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Neuroleptics penetrate into the brain, where they act not only on neurons
but probably also on glial cells. In the available literature, there are no re-
ports on the effect of neuroleptics on cytokine release in glia cultures. The
aim of this study was to evaluate the effect of neuroleptics on the release of
proinflammatory cytokines (IL-1� and IL-2) by mixed glial and microglial
cell cultures.

Trifluperidol at 20 and 2 �M reduced IL-� secretion by mixed glial cul-
tures after 3 days of exposure. Trifluperidol at 20, 2 and 0.2 �M diminished
IL-� secretion after 1 day of incubation. Trifluperidol at 20 and 2 �M re-
duced IL-2 release after 1 and 3 days of exposure. Flupentixol at 20 and
2 �M reduced IL-1� by mixed glial cell cultures after 3 days of exposure.
Flupentixol at 20, 2 and 0.2 �M caused diminution of IL-1� release after
1 day of exposure. Flupentixol at 20 and 2 �M reduced IL-2 release after
1 day of incubation. Flupentixol at 20, 2 and 0.2 �M diminished IL-2 release
after 3 days of exposure. Flupentixol at 20, 10, 2 and 0.2 �M reduced IL-1�
release by microgial cell cultures. Flupentixol at 20, 10 and 2 �M reduced
release of IL-2 by microglial cells after 1 day of exposure.

The results of the present study suggest that neuroleptics have an inhibit-
ing effect on the release of glial cytokines, but clinical significance this re-
sults remains to be elucidated.
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INTRODUCTION

A series of findings points to a serious aberra-
tion in the functioning of the immune system in
schizophrenic patients. These findings include ele-
vated serum immunoglobulin levels [8], increased
soluble interleukin-2 receptor (sIL-2R) levels in se-
rum [18, 37], increased interleukin-2 (IL-2) levels
in the cerebrospinal fluid (CSF) [26], increased
interleukin-6 (IL-6) levels in blood [14, 28], re-
duced mitogenic response of peripheral blood lym-
phocytes to phytohemagglutinin (PHA) and poke-
weed mitogen [6, 13], decreased sIL-2R levels in
PHA-stimulated blood lymphocytes [21] and in-
creased interleukin-1 (IL-1�) and tumor necrosis
factor-� (TNF-�) levels in lipopolysaccharide
(LPS)-activated monocytes [22]. Most studies of
lymphocytic subpopulations in schizophrenia re-
vealed increased numbers of CD4+ T lymphocytes
[7, 32], increased numbers of T suppressor lympho-
cytes in drug-naive schizophrenic patients, and
a neuroleptic-induced increase in the number of
T helper lymphocytes [29]. These abnormalities
may promote an autoimmune reaction that may
contribute to the psychotic state [34]. Neuroleptic
treatment was found to be associated with high se-
rum sIL-2R levels [12, 33], low serum sIL-6R lev-
els [27, 35], decreased IL-2 release by PHA-
stimulated lymphocytes [21] and inhibited prolif-
eration of PHA-stimulated lymphocytes [25]. The
view that disturbances in the functioning of the im-
mune system play a certain role in schizophrenia is
supported by behavioral improvement observed in
schizophrenic patients treated with azathioprine
[24].

However, it is not known to what extent the
changes in the levels of cytokines in peripheral
blood are involved in psychopathological pro-
cesses. If cytokines really play a role in the psycho-
pathology of schizophrenia, then this role is more
likely to be attributable to cytokines produced
within the brain but not by cytokines from periph-
eral blood. Microglial cells are widely thought to
be brain macrophages that are functionally and on-
togenically similar to monocytes. Microglial cells
play the most important role in the development of
the inflammation in the brain. They are capable of
phagocytosis, present antigen and release the cyto-
kines, nitric oxide and reactive oxygen species [11,
17, 38]. The prolonged microglial hyperactivity
may lead to neuronal apoptosis and brain damage.

Neuroleptics penetrate into the brain, where they
act not only on neurons but also on glial cells. In
the available literature, there are no reports on the
effect of neuroleptics on cytokine release in schizo-
phrenic glial cells. It is obvious that the glial cells
from schizophrenic patients are not available for
evaluation in vitro, therefore, we decided to evalu-
ate the influence of neuroleptics on cytokine secre-
tion in the rat glial cultures in vitro. The obtained
results could broaden our knowledge about the
mechanisms of action of neuroleptics in the central
nervous system (CNS).

Cis-flupentixol and trifluperidol were chosen
for the study because they are highly hydrophilic,
in contrast to the majority of neuroleptics which are
not water-soluble, and when dissolved in DMSO or
ethanol, they partly precipitate in culture medium.
IL-1� and IL-2 were chosen to be studied because
(i) our previous study revealed high levels of IL-1�
in schizophrenic patients, (ii) subjects who were
given IL-2 developed psychiatric symptoms, and
(iii) the level of IL-2 in CSF correlated with the
course of schizophrenia [30].

MATERIALS and METHODS

Materials

LPS (Escherichia coli serotype 0111: B4), cis-
flupentixol, trifluperidol and L-leucine methyl ester
were purchased from Sigma (USA). Fetal bovine
serum (FBS), Dulbecco’s modified Eagle’s me-
dium (DMEM) and antibiotic-antimycotic solution
(penicillin, streptomycin and fungizone) were ob-
tained from GIBCO-BRL (UK).

Cell cultures

Primary mixed glial cultures were prepared
from the brains of 1-day-old Wistar rats as de-
scribed by Chao et al. [5]. Briefly, whole brains
were removed aseptically and the blood vessels and
membranes were carefully removed. Cerebral cor-
tical cells were dissociated by 15-min trypsiniza-
tion (0.25%), and then they were washed 3 times
and suspended (1 × 10� cells/ml) in DMEM con-
taining 10% heat inactivated FBS and antibiotics.
The cell suspension (100 �l or 1 × 10� cells per
well) was added into 96-well Becton Dickinson tis-
sue culture plates. The medium was replenished 1
and 4 days after plating and was changed every
3 days thereafter. Cells were used 12 to 14 days af-
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ter plating. The culture medium was replaced with

a medium containing 1 �g/ml of LPS and neurolep-

tics at the following concentrations: 20, 2, 0.2 and

0.02 �M. After 24 and 72 h of incubation, the cul-

ture medium was harvested, centrifuged (2000 rpm

for 5 min) and assayed for IL-1� and IL-2. The cul-

tures were stained with an antibody against glial

fibrillary acidic protein (GFAP) (Sigma), a specific

marker of astrocytes. The antibody labeled 70–75%

of the cells. About 20% of cultured cells reacted

with Ricinus communis agglutinin-1, a lectin that

binds to surface glycoproteins on microglia (Vec-

tor).
In order to obtain microglia-enriched cultures,

the dissociated cortical cells were plated (20 × 10�

cells per dish) in 100-mm Petri dishes (Becton

Dickinson) and cultured as described for primary

mixed glia cultures. On days 12–14 of culture, the

dishes were shaken in an orbital shaker at 200 rpm

for 5 h. The suspension of floating cells was fil-

tered through a 40 �M nylon mesh (Becton Dickin-

son), centrifuged at 1200 rpm for 10 min and sus-

pended in the culture medium. The harvested cells

were placed into 96-well tissue culture plates (5 ×

10�/cells/well) and incubated at 37°C for 30 min.

Afterwards, the wells were washed 7 times with

200 �l of culture medium to remove non-adhering

cells. Microglia cells, which firmly adhered to the

bottom of the well, were incubated overnight be-

fore the experiment. Then the culture medium was

replaced with a medium containing 1 �g/ml of LPS

and flupentixol or trifluperidol at the following

concentrations: 20, 10, 2 and 0.2 �M. After 24 h of

incubation, the medium was harvested, centrifuged

(2000 rpm for 5 min) and assayed for IL-1� and

IL-2. More than 92% of the cultured cells reacted

with Ricinus communis agglutinin-1 (microglia

cells) and 5% were GFAP-positive.

Cytokine assays

The quantities of cytokines were measured with

rat IL-1� and IL-2 ELISA kits from R&D. Detec-

tion limits for IL-1� and IL-2 were 5 pg/ml and

15 pg/ml, respectively. Intra-assay CVs for IL-1�

and IL-2 were 8.7% and 4.8%, respectively.

Statistics

The data in the tables and figures are expressed

as the arithmetic mean ± SE of two independent ex-

periments (eight measurements). Differences be-

tween the control release and the neuroleptic-

induced release of IL-1� and IL-2 by glial cells

were analyzed by ANOVA and the Bonferroni’s

test for multiple comparisons between group means

using a Graph Pad Prism version 2.01 software.

The differences were considered statistically sig-

nificant if p < 0.05.
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Fig. 1. Concentration-dependent effects of LPS on the release
of IL-1� in the mixed glia cultures. The cultures were incubated
with the indicated concentrations of LPS for 24 h. Each bar
represents the mean ± SE of two experiments, each with four
determinations
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Fig. 2. Concentration-dependent effects of LPS on the release
of IL-2 in the mixed glia cultures. The cultures were incubated
with the indicated concentrations of LPS for 24 h. The values
are the mean ± SE of four measurements in each of two
experiments



RESULTS

Concentration-response relationship between

LPS and IL-1� or IL-2 release

To study the effect of LPS on the release of pro-
inflammatory cytokines by glial cells, primary
mixed glia cultures were treated with various con-

centrations of LPS (from 0.01 to 5 �g/ml). LPS in-
creased the levels of IL-1� (Fig. 1) and IL-2 (Fig.
2) in a concentration-dependent manner, indicating
that LPS-activated glial cells produce large quanti-
ties of IL-1� and small quantities of IL-2.

Time course of LPS effect on IL-1� or IL-2 re-

lease

LPS at a concentration of 1 �g/ml enhanced
IL-1� and IL-2 release after 8, 24 and 72 h of incu-
bation (data not shown).

Effect of neuroleptics on LPS-induced IL-1� or

IL-2 release in mixed glial cultures

The neuroleptic doses (20, 2, 0.2 and 0.02 �M)
were chosen on the basis of our previous studies in
which concentrations higher than 20 �M were cy-
totoxic to mixed glial cultures. Trifluperidol at 20
and 2 �M reduced IL-� after 3 days of exposure.
Trifluperidol at 20, 2 and 0.2 �M diminished IL-�
secretion after 1 day of incubation (Fig. 3). Triflu-
peridol at 20 and 2 �M reduced IL-2 release after 1
and 3 days of exposure (Fig. 4). Flupentixol at 20
and 2 �M reduced IL-1� after 3 days of exposure.
Flupentixol at 20, 2 and 0.2 �M caused diminution
of IL-1� release after 1 day of exposure (Fig. 5).
Flupentixol at 20 and 2 �M reduced IL-2 release
after 1 day of incubation. Flupentixol at 20, 2 and
0.2 �M diminished IL-2 release after 3 days of ex-
posure (Fig. 6).

IL-1� or IL-2 release by LPS-treated microglia-

enriched cultures

Flupentixol at 20, 10, 2 and 0.2 �M reduced
IL-1� (Fig. 7). Flupentixol at 20, 10 and 2 �M re-
duced release of IL-2 after 1 day of exposure (Fig.
8).

Effect of quinpirole on flupentixol-induced inhi-

bition of IL-1� or IL-2 release in mixed glial cul-

ture

In our previous study, the release of IL-1� and
IL-2 was increased only by 20 �M quinpirole in
mixed glia cultures and by 100 �M quinpirole in mi-
croglia cultures. Quinpirole at 2, 0.2 and 0.02 �M
did not affect the release of IL-1� and IL-2 (data
not shown). In the classic model of receptor study,
an excessive amount of an antagonist is used to
completely block the effect of an agonist. In this
study, the neuroleptics given at concentrations
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Fig. 3. Concentration-dependent effects of trifluperidol given
together with LPS (1 �g/ml) on the release of IL-1� in the mixed
glia cultures. The cultures were incubated with the indicated
concentrations of trifluperidol for 24 or 72 h. The values are the
mean ± SE of two independent experiments, each with four
determinations. * significantly different from the vehicle (LPS
+ medium)-treated cultures, assessed with ANOVA followed by
Bonferroni’s multiple comparison test, p < 0.05
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Fig. 4. Concentration-dependent effects of trifluperidol given
together with LPS (1 �g/ml) on the release of IL-2 in the mixed
glia cultures. The cultures were incubated with the indicated
concentrations of trifluperidol for 24 or 72 h. The values are the
mean ± SE of two independent experiments, each with four
determinations. * significantly different from the vehicle (LPS
+ medium)-treated cultures, assessed with ANOVA followed by
Bonferroni’s multiple comparison test, p < 0.05



higher than 20 �M were cytotoxic to mixed glia,
and, therefore, this model could not be imple-
mented in our study. To determine whether the ef-
fect of flupentixol was mediated by functional do-
paminergic receptors, quinpirole at 2 �M (a con-
centration without any effect on the release of IL-1�
and IL-2) was added to mixed glial cultures, which

was followed 15 min later by adding flupentixol at
a concentration inhibiting the release of these cyto-
kines. In that experiment, quinpirole did not alter
the inhibiting effect of flupentixol on the release of
IL-1� and IL-2 (data not shown).

DISCUSSION

The data published so far indicate that IL-2 is
the most interesting cytokine in terms of the patho-
genesis of schizophrenia. The transient IL-2-indu-
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Fig. 5. Concentration-dependent effects of flupentixol given
together with LPS (1 �g/ml) on the release of IL-1 � in the
mixed glia cultures. The cultures were incubated with the
indicated concentrations of flupentixol for 24 or 72 h. The
values are the mean ± SE of two independent experiments, each
with four determinations. * significantly different from the
vehicle (LPS + medium)-treated cultures, assessed with
ANOVA followed by Bonferroni’s multiple comparison test,
p < 0.05
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Fig. 6. Concentration-dependent effects of flupentixol given
together with LPS (1 �g/ml) on the release of IL-2 in the mixed
glia cultures. The cultures were incubated with the indicated
concentrations of flupentixol for 24 or 72 h. The values are the
mean ± SE of two independent experiments, each with four
determinations. * significantly different from the vehicle (LPS +
medium)-treated cultures, assessed with ANOVA followed by
Bonferroni’s multiple comparison test, p < 0.05
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Fig. 7. Concentration-dependent effects of flupentixol given
together with LPS (1 �g/ml) on the release of IL-1 � in the
microglia cultures. The cultures were incubated with the
indicated concentrations of flupentixol for 24 h. The values are
the mean ± SE of two independent experiments, each with four
determinations. * significantly different from the vehicle (LPS
+ medium)-treated cultures, assessed with ANOVA followed by
Bonferroni’s multiple comparison test, p < 0.05
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Fig. 8. Concentration-dependent effects of flupentixol given
together with LPS (1 �g/ml) on the release of IL-2 in the
microglia cultures. The cultures were incubated with the indi-
cated concentrations of flupentixol for 24 h. The values are the
mean ± SE of two independent experiments, each with four
determinations. * significantly different from the vehicle (LPS +
medium)-treated cultures, assessed with ANOVA followed by
Bonferroni’s multiple comparison test, p < 0.05



ced psychiatric symptoms and the correlation be-
tween the level of IL-2 in CSF and the course of
schizophrenia suggest that IL-2 is involved in the
pathogenesis of schizophrenia [9, 30]. The study by
McAllister et al. [30] has not shown whether the
source of changes in the level of IL-2 in CSF was
IL-2 synthesized in the CNS or IL-2 flowing from
peripheral blood into CSF. The results of our study
indicate that neuroleptics inhibit the release of IL-2
by microglia, suggesting that the neuroleptic-indu-
ced decrease in the level of IL-2 in CSF from
schizophrenic patients may result from the suppres-
sion of brain microglial cells. In the available li-
terature, there is only one report on the release of
IL-2 by microglia [1]. Like Araujo and Cotman [1],
we found a small increase in the release of IL-2 by
stimulated microglia and a great increase in the re-
lease of IL-1�. IL-2 may disturb the function of the
nervous system by inhibiting acetylcholine release
and by enhancing dopamine and norepinephrine re-
lease. However, it is unknown whether such small
amounts of secreted IL-2 are sufficient to induce
psychiatric disorders. As the present study is the
only one that evaluated the in vitro effect of neuro-
leptics on microglial activity, we cannot compare
our results with other reports. However, we can
compare our data with those obtained in the studies
investigating the effect of neuroleptics on the activ-
ity of lymphocytes and monocytes. In most of these
studies, neuroleptics produced an immunosuppres-
sive effect both in vitro and in vivo, which is in
agreement with our data [2, 4].

The mechanism by which neuroleptics inhibit
the release of cytokines by microglia is unknown.
In our previous study, we used quinpirole, a D2/D3
receptor agonist, to detect a functional D2 receptor
on the surface of microglial cells. IL-1� release
was slightly stimulated by quinpirole in the mixed
glial cultures (at 20 �M) and in microglial cultures
(at 100 �M), which suggests the lack of a func-
tional D2 receptor on microglial cells. When given
at a concentration without any biological effect
(2 �M), quinpirole did not modulate the flupentixol-
related inhibition of IL-1� and IL-2 release (data
not shown). There are no data indicating that triti-
ated dopamine and tritiated flupentixol specifically
bind to microglial cells, which supports our results.
Neuroleptics are known to have a pleiotropic ef-
fect, apart from their antidopaminergic effect, they
inhibit serotonergic, �-adrenergic, histaminergic
transmission and calmodulin activity. Dantrolene

decreased the availability of cytoplasmic calcium,
which resulted in the decreased TNF-� release in
RAW 264.7 macrophages [16]. In vivo studies re-
vealed that drugs inhibiting �-adrenergic, seroto-
nergic and histaminergic receptors inhibited the
cellular release of cytokines in the whole blood as-
say [3]. Consequently, one of the above-mentioned
extradopaminergic mechanisms may mediate the
inhibition of microglial activity. The transcription
factor NF-�B is a key factor mediating the synthe-
sis of cytokines [10]. However, so far nobody has
studied the effect of neuroleptics on NF-�B expres-
sion.

Although some authors report that IL-1� is re-
leased by both activated astrocytes and microglia,
Giulian [15] and Kong [20] found that IL-1� and
TNF-� were released by microglia only, while in
astrocyte cultures IL-1� and TNF-� were released
by sparse microglial cells contaminating those cul-
tures, which is in agreement with our study, in
which LPS-stimulated astrocyte cultures did not re-
lease IL-1� and IL-2 (data not shown) after the me-
chanical (shaking) and chemical (L-leucine methyl
ester) removal of microglia. This means that micro-
glia was the only source of the changes in cytokine
release in mixed glial cultures.

The question arises as to whether our findings
reflect the action of flupentixol or trifluperidol on
microglia in the brain of a schizophrenic patient.
Flupentixol decanoate given at therapeutic doses to
schizophrenic patients reaches serum levels of
about 0.04 �M [19], which are much lower than
those (0.2–20 �M) inhibiting microglial IL-1� and
IL-2 release in our study. However, it has been
proven that chronic administration of fluphenazine,
chlorpromazine, promazine and haloperidol results
in 30.8, 11.5, 62.5, and 21.8 times, respectively,
higher concentrations in the brain as compared to
the serum [36]. Serum haloperidol levels in schizo-
phrenic patients ranged from 10 to 100 nM [23]
and those patients’ lymphocytes exhibited a 50%
reduction in their proliferative activity, while the in
vitro proliferative activity of lymphocytes de-
creased by 50% when the level of haloperidol was
about 17 �M [25]. In the present study, trifluperidol
inhibited cytokine release when given within
a similar range of concentrations (0.2–20 �M). It
has been found that haloperidol given to patients
with acute mania reduced inflammation and im-
proved the course of rheumatoid arthritis, and it in-
hibited TNF-� and IL-1� release in vitro when
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used at concentrations ranging from 0.5 to 50 �g/ml
[31]. These data suggest that both flupentixol and
trifluperidol given chronically to schizophrenic pa-
tients may reach levels that affect the activity of
microglia in the brain.

Summing up, this study is the first to show that
flupentixol and trifluperidol inhibit the release of
proinflammatory cytokines, namely IL-1� and IL-2,
by cultured rat microglia. We are going to further
investigate this issue by evaluating the effect of
prolonged neuroleptic treatment on the synthesis
and release of cytokines induced by icv administra-
tion of LPS into different areas of the rat brain.
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