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Short communication

Reserpine does not induce orofacial dyskinesia in spontaneously
hypertensive rats
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Abstract

The nigrostriatal dopaminergic system seems to be involved in both reserpine-induced orofacial dyskinesia in normal rats and in the
Žpathogenesis of hypertension in spontaneously hypertensive rats. In the present study, repeated reserpine administration 1.0 mgrkg, s.c.,

.every other day, for 3 days increased tongue protrusion and vacuous chewing frequencies as well as the duration of facial twitching in
Wistar normotensive but not in spontaneously hypertensive rats. These results suggest that genetic hypertension and drug-induced
orofacial movements may be inversely modulated by similar mechanisms in the nigrostriatal dopaminergic system. q 1998 Elsevier
Science B.V. All rights reserved.
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1. Introduction

Tardive dyskinesia is a syndrome characterized by
repetitive involuntary movements, usually involving mouth,
face and tongue and sometimes limb and trunk muscula-
ture. The syndrome is considered to be an adverse effect of
prolonged administration of antipsychotic drugs. It usually
persists for months after the neuroleptic has been stopped

Ž .and may be irreversible Kane, 1995 . Recently, Neisewan-
Ž .der et al. 1994 have suggested that reserpine-induced oral

dyskinesia may provide a new animal model of tardive
dyskinesia. Rats treated with this monoamine-depleting
agent for at least 3 days develop orofacial dyskinesia
characterized by twitching of the facial musculature, vacu-

Žous chewing movements and tongue protrusion Neise-
wander et al., 1991a,b, 1994, 1996; Vital et al., 1997;

.Bergamo et al., 1997 . In this regard, although reserpine is
not classified as a neuroleptic, it has been used as an
antipsychotic agent and has been associated with the devel-

Žopment of tardive dyskinesia see Uhrbrand and Faurbye,
.1960 . This reserpine-induced orofacial dyskinesia in rats

has also other features that are consistent with tardive
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dyskinesia, including persistence following termination of
administration and dose-dependent blockade by a dopamine

Ž .D receptor antagonist Neisewander et al., 1991a,b . Fur-2

thermore, whereas the orofacial dyskinesia is of insidious
onset at low doses of reserpine, the response develops very
rapidly at high doses, a fact offering an outstanding
methodological advantage over long-term neuroleptic ad-
ministration. Finally, consistent to the clinical situation
Ž .Wolfarth and Ossowska, 1989 , we have recently verified
that in old rats, the persistence of reserpine-induced orofa-
cial dyskinesia was increased when compared to adult

Ž .animals Bergamo et al., 1997 .
Besides being attenuated by a dopamine D receptor2

Ž .antagonist Neisewander et al., 1991b , reserpine-induced
orofacial dyskinesia is reversed by nigrostriatal 6-hydroxy-
dopamine lesions and exacerbated by acute administration

Ž .of amphetamine Neisewander et al., 1996 . These findings
suggest that residual endogenous dopamine in the nigros-
triatal system may play a crucial role in this orofacial
syndrome. In this respect, several lines of evidence support
the notion of an altered function of the nigrostriatal
dopaminergic system in spontaneously hypertensive rats,
which seems to be involved in the pathogenesis of hyper-
tension in that model. For example, while brain dopamine
depletion by lesion in the nigrostriatal dopamine system
attenuates the development of hypertension in the sponta-
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Žneously hypertensive rat Van den Buuse et al., 1986;
.Linthorst et al., 1994 , in vitro autoradiography studies

have shown that the amounts of striatal dopamine D1
Ž .receptors Kirouac and Ganguly, 1993 as well as of the

Ž .dopamine transporter Watanabe et al., 1997 are increased
in spontaneously hypertensive rats at both pre- and posthy-
pertensive stages.

This study was undertaken to compare the orofacial
movements of spontaneously hypertensive rats with those

Žof normotensive Wistar EPM-1 rats derived from a local
.Wistar strain , after repeated reserpine administration.

2. Materials and methods

2.1. Subjects

Five-month old Wistar EPM-1 and spontaneously hy-
pertensive rats were used. Groups of six animals were kept
in Plexiglass cages with free access to food and water in a

Ž .room with controlled temperature 22"18C and in 12 h
lightrdark cycle with lights on at 7:00 AM. Blood pres-
sures of spontaneously hypertensive rats were hypertensive

Ž .at the time of experiment 200–235 mmHg . The animals
were maintained and used in accordance to the guidelines
of the Committee on Care and Use of Experimental Ani-
mal Resources, School of Veterinary Medicine and Animal
Science of the University of Sao Paulo, Brazil.˜

2.2. Drugs

Ž .Reserpine RBI was dissolved in glacial acetic acid and
then diluted in distilled water. Vehicle consisted of the
same amount of acetic acid and water as in the reserpine
solution. Both reserpine and control solutions were admin-
istered in the volume of 1.0 mlrkg body weight.

2.3. Experimental procedure

Twenty Wistar EPM-1 and 20 spontaneously hyperten-
sive rats were randomly divided into two groups of 10
animals each, respectively, which received a total of two
administrations of 1.0 mgrkg reserpine or vehicle given
s.c. every other day. Animals were observed for quantifica-
tion of orofacial dyskinesia 24 h after the second injection
of reserpine or vehicle.

2.4. BehaÕioral testing

To quantify the occurrence of orofacial dyskinesia,
hand operated counters were employed to score tongue
protrusion and vacuous chewing frequencies and stop-
watches were employed to score the duration of twitching
of the facial musculature. In the present study, vacuous
chewing movements are referred to as single mouth open-
ings in the vertical plane not directed towards physical

material. If tongue protrusion, vacuous chewing, or twitch-
ing of the facial musculature occurred during a period of
grooming they were not taken into account. The behavioral

ŽFig. 1. Effects of repeated administration of reserpine RES, 1.0 mgrkg,
. Ž .s.c., every other day, for 3 days or vehicle VEH on reserpine-induced

tongue protrusion and vacuous chewing frequencies and duration of
Ž .twitching of the facial musculature in spontaneously hypertensive SHR

Ž .or normotensive Wistar EPM-1 rats. Data mean"SEM, ns10 were
analyzed by the two-way analysis of variance followed by the Student–
Newman–Keuls. ) P -0.05 compared to the respective vehicle-treated
strain, wP -0.05 compared to reserpine- and vehicle-treated SHR.
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parameters of orofacial dyskinesia were measured continu-
ously for 15 min. During the observation sessions, mirrors
were placed under the floor and behind the backwall of the
experimental cage to permit observation when the animal
was faced away from the observer. The behavioral tests
were always conducted blind.

2.5. Statistical analysis

The data were analyzed by two-way analysis of vari-
ance followed by the Student–Newman–Keuls test. A
probability of P-0.05 was considered to show significant
differences for all comparisons made.

3. Results

Two-way analysis of variance for tongue protrusion,
vacuous chewing and facial twitching revealed significant

Ž Ž .drug F 1,36 s6.03, 7.53 and 11.46, respectively, P-
. Ž Ž .0.05 and drug vs. strain interaction F 1,36 s5.57, 7.50

.and 15.36, respectively, P-0.05 effects. As depicted in
Fig. 1, post-hoc analysis revealed that repeated administra-
tion of reserpine to normotensive Wistar EPM-1 rats in-
creased tongue protrusion and vacuous chewing frequen-
cies, as well as the duration of twitching of the facial
musculature when compared to the respective saline-treated
animals. However, there were no differences in the orofa-
cial parameters between reserpine- and saline-treated spon-
taneously hypertensive rats. In addition, whereas
reserpine-treated spontaneously hypertensive rats showed
significant decreases in the three orofacial parameters when
compared to reserpine-treated Wistar EPM-1 rats, there
were no differences between saline-treated Wistar EPM-1
and spontaneously hypertensive rats.

4. Discussion

The present study demonstrates that as opposed to
normotensive Wistar EPM-1 animals, spontaneously hy-
pertensive rats were not able to develop orofacial dyskine-
sia after repeated treatment with reserpine.

As mentioned earlier, there is convincing evidence that
stimulation of dopamine receptors by residual endogenous
dopamine in the nigrostriatal system plays a fundamental

Žrole in reserpine-induced orofacial syndrome Neisewander
.et al., 1996 . In this respect, there is growing evidence that

striatal dopamine D andror D receptors as well as1 2

dopamine transporter densities and tyrosine hydroxylase
activity are increased in spontaneously hypertensive rats
when compared to different normotensive rat strains
ŽNagaoka and Lovenberg, 1977; Lim et al., 1989; Kujirai
et al., 1990; Kirouac and Ganguly, 1993; Watanabe et al.,

.1997; but see Linthorst et al., 1993 . However, in spite of
these enhanced biochemical dopaminergic parameters, ve-

hicle-treated spontaneously hypertensive rats did not show
increased spontaneous basal orofacial movements when
compared to normotensive Wistar EPM-1 rats. In line with

Ž .this finding, Neisewander et al. 1996 verified that normal
rats treated with amphetamine do not exhibit a reserpine-
like orofacial dyskinesia. These data suggest that a quanti-
tative increase in nigrostriatal dopaminergic transmission
is not a sufficient phenomenon to produce orofacial dyski-
nesia. In further support of this assumption, although
repeated treatment with reserpine produces an up-regu-
lation of both striatal dopamine D and D receptors1 2
Ž .Neisewander et al., 1991a , different lines of evidence
suggest that this phenomenon is not directly related to the
orofacial syndrome. First, the increase in the striatal
dopamine D receptor density is not correlated with the1

Žpersistence of the oral dyskinesia Neisewander et al.,
.1991a . Second, whereas reserpine-induced oral dyskinesia

Ž .is more persistent in old rats Bergamo et al., 1997 , it is
well known that the number of striatal dopamine D2

Žreceptors declines linearly with age in rodents Wolfarth
.and Ossowska, 1989 .

Taken together, the findings described above suggest
Žthat dopamine depletion may cause qualitative in addition

.to quantitative changes in nigrostriatal postsynaptic recep-
tor mechanisms, resulting in altered responses to residual
endogenous dopamine, including orofacial dyskinesia. The
present data suggest that these hypothetical reserpine-in-
duced qualitative changes in postsynaptic mechanisms
would be absent in spontaneously hypertensive rats. Within
this context, whereas a modification of the dopamine D2

receptor supersensitivity hypothesis for tardive dyskinesia
suggests that it develops from an imbalance between
dopamine D and D receptor-mediated effects in the basal1 2

Ž .ganglia see Peacock and Gerlach, 1997 , LaHoste and
Ž .Marshall 1992 have demonstrated that reserpine adminis-

tration can produce a dopamine receptor supersensitivity
that is independent of dopamine D and D receptor1 2

density and that is associated with a breakdown in D rD1 2

synergism. Interestingly, selective agonists of dopamine
D -like and D -like receptors have been reported to pro-1 2

duce behavioral effects in spontaneously hypertensive rats
that were quantitatively and qualitatively different from

Žthose produced in normotensive controls Linthorst et al.,
.1992; Van den Buuse et al., 1992 . Clearly, however, more

extensive experimentation is necessary to characterize
dopamine D rD receptor synergism in spontaneously1 2

hypertensive rats.
Irrespective from the exact mechanism by which abnor-

mal dopaminergic nigrostriatal function avoid reserpine-in-
duced orofacial dyskinesia in spontaneously hypertensive
rats, this abnormality could also be related to the develop-
ment of hypertension. Indeed, chemical or electrolytic
lesions of the nigrostriatal dopaminergic system in sponta-
neously hypertensive rats during the pre-hypertensive stage

Žattenuate the development of hypertension Van den Buuse
.et al., 1986; Linthorst et al., 1994 . In this regard, although
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clinical interpretations from animal models must always be
made with caution, it is tempting to speculate if the present
findings may be related to the fact that reports of reser-
pine-induced tardive dyskinesia in hypertensive patients
are exceedingly rare in literature. Indeed, since dose is not
a strong risk factor for drug-induced tardive dyskinesia
Ž .Gardos and Cole, 1997 a much greater incidence of the
syndrome in reserpine-treated hypertensive patients should
be expected.
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