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CHESLER, E. J. AND J. D. SALAMONE. Effects of acute and repeated clozapine injections on cholinomimetic-
induced vacuous jaw movements. PHARMACOL BIOCHEM BEHAV 54(3) 619-624, 1996. — Three studies were under-
taken to investigate the effects of the atypical neuroleptic clozapine on the vacuous jaw movements induced by cholinergic
stimulation in rats. In the first experiment, acute clozapine injections (4.0-16.0 mg/kg) produced a dose-related suppression
of the vacuous jaw movements induced by 0.4 mg/kg physostigmine. In the second experiment, acute injections of clozapine
(2.0-16.0 mg/kg) also suppressed vacuous jaw movements induced by 4.0 mg/kg pilocarpine in a dose-related manner. The
third experiment was designed to compare the effects of acute and repeated administration of 16.0 mg/kg clozapine. In this
experiment, there were three groups: one that received 4.0 mg/kg pilocarpine, a second group that received pilocarpine plus
an acute injection of 16.0 mg/kg clozapine, and a third group that received injections of 16.0 mg/kg clozapine for 14
consecutive days, including the final day in which they also were injected with pilocarpine. For the third experiment, animals
were assessed for the sedative effects of clozapine as well as vacuous jaw movements. The results indicated that either acute or
repeated injections of 16.0 mg/kg clozapine reduced vacuous jaw movements relative to rats that received pilocarpine alone,
and the two clozapine-treated groups did not differ from each other. The sedation ratings indicated that acute injections of
16.0 mg/kg clozapine produced substantial drowsiness and sedation, whereas rats that had received clozapine for 14 days did
not show substantial sedation. These results indicate that clozapine can suppress cholinomimetic-induced vacuous jaw move-
ments. The suppressive effects of clozapine on pilocarpine-induced vacuous jaw movements do not show tolerance within the
14-day period of repeated injections, whereas the sedative effects of clozapine do show tolerance. Thus, these results demon-
strate that the suppression of pilocarpine-induced vacuous jaw movements by clozapine is not merely an artifact of clozapine-
induced sedation. Because pilocarpine-induced vacuous jaw movements share some characteristics with human parkinsonian
symptoms, the present results are consistent with previous reports indicating that repeated injections of clozapine produce
anti-parkinsonian effects.
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A NUMBER of different pharmacological and neurochemical
conditions can lead to the production of vacuous jaw move-
ments in rats (4,5,18,22,40,43,44). These movements (also
known as vacuous or purposeless chewing), are characterized
by rapid vertical deflections of the lower jaw that resemble
chewing but are not directed at any stimulus. Injections of
dopamine (DA) antagonists such as haloperidol and sulpiride
have been shown to induce vacuous jaw movements (33—
35,43,44). Striatal DA depletions exacerbated haloperidol-
induced vacuous jaw movements (13), and DA depletions lo-
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calized to the ventrolateral striatum were shown to induce
vacuous jaw movements (18). As well as being related to DA
depletions and DA antagonism, substantial evidence indicates
that vacuous jaw movements are produced by muscarinic cho-
linergic stimulation. Thus, vacuous jaw movements have been
shown to be induced by a variety of muscarinic agonists
(33,39), as well as the anticholinesterase physostigmine (33).
Direct injections of physostigmine or pilocarpine into the ven-
trolateral striatum also produce vacuous jaw movements
(20,40). Although the potential clinical significance of vacu-
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ous jaw movements remains unclear (51), it has been suggested
that drug-induced perioral movements in rats may be useful as
animal models of extrapyramidal movement disorders (10,12,
18,30,35,40,43,48). Several studies have indicated that vacu-
ous jaw movements involve an interaction between acetylcho-
line and DA that is similar to the interaction shown in Parkin-
sonism (1,4,9,18,31,33,37,40,43,44). Vacuous jaw movements
induced by pharmacological depletion of DA tend to occur in
bursts, with a local frequency in the same range as Parkinso-
nian tremor [i.e., 3-7 Hz; see (17,37)].

Although several different conditions have been shown to
induce vacuous jaw movements, evidence indicates that ad-
ministration of the atypical neuroleptic clozapine fails to in-
duce vacuous jaw movements (14,19). In fact, one study has
shown that clozapine actually decreases pilocarpine-induced
vacuous jaw movements (45). The behavioral pharmacology
of clozapine has become an important area of research, be-
cause this drug has a unique biochemical, behavioral and clini-
cal profile in comparison with other antipsychotic drugs
(27,29,36,41). Clozapine is much less likely than other antipsy-
chotic drugs to induce motor side effects such as tardive dyski-
nesia or parkinsonism (29,36). Some evidence indicates that
clozapine treatment can reduce symptoms of tardive dyskine-
sia (36) and Meige syndrome (50). Recent studies also have
indicated that clozapine has antiparkinsonian effects in pa-
tients with idiopathic Parkinson’s disease (3,6,32). Therefore,
the present series of experiments was undertaken to investigate
the effects of clozapine on cholinomimetic-induced vacuous
jaw movements. In the first experiment, acute clozapine injec-
tions (4.0-16.0 mg/kg) were studied for their effects upon the
vacuous jaw movements induced by 0.4 mg/kg physostigmine.
In the second experiment, acute injections of clozapine (2.0~
16.0 mg/kg) were given to replicate the previous study indicat-
ing that clozapine could reduce pilocarpine-induced vacuous
jaw movements. The third experiment was designed to com-
pare the effects of acute and repeated administration of 16.0
mg/kg clozapine. In this experiment, there were three groups:
one that received 4.0 mg/kg pilocarpine, a second group that
received pilocarpine plus an acute injection of 16.0 mg/kg
clozapine, and a third group that received injections of 16.0
mg/kg clozapine for 14 consecutive days, including the final
day in which they also were injected with pilocarpine. The
effects of repeated clozapine were studied in the third experi-
ment because normal clinical practice involves repeated ad-
ministration of the drug. For the third experiment, animals
also were assessed for the sedative effects of clozapine, be-
cause considerable evidence indicates that sedation is a major
side effect of acute clozapine administration in humans (36),
and it is possible that clozapine-induced alterations of vacuous
jaw movements could be an artifact of the sedative effects
produced by acute clozapine injections.

METHOD
Subjects

Male Sprague-Dawley rats were obtained from Harlan
Sprague-Dawley (Indianapolis, IN). Rats were 325-450 g dur-
ing the course of the experiment, and were group housed in a
colony that was maintained at approximately 23°C. The col-
ony had a 12 L : 12 D cycle (lights on 0700 h), and all rats had
ad lib access to lab chow and water.

Drugs

Clozapine was obtained thanks to the courtesy of Sandoz
Pharmaceuticals. Pilocarpine and physostigmine were ob-
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tained from Sigma Chemical Co. A 0.3% tartaric acid vehicle
was used for dissolving clozapine, while 0.9% saline was the
vehicle for injections of pilocarpine and physostigmine. Intra-
peritoneal injections were used for all experiments. Doses of
pilocarpine and physostigmine, and the postinjection times
for behavioral observations, were selected on the basis of pre-
vious research [(5,39,40,45); also, pilot data].

Behavioral Observations

Rats were observed in 30 x 30 x 30 c¢m Plexiglas cham-
bers with a wire mesh floor that was elevated 42 cm from the
table top to allow for viewing of the rats from underneath. All
observations were conducted from 1200 to 1700 h. Vacuous
jaw movements are defined as rapid vertical deflections of the
lower jaw that resemble chewing but are not directed at any
stimulus. A blinded observer recorded each individual vertical
deflection of the jaw using a mechanical counter. In Experi-
ment 3, an observer noted the presence or absence of behav-
ioral characteristics of sedation (e.g., eyes closed, head down,
curled up in a ball, flattened posture, ataxia, problems with
limb placement, lack of alertness, general appearance of sleep-
iness). The rats were assessed according to a sedation rating
[4—awake, active: enganged in locomotion, rearing or head
movements; 3 —awake, inactive: eyes fully open, head up, no
locomotion or rearing, normal posture; 2—moderate seda-
tion: eyes partly closed, head somewhat down; 1 —heavy seda-
tion: eyes mostly closed, head mostly or entirely down, flat-
tened posture, lack of normal limb placement; 0 —asleep; see
also (38)]. Previous studies involving two observers that used
this scale have shown significant interrater reliability [Spear-
man correlation = 0.89; see (38)].

Experiments

In Experiment 1, there were four experimental conditions.
All rats (n = 6) received 0.4 mg/kg physostigmine, and the
four conditions were: physostigmine plus tartaric acid vehicle,
physostigmine plus 4.0 mg/kg clozapine, physostigmine plus
8.0 mg/kg clozapine, and physostigmine plus 16.0 mg/kg clo-
zapine. Injections of tartaric acid vehicle or clozapine were
given 50 min before behavioral testing, while injections of
physostigmine were given 10 min before behavioral testing.
Immediately after injections of physostigmine, rats were
placed into the observation chamber for a 10 min habituation
period; behavioral observations were conducted 10-15 min
after injection of physostigmine. Each rat received all four
drug treatments in a randomly varied order, with 1 week be-
tween each drug treatment.

In Experiment 2, there were five experimental conditions.
All rats (n = 5) received 4.0 mg/kg pilocarpine, and the five
conditions were: pilocarpine plus tartaric acid vehicle, pilocar-
pine plus 2.0 mg/kg clozapine, pilocarpine plus 4.0 mg/kg
clozapine, pilocarpine plus 8.0 mg/kg clozapine, and pilocar-
pine plus 16.0 mg/kg clozapine. Injections of tartaric acid
vehicle or clozapine were given 50 min before behavioral test-
ing, while injections of pilocarpine were given 10 min before
behavioral testing. Immediately after injections of pilocar-
pine, rats were placed into the observation chamber for a
10-min habituation period; behavioral observations were con-
ducted 10-15 min after injection of pilocarpine. Each rat re-
ceived all four drug treatments in a randomly varied order,
with 1 week between each drug treatment.

For Experiment 3, there were three drug treatment condi-
tions. As in Experiment 2, all rats received injections of 4.0
mg/kg pilocarpine. In Experiment 3, the rats were randomly
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assigned to one of three different drug treatment groups (n =
6 per group): one group received tartaric acid vehicle for 13
days and on the test day received tartaric acid vehicle plus
pilocarpine, a second group received tartaric acid vehicle for
13 days and received an acute injection of 16.0 mg/kg clozap-
ine on the test day followed by injection of pilocarpine, and a
third group received injections of 16.0 mg/kg clozapine for 13
consecutive days, and then on the test day they also were
injected with 16.0 mg/kg clozapine followed by pilocarpine.
Injections of tartaric acid vehicle or clozapine were given 50
min before behavioral testing, and rats were observed for the
sedative effects of clozapine in a 15-s observation period im-
mediately prior to injections of pilocarpine. Injections of pilo-
carpine were given 10 min before behavioral testing. Immedi-
ately after injections of pilocarpine, rats were placed into the
observation chamber for a 10-min habituation period; obser-
vations of vacuous jaw movements were conducted 10-15 min
after injection of pilocarpine.

Data Analyses

For Experiments 1 and 2, the effects of drug treatments on
vacuous jaw movements were assessed using repeated mea-
sures analysis of variance (ANOVA). Simple one-way ANOVA
was used in Experiment 3. In each experiment, Dunnett’s mul-
tiple comparison test was used to assess difference between
each group that received clozapine and the control group (i.e.,
the group that received physostimine or pilocarpine plus tar-
taric acid vehicle). Nonparametric analyses were used for as-
sessing the sedative effects in Experiment 3.

RESULTS

The results of Experiment 1 are shown in Fig. 1. Clozapine
produced a dose-related decrease in vacuous jaw movements
induced by physostigmine. Repeated measures ANOVA dem-
onstrated a significant effect of drug treatment, F(3, 15) =
3.58, p < 0.05. Post hoc comparisons with Dunnett’s test in-
dicated that only the 16.0 mg/kg dose of clozapine signifi-
cantly reduced vacuous jaw movements relative to the effects

CLOZAPINE AND PHYSOSTIGMINE
VACUOUS JAW MOVEMENTS
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FIG. 1. In this experiment, all rats received 0.4 mg/kg physostig-
mine. Data shown are mean (+SEM) vacuous jaw movements in-
duced by 0.4 mg/kg physostigmine plus vehicle (VEHICLE), and
physostigmine plus various doses of clozapine (*different from physo-
stigmine plus vehicle, p < 0.05).

CLOZAPINE AND PILOCARPINE
VACUOUS JAW MOVEMENTS

400 -

300

200

100

VEHICLE 2.0 4.0 8.0 16.0

DOSE CLOZAPINE (mg/kg)

FIG. 2. In this experiment, all rats received 4.0 mg/kg pilocarpine.
Data shown are mean (+SEM) vacuous jaw movements induced by
4.0 mg/kg pilocarpine plus vehicle (VEHICLE), and pilocarpine plus
various doses of clozapine (*different from pilocarpine plus vehicle, p
< 0.05).

of physostigmine alone. Figure 2 shows the results of Experi-
ment 2. Clozapine produced a dose-related decrease in vacu-
ous jaw movements induced by pilocarpine. Repeated mea-
sures ANOVA demonstrated a significant effect of drug
treatment, F(4, 16) = 4.98, p < 0.05. Post hoc comparisons
with Dunnett’s test indicated that only the 16.0 mg/kg dose of
clozapine significantly reduced vacuous jaw movements rela-
tive to the effects of pilocarpine alone.

The effects of acute and repeated daily injections of clozap-
ine on pilocarpine-induced vacuous jaw movements are shown
in Fig. 3. ANOVA demonstrated that there was a significant
overall treatment effect, F(2, 15) = 5.48, p < 0.05. Post hoc
analyses with Dunnett’s test indicated that both acute and

ACUTE AND REPEATED CLOZAPINE
VACUOUS JAW MOVEMENTS
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FIG. 3. Mean (+ SEM) vacuous jaw movements induced by acute
injections of 4.0 mg/kg pilocarpine plus vehicle (VEH + PIL), 4.0
mg/kg pilocarpine plus acute injection of 16.0 mg/kg clozapine
(ACUTE CLOZ + PIL), and 4.0 mg/kg pilocarpine plus repeated
injections of 16.0 mg/kg clozapine (REPEATED CLOZ + PIL);
*different from pilocarpine plus vehicle, p < 0.05.
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repeated treatment with clozapine resulted in a significant re-
duction in pilocarpine-induced vacuous jaw movements rela-
tive to pilocarpine alone. However, the two clozapine-treated
groups did not differ from each other as determined by the
Tukey test. The results of the sedation tests indicate that acute
injections of 16.0 mg/kg clozapine produced significant seda-
tion, whereas on the 14th day of clozapine injection there
was not a significant sedative effect. The number of rats with
sedation (i.e., sedation score = 1 or 2) was 0 out of 6 for the
group that received vehicle, 6 out of 6 of the group that re-
ceived acute clozapine, and 1 out of 6 of the group that re-
ceived repeated clozapine. Based upon the Fisher exact test,
the group that received acute clozapine differed significantly
(p < 0.05) from both the vehicle-treated group and the re-
peated clozapine group.

DISCUSSION

Clozapine produced a dose-related suppression of the vacu-
ous jaw movements induced by pilocarpine and physostig-
mine. These results are consistent with the previous report of
Stewart et al. (45), who demonstrated that clozapine injected
in doses of 1-20 mg/kg produced a dose related suppression
of vacuous jaw movements induced by pilocarpine. In that
study, it was demonstrated that other DA antagonists, includ-
ing trifluoperazine, sulpiride, SCH 23390, pimozide, and thio-
ridazine all failed to suppress pilocarpine-induced vacuous jaw
movements [but see also (23)}. The present results demonstrate
that the inhibitory effects of clozapine on vacuous jaw move-
ments are not unique to pilocarpine-induced movements; clo-
zapine can reduce the vacuous jaw movements induced by
cholinesterase inhibition as well as direct stimulation of mus-
carinic receptors. In addition, the results of Experiment 3
demonstrate that repeated as well as acute administration of
clozapine can suppress pilocarpine-induced vacuous jaw move-
ments. One of the major reasons for undertaking Experiment
3 was to determine if clozapine-induced suppression of vacu-
ous jaw movements showed rapid tolerance. Some of the be-
havioral effects of clozapine, such as the suppression of lever
pressing, do, in fact, show relatively rapid tolerance (52). In a
recent study, it was shown that 6.0 mg/kg clozapine sup-
pressed lever pressing substantially in the first few days of
administration, but showed rapid tolerance within the 14-day
repeated injection period (38). In that study, it also was dem-
onstrated that clozapine produced significant sedative effects
in the first 10 days of administration, but this effect, like
suppression of lever pressing, showed substantial tolerance.
Clozapine is known to produce substantial sedative effects in
humans, and sedation has been reported to be the most com-
mon side effect of clozapine (7,36). Like the sedative effects
in rats, clozapine-induced sedation in psychotic patients gener-
ally shows relatively rapid tolerance (24,25). The sedative ef-
fects of clozapine in rats involve a general appearance of sleep-
iness (i.e., head down, flat posture, eyes closed), as well as
ataxia and problems with limb placement; these effects are
distinct from the extrapyramidal motor effects ususally pro-
duced by typical antipsychotic drugs such as haloperidol [see
also (21,38)]. The results of Experiment 3 indicate that acute
administration of 16.0 mg/kg clozapine produced substantial
sedation, but by the 14th day of injection these effects were
significantly reduced. It was noted by the observer that during
the vacuous jaw movement tests, the rats that received acute
clozapine and pilocarpine had their heads down, whereas the
rats that received repeated clozapine and pilocarpine did not
have their heads down. Thus, the results of Experiment 3
demonstrate that the sedative effect of clozapine shows rela-
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tively rapid tolerance, whereas clozapine-induced suppression
of pilocarpine-induced vacuous jaw movements shows no
signs of tolerance within the 14-day injection period. These
results demonstrate that the suppression of pilocarpine-in-
duced vacuous jaw movements by clozapine is not merely an
artifact of clozapine-induced sedation.

As noted above, clozapine has a unique profile of motor
effects compared to the typical antipsychotic drugs. Typical
antipsychotic DA antagonists produce motor side effects such
as parkinsonism, dystonia and tardive dyskinesia (26,28,49).
In constrast, clozapine has little or no propensity for produc-
ing these motor effects (29,36). Some reports indicate that
clozapine can actually improve motor function in Parkinson’s
disease patients (3,6,32). Administration of clozapine for 1
month reduced global parkinsonian scores in patients with
idiopathic Parkinson’s disease (3). Clozapine also has been
reported to have some beneficial effects on Parkinsonian
tremor (11,32). These reports of antiparkinsonian effects of
clozapine are particularly interesting in view of the potential
clinical significance of vacuous jaw movements in rats. It has
been suggested that vacuous jaw movements in rats share
characteristics with human Parkinsonian symptoms (5,17,
36,39,42). Human Parkinsonism, like vacuous jaw move-
ments, can be produced or exacerbated by cholinomimetic
drugs (9,15,31). Thus, the ability of clozapine to reduce pilo-
carpine-induced vacuous jaw movements in rats may be re-
lated to the anti-Parkinsonian effects of clozapine. This would
suggest that the ability of drugs to reduce pilocarpine-induced
vacuous jaw movements could be used as a behavioral test for
the anti-parkinsonian actions of novel clozapine-like antipsy-
chotic drugs.

The neurochemical basis of clozapine’s effects on vacuous
jaw movements is unclear. Future research involving acute
and long-term administration of clozapine could be useful for
understanding the neurochemical properties of this drug. In
addition to having DA antagonist effects, clozapine is known
to have a variety of other neurochemical actions, including
both muscarinic and serotonergic antagonism (27,42). These
muscarinic and serotonergic effects of clozapine may contrib-
ute to the ability of clozapine to reduce pilocarpine-induced
vacuous jaw movements. Muscarinic antagonists reduced the
vacuous jaw movements induced by systemic or intrastriatal
injections of pilocarpine (33,39,40) and physostigmine (20,
33), as well as those movements induced by DA antagonists
(33,43), and pharmacological depletion of DA (36). Evidence
also indicates that serotonin is involved in vacuous jaw move-
ments. The serotonin agonist m-chlorophenylpiperazine in-
duces vacuous jaw movements in rats (22,46), and this effect
was antagonized by the serotonin antagonists methiothepin
and minanserin, as well as the muscarinic antagonists benz-
hexol and scopolamine (46). Pilocarpine-induced vacuous jaw
movements were shown to be reduced by depletion of seroto-
nin (47). Thus, clozapine has two actions, muscarinic antago-
nism and serotonin antagonism, each of which has been
shown to reduce vacuous jaw movements. As well as being
involved in the generation of vacuous jaw movements in rats,
DA, acetylcholine, and serotonin mechanisms are potentially
important for motor syndromes related to basal ganglia dys-
function in humans. Muscarinic antagonism is a common
treatment for Parkinsonian symptoms (26,27), and the seroto-
nin antagonist ritanserin has demonstrated some anti-
Parkinsonian effects (15). For some time it has been suggested
that acetylcholine/DA interactions are important for motor
control (2,9,37,42,43). More recently, serotonin/DA interac-
tions have been emphasized (8,22,27,29). The unique ability
of clozapine to produce little in the way of extrapyramidal
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motor effects, and to possess some degree of anti-Park-
insonian activity may, in fact, be related to a three-way inter-
action between the dopaminergic, muscarinic and serotonergic
effects of this important drug.

20.
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