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Acute effects of SSRIs on neuroleptic-induced catalepsy
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Abstract

Depression found in Parkinson disease (PD) usually responds to
selective serotonin reuptake inhibitors (SSRIs). Drugs that modify
experimental neuroleptic catalepsy (NC) might affect extrapyramidal
symptoms in PD. Therefore, the effects of SSRIs on NC were tested in
mice, 26-36 g, separated by sex. Catalepsy was induced with haloperi-
dol (H; 1 mg/kg, ip) and measured at 30-min intervals using a bar test.
An SSRI (sertraline, ST; paroxetine, PX; fluoxetine) or vehicle (C)
was injected ip 30 min before H. Dunnett’s test was used for compar-
ison of means. ST (1-5 mg/kg) or PX (1-5 mg/kg) attenuated NC, with
a similar inhibition found in both sexes (5 mg/kg, 180 min: ST - males:
124 ± 10 vs 714 ± 15 s in C; females: 116 ± 10 vs 718 ± 6 s in C; PX
- males: 106 ± 10 vs 714 ± 14 s in C; females: 102 ± 10 vs 715 ± 14 s
in C). At 0.3 mg/kg, neither of these drugs affected NC. Fluoxetine (1-
25 mg/kg) also inhibited catalepsy, although the effect was not dose-
dependent; no differences were observed between males and females
(5 mg/kg, 180 min: males, 185 ± 14 vs 712 ± 14 s in C; females, 169
± 10 vs 710 ± 19 s in C). For these SSRIs, maximal inhibition of NC
was obtained with 5 mg/kg, 180 min after H. These results are
consistent with the hypothesis that serotonergic mechanisms modu-
late nigrostriatal transmission, and suggest that SSRIs are possibly
safe in depressive PD patients.
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The phenomenon of cataleptic immobil-
ity induced in rodents by typical neurolep-
tics (e.g., haloperidol, chlorpromazine, flu-
phenazine) is a robust behavioral method for
studying nigrostriatal function and its modu-
lation by cholinergic, serotonergic, nitrer-
gic, and other neurotransmitter systems (1,2).
There is some evidence that agents able to
potentiate neuroleptic-induced catalepsy in
rodents can intensify extrapyramidal symp-
toms in Parkinson disease; alternatively,

drugs which attenuate catalepsy might re-
duce (or, at least, not increase) the extrapyra-
midal signs (3,4).

Although motor disturbances are crucial
clinical findings in Parkinson disease, the
patients commonly exhibit other associated
conditions, including depression (5). Mod-
ern antidepressant agents, such as sertraline
and other selective serotonin reuptake in-
hibitors (SSRIs), are frequently used to treat
depressive conditions in these patients (5,6).
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There are, however, contradictory reports
concerning the safety of these drugs, par-
ticularly in elderly patients with Parkinson
disease (6,7). In addition, as far as we know,
the SSRIs have not been systematically tested
in a model of neuroleptic-induced catalepsy.

The present study was designed to deter-
mine the acute effects of three different SSRIs
(sertraline, paroxetine and fluoxetine) on
mice. Since i) gender-related differences
seem to be a common feature in the pharma-
cological properties of several centrally ac-
tive drugs (8,9); ii) there is evidence for sex
differences in the serotonergic control of
gonadotropins release (10), and iii) the ex-
trapyramidal system is modulated by sex
hormones (2,11), the animals were sepa-
rated by sex in order to detect any effect of
gender on SSRIs acting on extrapyramidal
function.

Experiments were performed on 60- to
80-day-old albino mice from our breeding
stock, weighing 26-36 g, separated by sex at
least 1 month before the experimental proce-
dure. The mice were housed in same-sex
pairs in plastic cages with sawdust bedding
material, fed a standard rat chow and filtered
water ad libitum, and were treated in accor-
dance with the international guidelines for
animal care. Female mice were tested with-
out monitoring the estrous cycle, since the
major interest of this study was to investi-
gate the possibility that the SSRIs differen-
tially affect male and female animals.

Drugs and suppliers were as follows:
haloperidol (Haldol, Janssen, São Paulo,
SP, Brazil), sertraline hydrochloride (Pfizer,
São Paulo, SP, Brazil; kindly donated by
Imafar Ltd., Vitória, ES, Brazil), paroxetine
hydrochloride (Glaxo SmithKline, São Paulo,
SP, Brazil), and fluoxetine hydrochloride
(Sigma, St. Louis, MO, USA). Haloperidol
was diluted from ampoules with saline (0.9%
NaCl) and sonicated before use. The SSRIs
were dissolved by sonication in saline. All
drug solutions were freshly prepared.

Catalepsy was induced with haloperidol

(1 mg/kg, ip) and measured at 30-min inter-
vals by means of a standard bar test, with
each animal being used only once. This dose
of the neuroleptic drug was chosen to pro-
duce a moderate degree of catalepsy, so that
either attenuation or potentiation of the phe-
nomenon could be detected (1,2). The drugs
tested (and saline for the controls) were in-
jected ip with a 27.5-G needle, in a volume
of ~3.5 ml/kg weight, 30 min before halo-
peridol.

Briefly, catalepsy was measured as the
time the mouse maintained an imposed posi-
tion with both front limbs extended and rest-
ing on a 3-cm high wood bar (0.9 cm in
diameter). The end point of catalepsy was
considered to occur when both front paws
were removed from the bar or if the animal
moved its head in an exploratory manner. A
cut-off time of 720 s was applied. Between
determinations, the animals were returned to
their individual home cages. All observa-
tions were made between 9:00 and 17:00 h
in a quiet room, at 23-26ºC.

Data are reported as means ± SEM for 12
mice per group. For statistical purposes, the
durations of catalepsy (expressed in sec-
onds) were log transformed [ln (x + 1)], and
significant differences were initially assessed
by two-way ANOVA with repeated meas-
ures (treatment and time as factors). If sig-
nificance was detected for treatment x time
interactions, one-way ANOVA with repeated
measures followed by the two-tailed Dunnett
test was performed for each time point to
determine differences between control and
other experimental groups. The level of sig-
nificance was set at P < 0.05.

Sertraline (1 or 5 mg/kg ip) significantly
attenuated haloperidol-induced catalepsy in
male mice (Figure 1A). Overall, this attenu-
ation was more intense at the higher dose;
however, a clear dose-dependence was only
observed at 150 min after haloperidol, con-
tinuing thereafter. At the dose of 0.3 mg/kg,
sertraline did not change the duration of
catalepsy compared to control (Figure 1A).
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A very similar pattern was observed in fe-
males acutely injected with sertraline (Fig-
ure 1B). In addition, the maximal percentage
of inhibition of catalepsy was almost identi-
cal in males and females: 83 and 84%, re-
spectively (at 180 min after haloperidol). F

values from ANOVA for factor A (treat-
ment) were 477,383 (males) and 261,276
(females), while F values for A x B (treat-
ment x time) interaction were 108,008 and
50,221, respectively (in all cases, P < 0.01).

An analogous pattern of effects was ob-

Figure 1. Effects of sertraline (A, B) and paroxetine (C, D) on haloperidol-induced catalepsy in male (A, C) and female (B, D) mice. The mice received
0, 0.3, 1.0, and 5 mg/kg, ip, of sertraline or paroxetine. Data are reported as means ± SEM for 12 mice per group. *P < 0.05 compared to vehicle
(Dunnett test).
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kg at 180 min after haloperidol (85 and 86%
inhibition, respectively). F values from
ANOVA for factor A (treatment) were
1,699.5 (males) and 2,387.6 (females), while
F values for A x B interaction were 366,882
and 337,865, respectively (P < 0.01 in all
cases).

Fluoxetine was tested at the doses of 1.0,
5.0 and 25 mg/kg. This SSRI also caused a
reduction of catalepsy, which was similar in
male and female mice (Figure 2). However,
the effect was not dose-dependent, since
maximal attenuation was found at the inter-
mediate dose, i.e., 5 mg/kg (% inhibition: 74
and 76%, for males and females, respective-
ly). F values from ANOVA for factor A
(fluoxetine) were 21,355.7 (males) and
83,730.4 (females), while values for drug x
time interaction were 20,228 and 12,562,
respectively (in all cases, P < 0.01).

It should be noted that the magnitude of
catalepsy in the three control (saline) groups
was similar in male and female animals.

The blockade of neuronal transport of
serotonin (5-HT) by SSRIs occurs immedi-
ately and is long-lasting, leading to complex
adaptive or secondary responses (12). These
drugs cause an increase in synaptic availa-
bility of 5-HT, which interacts with a large
number of receptor subtypes, including 5-
HT1A (12,13). Acute behavioral effects of
SSRIs in rodents include both an increase
(14) and a reduction (15) of locomotor activ-
ity, and the reasons for this discrepancy are
not well understood. Previous studies from
our laboratory have shown that clomipra-
mine, a non-selective antidepressant, en-
hances the neuroleptic-induced catalepsy
(16), while fluoxetine (at 5 mg/kg ip, in male
mice) attenuates the phenomenon (17). The
present results showed that, despite the phar-
macological heterogeneity of the tested
SSRIs (12), these drugs consistently attenu-
ate the neuroleptic-induced catalepsy. This
suggests that these drugs have a low propen-
sity to cause extrapyramidal adverse effects
in patients. As seen in the Introduction, the

Figure 2. Effects of fluoxetine (1.0, 5.0, and 25 mg/kg, ip) on haloperidol-induced
catalepsy in male (A) and female (B) mice. Data are reported as means ± SEM for
12 mice per group. *P < 0.05 compared to vehicle (Dunnett test).

served with paroxetine. This drug, at 1 or 5
mg/kg ip, also significantly reduced the in-
tensity of catalepsy, both in males (Figure
1C) and females (Figure 1D), with the maxi-
mal attenuation being observed with 5 mg/
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clinical literature reports some extrapyrami-
dal symptoms associated with sertraline and
other SSRIs (7). However, these effects seem
to be quite infrequent, and a recent clinical
study has shown that SSRIs do not signifi-
cantly worsen extrapyramidal symptoma-
tology in patients with Parkinson disease
(18). The improvement of depressive symp-
toms in patients with Parkinson disease is
most frequently obtained with antidepres-
sant drugs (mainly SSRIs), although indi-
vidual or family counseling might be helpful
(5).

Since the central serotonergic system
modulates nigrostriatal dopaminergic trans-
mission (1), it is tempting to speculate that
this reported anticataleptic effect of the SSRIs
is related to desensitization of 5-HT1A recep-
tors, a well-documented phenomenon (13).
However, blockade of these receptors with
the selective antagonist WAY 100135 en-
hanced haloperidol-induced catalepsy (19).
On the other hand, it has been reported that
5-HT3 receptor antagonists reduce neurolep-
tic-induced catalepsy (1); hence, the involve-
ment of these receptors in the anticataleptic

effect of SSRIs cannot be ruled out. There-
fore, further studies are necessary to clarify
the mechanism by which acute administra-
tion of SSRIs inhibits neuroleptic-induced
catalepsy in rodents.

We did not find any relevant gender in-
fluence on the acute effects of SSRIs in this
experimental model of nigrostriatal func-
tion. However, the female stage of the es-
trous cycle was not determined, which is a
limitation of the present study. In addition,
we cannot rule out that such influences are
operative in a chronic context. For instance,
there is evidence that 5-HT1A receptors lo-
cated in the hypothalamic areas controlling
sexual behavior are influenced by the estrus
cycle (20). To better resolve this issue and
because these results could have implica-
tions for the medicinal use of the drugs, a
future study employing controlled sampling
of females in specific estrous stages should
be performed. In addition, it is necessary to
determine if differences in drug pharmaco-
dynamics, pharmacokinetics or body fat un-
derlie the absence of sex differences in the
induced behavioral effects.
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