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Abstract

Tardive dyskinesia is a serious motor side effect of chronic neuroleptic therapy. Chronic treatment or rats with neuroleptics leads to
the development of abnormal oral movements called vacuous chewing movements. Vacuous chewing movements in rats are widely
accepted as an animal model of tardive dyskinesia. Atypical antipsychotics such as clozapine and rispiridone are associated with a lower
incidence of extrapyramidal side effects and tardive dyskinesia. The present study was aimed to explore the role of 5-HT , 5-HT1A 2Ar2C

Ž .receptors in the expression of neuroleptic-induced orofacial dyskinesia. In the present study rats were chronically for 21 days treated
Ž .with haloperidol 1.5 mgrkg, i.p. to elicit vacuous chewing movements. The neuroleptic-induced vacuous chewing movements, viz.,

vertical jaw movements, tongue protrusions and bursts of jaw tremors, were counted during a 5-min observation period. Acute treatment
Ž . Ž . Ž .with 8-hydroxy-2- di-n-propylamino tetralin 8-OH-DPAT , a 5-HT receptor agonist, dose-dependently 0.05, 0.1 and 0.2 mgrkg, i.p.1A

reduced the haloperidol-induced vacuous chewing movements and headshakes. Both acute and chronic administration of seganserin,
ketanserin and ritanserin, 5-HT receptor antagonists, also reduced haloperidol-induced vacuous chewing movements in a dose-de-2Ar2C

Ž . Ž . Ž .pendent 0.05, 0.1 and 0.2 mgrkg, i.p. manner. In acute studies a higher dose of ritanserin 1 mgrkg but not ketanserin 1 mgrkg
Ž .increased vacuous chewing movements, whereas a higher dose of seganserin 1 mgrkg did not have any effect on vacuous chewing

movements. All the drugs reduced haloperidol-induced headshakes in a dose-dependent fashion. These findings indicate that the
serotonergic system, and particularly 5-HT and 5-HT receptors, may be involved in haloperidol-induced orofacial dyskinesia, and1A 2Ar2C

that 5-HT receptors may provide novel targets for the development of drugs that can be used to reverse or prevent the extrapyramidal side
effects associated with long-term antipsychotic treatment. q 2001 Elsevier Science B.V. All rights reserved.
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1. Introduction

Tardive dyskinesia, a syndrome of potentially irre-
versible, involuntary hyperkinetic disorders that occurs
during chronic neuroleptic treatment, is a major limitation

Ž .of neuroleptic therapy Egan et al., 1997; Casey, 1995 . In
spite of its high frequency of occurrence, relatively little is
known about the pathophysiological basis of the syndrome.
Dopamine receptor supersensitivity has been proposed as
one of the pathological factors responsible for tardive
dyskinesia, but this does not adequately explain the time
course of onset of tardive dyskinesia or the persistence of

Žthe syndrome after neuroleptic withdrawal Fibiger and
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Lloyd, 1984; Tarsy and Baldessarini, 1977; Casey, 2000;
.Andreassen and Jorgessen, 2000 . Several other alternative

hypotheses have been proposed, but most of them are
inconclusive. Different suppressive agents have been tried

Žwith limited success Egan et al., 1997; Gupta et al.,
.1999 .

Atypical antipsychotics such as clozapine and rispiri-
done are associated with a lower incidence of extrapyrami-
dal side effects and tardive dyskinesia. All these drugs
show 5-HT receptor antagonistic properties along with
dopamine receptor antagonism. A number of reports have
suggested that the limited extrapyramidal side effect pro-
file of these drugs might be at least in part due to their
5-HT receptor antagonistic property. The high density of
5-HT receptors, especially 5-HT , 5-HT , 5-HT , and 5-1 2 3

HT receptors, in the basal ganglia region and their interac-4

tion with other neurotransmitter systems, especially with
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dopamine, leads to the hypothesis that serotonin may play
a significant role in the pathophysiology of movement
disorders of basal ganglia origin. Clozapine, a prototype
atypical antipsychotic shows more affinity for 5-HT re-2

Ž .ceptors Seeman et al., 1993; Farde et al., 1994 , than for
dopamine D receptors and is associated with fewer ex-2

trapyramidal side effects than conventional antipsychotics.
More recently, ritanserin, an atypical antipsychotic that
shows 5-HT antagonistic properties along with dopamine2

D receptor antagonism, etc., was reported to produce few2
Žextrapyramidal side effects Chouinard et al., 1993;

.Peuskens, 1995 . The purposeless chewing behavior in-
duced by pilocarpine is antagonized by clozapine and
methiopin, mixed D r5-HT receptor antagonists, and by2 2

mianserine, a 5-HT receptor antagonist but not by sulpiride2

or thioridazone, suggesting that a serotonergic component
may be involved in the mediation of this behavior and in

Ž .tardive dyskinesia Stewart et al., 1988 . The presence of
5-HT receptors in the ventrolateral striatum, the internal2C

pallidum and substantia nigra pars reticulata, the regions
thought to participate in the generation of orofacial dyski-

Ž .nesias Eberle-Wang et al., 1993; Mengod et al., 1990 ,
further supports the role of 5-HT in mediating these behav-
iors.

The present study was aimed to investigate the effect of
5-HT , 5-HT receptor modulation on haloperidol-in-1A 2Ar2C

duced abnormal oral behaviors.

2. Materials and methods

2.1. Animals

Male Wistar rats, bred in the Central Animal House
facility of the Panjab University and weighing between
180 and 220 g, were used. The animals were housed under
standard laboratory conditions, maintained on a 12-h light
and dark cycle and had free access to food and water.
Animals were acclimatized to laboratory conditions before
the test. Each animal was used only one time in the
experiments. All experiments were carried out between
0900 and 1500 h. The experimental protocols were ap-
proved by the Institutional Ethics Committee and con-
ducted according to the Indian National Science Academy
Guidelines for the use and care of experimental animals.

2.2. Induction of orofacial dyskinesia

Ž .Haloperidol 1.5 mgrkg i.p. was given chronically to
rats for a period of 21 days to induce oral dyskinesia
Ž .Sasaki et al., 1995 . Chronic haloperidol-treated animals
were challenged with different drugs 24 h after the last
haloperidol injection and behavioral assessments were car-
ried out 30 min after drug challenge.

2.3. Assessment of Õacuous chewing moÕements

ŽRats were placed individually in a small 30=20=30
.cm Plexiglass cage for the assessment of vacuous chew-

ing movements. Animals were allowed 5 min to get used
to the observation cage before behavioral assessment. Vac-
uous chewing movements were counted for 5 min with the
help of a mechanical counter. Counting stopped whenever
the rat began grooming, and restarted when grooming
stopped. Three types of oral behaviors were recorded:

Žvertical jaw movements each vertical opening and closing
.of jaw is regarded as one vacuous chewing movement ,

bursts of jaw tremor and tongue protrusions. For calcula-
tion purposes, each burst of jaw tremor was regarded as

Žbeing equal to two vacuous chewing movements Gunne et
.al., 1982 . A vacuous chewing movement consisted of a

rapid movement of the jaw that resembled chewing, but
did not appear to be directed at any particular stimulus. In
all the experiments the rater was blind to the treatment
given to the rats.

2.4. Measurement of headshakes

Numbers of headshakes were counted during a 5-min
observation period with the help of a mechanical counter.
In all experiments the rater was blind to the treatment
given to the rats.

2.5. Drugs

The following drugs were used in the present study.
Ž w .Haloperidol serenace inj., Searle India, India was di-

luted with distilled water. Ritanserin was dissolved in a
few drops of HCl and the volume was made up with
distilled water. pH was adequately adjusted. Ketanserin

Žtartrate, seganserin hydrochloride, all gifts from Janssen
. ŽResearch Foundation, Belgium and 8-hydroxy-2- di-n-

. Ž . Žpropylamino tetralin 8-OH-DPAT Sigma, St. Louis,
.MO were dissolved in distilled water.

2.6. Treatment schedule

All drugs were administered intraperitonially in a con-
stant volume of 0.5 ml per 100 g of body weight of rat. In
acute studies all the drugs were administered 30 min prior
to the behavioral assessment.

2.7. Statistical analysis

One specific group of rats was assigned to one specific
drug treatment condition and each group comprised six

Ž .rats ns6 . All the values are expressed as means"
S.E.M. The data were analyzed by using analysis of

Ž .variance ANOVA followed by Dunnett’s test. In all tests,
the criterion for statistical significance was P-0.05.
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3. Results

3.1. BehaÕioral effects of chronic haloperidol treatment

ŽAnimals repeatedly treated with haloperidol for a pe-
.riod of 21 days developed profound vacuous chewing

Ž . Ž . Ž .movements F 9,50 s38.283 ns6, P-0.05 Fig. 1A
Ž . Ž .and tongue protrusions F 9,50 s70.866 ns6, P-0.05

Ž .Fig. 1B in a time-dependent fashion, showing a maxi-
mum count after 21 days. The effects persisted for more
than 40 days after treatment. Chronic haloperidol treatment
also induced headshakes in rats in a statistically significant

Ž .manner as compared to vehicle treatment F 9,50 s73.205
Ž . Ž .ns6, P-005 Fig. 1C .

3.2. Effect of single 8-OH-DPAT-, seganserin-, ketanserin-
and ritanserin on the Õarious behaÕioral parameters in
haloperidol-treated rats

ŽAcute treatment with 8-OH-DPAT 0.05, 0.1 and 0.2
.mgrkg reduced the haloperidol-induced vacuous chew-

Ž .Fig. 1. Effect of chronic haloperidol 1.5 mg.kg, i.p., for 21 days
Ž . Ž .treatment on vacuous chewing movements VCMs A , tongue protru-

Ž . Ž .sions B and head shakes C in rats. Values expressed as means"S.E.M.
) ŽP-0.05 as compared to vehicle-treated group. ANOVA followed by

.Dunnett’s test.

Fig. 2. Effect of acute treatment with 8-OH-DPAT on haloperidol-in-
Ž . Ž . Ž .duced HPD vacuous chewing movements VCMs A , tongue protru-
Ž . Ž .sions B and head shakes C in rats. All values expressed as means"

S.E.M. )P-0.05 as compared to vehicle-treated group. aP-0.05 as
Žcompared to haloperidol-treated group ANOVA followed by Dunnett’s

.test.

Ž . Ž . Žing movements F 4,25 s153.909 ns6, P-0.05 Fig.
. Ž . Ž2A , tongue protrusions F 4,25 s106.370 ns6, P-
. Ž . Ž . Ž0.05 Fig. 2B and headshakes F 4,25 s21.23 ns

. Ž .6, P-0.05 Fig. 2C in a dose-dependent manner.
Ž . ŽSeganserin 0.05, 0.1 and 0.2 mgrkg , ketanserin 0.05,

. Ž0.1 and 0.2 mgrkg and ritanserin 0.05, 0.1 and 0.2
.mgrkg dose-dependently reduced haloperidol-induced

vacuous chewing movements. A higher dose of seganserin
Ž .1 mgrkg had no effect on vacuous chewing movements,

Ž .but a higher dose of ritanserin 1 mgrkg increased the
vacuous chewing movements, even though slightly, in a

Ž . Žstatistically significant fashion F 13,70 s55.923 ns6,
.Ž .P-0.05 Fig. 3A . Seganserin, ketanserin, and ritanserin

dose-dependently reduced the chronic haloperidol-induced
Ž . Ž .tongue protrusions F 13,70 s55.835 ns6, P-0.05

Ž . Ž . ŽFig. 3B and headshakes F 13,70 s18.289 ns6, P-
.0.05 . All drugs were effective at lower doses on vacuous
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chewing movements whereas higher doses were needed for
the suppression of tongue protrusions.

3.3. Effect of chronic 5-HT receptor antagonist adminis-2

tration on haloperidol-induced Õacuous chewing moÕe-
ments, tongue protrusions, and headshakes

Haloperidol-treated animals developed significant vacu-
ous chewing movements in a time-dependent fashion,

Ž .showing a ceiling effect after 21 days Fig. 1 . Chronic
Ž . Žtreatment with seganserin 0.2 mgrkg and ketanserin 0.2

.mgrkg reduced the haloperidol-induced vacuous chewing
movements after 7, 14, and 21 days of treatment, whereas

Ž .ritanserin 0.2 mgrkg reduced vacuous chewing move-
ments after 7 days but did not have any effect after 14
days, and significantly increased the vacuous chewing

Ž . Ž .Fig. 3. Effect of acute treatment with seganserin SEG , ketanserin KET
Ž .and ritanserin RIT on haloperidol-induced vacuous chewing movements

Ž . Ž . Ž . Ž .VCMs A , tongue protrusions B and head shakes C in rats. All
values expressed as means"S.E.M. )P-0.05 as compared to vehicle-
treated group. aP-0.05 as compared to haloperidol-treated group
Ž .ANOVA followed by Dunnett’s test.

Ž .Fig. 4. Effect of chronic treatment with seganserin SEG , ketanserin
Ž . Ž . Ž .KET and ritanserin RIT on haloperidol-induced HPD vacuous chew-

Ž . Ž . Ž . Ž .ing movements VCMs A , tongue protrusions B and head shakes C
in rats. All values expressed as means"S.E.M. )P-0.05 as compared
to vehicle-treated group. aP-0.05 as compared to haloperidol-treated

Ž .group ANOVA followed by Dunnett’s test.

Ž .movements after 21 days of treatment F 19,100 s84.536
Ž . Ž . Ž .ns6, P-0.05 Fig. 4A . Both seganserin 0.2 mgrkg

Ž .and ketanserin 0.2 mgrkg reduced haloperidol-induced
tongue protrusions significantly after 7, 14, and 21 days of

Ž .treatment, whereas ritanserin 0.2 mgrkg did not have an
effect after 7 and 14 days, but it aggravated the tongue

Ž .protrusions after 21 days of treatment F 19,100 s62.375
Ž . Ž .ns6, P-0.05 Fig. 4B . Seganserin, ketanserin, and

Ž .ritanserin 0.2 mgrkg significantly reduced the haloperi-
dol-induced headshakes after 7, 14, and 21 days of treat-

Ž . Ž . Ž .ment F 19,100 s28.532 ns6, P-0.05 Fig. 4C .

4. Discussion

The results of the present study demonstrate that acute
administration of 8-OH-DPAT, a 5-HT receptor agonist,1A

dose-dependently reduced haloperidol-induced vacuous



( )P.S. Naidu, S.K. KulkarnirEuropean Journal of Pharmacology 428 2001 81–86 85

chewing movements. Both acute and chronic treatment
with seganserin, ketanserin, and ritanserin 5-HT re-2Ar2C

ceptor antagonists, reduced haloperidol-induced vacuous
chewing movements. All of the drugs reduced vacuous
chewing movements at lower doses than those needed to
reduce the number of tongue protrusions. This leads to the
speculation that these two behaviors may involve different
mechanisms.

Numerous investigations of interactions between brain
5-HT and dopamine systems, have demonstrated both co-

Žoperative Waddington and Crow, 1979; Wandenberg,
. Ž1996 and antagonistic interactions Neal-Beliveau et al.,

.1993; Kapur, 1996 . Serotonergic projections from the
dorsal raphe project directly to the substantia nigra and
negatively modulate dopamine neurons in the substantia

Ž .nigra Jacobs and Azmitia, 1992; Kelland et al., 1990 .
This inhibitory action seems to be mediated by 5-HT2Ar2C

receptors located on the somatodendritic surface of
Ž .dopamine neurons Pazos et al., 1987; Ujedo et al., 1989 .

In the present study, 8-OH-DPAT dose-dependently
reversed the haloperidol-induced vacuous chewing move-
ments. 5-HT receptor agonists are known to reverse1A

Ž .haloperidol-induced catalepsy Neal-Beliveau et al., 1993 .
However, there are no data available in the literature
regarding the effect of 8-OH-DPAT on neuroleptic-in-
duced vacuous chewing movements. 5-HT receptors are1A

known to be located both presynaptically, where they
function as somatodendritic autoreceptors, and postsynapti-
cally. Behavioral responses produced by the activation of
5-HT receptors may arise from receptors with either a1A

presynaptic or a postsynaptic localization. It was reported
that electrical stimulation of the dorsal raphe inhibited a
subpopulation of nigrostriatal neurons termed Aslow fir-
ingB neurons, because they are normally under the tonic

Žinhibitory influence of 5-HT Dray et al., 1978; Kelland et
.al., 1990 . Since 8-OH-DPAT is known to suppress the

firing rate of dorsal raphe neurons by acting at somatoden-
dritic autoreceptors and to inhibit 5-HT synthesis and
release, 8-OH-DPAT could increase the firing rate of the
Aslowly firingB dopamine neurons by releasing the tonic

Ž .inhibitory influence of 5-HT Kelland et al., 1990 . In-
creased dopamine release would then act competitively to
counteract the effects of the postsynaptic dopamine recep-
tor blockade in the striatum, which is responsible for the
development of vacuous chewing movements. 8-OH-
DPAT, acting through corticofrontal and tegmental 5-HT1A

receptors, facilitates the firing of mesocortical dopamine
neurons, which in turn inhibit corticostriatal glutamatergic

Ž .inputs Espejo and Gil, 1997 . Since vacuous chewing
movements are also thought to be mediated by striatal

Ž .glutamate receptors Jorgensen and Andreassen, 1995 , the
protective effect of 8-OH-DPAT could be related to re-
duced striatal glutamatergic activity.

Acute as well of chronic concomitant treatment with the
5-HT receptor antagonists ketanserin, seganserin and ri-2

tanserin reduced haloperidol-induced vacuous chewing

movements significantly in a dose-dependent manner, but
Ž .at a higher dose acute seganserin 1 mgrkg had no effect

on vacuous chewing movements, whereas ritanserin even
significantly increased vacuous chewing movements. Ad-
ministered chronically, a higher dose of seganserin and

Ž .ritanserin 1 mgrkg , but not of ketanserin increased
haloperidol-induced vacuous chewing movements. Ri-
tanserin is known to have dopamine D2 receptor ant-
agonistic activity along with serotonin antagonism. The
augmentation of neuroleptic-induced vacuous chewing
movements by ritanserin might be due to its dopamine
antagonistic activity, but how a higher dose of seganserin
increased vacuous chewing movements is not known, but
it might be due to a compensatory mechanism in the
serotonergic or dopaminergic system. 5-HT receptors are2C

present in the ventolateral striatum, internal pallidum, and
substantia nigra pars reticulata, and these regions are
thought to be involved in the generation of vacuous chew-
ing movements. This further supports the role of the
serotonergic system in mediating vacuous chewing move-

Ž .ments Mengod et al., 1990 . 5-HT receptor antagonists2

have been reported to increase nigrostriatal DA activity
Ž .Ujedo et al., 1989; Saller et al., 1990 . Blockade of
dopamine D receptors is thought to be responsible for2

both the antipsychotic action and the induction of detri-
mental side effects such as tardive dyskinesia. The 5-HT2

receptor antagonism reportedly compensates for the
dopamine D receptor blockade in areas responsible for2

the induction of extrapyramidal side effects, by increasing
Ž .dopamine activity within the striatum Saller et al., 1990 .

Headshake behavior in rats is thought to be mediated by
Žthe 5-HT receptor subtype Yap and Taylor, 1983; Good-2

.win and Green, 1985 . Chronic haloperidol treatment also
produced a significant number of headshakes in rats. 8-
OH-DPAT, seganserin, ketanserin, and ritanserin dose-de-
pendently decreased the number of headshakes. This fur-
ther supports the role of 5-HT receptors in the headshake2

behavior induced by chronic haloperidol treatment. The
augmented headshake behavior might be due to an in-
creased number of 5-HT receptors, because chronic treat-
ment with neuroleptics tends to increase the number of

Ž .5-HT receptor sites Dawbarn et al., 1981 .
Taken together, the results of the present study strongly

suggest the involvement of the serotonergic system, specif-
ically 5-HT and 5-HT receptors, in neuroleptic-in-1A 2Ar2C

duced vacuous chewing movements. These receptors can
serve as potential targets for the development of novel
drug candidates for the treatment of tardive dyskinesia.
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