016/j.schres.2006.11.016
http://www.ncbi.nlm.nih.gov/pubmed/7704891
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC172852
https://doi.org/10.1128/CMR.8.1.131


Zarghami M et al.

schizophrenics: a possible marker for underlying inflammatory
processes. Schizophr Res. 1996;19(2-3):103–9. [PubMed ID: 8789908].
https://doi.org/10.1016/0920-9964(95)00073-9.

13. Muller N, Ackenheil M. Psychoneuroimmunology and the
cytokine action in the CNS: implications for psychiatric disorders.
Prog Neuropsychopharmacol Biol Psychiatry. 1998;22(1):1–33.
[PubMed ID: 9533165]. https://doi.org/10.1016/s0278-5846(97)00179-6.

14. Sirota P, Schild K, Elizur A, Djaldetti M, Fishman P. Increased
interleukin-1 and interleukin-3 like activity in schizophrenic
patients. Prog Neuropsychopharmacol Biol Psychiatry. 1995;19(1):75–83.
[PubMed ID: 7708934]. https://doi.org/10.1016/0278-5846(94)00106-r.

15. Licinio J, Seibyl JP, Altemus M, Charney DS, Krystal JH. Elevated CSF
levels of interleukin-2 in neuroleptic-free schizophrenic patients. Am
J Psychiatry. 1993;150(9):1408–10. [PubMed ID: 8102512]. https://doi.org/
10.1176/ajp.150.9.1408.

16. McAllister CG, van Kammen DP, Rehn TJ, Miller AL, Gurklis J, Kelley
ME, et al. Increases in CSF levels of interleukin-2 in schizophrenia:
effects of recurrence of psychosis and medication status. Am J
Psychiatry. 1995;152(9):1291–7. [PubMed ID: 7653683]. https://doi.org/
10.1176/ajp.152.9.1291.

17. Muller N, Empl M, Riedel M, Schwarz M, Ackenheil M. Neuroleptic
treatment increases soluble IL-2 receptors and decreases
soluble IL-6 receptors in schizophrenia. Eur Arch Psychiatry
Clin Neurosci. 1997;247(6):308–13. [PubMed ID: 9477010]. https:
//doi.org/10.1007/BF02922260.

18. Lin A, Kenis G, Bignotti S, Tura GJ, De Jong R, Bosmans E, et
al. The inflammatory response system in treatment-resistant
schizophrenia: increased serum interleukin-6. Schizophr Res.
1998;32(1):9–15. [PubMed ID: 9690329]. https://doi.org/10.1016/s0920-
9964(98)00034-6.

19. Maes M, Bosmans E, Calabrese J, Smith R, Meltzer HY. Interleukin-2
and interleukin-6 in schizophrenia and mania: effects of
neuroleptics and mood stabilizers. J Psychiatr Res. 1995;29(2):141–52.
[PubMed ID: 7666381]. https://doi.org/10.1016/0022-3956(94)00049-
w.

20. Kim YK, Kim L, Lee MS. Relationships between interleukins,
neurotransmitters and psychopathology in drug-free
male schizophrenics. Schizophr Res. 2000;44(3):165–75.
[PubMed ID: 10962218]. https://doi.org/10.1016/s0920-9964(99)00171-
1.

21. Zhang XY, Zhou DF, Cao LY, Zhang PY, Wu GY, Shen YC. Changes
in serum interleukin-2, -6, and -8 levels before and during
treatment with risperidone and haloperidol: relationship to
outcome in schizophrenia. J Clin Psychiatry. 2004;65(7):940–7.
[PubMed ID: 15291683]. https://doi.org/10.4088/jcp.v65n0710.

22. MizunoM, Sotoyama H, Narita E, Kawamura H, Namba H, Zheng Y, et
al. A cyclooxygenase-2 inhibitor ameliorates behavioral impairments
induced by striatal administration of epidermal growth factor.
J Neurosci. 2007;27(38):10116–27. [PubMed ID: 17881518]. [PubMed
Central ID: PMC6672673]. https://doi.org/10.1523/JNEUROSCI.2368-
07.2007.

23. Roberts T, Shokraneh F, Nur S. Acetylsalicylic acid (aspirin) for
schizophrenia. Cochrane Database Syst Rev. 2016;(3). CD012116. https:
//doi.org/10.1002/14651858.cd012116.

24. Attari A, Mojdeh A, Khalifeh Soltani FAS, Najarzadegan MR. Aspirin
Inclusion in Antipsychotic Treatment on Severity of Symptoms in
Schizophrenia: A Randimized Clinical Trial. Iran J Psychiatry Behav Sci.
2017;11(1). e5848. https://doi.org/10.5812/ijpbs.5848.

25. Laan W, Grobbee DE, Selten JP, Heijnen CJ, Kahn RS, Burger H.
Adjuvant aspirin therapy reduces symptoms of schizophrenia
spectrum disorders: results from a randomized, double-blind,
placebo-controlled trial. J Clin Psychiatry. 2010;71(5):520–7.
[PubMed ID: 20492850]. https://doi.org/10.4088/JCP.09m05117yel.

26. Muller N, Riedel M, Scheppach C, Brandstatter B, Sokullu S,
Krampe K, et al. Beneficial antipsychotic effects of celecoxib
add-on therapy compared to risperidone alone in schizophrenia.

Am J Psychiatry. 2002;159(6):1029–34. [PubMed ID: 12042193].
https://doi.org/10.1176/appi.ajp.159.6.1029.

27. Marini S, De Berardis D, Vellante F, Santacroce R, Orsolini L, Valchera
A, et al. Celecoxib Adjunctive Treatment to Antipsychotics in
Schizophrenia: A Review of Randomized Clinical Add-On Trials.
Mediators Inflamm. 2016;2016:3476240. [PubMed ID: 27524864].
[PubMed Central ID: PMC4976163]. https://doi.org/10.1155/2016/
3476240.

28. Muller N, Krause D, Dehning S, Musil R, Schennach-Wolff R,
Obermeier M, et al. Celecoxib treatment in an early stage
of schizophrenia: results of a randomized, double-blind,
placebo-controlled trial of celecoxib augmentation of amisulpride
treatment. Schizophr Res. 2010;121(1-3):118–24. [PubMed ID: 20570110].
https://doi.org/10.1016/j.schres.2010.04.015.

29. Marder SR, Meibach RC. Risperidone in the treatment
of schizophrenia. Am J Psychiatry. 1994;151(6):825–35.
[PubMed ID: 7514366]. https://doi.org/10.1176/ajp.151.6.825.

30. Moller HJ, Gagiano CA, Addington DE, Von Knorring L, Torres-Plank
JF, Gaussares C. Long-term treatment of chronic schizophrenia with
risperidone: an open-label, multicenter study of 386 patients. Int
Clin Psychopharmacol. 1998;13(3):99–106. [PubMed ID: 9690975]. https:
//doi.org/10.1097/00004850-199805000-00001.

31. Boyer P, Lecrubier Y, Puech AJ, Dewailly J, Aubin F. Treatment
of negative symptoms in schizophrenia with amisulpride. Br J
Psychiatry. 1995;166(1):68–72. [PubMed ID: 7894879]. https://doi.org/10.
1192/bjp.166.1.68.

32. MaesM, Bocchio Chiavetto L, Bignotti S, Battisa Tura G, Pioli R, Boin F,
et al. Effects of atypical antipsychotics on the inflammatory response
system in schizophrenic patients resistant to treatment with
typical neuroleptics. Eur Neuropsychopharmacol. 2000;10(2):119–24.
[PubMed ID: 10706993]. https://doi.org/10.1016/s0924-977x(99)
00062-0.

33. Himmerich H, Schonherr J, Fulda S, Sheldrick AJ, Bauer K, Sack
U. Impact of antipsychotics on cytokine production in-vitro. J
Psychiatr Res. 2011;45(10):1358–65. [PubMed ID: 21592521]. https://doi.
org/10.1016/j.jpsychires.2011.04.009.

34. Pollmacher T, Hinze-Selch D, Mullington J. Effects of clozapine
on plasma cytokine and soluble cytokine receptor levels. J Clin
Psychopharmacol. 1996;16(5):403–9. [PubMed ID: 8889915]. https://doi.
org/10.1097/00004714-199610000-00011.

35. Suvisaari J, Loo BM, Saarni SE, Haukka J, Perala J, Saarni SI, et al.
Inflammation in psychotic disorders: a population-based study.
Psychiatry Res. 2011;189(2):305–11. [PubMed ID: 21798602]. https://doi.
org/10.1016/j.psychres.2011.07.006.

36. Sadock BJ, Kaplan HI, Sadock VA. Kaplan & Sadock’s Synopsis of
Psychiatry: Behavioral Sciences/clinical Psychiatry. 9th ed. Philadelphia:
Lippincott Williams &Wilkins; 2003.

37. Sadock BJ, Sadock VA, Ruiz P. Kaplan & Sadock’s Synopsis of Psychiatry.
Philadelphia: Wolters Kluwer; 2015.

38. Kay SR, Opler LA, Lindenmayer J. The Positive andNegative Syndrome
Scale (PANSS): Rationale and Standardisation. Br J Psychiatry.
1989;155(S7):59–65. https://doi.org/10.1192/s0007125000291514.

39. Liu H, Cai H, Ren Z, Zhong J, Li J. Clozapine Regulates Cytokines,
T-cell Subsets and Immunoglobulins Serum Levels in MK-801-Evoked
Schizophrenia Rat. Int JPharmacol. 2015;11(6):596–603. https://doi.org/
10.3923/ijp.2015.596.603.

40. Schwarz MJ, Riedel M, Ackenheil M, Muller N. Decreased
levels of soluble intercellular adhesion molecule-1 (sICAM-1)
in unmedicated and medicated schizophrenic patients. Biol
Psychiatry. 2000;47(1):29–33. [PubMed ID: 10650446]. https:
//doi.org/10.1016/s0006-3223(99)00206-1.

41. Muller N, Riedel M, Hadjamu M, Schwarz MJ, Ackenheil M, Gruber
R. Increase in Expression of Adhesion Molecule Receptors on
T Helper Cells During Antipsychotic Treatment and Relationship to
Blood-Brain Barrier Permeability in Schizophrenia. Am J Psychiatry.

8 Iran J Psychiatry Behav Sci. 2024; 18(1):e138643.

http://www.ncbi.nlm.nih.gov/pubmed/8789908
https://doi.org/10.1016/0920-9964(95)00073-9
http://www.ncbi.nlm.nih.gov/pubmed/9533165
https://doi.org/10.1016/s0278-5846(97)00179-6
http://www.ncbi.nlm.nih.gov/pubmed/7708934
https://doi.org/10.1016/0278-5846(94)00106-r
http://www.ncbi.nlm.nih.gov/pubmed/8102512
https://doi.org/10.1176/ajp.150.9.1408
https://doi.org/10.1176/ajp.150.9.1408
http://www.ncbi.nlm.nih.gov/pubmed/7653683
https://doi.org/10.1176/ajp.152.9.1291
https://doi.org/10.1176/ajp.152.9.1291
http://www.ncbi.nlm.nih.gov/pubmed/9477010
https://doi.org/10.1007/BF02922260
https://doi.org/10.1007/BF02922260
http://www.ncbi.nlm.nih.gov/pubmed/9690329
https://doi.org/10.1016/s0920-9964(98)00034-6
https://doi.org/10.1016/s0920-9964(98)00034-6
http://www.ncbi.nlm.nih.gov/pubmed/7666381
https://doi.org/10.1016/0022-3956(94)00049-w
https://doi.org/10.1016/0022-3956(94)00049-w
http://www.ncbi.nlm.nih.gov/pubmed/10962218
https://doi.org/10.1016/s0920-9964(99)00171-1
https://doi.org/10.1016/s0920-9964(99)00171-1
http://www.ncbi.nlm.nih.gov/pubmed/15291683
https://doi.org/10.4088/jcp.v65n0710
http://www.ncbi.nlm.nih.gov/pubmed/17881518
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6672673
https://doi.org/10.1523/JNEUROSCI.2368-07.2007
https://doi.org/10.1523/JNEUROSCI.2368-07.2007
https://doi.org/10.1002/14651858.cd012116
https://doi.org/10.1002/14651858.cd012116
https://doi.org/10.5812/ijpbs.5848
http://www.ncbi.nlm.nih.gov/pubmed/20492850
https://doi.org/10.4088/JCP.09m05117yel
http://www.ncbi.nlm.nih.gov/pubmed/12042193
https://doi.org/10.1176/appi.ajp.159.6.1029
http://www.ncbi.nlm.nih.gov/pubmed/27524864
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4976163
https://doi.org/10.1155/2016/3476240
https://doi.org/10.1155/2016/3476240
http://www.ncbi.nlm.nih.gov/pubmed/20570110
https://doi.org/10.1016/j.schres.2010.04.015
http://www.ncbi.nlm.nih.gov/pubmed/7514366
https://doi.org/10.1176/ajp.151.6.825
http://www.ncbi.nlm.nih.gov/pubmed/9690975
https://doi.org/10.1097/00004850-199805000-00001
https://doi.org/10.1097/00004850-199805000-00001
http://www.ncbi.nlm.nih.gov/pubmed/7894879
https://doi.org/10.1192/bjp.166.1.68
https://doi.org/10.1192/bjp.166.1.68
http://www.ncbi.nlm.nih.gov/pubmed/10706993
https://doi.org/10.1016/s0924-977x(99)00062-0
https://doi.org/10.1016/s0924-977x(99)00062-0
http://www.ncbi.nlm.nih.gov/pubmed/21592521
https://doi.org/10.1016/j.jpsychires.2011.04.009
https://doi.org/10.1016/j.jpsychires.2011.04.009
http://www.ncbi.nlm.nih.gov/pubmed/8889915
https://doi.org/10.1097/00004714-199610000-00011
https://doi.org/10.1097/00004714-199610000-00011
http://www.ncbi.nlm.nih.gov/pubmed/21798602
https://doi.org/10.1016/j.psychres.2011.07.006
https://doi.org/10.1016/j.psychres.2011.07.006
https://doi.org/10.1192/s0007125000291514
https://doi.org/10.3923/ijp.2015.596.603
https://doi.org/10.3923/ijp.2015.596.603
http://www.ncbi.nlm.nih.gov/pubmed/10650446
https://doi.org/10.1016/s0006-3223(99)00206-1
https://doi.org/10.1016/s0006-3223(99)00206-1


Zarghami M et al.

1999;156(4):634–6. https://doi.org/10.1176/ajp.156.4.634.
42. Schwarz MJ, Ackenheil M, Riedel M, Muller N. Blood-cerebrospinal

fluid barrier impairment as indicator for an immune process in
schizophrenia.Neurosci Lett. 1998;253(3):201–3. [PubMed ID: 9792246].
https://doi.org/10.1016/s0304-3940(98)00655-7.

43. Maes M, Bosmans E, Kenis G, De Jong R, Smith RS, Meltzer HY. In vivo
immunomodulatory effects of clozapine in schizophrenia. Schizophr
Res. 1997;26(2-3):221–5. [PubMed ID: 9323354]. https://doi.org/10.1016/
s0920-9964(97)00057-1.

44. Fahmy Wahba MG, Shehata Messiha BA, Abo-Saif AA. Ramipril
and haloperidol as promising approaches in managing
rheumatoid arthritis in rats. Eur J Pharmacol. 2015;765:307–15.
[PubMed ID: 26302059]. https://doi.org/10.1016/j.ejphar.2015.08.026.

45. Kowalski J, Blada P, Kucia K, Madej A, Herman ZS. Neuroleptics
normalize increased release of interleukin- 1 beta and tumor
necrosis factor-alpha from monocytes in schizophrenia.
Schizophr Res. 2001;50(3):169–75. [PubMed ID: 11439237]. https:
//doi.org/10.1016/s0920-9964(00)00156-0.

46. KimKH. Effects of antipsychotic drugs on cellular immunity inmice.
Yonsei Med J. 1986;27(1):59–66. [PubMed ID: 2885980]. https://doi.org/
10.3349/ymj.1986.27.1.59.

47. Pollmacher T, Hinze-Selch D, Mullington J, Fenzel T, Holsboer F.
Smoking affects plasma-soluble interleukin-2 receptor levels in
patients with schizophrenia. Arch Gen Psychiatry. 1997;54(1):89–90.
[PubMed ID: 9006405]. https://doi.org/10.1001/archpsyc.1997.
01830130095017.

48. Garavito RM, Mulichak AM. The structure of mammalian
cyclooxygenases. Annu Rev Biophys Biomol Struct. 2003;32:183–206.
[PubMed ID: 12574066]. https://doi.org/10.1146/annurev.biophys.32.
110601.141906.

49. Breder CD, Saper CB. Expression of inducible cyclooxygenase
mRNA in the mouse brain after systemic administration
of bacterial lipopolysaccharide. Brain Res. 1996;713(1-2):64–9.
[PubMed ID: 8724976]. https://doi.org/10.1016/0006-8993(95)01474-8.

50. Serrano GE, Lelutiu N, Rojas A, Cochi S, Shaw R, Makinson CD, et al.
Ablationof cyclooxygenase-2 in forebrainneurons isneuroprotective
and dampens brain inflammation after status epilepticus. J Neurosci.
2011;31(42):14850–60. [PubMed ID: 22016518]. [PubMed Central ID:
PMC4126152]. https://doi.org/10.1523/JNEUROSCI.3922-11.2011.

51. Handley R, Mondelli V, Zelaya F, Marques T, Taylor H, Reinders A, et al.
Effects of antipsychotics on cortisol, interleukin-6 and hippocampal
perfusion in healthy volunteers. Schizophr Res. 2016;174(1-3):99–105.
[PubMed ID: 27112637]. https://doi.org/10.1016/j.schres.2016.03.039.

52. Romeo B, Brunet-Lecomte M, Martelli C, Benyamina A. Kinetics of
Cytokine Levels during Antipsychotic Treatment in Schizophrenia:
A Meta-Analysis. Int J Neuropsychopharmacol. 2018;21(9):828–36.
[PubMed ID: 30016466]. [PubMed Central ID: PMC6119290].
https://doi.org/10.1093/ijnp/pyy062.

53. Zheng W, Cai DB, Yang XH, Ungvari GS, Ng CH, Muller N, et
al. Adjunctive celecoxib for schizophrenia: A meta-analysis
of randomized, double-blind, placebo-controlled trials. J
Psychiatr Res. 2017;92:139–46. [PubMed ID: 28445800]. https:
//doi.org/10.1016/j.jpsychires.2017.04.004.

54. Paz RD, Tardito S, Atzori M, Tseng KY. Glutamatergic dysfunction
in schizophrenia: from basic neuroscience to clinical
psychopharmacology. Eur Neuropsychopharmacol. 2008;18(11):773–86.
[PubMed ID: 18650071]. [PubMed Central ID: PMC2831778].
https://doi.org/10.1016/j.euroneuro.2008.06.005.

55. Krystal JH, D’Souza DC, Mathalon D, Perry E, Belger A, Hoffman
R. NMDA receptor antagonist effects, cortical glutamatergic
function, and schizophrenia: toward a paradigm shift inmedication
development. Psychopharmacology (Berl). 2003;169(3-4):215–33.
[PubMed ID: 12955285]. https://doi.org/10.1007/s00213-003-1582-z.

56. Moghaddam B. Bringing order to the glutamate chaos in
schizophrenia. Neuron. 2003;40(5):881–4. [PubMed ID: 14659087].
https://doi.org/10.1016/s0896-6273(03)00757-8.

57. Tian J, Kim SF, Hester L, Snyder SH. S-nitrosylation/activation of
COX-2 mediates NMDA neurotoxicity. Proc Natl Acad Sci U S A.
2008;105(30):10537–40. [PubMed ID: 18650379]. [PubMed Central ID:
PMC2492460]. https://doi.org/10.1073/pnas.0804852105.

58. Hewett SJ, Uliasz TF, Vidwans AS, Hewett JA. Cyclooxygenase-2
contributes toN-methyl-D-aspartate-mediatedneuronal cell death in
primary cortical cell culture. J Pharmacol Exp Ther. 2000;293(2):417–25.
[PubMed ID: 10773011].

59. Muller N, Schwarz MJ. Immune System and Schizophrenia. Curr
Immunol Rev. 2010;6(3):213–20. [PubMed ID: 21057585]. [PubMed
Central ID: PMC2971548]. https://doi.org/10.2174/157339510791823673.

60. Muller N, Myint AM, Schwarz MJ. Immunological treatment
options for schizophrenia. Curr Pharm Biotechnol. 2012;13(8):1606–13.
[PubMed ID: 22283758]. https://doi.org/10.2174/138920112800784826.

61. Monteleone P, Fabrazzo M, Tortorella A, Maj M. Plasma levels
of interleukin-6 and tumor necrosis factor alpha in chronic
schizophrenia: effects of clozapine treatment. Psychiatry Res.
1997;71(1):11–7. [PubMed ID: 9247977]. https://doi.org/10.1016/s0165-
1781(97)00036-x.

62. Schwarz MJ, Chiang S, Muller N, Ackenheil M. T-helper-1 and
T-helper-2 responses in psychiatric disorders. Brain Behav Immun.
2001;15(4):340–70. [PubMed ID: 11782103]. https://doi.org/10.1006/
brbi.2001.0647.

63. Saetre P, Emilsson L, Axelsson E, Kreuger J, Lindholm E, Jazin E.
Inflammation-related genes up-regulated in schizophrenia brains.
BMC Psychiatry. 2007;7:46. [PubMed ID: 17822540]. [PubMed Central
ID: PMC2080573]. https://doi.org/10.1186/1471-244X-7-46.

64. Fort J. Celecoxib, a COX-2–specific inhibitor: the clinical data. Am J
Orthop (Belle Mead NJ). 1999;28(3 Suppl):13–8. [PubMed ID: 10193998].

65. Davies NM, McLachlan AJ, Day RO, Williams KM. Clinical
pharmacokinetics and pharmacodynamics of celecoxib: a selective
cyclo-oxygenase-2 inhibitor. Clin Pharmacokinet. 2000;38(3):225–42.
[PubMed ID: 10749518]. https://doi.org/10.2165/00003088-
200038030-00003.

66. Grosser T. The pharmacology of selective inhibition of COX-2. Thromb
Haemost. 2017;96(10):393–400. https://doi.org/10.1160/th06-08-0444.

67. Gong L, Thorn CF, Bertagnolli MM, Grosser T, Altman RB, Klein TE.
Celecoxib pathways: pharmacokinetics and pharmacodynamics.
Pharmacogenet Genomics. 2012;22(4):310–8. [PubMed ID: 22336956].
[PubMed Central ID: PMC3303994]. https://doi.org/10.1097/FPC.
0b013e32834f94cb.

68. O’Brien SM, Scully P, Dinan TG. Increased tumor necrosis
factor-alpha concentrations with interleukin-4 concentrations in
exacerbations of schizophrenia. Psychiatry Res. 2008;160(3):256–62.
[PubMed ID: 18722671]. https://doi.org/10.1016/j.psychres.2007.11.014.

69. Kneeland RE, Fatemi SH. Viral infection, inflammation and
schizophrenia. Prog Neuropsychopharmacol Biol Psychiatry.
2013;42:35–48. [PubMed ID: 22349576]. [PubMed Central ID:
PMC3408569]. https://doi.org/10.1016/j.pnpbp.2012.02.001.

70. Meyer U, Schwarz MJ, Muller N. Inflammatory processes in
schizophrenia: a promising neuroimmunological target for
the treatment of negative/cognitive symptoms and beyond.
Pharmacol Ther. 2011;132(1):96–110. [PubMed ID: 21704074].
https://doi.org/10.1016/j.pharmthera.2011.06.003.

71. Muller N, Dobmeier P, Empl M, Riedel M, Schwarz M, Ackenheil
M. Soluble IL-6 receptors in the serum and cerebrospinal fluid
of paranoid schizophrenic patients. Eur Psychiatry. 1997;12(6):294–9.
[PubMed ID: 19698539]. https://doi.org/10.1016/S0924-9338(97)84789-
X.

72. van Kammen DP, McAllister CG, Kelley ME. Relationship between
immune and behavioralmeasures in schizophrenia. In: Wieselmann
G, editor. Current Update in Psychoimmunology. Key Topics in Brain
Research. Vienna: Springer; 1997. p. 51–5. https://doi.org/10.1007/978-3-
7091-6870-7 7.

73. Farkas LM, Krieglstein K. Heparin-binding epidermal growth

Iran J Psychiatry Behav Sci. 2024; 18(1):e138643. 9

https://doi.org/10.1176/ajp.156.4.634
http://www.ncbi.nlm.nih.gov/pubmed/9792246
https://doi.org/10.1016/s0304-3940(98)00655-7
http://www.ncbi.nlm.nih.gov/pubmed/9323354
https://doi.org/10.1016/s0920-9964(97)00057-1
https://doi.org/10.1016/s0920-9964(97)00057-1
http://www.ncbi.nlm.nih.gov/pubmed/26302059
https://doi.org/10.1016/j.ejphar.2015.08.026
http://www.ncbi.nlm.nih.gov/pubmed/11439237
https://doi.org/10.1016/s0920-9964(00)00156-0
https://doi.org/10.1016/s0920-9964(00)00156-0
http://www.ncbi.nlm.nih.gov/pubmed/2885980
https://doi.org/10.3349/ymj.1986.27.1.59
https://doi.org/10.3349/ymj.1986.27.1.59
http://www.ncbi.nlm.nih.gov/pubmed/9006405
https://doi.org/10.1001/archpsyc.1997.01830130095017
https://doi.org/10.1001/archpsyc.1997.01830130095017
http://www.ncbi.nlm.nih.gov/pubmed/12574066
https://doi.org/10.1146/annurev.biophys.32.110601.141906
https://doi.org/10.1146/annurev.biophys.32.110601.141906
http://www.ncbi.nlm.nih.gov/pubmed/8724976
https://doi.org/10.1016/0006-8993(95)01474-8
http://www.ncbi.nlm.nih.gov/pubmed/22016518
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4126152
https://doi.org/10.1523/JNEUROSCI.3922-11.2011
http://www.ncbi.nlm.nih.gov/pubmed/27112637
https://doi.org/10.1016/j.schres.2016.03.039
http://www.ncbi.nlm.nih.gov/pubmed/30016466
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6119290
https://doi.org/10.1093/ijnp/pyy062
http://www.ncbi.nlm.nih.gov/pubmed/28445800
https://doi.org/10.1016/j.jpsychires.2017.04.004
https://doi.org/10.1016/j.jpsychires.2017.04.004
http://www.ncbi.nlm.nih.gov/pubmed/18650071
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2831778
https://doi.org/10.1016/j.euroneuro.2008.06.005
http://www.ncbi.nlm.nih.gov/pubmed/12955285
https://doi.org/10.1007/s00213-003-1582-z
http://www.ncbi.nlm.nih.gov/pubmed/14659087
https://doi.org/10.1016/s0896-6273(03)00757-8
http://www.ncbi.nlm.nih.gov/pubmed/18650379
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2492460
https://doi.org/10.1073/pnas.0804852105
http://www.ncbi.nlm.nih.gov/pubmed/10773011
http://www.ncbi.nlm.nih.gov/pubmed/21057585
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2971548
https://doi.org/10.2174/157339510791823673
http://www.ncbi.nlm.nih.gov/pubmed/22283758
https://doi.org/10.2174/138920112800784826
http://www.ncbi.nlm.nih.gov/pubmed/9247977
https://doi.org/10.1016/s0165-1781(97)00036-x
https://doi.org/10.1016/s0165-1781(97)00036-x
http://www.ncbi.nlm.nih.gov/pubmed/11782103
https://doi.org/10.1006/brbi.2001.0647
https://doi.org/10.1006/brbi.2001.0647
http://www.ncbi.nlm.nih.gov/pubmed/17822540
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2080573
https://doi.org/10.1186/1471-244X-7-46
http://www.ncbi.nlm.nih.gov/pubmed/10193998
http://www.ncbi.nlm.nih.gov/pubmed/10749518
https://doi.org/10.2165/00003088-200038030-00003
https://doi.org/10.2165/00003088-200038030-00003
https://doi.org/10.1160/th06-08-0444
http://www.ncbi.nlm.nih.gov/pubmed/22336956
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3303994
https://doi.org/10.1097/FPC.0b013e32834f94cb
https://doi.org/10.1097/FPC.0b013e32834f94cb
http://www.ncbi.nlm.nih.gov/pubmed/18722671
https://doi.org/10.1016/j.psychres.2007.11.014
http://www.ncbi.nlm.nih.gov/pubmed/22349576
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3408569
https://doi.org/10.1016/j.pnpbp.2012.02.001
http://www.ncbi.nlm.nih.gov/pubmed/21704074
https://doi.org/10.1016/j.pharmthera.2011.06.003
http://www.ncbi.nlm.nih.gov/pubmed/19698539
https://doi.org/10.1016/S0924-9338(97)84789-X
https://doi.org/10.1016/S0924-9338(97)84789-X
https://doi.org/10.1007/978-3-7091-6870-7_7
https://doi.org/10.1007/978-3-7091-6870-7_7


Zarghami M et al.

factor-like growth factor (HB-EGF) regulates survival of midbrain
dopaminergic neurons. J Neural Transm (Vienna). 2002;109(3):267–77.
[PubMed ID: 11956950]. https://doi.org/10.1007/s007020200022.

74. Bishop-Bailey D, Burke-Gaffney A, Hellewell PG, Pepper JR,Mitchell JA.
Cyclo-oxygenase-2 regulates inducible ICAM-1 and VCAM-1 expression
inhumanvascular smoothmuscle cells.BiochemBiophysResCommun.
1998;249(1):44–7. [PubMed ID: 9705828]. https://doi.org/10.1006/bbrc.
1998.8966.

75. Schwarz MJ, Riedel M, Ackenheil M, Müller N. Levels of soluble
adhesion molecules in schizophrenia: relation to psychopathology.
In: Muller N, editor. Psychiatry, Psychoimmunology, and Viruses. Key
Topics in Brain Research. Vienna: Springer; 1999. p. 121–30. https://doi.
org/10.1007/978-3-7091-6404-4 13.

76. Muller N, Ackenheil M. Immunoglobulin and albumin content
of cerebrospinal fluid in schizophrenic patients: relationship
to negative symptomatology. Schizophr Res. 1995;14(3):223–8.
[PubMed ID: 7766533]. https://doi.org/10.1016/0920-9964(94)00045-
a.

77. Muller N, Ulmschneider M, Scheppach C, Schwarz MJ, Ackenheil
M, Moller HJ, et al. COX-2 inhibition as a treatment approach
in schizophrenia: immunological considerations and clinical
effects of celecoxib add-on therapy. Eur Arch Psychiatry Clin
Neurosci. 2004;254(1):14–22. [PubMed ID: 14991374]. https:
//doi.org/10.1007/s00406-004-0478-1.

78. Riedel M, Strassnig M, Schwarz MJ, Muller N. COX-2 inhibitors as
adjunctive therapy in schizophrenia: rationale for use and evidence
to date. CNS Drugs. 2005;19(10):805–19. [PubMed ID: 16185091]. https:
//doi.org/10.2165/00023210-200519100-00001.

79. Rapaport MH, Delrahim KK, Bresee CJ, Maddux RE, Ahmadpour
O, Dolnak D. Celecoxib augmentation of continuously ill
patients with schizophrenia. Biol Psychiatry. 2005;57(12):1594–6.
[PubMed ID: 15953498]. https://doi.org/10.1016/j.biopsych.2005.02.
024.

80. Palao DJ, Arauxo A, Brunet M, Marquez M, Bernardo M, Ferrer
J, et al. Positive versus negative symptoms in schizophrenia:
response to haloperidol. Prog Neuropsychopharmacol Biol Psychiatry.
1994;18(1):155–64. [PubMed ID: 8115670]. https://doi.org/10.1016/0278-
5846(94)90032-9.

81. Labarca R, Silva H, Jerez S, Ruiz A, Forray MI, Gysling K, et al.
Differential effects of haloperidol on negative symptoms in
drug-naive schizophrenic patients: effects on plasma homovanillic
acid. Schizophr Res. 1993;9(1):29–34. [PubMed ID: 8461269].
https://doi.org/10.1016/0920-9964(93)90006-5.

82. Lantz MS, Giambanco V. Acute onset of auditory hallucinations after
initiation of celecoxib therapy. Am J Psychiatry. 2000;157(6):1022–3.
[PubMed ID: 10831492]. https://doi.org/10.1176/appi.ajp.157.6.1022-a.

83. Howes LG. Selective COX-2 inhibitors, NSAIDs and cardiovascular
events - is celecoxib the safest choice? Ther Clin Risk Manag.
2007;3(5):831–45. [PubMed ID: 18473007]. [PubMed Central ID:
PMC2376081].

84. Perrone MG, Centonze A, Miciaccia M, Ferorelli S, Scilimati A.
Cyclooxygenase InhibitionSafetyandEfficacy in Inflammation-Based
Psychiatric Disorders. Molecules. 2020;25(22). [PubMed ID: 33217958].
[PubMed Central ID: PMC7698629]. https://doi.org/10.3390/
molecules25225388.

10 Iran J Psychiatry Behav Sci. 2024; 18(1):e138643.

http://www.ncbi.nlm.nih.gov/pubmed/11956950
https://doi.org/10.1007/s007020200022
http://www.ncbi.nlm.nih.gov/pubmed/9705828
https://doi.org/10.1006/bbrc.1998.8966
https://doi.org/10.1006/bbrc.1998.8966
https://doi.org/10.1007/978-3-7091-6404-4_13
https://doi.org/10.1007/978-3-7091-6404-4_13
http://www.ncbi.nlm.nih.gov/pubmed/7766533
https://doi.org/10.1016/0920-9964(94)00045-a
https://doi.org/10.1016/0920-9964(94)00045-a
http://www.ncbi.nlm.nih.gov/pubmed/14991374
https://doi.org/10.1007/s00406-004-0478-1
https://doi.org/10.1007/s00406-004-0478-1
http://www.ncbi.nlm.nih.gov/pubmed/16185091
https://doi.org/10.2165/00023210-200519100-00001
https://doi.org/10.2165/00023210-200519100-00001
http://www.ncbi.nlm.nih.gov/pubmed/15953498
https://doi.org/10.1016/j.biopsych.2005.02.024
https://doi.org/10.1016/j.biopsych.2005.02.024
http://www.ncbi.nlm.nih.gov/pubmed/8115670
https://doi.org/10.1016/0278-5846(94)90032-9
https://doi.org/10.1016/0278-5846(94)90032-9
http://www.ncbi.nlm.nih.gov/pubmed/8461269
https://doi.org/10.1016/0920-9964(93)90006-5
http://www.ncbi.nlm.nih.gov/pubmed/10831492
https://doi.org/10.1176/appi.ajp.157.6.1022-a
http://www.ncbi.nlm.nih.gov/pubmed/18473007
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2376081
http://www.ncbi.nlm.nih.gov/pubmed/33217958
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7698629
https://doi.org/10.3390/molecules25225388
https://doi.org/10.3390/molecules25225388

	Abstract
	1. Background
	2. Objectives
	3. Methods
	3.1. Patients
	3.2. Procedure
	3.3. Statistical Analysis

	4. Results
	Table 1
	Table 2
	Table 3

	5. Discussion
	5.1. Limitations
	5.2. Suggestions for Further Studies
	5.3. Conclusions 

	Acknowledgments
	Footnotes
	Authors' Contribution: 
	Clinical Trial Registration Code: 
	Conflict of Interests: 
	Data Availability: 
	Ethical Approval: 
	Funding/Support: 
	Informed Consent: 

	References

