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Abstract. The present series of experiments was conducted 
to investigate the vacuous jaw movements induced by 
sub-chronic administration of haloperidol (HP). In the 
first experiment, daily injection of 0.4 mg/kg HP for 10 
days increased vacuous jaw movements and decreased 
rearing behavior. The second and third experiments in- 
vestigated the interaction between the effects of HP and 
the anticholinergic drug scopolamine. Co-administration 
of 0.5 mg/kg scopolamine with 0.4 mg/kg HP for 9 days 
reduced vacuous jaw movements and increased rearing 
responses relative to rats that received HP alone. Co- 
administration of HP with 0.25 mg/kg scopolamine for 9 
days increased rearing relative to rats that received HP 
alone, but there was no effect of the lower dose of scopola- 
mine on vacuous jaw movements. Administration of 
0.5 mg/kg scopolamine plus 0.4 mg/kg HP on days 11-14 
to rats that had received HP alone for 10 days reversed the 
effect of HP on rearing, but not on vacuous jaw move- 
ments. Rats that had received HP plus scopolamine for 10 
days showed dramatic increases in vacuous jaw move- 
ments when scopolamine was withdrawn. Because vac- 
uous jaw movements are produced within the first few 
days of administration, reduced by administration of sco- 
polamine, and exacerbated by withdrawal of scopolamine, 
the pharmacological characteristics of these movements 
do not appear to bear a close relation to those of tardive 
dyskinesia in humans. The present results are consistent 
with the hypothesis that vacuous jaw movements in rats 
share some characteristics with Parkinsonian symptoms. 
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Administration of DA antagonists or cholinomimetic 
drugs induces a syndrome of orofacial movements in rats 

Correspondence to. J.D. Salamone 

(Iversen et al. 1980; Rupniak et al. 1983, 1985; Salamone 
et al. 1986, 1990 Ellison et al. 1987). The most frequent 
movement produced is a rapid chewing-like movement 
that is not directed at any particular stimulus (Rupniak 
et al. 1983; Salamone et al. 1986), and which is referred to 
in the literature as "vacuous" chewing or vacuous jaw 
movements (Jicha and Salamone 1991). The jaw move- 
ments produced by DA antagonists and cholinomimetics 
typically occur in bursts, with a high frequency of move- 
ment within each burst (Rupniak et al. 1983; Salamone et 
al. 1986, 1990; Kelley et al. 1989). The pharmacology of 
vacuous jaw movements involves an interaction between 
DA and acetylcholine (ACh) systems similar to that impli- 
cated in other aspects of motor control, including Parkin- 
sonism and other movement disorders (Duvoisin 1967; 
Arnfred and Randrup 1968; Cools et al. 1975; Rupniak 
et al. 1986). Vacuous jaw movements induced by chronic 
administration of DA antagonists were attenuated by 
anticholinergic drugs and exacerbated by cholinomimetic 
drugs (Rupniak et al. 1983, 1985). 

Most studies of neuroleptic-induced oral movements 
or vacuous chewing have involved the use of chronic 
neuroleptic treatment (Iversen et al. 1980; Rupniak et al. 
1983; Waddington et al. 1983; Johansson et al. 1986; 
Ellison et al. 1987; Waddington and Molloy 1987; See 
et al. 1988; Ellison and See 1989; Stoessl et al. 1989). 
Nobrega et al. (1989) suggested that neuroleptic-induced 
changes in oral behavior are usually only seen with 
chronic administration. Ellison et al. (1987) used a video 
system to study vertical jaw movements in rats, and 
reported that acute administration of haloperidol (HP) 
did not induce jaw movements. Gunne et al. (1986) ob- 
served that several antipsychotic drugs failed to produce 
spontaneous chewing movements in the first few hours 
after acute administration. However, in some studies vac- 
uous jaw movements have been reported to occur after 
acute or sub-chronic administration of neuroleptics 
(Glassman and Glassman 1980; Rosengarten et al. 1983; 
Rupniak et al. 1985, 1986). In discussing the possible 
relation between vacuous chewing and tardive dyskinesia, 
Waddington (t990, p 439) has noted that "the greatest 
problems of interpretation are provided by those studies 
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which have reported the emergence of orofacial move- 
ments very early in the course of neuroleptic treatment". 

The present studies were undertaken to investigate 
further the effects of acute and sub-chronic administration 
of HP on vacuous jaw movements (see below for descrip- 
tion of movements). The first experiment examined the 
emergence of HP-induced jaw movements within the first 
10 clays of repeated administration. In the second experi- 
ment, the interaction between acute HP and the mus- 
carinic antagonist scopolamine was studied in order to 
determine if repeated administration of scopolamine 
could reverse the effects of H P on vacuous jaw movements 
produced by sub-chronic HP. The third experiment in- 
vestigated the effects of withdrawal of scopolamine from 
rats that had received HP and scopolamine. The fourth 
and fifth experiments examined the effects of scopolamine 
alone and withdrawal from repeated scopolamine injec- 
tion. There are several types of orofacial movement in rats 
that can occur with administration of DA antagonists or 
cholinomimetics (Rupniak et al. 1983; Salamone et al. 
1986, 1990; see review by Waddington 1990). In the 
present study we restricted ourselves to vertical deflection 
of the lower jaw. 

Materials and methods 

Subjects. A total of 88 male Sprague-Dawley rats weighing between 
350 and 450 gm at the start of each experiment were obtained from 
Harlan Sprague Dawley. All rats were housed individually in a 
colony room with a constant temperature of 72°F and a 12-h 
light/dark cycle (lights on at 0700 hours). 

Dru,qs. All drugs used in these experiments were obtained fl'om 
Sigma Chemical Company, and were dissolved in a 0.3% tartaric 
acid solution. 

Behavioral observations. These experiments used a Plexiglas obser- 
vation chamber (I2" x 12" x 12"). The observation chambers were 
elevated 10 inches from the observation table to allow for a view 
from underneath as well as from the sides, For all experiments 
electromechanicat counters were used to record the frequency of 
vacuous jaw movements and rearing. Vacuous jaw movements were 
defined as a rapid vertical movement of the lower jaw that resembles 
chewing, but was not directed at any stimulus (measured as each 
individual vertical deflection of the jaw). This movement is different 
from "'gaping", which is slower and involves a much wider opening 
of the mouth (Rupniak et al. 1983; Salamone et al. 1986, 1990). There 
is no general agreement about the definition of all neuroleptic- 
induced orofacial movements in rats, and several types of move- 
ments have been reported (see Waddington 1990). The present 
studies were restricted to vertical jaw movements because these 
movements were readily observable, and inter-rater reliability 
greater than 90% could be achieved in observations of these move- 

ments. Several other studies have employed similar definitions of 
"vacuous chewing" movements in rats (Salamone et al. 1986, 1990). 
Rearing was defined as the rat elevating the front part of its body, yet 
not being engaged in grooming behavior (measured as each indi- 
vidual rear). For experiments 2 and 3 the counters were connected to 
an event recorder, which produced a record of the temporal se- 
quence of the behaviors. 

General procedure and experiments. Prior to the start of each experi- 
ment, all rats received 2 days of habituation in the observation 
chamber for 30 min. All injections were intraperitoneal (IP), and 
were made between 1300 hours and 1700 hours. For all experiments, 
rats were observed in 10-min sessions 50-60 rain after injection. The 
observer was unaware of the particular experimental condition of 
the rat being observed. 

In experiment 1, rats received daily injections over a 10-day 
period of either 0.4 mg/kg t tP (n = 8) or 0.1 mg/kg 0.3% tartaric 
acid vehicle solution (n = 8). During the 10-min observation period, 
an observer blind to the experimental conditions observed and 
recorded vacuous jaw movements and rearing. In experiment 2, rats 
received daily injections over a 9-day period of 0.4 mg/kg HP (group 
HP; n = 16), 0.4 mg/kg HP with 0.25 mg/kg scopolamine (group 
LOWSCOP; n = 16), or 0.4 mg/kg HP with 0.5 mg/kg scopolamine 
(group HIGHSCOP; n = 16). Behaviors were recorded as described 
above, with the inclusion of an event recording. All rats received 
their respective drug treatments on day 10, but no observations were 
conducted. Then these same rats were used for experiment 3, which 
represents a continuation of various drug treatments into the period 
l 1-14 days after initial treatment. There were six treatment groups 
in experiment 3 (n = 8 per group), in which each of the three groups 
from experiment 2 were split into two groups (see "Fable 1). Group 
HP received 14 consecutive days of 0.4 mg/kg HP. Group LAT- 
ESCOP received 0.4 haloperidoI for days 1-10, with coadministra- 
tion of 0.5 mg/kg scopolamine with HP on days 11-14. Group 
LOWSCOP received 14 consecutive days of coadministration of 
0.4 mg/kg haloperidol with 0.25 mg/kg scopolamine. Rats in group 
LOWOFF (n = 8) were co-administered 0.4mg/kg HP with 
0.25 mg/kg scopolamine for days 1-10, but on days 11--14 received 
0.4 mg/kg HP alone. Group HIGHSCOP received 14 straight days 
of coadministration of 0.4 mg/kg haloperidol with 0.5 mg/kg scopol- 
amine. Rats in group H I G H O F F  (n = 8) were co-administered 
0.4 mg/kg HP with 0.5 mg/kg scopolamine for days 1---10, but on 
days 11-t4 received 0.4mg/kg HP alone. In experiment 4, rats 
received daily injections over a 9-day period of either vehicle (n = 8) 
or 0.5 mg/kg scopolamine (n = 16). All rats received their respective 
drug treatments on day 10, but no observations were conducted. 
Then these same rats were used for experiment 5, which represents a 
continuation of various drug treatments into the period 11-14 days 
alter initial treatment. There were three treatment groups in experi- 
ment 5 (n = 8 per group). The vehicle group continued to receive 
vehicle, but the scopolamine group from experiment 4 was split into 
two groups, one of which continued on scopolamine while the other 
was switched to vehicle. 

Data analyses. All data from these studies were log transformed and 
analyzed using analysis of variance (ANOVA). Experiment 1 was 
analyzed using factorial ANOVA with repeated measures on the 
days variable. In experiments 2 and 4, total number of vacuous jaw 

Table 1. Drug treatments used in experiment 3 

Group Treatment days 1-t0 Treatment days 11 14 

HP 0.4 mg/kg HP 0.4 mg/kg HP 
LATESCOP 0A mg/kg HP HP plus 0.5 mg/kg scop 
LOWSCOP t tP plus 0.25 mg/kg scop HP plus 0.25 mg/kg scop 
LOWOFF HP plus 0.25 mg/kg scop 0.4 mg/kg HP 
HIGHSCOP HP plus 0.5 mg/kg scop HP plus 0.5 mg/kg scop 
H I G H O F F  HP plus 0.5 mg/kg scop 0.4 mg/kg HP 



movements and total number of rears were collapsed into three 3- 
day blocks, and analyzed with factorial ANOVA with repeated 
measures on the days variable. Planned comparisons (Keppel 1982, 
pp 106-124) were conducted between each group that received 
scopolamine and th e rats that received HP alone, using the error 
term from the overall ANOVA. In experiments 3 and 5, total jaw 
movements and total rears from the 1t-14 day period were col- 
lapsed into one 4-day block and analyzed with simple ANOVA. In 
experiment 3 five planned comparisons were conducted (HP versus 
LATESCOP, LOWSCOP versus LOWOFF, HIGHSCOP versus 
HIGHOFF, HP versus LOWOFF, and HP versus HIGHOFF). In 
all experiments, the number of planned comparisons was restricted 
to the number of groups minus one (see Keppel 1982). 

For experiments 2 and 3, four additional measures of vacuous 
jaw movement (other than total number) were obtained by exam- 
ination of the event records: 1) the number of single jaw movements 
that were not within 2 s of another jaw movement; 2) the total 
number of bursts of vacuous jaw movements, with a "burst" being 
defined as a period of successive jaw movements that were within 2 s 
of each other; 3) the average burst size of the jaw movements, which 
was calculated by dividing the total number of vacuous jaw move- 
ments within bursts by the number of bursts. Data for these para- 
meters were calculated for the whole 1-9-day period in experiment 2, 
and the whole ll-14-day period for experiment 3, and simple 
ANOVA was peffbrmed on each of these data sets. 

Results 

Experiment I: effects of sub-chronic haloperidol 
on vacuous jaw movements 

The effect of  H P  on vacuous jaw movements  are presented 
in Fig. 1. A N O V A  revealed a significant effect for drug 
treatment on vacuous jaw movements  IF( l ,  14) 
= 110.9, P < 0.001]. There was no significant effect for 
days IF(9, 126) = 1.15, P > 0.05] and there was no signif- 
icant interaction [F(9, 126) = 1.7, P > 0.05]. H P  pro- 
duced a significant decrease in rearing IF( l ,  14) 
= 74.6, P < 0.00t]. The effect of  H P  on rearing is pre- 
sented in Fig. 2. There was a significant effect of  rearing 
across days IF(9, 126)=  2.33, P < 0.05], but the day X 
drug treatment interaction was not  significant IF(9, 126) 
= 1.83, P < 0.05]. 

Experiment 2." effects of co-administration 
of scopolamine on hatoperidol-induced 
vacuous jaw movements 

The raw data  for the effects of  drug on the total number  of  
chews combined in 3-day intervals is presented in Fig. 3. 
A N O V A  revealed a significant effect for drug treatment 
IF(2, 45) = 4.53, P < 0.05] and a significant effect for days 
IF(2, 90) = 6.96, P < 0.01]. The interaction was not sig- 
nificant IF(4, 90) = 1.45, P > 0.1]. Planned comparisons  
indicated that  the high dose of scopolamine significantly 
reduced vacuous jaw movements  [F(1,45 = 8.28, 
P < 0.01] but that  the low dose did not  IF(l ,  45 = 0.45, 
n.s.]. In addition, planned comparisons revealed that the 
overall number  of  jaw movements  across all groups was 
significantly lower in the l - 3 -da y  period than it was in the 
4 6-day  period IF( l ,  90) = 9.8, P < 0.05] and in the 7-9- 
day period IF( l ,  90) = 11.03, P < 0.01]. 
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Fig. 1. Mean ( _+ SEM) total number of vacuous jaw movements 
after injection of 0.4 mg/kg HP or vehicle for 10 days. ( I )  Saline; (N) 
0.4 HP 
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Fig. 2. Mean (+_ SEM) total number of rearing responses after 
injection of 0.4 mg/kg HP or vehicle for 10 days. ( I )  Saline; (N) 
0.4 HP 
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Fig. 3. Mean ( +_ SEM) total number of vacuous jaw movements 
after injection of 0.4 mg/kg HP, 0.4 mg/kg HP plus 0.25 mg/kg 
scopolamine, and 0.4 mg/kg HP plus 0.5 mg/kg scopolamine for 
9 days (in three 3-day blocks). ( I )  HP; (~) LOWSCOP; (N) 
HIGHSCOP 

The results of  analyses of various parameters of vac- 
uous jaw movement  are shown in Table 2, which repre- 
sents data  from the entire 9-day period. There was no 
significant effect of scopolamine on number  of  single jaw 
movements  [F(2, 4 5 ) =  1.45, n.s.]. Analyses of data on 
average burst size indicates that there was an overall 
t reatment effect IF(2, 45) = 7.4, P < 0.05]. Planned com- 
parisons revealed that the higher dose of scopolamine did 
not  affect average burst size, but  rats that  received 
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Table 2. Analysis of the pattern of vacuous jaw movements from 
the event records in experiment 2 

Group Pattern type 

Single jaw Average Number 
movements burst size of bursts 

HP Mean 55.9 2.7 49.2 
(SEM) (6.2) (0.09) (6,8) 

LOWSCOP Mean 64.4 4.6 26,0 
(SEM) (8.1) (0.54) (3,4) 

HIGHSCOP Mean 49,4 3.5 18.9 
(SEM) (3.8) (0.20) (2.6) 
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Fig. 5. Mean ( __+ SEM) total number of vacuous jaw movements 
observed in days 11-14 (experiment 3) for all six groups 
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Fig. 4. Mean ( + SEM) total number of rearing responses after 
injection of 0.4 mg/kg HP, 0.4 mg/kg HP plus 0.25 mg/kg scopola- 
mine, and 0.4 mg/kg HP plus 0.5 mg/kg scopolamine for 9 days (in 
three 3-day blocks), (11) HP; (N) LOWSCOP; (t1~) HIGHSCOP 
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Fig. 6. Vacuous chewing data from an individual rat that received 
HP plus 0.5 mg/kg scopolamine on days l d0  (experiment 2), and 
received HP alone on days 11-14 in experiment 3 (arrow). (-e-) 
Rat 121 

0.25 mg/kg scopolamine showed a significant increase in 
average burst size compared to rats treated with HP  alone 
[F(1,45) = 14.58, P < 0.01]. Scopolamine significantly 
reduced the total number of bursts of jaw movement 
[F(2, 45) = 11.8, P < 0.01]. 

When rears were combined into 3-day blocks (Fig. 4), 
ANOVA revealed a significant overall difference between 
drug treatments for rearing IF(2, 45) = 12.93, P < 0.01], 
but not across days [F(2, 90 )=  1.34, P < 0.01], and no 
significant interaction. Planned comparisons revealed that 
there was a significant difference between the HP and 
H I G H S C O P  groups IF(l ,  45) = 23.7, P < 0.01] and a 
significant difference between the HP  and L O W S C O P  
groups IF(l ,  45 = 13.8, P < 0.01]. 

Experiment 3: effects of delayed introduction 
and withdrawal of scopolamine 

For all six treatment groups, vacuous jaw movements 
were collapsed across subjects for days 11 through 14. 
These data on total number of jaw movements are pre- 
sented in Fig. 5. ANOVA revealed a significant overall 
effect for drug treatment IF(5, 47) = 4.48, P < 0.01]. Plan- 
ned comparisons indicated that there was no significant 
difference between the H P  group and the LATESCOP 
group IF(I ,  47 )=  1.66, P > 0.05]. There were significant 
differences between L O W S C O P  AND L O W O F F  

IF(l ,  47) = 7.76, P < 0.05], H I G H S C O P  and H I G H O F F  
IF(l ,  47) = 12.03, P < 0.01], HP  and L O W O F F  IF(l ,  47 
= 7.27, P < 0.05] and HP and H I G H O F F  IF(I ,  47) 
= 6.32, P < 0.01]. These results demonstrate that with- 

drawal of scopolamine increased vacuous jaw movements 
in HP-treated rats. Figure 6 depicts data from an indi- 
vidual rat that received H P  plus 0.5 mg/kg scopolamine 
on days 1-10, and received HP alone on days 11-14. The 
results of analyses of various parameters of vacuous jaw 
movement in experiment 3 are shown in Table 3, which 
represents data from the entire 11-14 day period. There 
was no significant effect of drug treatment on number of 
single jaw movements [F(5, 42) = 1,04, n.s.]. Analyses of 
data on average burst size indicates that there was also no 
treatment effect IF(5, 42) = 1.6, n.s.]. However, there was 
a significant effect of treatment on number of bursts of jaw 
movement IF(5, 42 = 5.92, P < 0.01]. Planned compari- 
sons demonstrated that there were significant increases in 
number of bursts of jaw movements compared ,to the 
effects of H P  alone in the groups that were withdrawn 
from the low dose of scopolamine IF(l ,  42 )=  7.44, 
P < 0.01], and withdrawal from the high dose of scopola- 
mine IF(t ,  42) = 6.23, P < 0.01]. 

The data for rearing was collapsed across days 11 
through 14 (Fig. 7). ANOVA revealed a significant effect 
for drug treatment on rearing IF(5, 47) = 4.64, P < 0.0t]. 
A planned comparison indicated that the LATESCOP 
group had significantly more rears than the H P  group 



Table 3. Analysis of the pattern of vacuous jaw movements from the 
event records in experiment 3 

Group 

Group 

Pattern type 

Single jaw Average Number 
movements burst size of bursts 

HP Mean 32.3 2.5 17.6 
(SEM) (6.6) (0.09) (2.7) 

LOWSCOP Mean 32.3 3.0 14.0 
(SEM) (3.1) (0.27) (1.6) 

HIGHSCOP Mean 25.4 3.3 12.1 
(SEM) (3.5) (0.45) (2.t) 

LOWOFF Mean 39.9 3.3 29.4 
(SEM) (6.9) (0.27) (3.6) 

HIGHOFF Mean 38.2 3.4 28.4 
(SEM) (3.6) (0.32) (4.6) 

LATESCOP Mean 36.2 4.0 16.2 
(SEM) (5.5) ((0.64) (2.6) 
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Fig. 7. Mean ( + SEM) total number of rearing responses observed 
in days 11 14 (experiment 3) for all six groups 

[F(1, 47) = 9.4, P < 0.01]. Planned comparisons also re- 
vealed a significant difference in rearing between the 
HIGHSCOP group and the H I G H O F F  group [F(I, 47) 
= 8.36, P < 0.01], but no significant difference between 
the LOWSCOP group and the LOWOFF group 
[F(2.57, P > 0.05], indicating that only removal of the 
higher dose of scopolamine causes a decrease in rearing. 
Planned comparisons indicated that there was no differ- 
ence between the HP group and either the LOWOFF 
group [F(1,47) = 3.51, P > 0.05] or the H I G H O F F  
group [F(1, 47) = 0.99, P > 0.05], indicating that removal 
of either dose of scopolamine did not produce a greater 
decrease in rearing than HP alone. In experiment 3, there 
was no significant correlation between rearing and vac- 
uous jaw movements (r = - 0.t6, df= 46, n.s.). 

Experiments 4 and 5." effects of repeated scopolamine 
and withdrawal from scopolamine 

The mean ( + SEM) number of vacuous jaw movements 
in experiment 4 were as follows: days t -  3, vehicle 4.3 
(___ 1.3), 0.5 mg/kg scopolamine 14.4 ( _  2.8); days 4-6, 
vehicle 7.3 (4-3.3), 0.5 mg/kg scopolamine 14.6 ( +  2.6); 
days 7-9, vehicle 11.1 ( + 2.4), 0.5 mg/kg scopolamine 11.7 
( __+ 2.4). There was no significant effect of drug treatment 
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on vacuous jaw movements [F(1, 22)= 3.01, n.s.], no 
significant effect of days IF(2, 44)= 0.43, n.s.] and no 
significant drug x day interaction [F(2, 44) = 2.3, n.s.]. 
The mean ( + SEM) number of vacuous jaw movements 
for days 11-14 in experiment 5 were as follows: vehicle 
15.75 ( 4- 2.9), 0.5 mg/kg scopolamine 16.6 ( + 3.2), 
scopolamine withdrawn 19.6 ( _+ 4.4). There was no signif- 
icant effect of drug treatment on vacuous jaw movements 
[F(2, 21) = 0.32, n.s.]. In addition, there was no significant 
difference between groups if the analysis was restricted to 
day 11, which was the day of transition from scopolamine 
to vehicle. The mean ( _  SEM) number of vacuous jaw 
movements for day 11 were as follows: vehicle 2.6 ( + 1.0), 
0.5 mg/kg scopolamine 2.0 (_+0.7), scopolamine with- 
drawn 3.6 ( _  0.9) IF(2, 21)= 0.9, n.s.]. Throughout ex- 
periments 4 and 5, scopolamine increased rearing 
behavior (data not shown). 

Discussion 

HP produced vacuous jaw movements within the first few 
days of administration. In most rats, these vacuous jaw 
movements were evident with the first administration of 
HP. These results are consistent with other reports show- 
ing that acute or sub-chronic administration of a neuro- 
leptic can increase vacuous jaw movements (Glassman 
and Glassman 1980; Rosengarten et al. 1983; Rupniak 
et al. 1985, 1986; Jicha and Salamone 1991). However, the 
present findings remain controversial in view of the fact 
that some studies have failed to observe vacuous jaw 
movements in the first few hours after acute neuroleptic 
injection (Gunne et al. 1986; Ellison et al. 1987). Gunne 
et al. (1986) reported that daily injections of 1.0 mg/kg HP 
for 3 days actually decreased vacuous jaw movements in 
the first few hours after injection. The reasons for these 
apparent discrepancies in the literature remain unclear, 
and it has been suggested that the test apparatus is an 
important variable in these studies (Ellison 1991; Levy 
et al. 1987). 

Experiment 2 demonstrated that repeated administra- 
tion of 0.5 mg/kg scopolamine reduced the vacuous jaw 
movements induced by HP within the first few days of 
administration, which is consistent with previous reports 
that scopolamine reduced the oral movements induced by 
chronic administration of HP (Rupniak et al. 1983). In the 
present study, it was observed that scopolamine reduced 
vacuous jaw movements by decreasing the number of 
bursts of jaw movements, rather than affecting single 
movements or decreasing the average number of move- 
ments per burst. In addition, experiment 3 demonstrated 
that withdrawal from repeated administration of scopola- 
mine produced a "rebound" effect, with these rats manifes- 
ting the highest levels of vacuous jaw movements in the 
entire study. The shift from HP plus scopolamine to HP 
alone was characterized by an increase in the number of 
bursts of jaw movements. It is possible that repeated 
administration of scopolamine led to cholinergic receptor 
supersensitivity, which facilitated jaw movements when 
the scopolamine was withdrawn. The results of experi- 
ment 5 indicate that withdrawal from repeated scopola- 
mine in the absence of HP did not induce vacuous jaw 
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movements, which suggests that the major effect of with- 
drawn from repeated injection of scopolamine may be to 
facilitate the actions of other conditions that produce 
vacuous jaw movements. 

The results of the third experiment indicated that daily 
injections of 0.5 mg/kg scopolamine after 10 days of HP 
administration did not reduce HP-induced vacuous jaw 
movements. These results indicate that scopolamine was 
more effective when administered at the start of neuro- 
leptic administration, than if administered once the vac- 
uous jaw movements had already emerged. Possibly, HP 
produces greater effects with repeated administration 
(Grace and Bunney 1986; Ljungberg 1990; see significant 
effect of days in experiment 2), and a higher dose of 
scopolamine than 0.5 mg/kg is necessary to reverse the 
effects of HP after several days of administration of HP. 
Rupniak et al. (1983) and Stoessl et al. (1989) showed that 
0.5 mg/kg scopolamine reduced the vacuous chewing re- 
sponses induced by chronic neuroleptics. However, in 
those studies HP was administered gradually via drinking 
water or depot injection, whereas in the present study HP 
was given in a single injection at the same time as the 
scopolamine. Possibly, the effects of HP are more difficult 
to reverse shortly after a large IP injection. 

Scopolamine was able to increase rearing behavior in 
HP-treated rats, regardless of the dose used or time course 
of its administration. The effects of scopolamine on 
rearing showed a somewhat different pattern from the effects 
of scopolamine on vacuous jaw movements. For example, 
in experiment 2 the lower dose of scopolamine did not 
attenuate vacuous jaw movements but was successful in 
increasing rearing behavior. In experiment 3, even though 
adding the higher dose of scopolamine after 10 days of HP 
administration did not reduce vacuous jaw movements, it 
was effective in increasing rearing. In addition, rearing and 
vacuous jaw movements were not significantly correlated 
with each other in experiment 3. Other work from our 
laboratory has demonstrated that DA depletion in the 
ventrolateral striatum increases vacuous jaw movements 
but does not produce akinesia or reduce rearing, while DA 
depletions in dorsolateral striatum reduce rearing but do 
not produce vacuous jaw movements (Jicha and Sala- 
mone 1991). These results indicate that the effects of 
interference with DA systems on rearing and vacuous jaw 
movements are dissociable from each other, and that 
vacuous jaw movements are not merely an artifact of 
reduced motor activity (Levy et al. 1987). 

Vacuous jaw movements induced by chronic neuro- 
leptic treatment have been offered as a possible model of 
tardive dyskinesia (Ellison et al. 1987; Stoessl et al. 1989). 
There are several lines of evidence suggesting that the 
particular movements observed in the present study 
(early-onset vertical deflections of the lower jaw) do not 
closely resemble tardive dyskinesia. Tardive dyskinesia 
takes months or years to develop, whereas in experiments 
l and 2, vacuous jaw movements were present in the first 
few days of HP administration. In experiment 2, the 
higher dose of scopolamine was effective in attenuating 
the HP-induced vacuous jaw movements. Antichotinergic 
drugs have been shown to exacerbate tardive dyskinesia 
(Crane 1968; Klawans 1973; Burnett et al. 1980). tn experi- 
ment 3 it was observed that removal of scopolamine after 

day l0 produced dramatic increases in vacuous jaw move- 
ments. In contrast, removal of anticholinergic drugs in 
humans with tardive dyskinesia actually reduces dys- 
kinesic symptoms (Burnett et al. t980). Yet despite the 
results of the present studies, it remains possible that other 
types of orofacial movements in rats (e.g. late onset move- 
ments, or movements shown during neuroleptic with- 
drawal) do have characteristics resembling tardive 
dyskinesia. 

It has been suggested that vacuous jaw movements in 
rats that are induced by HP, cholinomimetics, and DA 
depletion share some characteristics with Parkinsonian 
symptoms (Salamone et al. 1990; Jicha and Salamone 
1991). Parkinsonian symptoms and vacuous jaw move- 
ments are produced by DA antagonists, exacerbated by 
cholinomimetics, and reduced by antichotinergic drugs 
(Duvoisin 1967; Marsden et al. 1975; McEvoy 1983; Rup- 
niak et al. 1983, 1985; Noring et al. 1984; Salamone et al. 
1986, 1990). Pilocarpine-induced vacuous jaw movements 
in rats were reduced by the DA agonist apomorphine 
(Stewart et al. 1988). Striatal DA depletion was shown to 
facilitate vacuous chewing induced by HP (Gunne et al. 
1982) and vacuous jaw movements were produced by 
depletion of DA in ventrolateral striatum (Jicha and 
Salamone 1991). 

The neurochemical mechanisms that lead to the gen- 
eration of vacuous jaw movements remain uncertain. 
Local injections of cholinomimetic drugs into the ventro- 
lateral striatum induce vacuous jaw movements (Kelley 
et al. 1989; Salamone et al. 1990). It is possible that 
vacuous jaw movements can be produced by increasing 
cholinergic tone in the ventrolateral striatum, and that 
DA antagonists and DA depletion cause vacuous jaw 
movements because they indirectly increase ACh release 
(Agid et al. 1975; Guyenet et al. 1975). This suggestion is 
consistent with the pattern of the DA/ACh interactions 
shown in studies of vacuous jaw movements. 
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