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ABSTRACT

Aims: To investigate the effect of different antipsychotics on cytokine production in
immunologically challenged Peripheral Blood Mononuclear Cell (PBMC) culture.
Study Design: In vitro cell culture study to determine cytokine (IL-4, IL-10 and IFN-γ)
level.
Place and Duration of Study: Department of Pharmacy, North South University, Dhaka
between January 2013 and April 2013.
Methodology: Blood sample was collected from 22 healthy volunteers. Peripheral Blood
Mononuclear Cells were separated and culture was prepared. The culture was stimulated
with either LPS (lipopolysaccharide) or poly(I:C) (polyinosinic:polycytidylic acid).
Stimulated PBMC culture was treated with typical antipsychotic (Haloperidol) and atypical
antipsychotics (Clozapine, Quetiapine, Risperidone). Pro-inflammatory (IFN-γ) and anti-
inflammatory (IL-4, IL-10) cytokine levels were determined from the stimulated PBMC
culture and stimulated plus antipsychotic treated PBMC culture.
Results: Typical antipsychotic; Haloperidol and atypical antipsychotics; Clozapine,
Quetiapine, Risperidone significantly (P = .05) enhance IL-10 production but not IL-4 in
the LPS and poly(I:C) stimulated PBMC culture. IL-10 production was robust in LPS
stimulated PBMC culture than the poly(I:C) stimulated culture. Typical and atypical both
antipsychotics significantly (P = .05) reduce increased IFN-γ level in the LPS and poly(I:C)
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stimulated PBMC culture.
Conclusion: Typical and atypical antipsychotics were successfully alters immune
function by the suppression of pro-inflammatory cytokine (IFN-γ) levels and elevation of
anti-inflammatory cytokine (IL-10).

Keywords: Schizophrenia; cytokine; antipsychotic; lipopolysaccharide.

1. INTRODUCTION

A plenty of research studies try to prove the involvement of immune system in
schizophrenia. Methods to approach this question are varied manifold with some of them
describe a) polymorphisms in genes associated with immune function, b) prenatal infection,
c) disrupted cytokine networks in adulthood and d) changes in circulating peripheral immune
cells.

In case of inflammation, increased levels of immune cells travel through the blood stream
and migrate into the peripheral tissues. Circulating blood cells including monocytes and T-
lymphocytes are indicators for the presence of inflammatory processes in schizophrenia.
Evidence suggests an increased number of monocytes in schizophrenia [1,2]. Studies about
leukocytes display inconsistent data. No difference [1,3,4], increased [5-7] and decreased [8-
10] number of T-cells were reported previously. A similar frequency of T-cell subsets
between inflammatory and non-inflammatory process in schizophrenia supports the
hypothesis of low level inflammatory response in the pathogenesis of the illness [11]. Mice
deprived of mature T-cells manifests cognitive and behavioural abnormalities, which are
remediable by T-cell restoration [12]. This indicates how a properly functioning immune
system and a normal T-cell level could help to restore psychotic symptoms. Despite the
inconsistent result of T-cells, there are a number of studies have been conducted concerning
B-cells. Hyperfunction [13] and elevated B-cells [1,14] were reported previously. A recent
study yielded a shift towards B cell immunity [10]. Even though the results are inconsistent,
the huge amount of alterations in immune cells clearly indicates some sort of inflammation in
schizophrenic patient (SCP) compared to the control.

1.1 Cytokine Networks in Schizophrenic Patients

Peripheral changes in cytokines levels of SCP have been vigorously reported. Alterations of
cytokine level, cytokine receptors and cytokine activity modifiers have been observed in the
blood and cerebrospinal fluid (CSF) of SCP. However, the data is often very inconsistent.
Some articles report increased levels of IL-6, TNF-α [3,15-18] and decreased levels of IL-2
[19,20] others report no change in these cytokine levels [21,22]. In 2008, a systematic
quantitative review demonstrated only significant effect sizes for IL-6 and IL-2 levels. The
meta-analysis yielded an increase in-vivo peripheral level of IL-6 and a decrease in-vitro IL-2
but no significant effect size for TNF-α [23].

There were no consistent evidence for pro-inflammatory cytokine; IFN-γ and anti-
inflammatory cytokines; IL-4 and IL-10. Kaminski et al. in 2000 have reported a decreased
IL-4 level after in-vitro stimulation [22]. A lower detection rate of plasma IL-4 [18,24,25] and
no difference of IL-4 compared to control persons [26]. An increased level of IFN-γ in the
serum and plasma of SCP [22,24,26] was found. Other studies stated a decreased IFN-γ
level in whole blood cell cultures [4,27]. Inglot et al. in 1994 stated that there may have a
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connection between IFN-γ and psychopathology in schizophrenia [28]. Patients with positive
symptoms had elevated production of IFN-γ while negative symptoms were associated with
decreased IFN-γ production [28]. This is inconsistent with the assumption that a decrease in
IL-2 and IFN-γ could be only seen in paranoid schizophrenics [4]. An increase of IL-10 levels
in non-paranoid schizophrenic patients compared to healthy controls has also been reported
[29] whereas other study did not support this finding [30]. A strong relation between CSF
levels of IL-10 and negative symptoms in SCP have been observed. This study suggests
that the severity of negative symptoms is positively correlated with IL-10 concentrations in
CSF. A shift from Th1 immunity to Th2 immunity was proposed as pathophysiological
mechanisms in schizophrenia [31,32]. This shift would be indicated by a lower IFN-γ/IL- 4
ratios. Some researcher supports this hypothesis by finding a lower IFN-γ/IL-4 ratio [26]
others however found a higher ratio. This finding might indicate that the underlying pathology
is associated with the disturbances in the balance between pro and anti-inflammatory
cytokines and a shift in Th1 and Th2 cells. Alternatively, the shift could also arise from the
antipsychotic treatment [25]. Recently, it has been demonstrated that typical and atypical
antipsychotic drugs have effects on the production of cytokines [15,33].

1.2 Aim of the Study

Evidence suggests that the association of schizophrenia with the immune system
deregulation. Now, it is needed to get a clear picture about the underlying mechanisms of
the inflammatory responses and processes after the administration of antipsychotic drug in
SCP. Therefore, the aim of our current study is to examine the immunomodulatory effects of
typical (Haloperidol) and atypical (Clozapine, Risperidone, Quetiapine) antipsychotic agents.
We were aimed to investigate the effects of those agents on the unstimulated and stimulated
production of pro-inflammatory cytokine IFN-γ and anti-inflammatory cytokines; IL-4, IL-10.

2. MATERIALS AND METHODS

2.1 Subjects

Blood samples were collected from twenty two healthy volunteers (11 women; age range:
19-61 years; mean age = 33.82 ± 2.63 years) for the assay of cytokine production. All
subjects gave a written consent and the experimental procedure was previously approved by
the ethics committee of the Department of Pharmacy, North South University, Bangladesh.
Subjects were excluded on the basis of following criteria. a) subjects with a past or present
history of psychiatric disorders; b) subjects who ever had been taking major psychotropic
medications, e.g. antidepressants and antipsychotics; c) subjects with drug (alcohol and any
other drug of dependence) abuse; c) subjects with any medical, e.g. endocrine, immune,
metabolic disorders, such as diabetes, autoimmune disorders, inflammatory bowel disease,
acquired immunodeficiency syndrome; d) subjects who currently (2 weeks prior to the first
blood sample) suffered from an infectious, allergic or inflammatory response. The subjects
were abstained from caffeine, alcohol and nicotine for at least 8 hour before blood
samplings.

2.2 Methods

Cytokines can be measured under various in vitro and in vivo conditions in the body fluids of
schizophrenic patients. They include serum, whole blood, plasma, cerebrospinal fluid (CSF)
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and in vitro methods like peripheral mononuclear blood cells cultures (PBMC). PBMCs are
purified lymphocytes, consisting mostly of leukocytes and monocytes [34].

2.2.1 Blood collection

Venous blood (18 ml) was collected into heparinized tubes at average 8:00 AM in the
morning. Subjects were fasted for overnight. The effects of antipsychotic agents on the
production of cytokine were investigated by stimulating peripheral blood mononuclear cells
(PBMC).

2.2.2 Peripheral blood mononuclear cell separation

Blood obtained from normal donors was diluted 1:1 with sterile phosphate-buffered saline
(PBS), layered over Ficoll-Hypaque and centrifuged at 1500 rpm for 30 minutes at room
temperature. The interphase layer of PBMCs was drawn out. Isolated PBMC were incubated
in RPMI medium-1640 (Sigma R-8005) with l-glutamine and Phenol Red containing 1%
penicillin (Sigma) at micro-titration desks in concentrations 106 cells per well. Samples were
incubated for 72 h in a humidified atmosphere at 37ºC, 5% CO2 to get peak cumulative
responses for most cytokines. The plates were centrifuged at 1500 rpm for 8 minutes after
incubation. Supernatants were taken of carefully under sterile conditions, divided into
Eppendorf tubes and frozen immediately at -70ºC until they were thawed for assay.

2.2.3 Immune challenge and the addition of antipsychotic medication

Lipopolysaccharide (LPS) and polyinosinic:polycytidylic acid (polyI:C) at a concentration (1
mg/ml) was added with PBMC culture for bacterial and viral stimulation respectively. In
untreated antipsychotic condition, 75 μl PBMC culture was added with 225 μl stimulant
medium (LPS or polyI:C) to make a final volume of 300 μl and placed into 24 well sterile
plates. In antipsychotic treatment condition, 10 μl antipsychotic drug (Haloperidol, Clozapine,
Quetiapine and Risperidone) solution and 75 μl PBMC culture was added with 215 μl
stimulant (either LPS or polyI:C) medium  to make final volume 300 μl. The concentration of
all antipsychotic drugs was 1 mg/ml. Haloperidol, Clozapine, Quetiapine and Risperidone
were collected from a local pharmaceuticals company in Bangladesh. The amount of
cytokine (IL-4, IL-10, and IFN-γ) in PBMC culture supernatants were quantified by ELISA
method. In our study, intra-assay CV values were less than 8% and the limits of detection
(LOD) were: IL-10: 10 pg/ml; IFN-γ: 1.03 pg/ml and IL-4: 0.39 pg/ml.

2.3 Statistics

In order to investigate the effects of antipsychotic drug on the cytokine (IL-4, IL-10 and IFN-
γ) level in immune stimulated PBMC culture repeated measure ANOVA was conducted.
Repeated measure ANOVA examine (1) within-subject variability with effects of
antipsychotic drugs and/or effects of LPS/poly(I:C) treatment as temporal condition; and (2)
between-subject variability with gender as a factor. The difference was considered
significant, when p value was less than or equal to 0.05. Data were represented as means ±
SEM (Standard Error Mean). SPSS (version 16.0) was used for statistical analysis.
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3. RESULTS AND DISCUSSION

We measured the cytokine (IL-10, IL-4 and IFN-γ) production after PBMC culture stimulation
and antipsychotic treatment.

3.1 Effect of Antipsychotic Drug on IL-10 Production in Immune Stimulated
PBMC Culture
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Fig. 1. Effect of different antipsychotic on IL-10 production after LPS (Left) and
poly(I:C) (Right) stimulated PBMC culture (No_S: No Stimulation, LPS:

Lipopolysaccaride, PIC: polyinosinic:polycytidylic acid,  H: Haloperidol, C: Clozapine,
Q: Quetiapine, R:Risperidone)

* P < 0.05; Data is represented as Mean ± SEM (Standard error of means).

Typical antipsychotic Haloperidol significantly increase IL-10 production in PBMC culture
when stimulated by LPS (F[1, 19] =62.87, P = .05) (Fig. 1) or poly(I:C) (F[1, 19] =15.51, P =
.05). Atypical antipsychotic; Clozapine (F[1, 19] =71.08, P = .05) Quetiapine (F[1, 19]
=24.43, P = .05) and Risperidone (F[1, 19] =37.25, P = .05) significantly increase IL-10
production in PBMC culture when stimulated by LPS. Clozapine (F[1, 19] =59.99, P = .05),
Quetiapine (F[1, 19] =23.51, P = .05) and Risperidone (F[1, 19] =62.75, P = .05) significantly
increase IL-10 production in PBMC culture when stimulated by poly(I:C).

3.2 Effect of Antipsychotic Drug on IFN-γ Production in Immune Stimulated
PBMC Culture

Haloperidol significantly decrease IFN-γ production in PBMC culture when stimulated by
LPS (F[1, 19] = 37.66, P = .05) or poly(I:C) (F[1, 19] = 29.20, P = .05) (Fig. 2). Clozapine
(F[1, 19] = 36.55, P = .05), Quetiapine (F[1, 19] = 40.48, P = .05) and Risperidone (F[1, 19] =
19.58, P = .05) significantly decrease IFN-γ production in PBMC culture when stimulated by
LPS. Clozapine (F[1, 19] = 27.05, P = .05), Quetiapine (F[1, 19] = 26.74, P = .05) and
Risperidone (F[1, 19] = 27.71, P = .05) significantly decrease IFN-γ production in poly(I:C)
stimulated PBMC culture.
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Fig. 2. Effect of different antipsychotic on IFN-γ production after LPS (Left) and
poly(I:C) (Right) stimulated PBMC culture (No_S: No Stimulation, LPS:

Lipopolysaccaride, PIC: polyinosinic:polycytidylic acid,  H: Haloperidol, C: Clozapine,
Q: Quetiapine, R:Risperidone)

* P < 0.05; Data is represented as Mean ± SEM (Standard error of means).

IL-4

0

1

2

3

No_S LPS LPS_H LPS_C LPS_Q LPS_R

C
on

ce
nt

ra
tio

n 
(p

g/
m

l)

*

IL-4

0

1

2

3

No_S PIC PIC_H PIC_C PIC_Q PIC_R

C
on

ce
nt

ra
tio

n 
(p

g/
m

l)

*

Fig. 3. Effect of different antipsychotic on IL-4 production after LPS (Left) and
poly(I:C) (Right) stimulated PBMC culture (No_S: No Stimulation, LPS:

Lipopolysaccaride, PIC: polyinosinic:polycytidylic acid,  H: Haloperidol, C: Clozapine,
Q: Quetiapine, R:Risperidone)

* P < 0.05; Data is represented as Mean ± SEM (Standard error of means).

3.3 Effect of Antipsychotic Drug on IL-4 Production in Immune Stimulated
PBMC Culture

Typical and atypical both antipsychotics have not shown any significant effects on IL-4
production in either LPS or poly(I:C) stimulated PBMC culture (Fig. 3).

The main findings of this study are; atypical antipsychotics (Clozapine, Quetiapine and
Risperidone) enhances the production of IL-10 and lowers increased IFN-γ level in both LPS
and poly(I:C) challenged PBMC culture separately. Both typical and atypical antipsychotic
has no effect in the production of IL-4 in either LPS challenged or poly(I:C) challenged
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PBMC culture. Both types of antipsychotic agents were successful to alter immune function.
In one hand, antipsychotic drugs suppress pro-inflammatory cytokine (IFN-γ) level and on
the other hand increase anti-inflammatory cytokine (IL-10). Thus antipsychotic agents might
produce both type of immunomodulatory effects and may contribute beneficial effect in SCP.

The findings of the present study are consistent with the previous study. Haloperidol
enhances anti-inflammatory cytokine (IL-10) level in PBMC culture [38]. This is in contrast to
another study that found no upregulation of IL-10 in LPS stimulated and Haloperidol treated
mice [46]. Contradictory results obtained from studies on IFN-γ either stimulating [41] or
inhibitory [37,38] effects on in-vitro cell cultures. A recent study reported a weak effect on the
inhibition of harmful nitric oxides (NO) by IFN-γ activated microglia [45]. Haloperidol seems
to normalize increased IL-2 plasma /serum levels [36] and to inhibit mitogen-stimulated IL-2
production in PBMC culture [37,38]. The effect of Haloperidol was particularly evident in
patients with a predominance of positive symptoms [39]. Haloperidol reduces TNF-α
production on LPS stimulated monocytes [40], exert no effect on IL-6 concentration in
Serum/Plasma [36,42,43] as well as CSF [44] in SCP.

Effect of atypical antipsychotic on inflammatory compounds in schizophrenia has also been
reported. Robust increase of IL-10 level in serum [46] and IFN-γ suppression in PBMC
culture [51] by Clozapine was observed. Maes et al (1994) showed that Clozapine
modulates IL-2 level [33]. Quetiapine reduces IL-6, IL-17 level in collagen-induced arthritis in
animal model [49]. It also decreases T-cell populations in lymph nodes and spleens in
animal model [50]. There are no specific guidelines regarding the immunomodulatory effects
of Risperidone. Some studies report decreased plasma levels of IL-2, IL-6 and IFN-γ [36, 47,
48], other studies report no differences [36, 48]. Recently a study revealed strong beneficial
effects of Risperidone on IFN-γ stimulated microglia where Risperidone was shown to inhibit
the production of NO and some other pro-inflammatory cytokines, including TNF-α and IL-6
[45]. Increased level of IL-10 [48] unchanged [48] and lower [52] level of IL-4 have also been
found in the plasma of first episode SCP.  A recent study report that IL-4 level is increased
by both typical and atypical antipsychotics in whole blood [53].

In this study, only one concentration of all antipsychotic drugs was used. One may ask
question regarding why one concentration was used. This concentration was chosen from
previous study. Antipsychotic drug concentrations in the blood during the treatment of SCP
were measured previously [35]. This concentration was chosen on the basis of their
bioavailability after taking orally. Different concentration of antipsychotic drug can be
employed in future trial to see the level of anti-inflammatory cytokine changes in PBMC
culture.

One of the most important points of this study is to stress in healthy subjects rather than in
the SCP. Blood sample from the healthy volunteer was suitable and produce significant
cytokines after the stimulation with LPS and poly(I:C). This situation can be matched with the
SCP where poor immune system is exists.

Another important question one may have that how LPS and poly(I:C) stimulates PBMC. It is
well established that LPS has a specific receptor which is known as TLR-4 (Toll like receptor
4) receptor. Poly(I:C) has also a specific binding and recognizing site which is known as
TLR-3 (Toll like receptor 3) receptor. A cascade of second messenger system activated after
the binding of poly(I:C) with TLR-3 and LPS with TLR-4 receptor in the cell membrane. LPS
and poly(I:C) both activates nuclear localization of transcription factor nuclear factor kB (NF-



International Neuropsychiatric Disease Journal, 1(1): 35-45, 2013

42

kB) and subsequent activation of genes in the inflammatory pathways. Thus, inflammatory
cytokines are produced from this second messenger system activation.

Finally, this study gives an idea for designing biomarker-based tests for molecular profiling at
different stages of schizophrenia.

4. CONCLUSION

Immune system involvement in schizophrenia is a well established idea. Study regarding the
immunosuppressive action of antipsychotic drugs provides contradictory and unsatisfactory
proof. This study might be strengthening the idea regarding immuomodulating activity
specifically immune system enhancing ability of antipsychotic drugs. Further studies in
immunomodulation could also lead to the development of a novel target discovery strategy
for schizophrenic patient. More importantly, targeting the inflammatory component of
schizophrenia should be monitor through the progression of schizophrenic disease. Cytokine
disturbance pathways and processes are needed to be explored.

CONSENT

Participants were informed about the purpose of the study. Their consent was taken before
the collection of blood sample.

ETHICAL APPROVAL

Author hereby declare that all experiments have been examined and approved by the
appropriate ethics committee and have therefore been performed in accordance with the
ethical standards laid down in the 1964 Declaration of Helsinki.

COMPETING INTERESTS

Author has declared that no competing interests exist.

REFERENCES

1. Rothermundt M, Arolt V, Weitzsch C, Eckhoff D, Kirchner H. Immunological
dysfunction in schizophrenia: a systematic approach. Neuropsychobiology.
1998;37(4):186-193.

2. Zorrilla EP, Cannon TD, Gur RE, Kessler J. Leukocytes and organ-nonspecific
autoantibodies in schizophrenics and their siblings: markers of vulnerability or
disease? Biol Psychiatry. 1996;40(9):825-833.

3. Theodoropoulou S, Spanakos G, Baxevanis CN, Economou M, Gritzapis AD,
Papamichail MP, Stefanis CN. Cytokine serum levels, autologous mixed lymphocyte
reaction and surface marker analysis in never medicated and chronically medicated
schizophrenic patients. Schizophrenia research. 2001;47(1):13-25.

4. Wilke I, Arolt V, Rothermundt M, Weitzsch C, Hornberg M, Kirchner H. Investigations
of cytokine production in whole blood cultures of paranoid and residual schizophrenic
patients. Eur Arch Psychiatry Clin Neurosci. 1996;246(5):279-284.

5. Maino K, Gruber R, Riedel M, Seitz N, Schwarz M, Muller N. T- and B-lymphocytes in
patients with schizophrenia in acute psychotic episode and the course of the
treatment. Psychiatry Res. 2007;152(2-3):173-180.



International Neuropsychiatric Disease Journal, 1(1): 35-45, 2013

43

6. Sperner-Unterweger B, Whitworth A, Kemmler G, Hilbe W, Thaler J, Weiss G,
Fleischhacker WW. T-cell subsets in schizophrenia: a comparison between drug-naive
first episode patients and chronic schizophrenic patients. Schizophrenia research.
1999;38(1):61-70.

7. Craddock RM, Lockstone HE, Rider DA, Wayland MT, Harris LJ, McKenna PJ, Bahn
S. Altered T-cell function in schizophrenia: a cellular model to investigate molecular
disease mechanisms. PloS one. 2007;2(1):e692.

8. Nyland H, Naess A, Slagsvold JE. Lymphocyte subpopulations in peripheral blood and
cerebrospinal fluid from patients with acute optic neuritis. Acta Ophthalmol (Copenh).
1980;58(3):411-417.

9. Coffey CE, Sullivan JL, Rice JR. T lymphocytes in schizophrenia. Biol Psychiatry.
1983;18(1):113-119.

10. Steiner J, Jacobs R, Panteli B, et al. Acute schizophrenia is accompanied by reduced
T cell and increased B cell immunity. Eur Arch Psychiatry Clin Neurosci; 2010.

11. Maxeiner HG, Rojewski MT, Schmitt A, Tumani H, Bechter K, Schmitt M. Flow
cytometric analysis of T cell subsets in paired samples of cerebrospinal fluid and
peripheral blood from patients with neurological and psychiatric disorders. Brain Behav
Immun. 2009;23(1):134-142.

12. Kipnis J, Cohen H, Cardon M, Ziv Y, Schwartz M. T cell deficiency leads to cognitive
dysfunction: implications for therapeutic vaccination for schizophrenia and other
psychiatric conditions. Proc Natl Acad Sci USA. 2004;101(21):8180-8185.

13. Mach DM, Schutt C, Borner I. [Schizophrenia and B-lymphocyte alteration--a
hypothesis]. Psychiatr Neurol Med Psychol (Leipz). 1983;35(7):390-397.

14. DeLisi LE, Goodman S, Neckers LM, Wyatt RJ. An analysis of lymphocyte
subpopulations in schizophrenic patients. Biol Psychiatry. 1982;17(9):1003-1009.

15. 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):141-152.

16. Lin A, Kenis G, Bignotti S, et al. The inflammatory response system in treatment-
resistant schizophrenia: increased serum interleukin-6. Schizophrenia research.
1998;32(1):9-15.

17. Naudin J, Capo C, Giusano B, Mege JL, Azorin JM. A differential role for interleukin-6
and tumor necrosis factor-alpha in schizophrenia? Schizophrenia research. 1997;26(2-
3):227-233.

18. 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):256-262.

19. Arolt V, Rothermundt M, Wandinger KP, Kirchner H. Decreased in vitro production of
interferon-gamma and interleukin-2 in whole blood of patients with schizophrenia
during treatment. Mol Psychiatry Mar 2000;5(2):150-158.

20. Bessler H, Levental Z, Karp L, Modai I, Djaldetti M, Weizman A. Cytokine production in
drug-free and neuroleptic-treated schizophrenic patients. Biol Psychiatry.
1995;38(5):297-302.

21. 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):11-17.

22. Kaminska T, Wysocka A, Marmurowska-Michalowska H, Dubas-Slemp H, Kandefer-
Szerszen M. Investigation of serum cytokine levels and cytokine production in whole
blood cultures of paranoid schizophrenic patients. Arch Immunol Ther Exp (Warsz).
2001;49(6):439-445.



International Neuropsychiatric Disease Journal, 1(1): 35-45, 2013

44

23. Potvin S, Stip E, Sepehry AA, Gendron A, Bah R, Kouassi E. Inflammatory cytokine
alterations in schizophrenia: a systematic quantitative review. Biol Psychiatry.
2008;63(8):801-808.

24. Kim YK, Myint AM, Lee BH, Han CS, Lee HJ, Kim DJ, Leonard BE. Th1, Th2 and Th3
cytokine alteration in schizophrenia. Progress in neuro-psychopharmacology &
biological psychiatry. 2004;28(7):1129-1134.

25. Kim YK, Myint AM, Verkerk R, Scharpe S, Steinbusch H, Leonard B. Cytokine
changes and tryptophan metabolites in medication-naive and medication-free
schizophrenic patients. Neuropsychobiology. 2009;59(2):123-129.

26. Avgustin B, Wraber B, Tavcar R. Increased Th1 and Th2 immune reactivity with
relative Th2 dominance in patients with acute exacerbation of schizophrenia. Croat
Med J. 2005;46(2):268-274.

27. Rothermundt M, Arolt V, Weitzsch C, Eckhoff D, Kirchner H. Production of cytokines in
acute schizophrenic psychosis. Biol Psychiatry. 1996;40(12):1294-1297.

28. Inglot AD, Leszek J, Piasecki E, Sypula A. Interferon responses in schizophrenia and
major depressive disorders. Biol Psychiatry. 1994;35(7):464-473.

29. Cazzullo CL, Scarone S, Grassi B, Vismara C, Trabattoni D, Clerici M. Cytokines
production in chronic schizophrenia patients with or without paranoid behaviour.
Progress in neuro-psychopharmacology & biological psychiatry. 1998;22(6):947-957.

30. Mittleman BB, Castellanos FX, Jacobsen LK, Rapoport JL, Swedo SE, Shearer GM.
Cerebrospinal fluid cytokines in pediatric neuropsychiatric disease. J Immunol.
1997;159(6):2994-2999.

31. 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):340-370.

32. Schwarz MJ, Muller N, Riedel M, Ackenheil M. The Th2-hypothesis of schizophrenia: a
strategy to identify a subgroup of schizophrenia caused by immune mechanisms. Med
Hypotheses. 2001;56(4):483-486.

33. 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):346-351.

34. 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. The Journal of clinical
psychiatry. Jul 2004;65(7):940-947.

35. Leykin I, Mayer R, Shinitzky M. Short and long-term immunosuppressive effects of
clozapine and haloperidol. Immunopharmacology. 1997;37(1):75-86.

36. Szuster-Ciesielska A, Slotwinska M, Stachura A, Marmurowska-Michalowska H,
Kandefer-Szerszen M. Neuroleptics modulate cytokine and reactive oxygen species
production in blood leukocytes of healthy volunteers. Arch Immunol Ther Exp (Warsz).
2004;52(1):59-67.

37. Kowalski J, Blada P, Kucia K, Lawniczek T, Madej A, Belowski D, Herman ZS. In-vitro
immunomodulatory effects of haloperidol and perazine in schizophrenia. World J Biol
Psychiatry. 2000;1(4):190-196.

38. 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. Schizophrenia research. 2001;50(3):169-175.

39. Rudolf S, Peters M, Rothermundt M, Arolt V, Kirchner H. The influence of typical and
atypical neuroleptic drugs in the production of interleukin-2 and interferon-gamma in
vitro. Neuropsychobiology. 2002;46(4):180-185.



International Neuropsychiatric Disease Journal, 1(1): 35-45, 2013

45

40. Kim YK, Kim L, Lee MS. Relationships between interleukins, neurotransmitters and
psychopathology in drug-free male schizophrenics. Schizophrenia research.
2000;44(3):165-175.

41. Pollmacher T, Hinze-Selch D, Fenzel T, Kraus T, Schuld A, Mullington J. Plasma
levels of cytokines and soluble cytokine receptors during treatment with haloperidol.
The American journal of psychiatry. 1997;154(12):1763-1765.

42. Yao JK, Sistilli CG, van Kammen DP. Membrane polyunsaturated fatty acids and CSF
cytokines in patients with schizophrenia. Prostaglandins Leukot Essent Fatty Acids.
2003;69(6):429-436.

43. Kato T, Monji A, Hashioka S, Kanba S. Risperidone significantly inhibits interferon-
gamma-induced microglial activation in vitro. Schizophrenia research. 2007;92(1-
3):108-115.

44. Sugino H, Futamura T, Mitsumoto Y, Maeda K, Marunaka Y. Atypical antipsychotics
suppress production of proinflammatory cytokines and up-regulate interleukin-10 in
lipopolysaccharide-treated mice. Progress in neuro-psychopharmacology & biological
psychiatry. 2009;33(2):303-307.

45. Lu LX, Guo SQ, Chen W, Li Q, Cheng J, Guo JH. [Effect of clozapine and risperidone
on serum cytokine levels in patients with first-episode paranoid schizophrenia]. Di Yi
Jun Yi Da Xue Xue Bao. 2004;24(11):1251-1254.

46. Cazzullo CL, Sacchetti E, Galluzzo A, et al. Cytokine profiles in schizophrenic patients
treated with risperidone: a 3-month follow-up study. Progress in neuro-
psychopharmacology & biological psychiatry. 2002;26(1):33-39.

47. Kim H, Bang J, Chang HW, et al. Anti-inflammatory effect of quetiapine on collagen-
induced arthritis of mouse. European journal of pharmacology. 2012;678(1-3):55-60.

48. Mei F, Guo S, He Y, et al. Quetiapine, an atypical antipsychotic, is protective against
autoimmune-mediated demyelination by inhibiting effector T cell proliferation. PloS
one. 2012;7(8):e42746.

49. Murphy KM, Travers, P, Walport M. Janeway's immunobiology. In: E. L, ed. Vol 7 New
York: Garland Science, Taylor & Francis Group; 2008.

50. Song C, Lin A, Kenis G, Bosmans E, Maes M. Immunosuppressive effects of
clozapine and haloperidol: enhanced production of the interleukin-1 receptor
antagonist. Schizophrenia research. 2000;42(2):157-164.

51. Chen ML, Tsai TC, Wang LK, Lin YY, Tsai YM, Lee MC, Tsai FM. Clozapine inhibits
Th1 cell differentiation and causes the suppression of IFN-gamma production in
peripheral blood mononuclear cells. Immunopharmacology and immunotoxicology.
2012;34(4):686-694.

52. Borovcanin M, Jovanovic I, Radosavljevic G, Djukic Dejanovic S, Stefanovic V,
Arsenijevic N, Lukic ML. Antipsychotics can modulate the cytokine profile in
schizophrenia: Attenuation of the type-2 inflammatory response. Schizophrenia
research. 2013;147(1):103-109.

53. 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-
1365.

© 2013 Al-Amin; This is an Open Access article distributed under the terms of the Creative Commons Attribution
License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution, and reproduction
in any medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:

http://www.sciencedomain.org/review-history.php?iid=237&id=29&aid=1544


