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The study examined the effect of some typical and atypical antipsychotic drugs on
mouse lymphocyte metabolic and proliferative activity in vitro. The typical antipsychotic
drug chlorpromazine (3 × 10��, 10�� and 10�� M), significantly inhibited �H-thymidine in-
corporation into C57BL/6 mouse spleen cells stimulated by concanavalin A (Con A),
lipopolysaccharide (LPS) or pokeweed mitogen (PWM). Chlorpromazine at concentra-
tions of 10�� and 10�� M also suppressed the metabolic activity of splenocytes after Con A
stimulation.

The atypical antipsychotic agent clozapine (10�� and 10�� M) decreased the prolifera-
tive activity of splenocytes after LPS stimulation, but its inhibitory effect after Con A was
observed only at higher concentrations. On the other hand, clozapine did not affect the
metabolic activity of splenocytes.

Sulpiride, a selective dopamine D� antagonist, at concentrations ranging from 10�� to
10�� M had no inhibitory effect on the proliferative or metabolic activity of the tested
cells.

The obtained results indicate that of the three antipsychotic drugs studied, chlorpro-
mazine shows the most potent immunosuppressive effect, clozapine produces a moderate
effect and sulpiride is totally inactive. These findings suggest that the choice of antipsy-
chotic drugs should also depend on disturbance of immune system activity, in particular,
those occurring in the several forms of psychosis.

Key words: chlorpromazine, clozapine, sulpiride, proliferative and metabolic activity
of splenocytes
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Various psychiatric diseases and mood altera-
tions have been found to be associated with modifi-
cations in the immune system [4, 10, 12]. In schizo-
phrenic patients, these changes lead to increases in
a number of neutrophils and monocytes [24], ele-
vated serum immunoglobulin concentrations [23],
diminished mitogen-induced lymphocyte prolifera-
tion and decreases in the total number of T lympho-
cytes [14]. With respect to lymphocyte populations,
Nyland et al. [15] found a reduced percentage of T
cells in schizophrenic patients with acute relapses.
Masserini et al. [13] reported increases in T-sup-
pressor lymphocytes in drug-naive schizophrenic
patients, and increases in the number of T-helper
cells in drug-treated schizophrenics.

A number of studies suggest that schizophrenia
is also linked with dysregulation of the cytokine
network. For example, a decreased production of
interleukin 2 (IL-2) and interferon (IFN)-� and in-
creased serum levels of IL-1�, IL-6, IL-6 receptor
(IL-6R) and IL-1R antagonist (IL-1RA) have been
described by several authors [10–12, 22].

Antipsychotic drugs are widely used to alleviate
a number of psychological disorders and are found
to modulate some immune parameters. In the light
of an “immunological theory” of schizophrenia, it
cannot be excluded that the beneficial effects of an-
tipsychotics may be, at least in part, connected with
normalization of some immune parameters in pa-
tients. Therefore, it is necessary to elucidate the ef-
fect of these agents on immunity.

Despite numerous studies on the immunomodu-
latory effects of antipsychotic drugs, no compara-
tive investigation using various mitogens and di-
verse groups of drugs has been conducted regard-
ing immune parameters in the C57BL/6 strain of
inbreed mice.

To examine the effect of typical and atypical
antipsychotic agents on the cell-mediated immu-
nity in vitro, in the present study we investigated
the influence of chlorpromazine, clozapine and sul-
piride on the ability of mouse splenocytes to proli-
ferate in response to T or B cell mitogens, as well
as on the metabolic activity of those cells.

The study was approved by the Animal Care
and Use Committee at the Institute of Pharmacolo-
gy, Polish Academy of Sciences in Kraków, and
complied with the International Guide for the Care
and Use of Laboratory Animals.

Three-month-old male donors of the C57BL/6
strain were housed under a natural day-night cycle

at a constant room temperature in the animal facil-
ity of the Department of Endocrinology, Institute of
Pharmacology, Polish Academy of Sciences in
Kraków. Pelleted food and tap water were available
ad libitum. The animals were sacrificed by cervical
dislocation. Their spleens were homogenized in
a glass homogenizer, suspended in an RPMI-1640
medium (Sigma, USA) and centrifuged. Cell pel-
lets were resuspended in the same medium supple-
mented with antibiotics (50 �g/ml of penicillin,
50 �g/ml of streptomycin), 10% fetal bovine serum
and 2 mM of L-glutamine (all reagents from Sig-
ma, USA) and subjected to proliferative activity
testing and MTT assays.

Chlorpromazine hydrochloride (Sigma, USA)
was diluted with sterile water, while clozapine
(Pliva, Poland) and sulpiride (Sigma, USA) were
dissolved in a small amount of ethanol, followed by
dilution with water (the final concentration of etha-
nol was below 0.5%). The cells were coincubated
with the vehicle or drugs at final concentrations of
10% , 10%&, 3 × 10%', 10%', 10%( and 10%) M.

The assay of proliferative response of spleen
cells was described earlier by Kubera et al. [7].
Briefly, 2 × 10& cells per well were stimulated with
concanavalin A (Con A), lipopolysaccharide (LPS)
or pokeweed mitogen (PWM) at concentrations of
0.5; 1.0; 2.5; 5.0 and 10.0 �g/ml, and were incu-
bated in 96-well plates at 37°C at a final volume of
0.2 ml for 72 h. Cell proliferation was determined
by adding 0.5 �Ci of �H-thymidine per well (ICN,
USA, SpA 6.7 Ci/mmol) at 16 h before the end of
the incubation. The cultures were harvested with an
automatic cell harvester (Scatron, Norway) and
�H-thymidine was estimated by liquid scintillation
counter (Beckman LS 6500).

An MTT assay is based on the conversion of
a yellow tetrazolium salt to a color formazan pro-
duct by enzymes in viable cells. It is widely used
for cell proliferation and cytotoxicity assays. This
method was described previously [8]. In short, MTT
[3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide; (Sigma, USA) was dissolved in PBS at
5 mg/ml. MTT stock solution (10 �l per 200 �l of
splenocytes; a suspension of 2 × 10' splenocytes
per ml) was added to all the cells stimulated by Con
A (2.5 �g/ml), and the plates were incubated at
37°C for 1.5 h. A lysine buffer (acid-isopropanol;
POCh, Poland), 100 �l, was added to each well,
and the plates were read 30 min later with a Unis-
can II reader at a wavelength of 570 nm (Labsys-
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tem, Finland). The metabolic activity of
splenocytes stimulated by Con A for 48 h,
estimated by the MTT test, was ex-
pressed in optical density (OD) units.

The effect of drugs on cell viability
was determined by counting viable and
non-viable (blue) cells in a hemocytome-
ter. The cell suspensions were mixed (at
the 1:1 ratio) with a 0.4% trypan blue,
and the number of non-viable cells per
a total of 100 cells was counted. No ef-
fect of the drugs administered at doses
ranging from 10%) to 10% M on the sple-
nocyte viability (which amounted to
80–90%) was observed.

The data are expressed as a percent of
control and presented as the means of
three to five independent experiments (in
triplicate wells). The metabolic activity
of splenocytes (the MTT test) was ex-
pressed in OD units.

Statistical significance of differences
was evaluated by the Duncan’s test fol-
lowing a one-way analysis of variance
(ANOVA).

The optimal proliferative activity of
splenocytes was observed when mito-
gens were added at the following con-
centrations: 2.5 �g/ml for Con A, 5.0
�g/ml for LPS, and 1.0 �g/ml for PWM.
Those optimal concentrations were used
to study the effects of antipsychotic
drugs on the cell-mediated immunity.

In the present study, chlorpromazine
(3 × 10%', 10%& and 10% M) significantly
inhibited �H-thymidine incorporation into
the C57BL/6 mouse spleen cells stimu-
lated by Con A, LPS or PWM mitogens
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Fig. 1. The effect of chlorpromazine (A), clozapine
(B) and sulpiride (C) on the proliferative activity of
splenocytes stimulated by concanavalin A (Con A,
2.5 �g/ml), lipopolysaccharide (LPS, 5 �g/ml) and
pokeweed mitogen (PWM, 1 �g/ml). All results are
shown as a mean ± SEM of percentage of the con-
trol from 3–5 independent experiments (in tripli-
cate wells). The percentage of the control is a ratio
of the mean counts of �H-thymidine incorporated
in the presence of the test drug to the mean counts
incorporated without the drug × 100. The signifi-
cance of differences between the means was evalu-
ated by the Duncan’s test following a one-way
analysis of variance. * p < 0.05 vs. control group



(Fig. 1a), but it was inactive at a lower concentra-
tion (10%) – 10%' M). Chlorpromazine (10%& and
10% M, but not 10%) – 3 × 10%' M) also decreased
the metabolic activity of splenocytes stimulated by
Con A (Fig. 2).

Clozapine only at a concentration of 10% M
suppressed the proliferative activity of splenocytes
after Con A stimulation. After LPS stimulation, its
inhibitory effect was also observed at a concentra-
tion of 10%& M. Clozapine did not affect the prolif-
erative activity of splenocytes after PWM stimula-
tion (Fig. 1b), nor did it modify the metabolic ac-
tivity of the cells (Fig. 2).

Sulpiride (10%) – 10% M) did not change the
proliferative and the metabolic activity of mouse
splenocytes (Figs. 1c, 2).

The above data show that antipsychotic drugs
suppress the cell-mediated immunity with different
potency, depending on the type of drugs and mito-
gens used. The most potent inhibitory effect was
found for chlorpromazine, which decreased the
ability of splenocytes to proliferate after Con A,
LPS and PWM stimulation. It has been shown that
Con A can preferentially, if not exclusively, stimu-
late mouse T cells. In contrast, bacterial endotoxin
(LPS) stimulates mouse B lymphocytes, while
pokeweed mitogen (PWM) is able to stimulate both
B and T cells. The results of the present experi-
ments suggest that the immunosuppressive effect of
chlorpromazine on the proliferative activity of
splenocytes is dose-dependent and non-specific, as
it was observed for all the mitogens tested in this

study. Clozapine can affect the activity of B cells
more strongly than that of T cells, since a decrease
in proliferative activity after LPS stimulation was
also observed at its concentration of 10%& M. In the
present study, sulpiride did not modify immuno-
logical response after mitogen stimulation.

The original finding of this paper is the demon-
stration that only chlorpromazine at concentrations
of 10%& and 10% M can decrease the metabolic ac-
tivity of splenocytes in the MTT test, which indi-
cates that some drugs are capable of interacting
with the metabolic activity of lymphocytes in vitro.

The present data support other our reports about
the immunomodulatory effect of antipsychotics on
the cell-mediated immune response [3, 18]. It was
shown earlier that chlorpromazine at a concentra-
tion between 5 × 10%' – 10%' M inhibited T lym-
phocyte proliferation in vitro [5]. Similarly, Roude-
bush et al. [18] reported a decrease in lymphocyte
proliferation at a chlorpromazine concentration of
10%' M. Such an inhibitory effect was observed by
other authors only after Con A stimulation. Pheno-
tiazine and non-phenothiazine neuroleptics were
also found to be capable of inhibiting the transfor-
mation of T-lymphocytes in a proliferation assay in
vitro [1]. In the present study, the immunosuppres-
sive effect of chlorpromazine was observed after as
well Con A, as LPS and PWM stimulation. It is,
therefore, proposed that chlorpromazine depresses
with the same potency the proliferative activity of
splenocytes in response to both T and B cell mito-
gens.

The results of our present investigation show
that the suppressive effect of clozapine is stronger
for B cells than for T cells. Clozapine at a concen-
tration of 10%' M, as well as some of its metabolites
do not inhibit the proliferation of phytohemaggluti-
nin stimulated lymphocytes [16]. Rapaport et al.
[17] examined the mitogen-induced T lymphocyte
response in patients treated with various neurolep-
tics, including clozapine, but they did not observe
any substantial effects of the treatment. On the
other hand, Leykin et al. [9] found that stimulation
of mouse lymphocytes with Con A was inhibited
by clozapine at concentrations ranging from 10%& to
5 × 10%& M. In addition to those effects, clozapine
treatment also modulated the plasma levels of cyto-
kines and soluble cytokine receptors which are piv-
otal immune mediators [6, 12]. As it was shown
earlier, clozapine treatment in a dose-dependent
manner inhibited the secretion of IL-2, IL-4 and
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Fig. 2. The effect of chlorpromazine, clozapine and sulpiride on
the metabolic activity of splenocytes stimulated by concana-
valin A (Con A, 2.5 �g/ml). The metabolic activity of spleno-
cytes (the MTT test) was expressed as a mean ± SEM of 3–5 in-
dependent experiments (in triplicate wells). The results are ex-
pressed in optical density (OD) units. The significance of differ-
ences between the means was evaluated by the Duncan’s test
following a one-way analysis of variance. * p < 0.05 vs. control
group



IFN-� in the stimulated lymphocytes [9]. Most of
the effects of clozapine on immune parameters in
vivo and in vitro are time- and dose-dependent.

Sulpiride, classified as an atypical antipsychotic
drug, modulated neither the cell-mediated immu-
nity nor the metabolic or proliferative activity of
mouse splenocytes. Clinical observations showed
that sulpiride produced undesirable side effects less
frequently than did classic antipsychotics. Moreo-
ver, it did not cause sedation and showed stimula-
tory and antidepressive properties [20]. The find-
ings presented in our study corroborate and extend
those reported earlier by other authors. They indi-
cate that some antipsychotics drugs such as, e.g.
sulpiride and metaclopramide, have no effect on
immune functions [18]. For this reason, in our
opinion it is not necessary to monitor some immu-
nological parameters during therapy in patients
treated with these drugs, as is the case in patients
treated with phenotiazines.

A crucial question bound to arise from our
study is why only some drugs are capable of influ-
encing lymphocyte reactivity in vitro? An adequate
and plausible explanation of the differences ob-
served by us and other authors, as well as a precise
description of the mechanisms responsible for this
effect are still to be sought.

The most potent immunosuppressive agent in
our study, chlorpromazine, is not a selective drug,
as its effects consist in interacting with dopamine
receptors, as well as with noradrenergic, sero-
toninergic and histaminergic systems [2]. The mul-
tiple receptor-mediated and non-specific effects of
chlorpromazine make it exceptionally difficult to
identify the molecular targets involved in its effects
on the immune system. The data presented in this
paper suggest that, at least part, the chlorpromazine
effect is mediated by D�, and not D�, receptor
blockade. In line with these data, it has been shown
that the immunosupressive effect of functional
chlorpromazine analogues is diminished when their
specificity for D� receptors augments. Clozapine,
an atypical antipsychotic, shows a higher affinity
for serotonin 5HT�� receptors than for dopamine
D� receptors. In contrast, sulpiride is a selective D�

dopaminergic antagonist, hence the mechanism of
action of the drugs tested in our experiment cannot
be explained merely by their specific interaction
with a receptor(s) present on the cells.

Regarding a possible mechanism of chlorpro-
mazine effects on the cell-mediated immunity, its

impact on intracellular processes should be taken
into account. Chlorpromazine is a lipid-soluble
phenothiazine, which blocks voltage-gated calcium
channels, inhibits protein kinase C (PKC) and inac-
tivates calmodulin and phospholipases A and C
[21]. It has been reported that calmodulin inhibitors
suppress the proliferative response of lymphocytes,
as well as the natural killer cell activity. In contrast,
sulpiride is ineffective in blocking calmodulin ac-
tivity [19]. Some findings indicate that chlorpro-
mazine prevents the activation of human thymo-
cytes by inhibiting the accumulation of mRNA spe-
cific for IL-2, TNF-�, TNF-� and c-myc. This
inhibition results in a decreased lymphokine secre-
tion and, ultimately, in inhibition of the lympho-
kine-dependent thymocyte proliferation, without
affecting the very early activation signals in human
thymocytes, i.e. the generation of inositolphos-
phates and the phosphorylation of proteins by PKC
[21]. Hence, the molecular mechanism(s) by which
antipsychotic drugs exert their immunosuppressive
effects in living cells may have a pleiotropic char-
acter.

In summary, our results have shown that only
some antipsychotics suppress the cell-mediated im-
munity in vitro. It seems advisable to monitor some
immune parameters in patients treated with anti-
psychotic drugs, in particular with chlorpromazine.
Further studies into the mechanism(s) responsible
for the diverse effects described in this paper are
necessary.
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