Pharmacology Biochemistry and Behavior, Vol. 57, Nos. 1/2, pp. 243-249, 1997
Copyright O 1997 Elsevier Science Inc.

Printed in the USA. All rights reserved

0091-3057/97 $17.00 + .00

“HA
ELSEVIER Pl S0091-3057(96)00385-1

Tremulous Characteristics of the
Vacuous Jaw Movements Induced by
Pilocarpine and Ventrolateral Striatal

Dopamine Depletions

M. FINN, A. JASSEN, P. BASKIN AND J. D. SALAMONE!

Department of Psychology, University of Connecticut, Storrs, CT 06269-1020

Received 5 February 1996; Accepted 30 May 1996

FINN, M., A. JASSEN, P. BASKIN AND J. D. SALAMONE. Tremulous characteristics of the vacuous jaw movements
induced by pilocarpine and ventrolateral striatal dopamine depletions. PHARMACOL BIOCHEM BEHAYV 57(1/2) 243-249,
1997.—Vacuous jaw movements induced by the muscarinic agonist pilocarpine and striatal dopamine depletions were
examined using a slow motion videotape system. With this procedure, rats were videotaped in a Plexiglas tube so that the
profile of the head region could be seen. Vacuous jaw movements were analyzed by examining the tape at 1/6 normal
speed. An observer recorded each jaw movement using a computer, and the computer program re-calculated the temporal
characteristics of jaw movement responses back to normal speed. The interresponse time was recorded for each jaw movement,
and each jaw movement interresponse time was assigned to a 50 ms wide time bin. Thus, the distribution of interresponse
times could be used to analyze the temporal characteristics of jaw movement responses. In the first experiment, rats were
administered saline vehicle, 1.0 mg/kg and 2.0 mg/kg pilocarpine. The rats were videotaped 10-15 min after injection, and
the data were analyzed as described above. Pilocarpine induced very high levels of vacuous jaw movements, and the vast
majority of all movements occurred in “bursts” with interresponse times of 1.0 s or less. Analysis of the interresponse time
distributions showed that most of the jaw movements were within the 150-350 ms range. The modal jaw movement
interresponse time was in the 150-200 ms range, which corresponds to a local frequency of 5-6.66 Hz. In the second
experiment, the neurotoxic agent 6-hydroxydopamine was injected directly into the ventrolateral striatum in order to produce
a local dopamine depletion. The dopamine-depleted rats were observed for jaw movements 7 days after surgery. The overall
level of jaw movement activity resulting from dopamine depletion was much lower than that produced by pilocarpine.
There was a significant inverse correlation between ventrolateral striatal dopamine levels and total number of vacuous jaw
movements. Videotape analysis indicated that the temporal characteristics of jaw movements induced by dopamine depletions
were similar to those shown with pilocarpine. These experiments indicate that vacuous jaw movementsinduced by pilocarpine
and striatal dopamine depletion occur in a frequency range similar to that shown in parkinsonian tremor. [ 1997 Elsevier
Science Inc.
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IN rats, several pharmacological and neurochemical condi-
tionscan leadto the production of orofacial movements (16,18,
19,20,35,51). One type of oral activity that has been widely
studied is vacuous jaw movements (also known as vacuous or
purposeless chewing). These movements are characterized by
a vertical deflection of the lower jaw that resembles chewing
but is not directed at any particular stimulus (8,7,23,35,40).
Vacuous jaw movements are induced by a number of condi-
tions, including muscarinic agonists (8,35,40,41,47) dopamine
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(DA) antagonists (35, 45,46), the monoamine-depleting agent
reserpine (7) and striatal DA depletions (23). Although the
links between vacuous jaw movements in rats and human
movement disorders remain uncertain (51), it has been sug-
gested that drug-induced perioral behaviors in rats may be
related to tardive dyskinesia (5,16,49) or dystonia (36). Addi-
tionally, it has been suggested that the vacuous jaw movements
induced by muscarinic agonists or striatal dopamine depletions
could be related to parkinsonian tremor (7,9,23,39,40,41). Al-
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TABLE 1

EFFECTS OF PILOCARPINE ON VARIOUS PARAMETERS OF
JAW MOVEMENT (MEAN * SEM FOR EACH MEASURE
IS SHOWN; N = 7)

Pilocarpine Dose (mg/kg)

Parameter Saline 1.0 2.0
Total jaw

movements 12.3 (3.7) 177.3 (28.7)* 214.4 (26.7)*
Single jaw

movements 5.0 (0.8) 6.1 (0.6) 4.7 (0.8)
Jaw movements

in bursts 73 (3.7) 171.1 (29.1)* 209.2 (26.7)*
Number of

bursts 2.1 (0.9) 24.6 (2.8)* 30.0 (2.0)*
Average burst

size 2.3 (0.5) 6.7 (0.5)* 6.8 (0.6)*

*p < 0.05, different from saline vehicle, Dunnett test.

though human parkinsonian tremor usually occurs in the hand,
it also has been reported to occur in the jaw (1,22,50). Thus,
it is possible that vacuous jaw movements in rats could be
used to study the generation of tremulous movements.

According to Findley and Gresty (17) a tremor is a “peri-
odic oscillation of a body member”. Different tremors have
characteristic local frequencies, and in humans parkinsonian
resting tremor generally occurs in the 3-7 Hz frequency range
(1,22). This local frequency is quite different from tardive
dyskinesia, which tends to occur in the 1-2 Hz frequency
(4,53). Clearly, it would be very important to determine the
local rate of vacuous jaw movements in rats. Yet studies of
vacuous jaw movements have generally involved direct obser-
vations, which are not suitable for quantifying the local rate
of the movements observed (see also ref. 16). It has been
reported that vacuous jaw movements tend to occur in rapid
bursts (40,41,45). In one recent study, a slow motion videotape
system was used to characterize the jaw movements induced
by reserpine plus a very low dose of apomorphine (39). It
was observed that the vacuous jaw movements induced by
reserpine plus apomorphine tended to occur in rapid bursts,
with the peak frequency appearing in the 3-7 Hz frequency
range (39).

In the present study, the slow motion videotape method
was used to characterize the jaw movements induced by the
muscarinic agonist pilocarpine, and also those movements in-
duced by striatal dopamine depletions. For the first experi-
ment, a group of rats received injections of saline, 1.0 and 2.0
mg/kg pilocarpine. These rats were videotaped 10-15 min after
injection. For the second experiment, the neurotoxic agent
6-hydroxydopamine (6-OHDA\) was injected directly into the
ventrolateral striatum (\VVLS) in order to produce a local dopa-
mine depletion. This site was chosen based upon a previous
study demonstrating that the VLS was the most effective site
at which DA depletions could induce vacuous jaw movements
(23). DA-depleted rats were observed on day 7 after surgery,
and a 5 min sample of videotape was obtained. Correlational
analyses were performed to study the relation between VLS
DA levels and vacuous jaw movements, and data from the
6-OHDA-treated rats were divided into low and high DA
depletion groups for further statistical analyses.
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METHODS
Subjects

Male albino rats (total n = 16, Harlan Sprague-Dawley,
Indianapolis IN) were used for these experiments. All rats
were housed in a colony room with a constant temperature
of 72°F and a 12 L:12 D cycle (lights on at 0730 h). Standard
lab chow and water were available ad lib. Average weights at
the start of the experiment were 300-325 g.

Drugs

Pilocarpine hydrochloride was obtained from Sigma Chem-
ical Company. This drug was dissolved in a vehicle of 0.9%
saline solution for systemic injections (intraperitoneal; IP) in
a volume of 1.0 ml/kg. Saline vehicle was used for control
injections. Sodium pentobarbital (IDE Interstate, Amity, NY)
was used for anesthesia. The neurotoxic agent 6-OHDA (Re-
search Biochemicals Int.) was used for depletions of ventrolat-
eral striatal DA (see below for surgical methods).

Behavioral Procedures

For testing of vacuous jaw movements, rats were placed
in a clear 9 cm diameter Plexiglas tube so that a consistent
view of the orofacial region could be achieved for videotaping.
Each rat was recorded using a Panasonic AG-180 video cam-
era focused on the orofacial region for a 5 min period. A blind
observer then played the videotape on a Panasonic AG-1730
videocassette recorder in slow-motion at 1/6 normal speed to
observe vacuous jaw movements, which were defined as verti-
cal deflections of the lower jaw that resembled chewing but
were notdirected at any stimulus. At the point of maximal jaw
opening, the observer pressed the space bar of the computer
keyboard, and a basic computer program written in the labora-
tory calculated various parameters of the jaw movements.
These parameters included the total number of jaw move-
ments, the total number of single jaw movements (one not
preceded or followed by another movement within a 1 second
interval), the number of jaw movement bursts (defined as a
group of at least 2 jaw movements with an interresponse time
of less than or equal to 1.0 sec), total number of jaw movements
occurring in bursts, and the average burst size. The computer
program converted the temporal parameters observed in slow-
motion into real time and calculated the interresponse time
for each jaw movement that occurred in a burst. The reciprocal
of the interresponse time is equal to the local frequency of the
movements (i.e., an interresponse time of 0.200 s represents
a frequency of 5 Hz). The interresponse time for each jaw
movement was then assigned to a 50 ms-wide time bin, and
the program recorded the number of movements within each
of the following interresponse time bins: 0-50, 50-100, 100-
150, up to 950-1000 ms and >1000 ms. The 50 ms time bin was
chosen based upon pilot work, and also based upon previous
research involving jaw movements produced by other pharma-
cological conditions (28,39). Previous experiments have dem-
onstrated a high degree of test-retest reliability using this
measurement system (r = 0.996 on responses in each inter-
response time bin between two ratings of the same tape
segment).

Ventrolateral Striatal Dopamine Depletions

Rats received IP injections of 20.0 mg/kg pargyline 30 min
prior to surgery, and also received 50.0 mg/kg sodium pento-
barbital anesthesia. Depletions of DA in the VLS were ob-
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FIG. 1. These figures are frequency distribution histograms showing
the number of jaw movement IRTs that are distributed into twenty
50 ms time bins. Data shown are the mean number of jaw movement
IRTs in each time bin for rats treated with saline (A), 1.0 mg/kg
pilocarpine (B), and 2.0 mg/kg pilocarpine (C); n = 7 for each condi-
tion. On each figure, the IRT range corresponding to the parkinsonian
tremor frequency range (3-7 Hz) is shown.

tained by bilateral injections of the neurotoxic agent 6-OHDA.
Solutions of 6-OHDA were injected through 30 ga stainless
steel injectors into the VLS (AP = 1.4 mm, ML * 4.0 mm,
DV —7.2 mm with respect to bregma; incisor bar + 5.0 mm
relative to the interaural line). Each injection consisted of 12.5
g of free base 6-OHDA dissolved in a total of 2.5 pl 0of 0.1%
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ascorbic acid (2.5 pl of 5.0 ng/nl 6-OHDA solution). The
injection was delivered at a flow rate of 0.5 p.l/min by a Harvard
Apparatus syringe pump, and injectors were left in the VLS
for 2 min after the infusion to allow for diffusion into the tissue.

Neurochemical Assays for Tissue Dopamine

Rats were placed in a carbon dioxide chamber on day 3
following drug treatment (day 10 postsurgery) for 30 s before
being decapitated. Brains were quickly removed and immedi-
ately frozen. Coronal sections 0.7 mm thick were cut through
the brain and a 16 ga stainless steel tube was used to dissect
cylindrical samples from adjacent segments of VLS (dorsal or
dVLS, and ventral or vVLS). Tissue samples were placed in
200 .l of chilled 0.1 N perchloric acid and homogenized. The
samples were centrifuged for 4 min at 16,000 rpm and then
frozen at —20 degrees°C. The supernatant obtained from each
sample was analyzed using a high performance liquid chroma-
tography system with electrochemical detection that has been
previously described (12,23). The mobile phase was a phos-
phate buffer (pH 4.5) that contained 7.0% methanol, EDTA,
and 0.4 M sodium octyl sulfate. Standards of DA (Sigma
Chemical Co) were assayed before and after the tissue
samples.

Experiments

In the first experiment, a group of rats (n = 7) was used
to study the effects of pilocarpine. Each rat received all of
the three drug treatments (1.0 ml/kg saline, 1.0 mg/kg pilocar-
pine, 2.0 mg/kg pilocarpine) in a randomly varied order, with
three days between each drug treatment. After IP injection,
the rats were placed in the Plexiglas tube for a 10 min habitua-
tion, and were videotaped for the 5 min period 10-15 min
after injection. This time period was chosen as the period of
maximal response based upon a previous study (40).

In the second experiment, a group of 9 rats received
6-OHDA injections into the VLS, as described above. On day
7 after surgery, the rats were tested for vacuous jaw move-
ments. After being placed in the tube, the rats were left in
the tube for a 10 min habituation, and were videotaped for a
5 min period following habituation. Three days after observa-
tion, the 6-OHDA-treated rats were decapitated and their
striatal samples were dissected and analyzed as described
above. DA levels in VLS were correlated with vacuous jaw
movements, and data from the 6-OHDA-treated rats were
divided into low and high DA depletion groups for further
analyses.

Data Analysis

The computer program that was used to analyze the behav-
ioral data generates several parameters of jaw movement ac-
tivity, including total number of jaw movements, the number
of single jaw movements, the number of jaw movement bursts,
total number of jaw movements occurring in bursts, and the
average burst size (see Behavioral Procedures above for defi-
nitions of these parameters). Data were square root trans-
formed prior to statistical analysis in order to reduce variability
and establish more homogeneous variance across groups.
These parameters were analyzed in the first experiment with
repeated measures analysis of variance (ANOVA). For both
experiments, the interresponse times of jaw movements within
bursts (i.e., less than 1.0 s interresponse time) were analyzed
by constructing frequency distribution histograms. The jaw
movement interresponse times were assigned to twenty 50 ms
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TABLE 2

PARAMETERS OF JAW MOVEMENT (MEAN = SEM FOR EACH MEASURE)
IN RATS WITH LOW (N = 5) AND HIGH (N = 4) DOPAMINE DEPLETIONS

Group
Parameter Low Depletion High Depletion Correlation (r)
Total jaw movements 17.8 (5.9) 55.0 (15.7) -0.72*
Single jaw movements 1.8 (0.7) 45 (1.3) -0.49
Jaw movements in bursts 16.0 (5.6) 50.5 (16.2) —0.71*
Number of bursts 2.8 (1.0) 12.0 (2.8) -0.83*
Average burst size 5.4 (1.9) 3.9 (0.8) -0.03

*p < 0.05. (Also shown is the correlation between total VLS dopamine and jaw

movement activity for each parameter.)

wide time bins, and the number of interresponse times within
each bin were graphically depicted for all treatment condi-
tions. The distributions of interresponse times were analyzed
using the chi-square goodness of fit test. For this analysis,
the interresponse time distributions were divided into three
categories: bins 1-3 (< 150 ms), bins 4-7 (150-350 ms), and
bins 8-20 (350-1000 ms), and the observed frequencies of
interresponse times were compared with the expected fre-
quenciesthat would have been generated by an equal probabil-
ity of assignment to each 50 ms time bin. These three time bin
categorieswere selected because the middle category (150-350
ms range) roughly corresponds to the parkinsonian tremor
frequency. In experiment 2, there was a significant inverse
correlation between dopamine levels in the VLS and number
of vacuous jaw movements; thus, the data from the rats were
divided into two groups (high dopamine depletion and low
dopamine depletion) for further analyses.

RESULTS
Effects of Pilocarpine

The effects of pilocarpine on the parameters of jaw move-
ment activity are shown in Table 1. Pilocarpine had significant
effects on several measures of jaw movement, and there were
significant overall treatment effects on total number of jaw
movements (F (2, 12) = 66.0, p < 0.01), number of jaw move-
ments in bursts (F(2, 12) = 64.6, p < 0.01), number of bursts
(F(2, 12) = 90.5, p < 0.01), and average burst size (F(2,
12) = 16.6, p < 0.01). There was no significant increase in the
number of single jaw movements (F (2, 12) = 1.33, NS). The
pilocarpine-induced increase in jaw movement activity was
due entirely to an increase in jaw movements in bursts; jaw
movements in bursts accounted for more than 96% of the jaw
movements shown at 1.0 mg/kg pilocarpine and more than
97% of all the jaw movements shown at 2.0 mg/kg pilocarpine.

The temporal characteristics of the jaw movements that
occurred in burstsare shown in Fig. 1. This figure is a frequency
distribution histogram of the jaw movement interresponse
times less than 1.0 s. Figs. 1A-C show the distribution of
interresponse times in twenty 50 ms wide time bins (saline,
Fig. 1A, 1.0 mg/kg pilocarpine, Fig. 1B; 2.0 mg/kg pilocarpine,
Fig. 1C). For both doses of pilocarpine, the peak jaw move-
ment activity occurred in the 150-200 ms time bin. This time
bin corresponds to the 5-6.6 Hz frequency range. As shown
in the figures, most of the pilocarpine-induced jaw movement
activity was in the 3-7 Hz frequency range. Analysis of the
distribution of interresponse times showed that the distribu-
tion significantly differed from an equal assignment to time

bins for both 1.0 mg/kg pilocarpine (chi-square = 1456.9,
df = 2, p < 0.001) and 2.0 mg/kg pilocarpine (chi-square =
23243, df = 2, p < 0.001).

Effects of Ventrolateral Striatal Dopamine Depletions

For the entire group of 9 rats that received 6-OHDA, the
levels of jaw movement activity (mean = SEM) were as fol-
lows: total number of vacuous jaw movements (34.3 = 9.6),
number of single jaw movements (3.0 = 0.80), number of jaw
movements in bursts (31.3 = 9.5), number of bursts (6.89 =
2.0), and average burst size (4.7 £ 1.1). The results of the
neurochemical analysis showed that the DA levels (in nano-
gram DA per mg wet tissue weight) for these animals were
as follows: total VLS DA (1.64 = 0.20), dVLS (1.55 = 0.18),
and vVLS (1.72 = 0.22). There was a significant correlation
between total VLS DA and total number of vacuous jaw
movements (r = —0.72, p < 0.05). This correlation was largely
due to dVLS DA, which was significantly correlated with total
vacuous jaw movements (r = —0.85, p < 0.05) although VLS
DA was not (r = —0.38, NS). Thus, on the basis of these
analyses, data from the 6-OHDA-treated rats were divided
into two groups: a low depletion group that consisted of the
5 rats with the highest level of total VLS DA (1.99 = 0.22
nanogram/mg) and a high depletion group consisting of the
4 rats with the lowest level of total VLS DA (1.19 = 0.18
nanogram/mg). These two groups significantly differed from
each other in terms of total number of vacuous jaw movements
(t=2.40,df = 7;p < 0.05). Table 2 shows the data for these two
groups on the overall parameters of jaw movement activity.

Figure 2 shows the temporal characteristics of the jaw
movements that occurred in bursts. This figure is a frequency
distribution histogram of the jaw movement interresponse
times less than 1.0 s. Figs. 2A and B show the distribution of
interresponse times in twenty 50 ms wide time bins (low deple-
tion, Fig. 2A,; high depletion, Fig. 2B). For both groups, the
peak jaw movement activity occurred in the 150-200 ms time
bin, which corresponds to the 5-6.6 Hz frequency range. As
with pilocarpine, most of the jaw movement activity shown
by 6-OHDALtreated rats was in the 3-7 Hz frequency range.
Analysis of the distribution of interresponse times showed
that the distribution significantly differed from an equal assign-
ment to time bins for both the low depletion (chi-square =
136.3, df = 2, p < 0.001) and high depletion (chi-square =
256.1, df = 2, p < 0.001) groups.

DISCUSSION

The present experiments examined the temporal character-
istics of the vacuous jaw movements induced by pilocarpine
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FIG. 2. These figures are frequency distribution histograms showing
the number of jaw movement IRTs that are distributed into twenty
50 ms time bins. Data shown are the mean number of jaw movement
IRTs in each time bin for rats that received 6-OHDA injected into
the VLS (A, low depletion, n = 5; B, high depletion, n = 4). The
IRT range corresponding to the parkinsonian tremor frequency range
(3-7 Hz) is shown.

and VLS DA depletions. In the first experiment, pilocarpine
induced vacuous jaw movements, which is consistent with sev-
eral previous studies (8,9,35,40,47,48). The use of a slow mo-
tion videotape system allowed for the examination of various
temporal characteristics of the jaw movements. Previous re-
ports have indicated that cholinomimetic-induced vacuous jaw
movements tend to occur in “bursts”; the present work
strongly supports this observation, as it was demonstrated that
greater than 96% of all the vacuous jaw movements induced
by pilocarpine occurred in bursts with interresponse times of
less than 1.0 s. The large number of jaw movements within
bursts was related to substantial pilocarpine-induced increases
in the number of movement bursts, as well as smaller increases
in average burst size. Videotape analysis of interresponse
times revealed that the bursts of jaw movements induced by
both doses of pilocarpine occurred mostly in the 150-350 ms
range, with a peak in the 150-200 ms time bin. This particular
time bin corresponds to a local frequency of 5-6.6 Hz, which
is well within the 3-7 Hz frequency range that is characteristic
of parkinsonian resting tremor (1). In the second experiment,

247

it was observed that more than 90% of the vacuous jaw move-
ments shown by rats with high DA depletions occurred in
bursts. The vacuous jaw movements associated with DA deple-
tion, like those induced by pilocarpine, occurred largely within
the 3-7 Hz frequency range. Thus, the present studies indicate
that the jaw movements induced by pilocarpine and VLS DA
depletion are not only “vacuous” (i.e., non-directed), but they
also are “tremulous.”

Previous work has demonstrated that injections of 6-OHDA
directly into the VLS induce vacuous jaw movements (23).
In that study, DA depletions in other terminal regions were
ineffective, and DA levels in VLS were inversely correlated
with the production of vacuous jaw movements. The present
experiment confirmed those results, in that a significant nega-
tive correlation was observed between VLS DA levels and
number of vacuous jaw movements produced. Rats with high
VLS DA depletions had asignificantly higher number of vacu-
ous jaw movements than rats with low depletions. Overall,
these results are consistent with previous work showing that
the VLS is a very important structure for the induction of
vacuous jaw movements. The VLS is the most effective site
for the induction of vacuous jaw movements by physostigmine
(24), pilocarpine (41) and VLS DA depletion (23). The vacu-
ous jaw movements induced by systemic administration of the
anticholinesterase tacrine were blocked by very low doses of
scopolamine injected directly into the VLS (28). As well as
leading to vacuous jaw movements, VLS DA depletions have
been shown to impair various aspects of oral and forepaw
motor control (12,13,38,42,43). Anatomical evidence also sup-
ports the notion that ventral and lateral regions of neostriatum
are involved in motor functions. The lateral striatum of the
rat receives substantial input from sensory and motor cortices
(10,30,52,54), and it is likely that this structure is the homo-
logue of the putamen. Evidence indicates that the putamen of
primates and the lateral striatum of the rat are somatotopically
organized (3,30,33,34,23). The ventral putamen in primates
and the VLS in rats receives input from head areas of motor
cortex (26,30), and in primates the hand region of cortex is
dorsal to and overlapping with the head representation (3,26).
Thus, the VLS of the rat appears to be a subregion of the
putamen in which a variety of functions related to head, orofa-
cial and forepaw motor control are performed. The present
results suggest that the more dorsal portion of the VLS is
highly related to the production of vacuous jaw movements,
and future research should attempt to identify more precisely
the localization of motor functions within these particular
striatal subregions.

Vacuous jaw movements can be induced in rats by musca-
rinic stimulation and also by pharmacological or neurotoxic
depletion of DA (7,23,35,40,41). Vacuous jaw movements in-
duced by haloperidol or reserpine can be reduced by musca-
rinic antagonists (35,39,45), and cholinomimetic-induced vacu-
ous jaw movements can be reduced by the DA agonist
apomorphine (48). Thus, the pharmacology of vacuous jaw
movements is characterized by an acetylcholine/dopamine in-
teraction that also is evident in a number of other neurochemi-
cal and behavioral studies (2,11,14,25), including studies of
human parkinsonism (6,15,27,50). In humans, parkinsonian
symptoms can be reduced by muscarinic antagonists (15,27,29)
and these symptoms also can be induced or exacerbated by
cholinomimetic drugs (15,31,21,32). Cholinergic stimulation
in rats appears to be more effective than interfering with DA
systems as a method for inducing vacuous jaw movements.
Consistent with the present findings, previous work has shown
that the total number of vacuous jaw movements induced by
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cholinomimetics (8,28,40) is much larger than the number
resulting from DA antagonism or DA depletion (7,39,45). The
significance of this observation is unclear, although it may
suggest that vacuous jaw movements are directly instigated
by muscarinic stimulation and only indirectly stimulated by
interference with DA. Neurochemical studies have shown that
striatal DA depletions increase striatal acetylcholine release
(2,14), and it is possible that this mechanism underlies the
production of vacuous jaw movements by DA depletions. Fur-
ther studies using microdialysis will be necessary to determine
the relation between striatal acetylcholine release and vacuous
jaw movements.

In conclusion, the present experiments demonstrated that
the vacuous jaw movements induced by pilocarpine and VLS
DA depletion occurred largely in bursts, with most of the jaw
movement activity in the 2.86-6.67 Hz range. This is consistent
with other studies using similar methods, which have demon-
strated that the jaw movements induced by tacrine (28) and
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reserpine plus a low dose of apomorphine (39) also occur
within a similar frequency range. Using different behavioral
and computer methods, See and Chapman (44) also reported
that pilocarpine-induced jaw movement activity was largely
in the 5-6 Hz frequency range. Although some types of low
amplitude neuroleptic-induced orofacial movements do occur
within the 1-2 Hz range that is characteristic of tardive dyski-
nesia (16), the present results indicate that the vertical jaw
movements induced by pilocarpine and DA depletion occur in
a frequency range that is consistent with parkinsonian resting
tremor and not with tardive dyskinesia. Thus, vacuous jaw
movements induced by cholinomimetics and DA depletions
in rats could be useful for studying the neurochemical and
physiological basis of tremulous movements.

ACKNOWLEDGEMENT

This work was supported by a grant from the National Institutes
of Health (NINDS).

REFERENCES

1. Adams, R. D.; Victor, M. Tremors, myoclonus, spasms and tics. In:
Principles of Neurology. McGraw-Hill, New York, pp 69-77;1981.

2. Agid, Y.; Guyenet, P.; Glowinski, J.; Beaujouan, J. C.; Javoy, F.
Inhibitory influence of the nigrostriatal dopamine system on the
striatal cholinergic neurons of therat. Brain Res. 86:488-492; 1975.

3. Alexander, G. E.; Delong, M. R. Micro stimulation of the primate
neostriatum. 2. Somatotopic organization of striatal micro excit-
able zones and their relation to neuronal response properties. J.
Neurophysiol. 53:1417-1430; 1985.

4. Alpert, M.; Diamond, F.; Friedhoff, A. J. Tremorographic studies
in tardive dyskinesia. Psychopharmacol. Bull. 12:5-7; 1976.

5. Andreassen, O. A.; Jorgenson, H. A. GM1 ganglioside attenuates
the development of vacuous chewing movements induced by long-
term haloperidol treatment of rats. Psychopharmacol. 107; 1994.

6. Aquilonius, S. M. Cholinergic mechanisms in the CNS related to
Parkinson’s disease: Parkinson’s Disease—Current Progress, Prob-
lems and Management. Elsevier North Holland, pp. 17-27; 1980.

7. Baskin, P.; Salamone, J. D. Vacuous jaw movements in rats in-
duced by acute reserpine administration: interactions with differ-
ent doses of apomorphine. Pharmacol. Biochem. Behav. 46:793—
797; 1993.

8. Baskin, P.; Gianutsos, G.; Salamone, J. D. Repeated scopolamine
injections sensitize rats to pilocarpine-induced vacuous jaw move-
ments and enhance striatal muscarinic receptor binding. Pharma-
col. Biochem. Behav. 49:437-442; 1994.

9. Chesler, E. J.; Salamone, J. D. Effects of acute and repeated cloz-
apine injections on cholinomimetic-induced vacuous jaw move-
ments. Pharmacol. Biochem. Behav. 54:619-624; 1996.

10. Collins, R. C. Kindling of neuroanatomic pathways during recur-
rent focal penicillin seizures. Brain Res. 150:503-517; 1978.

11. Cools, A. R.; Hendriks, G.; Korten, J. The acetylcholine-dopa-
mine balance in the basal ganglia of Rhesus monkeys and its role
in dynamic, dystonic, dyskinetic epileptoid activity. J. Nerv. Trans.
36:91-105; 1975.

12. Cousins, M. S.; Salamone, J. D. Involvement of ventrolateral
striatal dopamine in movement initiation and execution: A micro-
dialysis and behavioral investigation. Neurosci. 70:849-859; 1996.

13. Cousins, M. S.; Sokolowski, J. D.; Salamone, J. D. Different effects
of nucleus accumbens and ventrolateral striatal dopamine deple-
tions on instrumental response selection in the rat. Pharmacol.
Biochem. Behav. 46:943-951; 1993.

14. De Boer, P.; Abercrombie, E. D.; Heeringa, M.; Westerink,
B. H. C. Differential effect of systemic administration of systemic
administration of bromocriptine and 1-DOPA on the release of
acetylcholine from striatum of intact and 6-OHDA-treated rats.
Brain Res. 608:198-203; 1993.

15. Duvoisin, R. C. Cholinergicanticholinergic antagonism in parkin-
sonism. Arch. Neurol. 17:124-136; 1967.

16. Ellison, G.; See, R. Rats administered chronic neuroleptics de-
velop oral movementswhich are similar in form to those in humans
with tardive dyskinesia. Psychopharmacol. 98:564-566; 1989.

17. Findley, L. J.; Gresty, M. A. Tremor. Brit. J. Hosp. Med. 26:16—
32; 1981.

18. Glassman, R. B.; Glassman, H. N. Oral dyskinesia in brain-dam-
aged rats withdrawn from neuroleptic: Implication for models of
tardive dyskinesia. Psychopharmacol. 69:19-25; 1980.

19. Gunne, L. M.; Growden, J.; Glaeser, B. Oral dyskinesia in rats
following brain lesions and neuroleptic administration. Psycho-
pharmacol. 77:134-139; 1982.

20. Gunne, L. M.; Andersson, U.; Bondesson, U.; Johansson, P. Spon-
taneous chewing movements in rats during acute and chronic
antipsychotic drug administration. Pharmacol. Biochem. Behav.
25:897-901; 1986.

21. Harbaugh,R. E.; Roberts,D. W.; Coombs, D. W.; Saunders,R. L;
Reeder, T. M. Preliminary report: intracranial cholinergic drug
infusion in patients with Alzheimer’s disease. Neurosurgery 15:
514-518; 1984.

22. Hunker, C. J.; Abbs, J. H. Uniform frequency of parkinsonian
resting tremor in the lips, jaw, tongue and index finger. Mov. Dis.
5:71-77; 1990.

23. Jicha, G.; Salamone, J. Vacuous jaw movements and feeding defi-
cits inrats with ventrolateral striatal dopamine depletion: Possible
relation to Parkinsonian symptoms. J. Neurosci. 11:3822-3829;
1991.

24. Kelley, A. E.; Bakshi, V. P.; Delfs, J. M.; Lang, C. G. Cholinergic
stimulation of the ventrolateral striatum elicits mouth movements
in rats: pharmacological and regional specificity. Psychopharma-
col. 99:542-549; 1989.

25. Kostrzewa, R. M.; Neely, D. Enhanced pilocarpine-induced oral
activity responses in neonatal 6-OHDA treated rats. Pharmacol.
Biochem. Behav. 45:737-740; 1993.

26. Kunzle, H. Bilateral projections from precentral motor cortex to
the putamen and other parts of the basal ganglia. Brain Res.
88:195-209; 1975.

27. Marsden, C. D.; Tarsy, D. Baldessarini, R. J. Spontaneous and
drug-induced movement disorders in psychotic patients. In: Ben-
don, D.F; Blumer D. (eds) Psychiatric Aspects of Neurological
Disease. Grune and Stratten, New York, pp 219-266; 1975.

28. Mayorga, A. J.; Carriero, D. L.; Cousins, M. S.; Gianutsos, G.;
Salamone, J. D. Tremulous jaw movements produced by acute
tacrine administration: Possible relation to parkinsonian side ef-
fects. Pharmacol. Biochem. Behav. (in press).



TREMULOUS JAW MOVEMENTS

29.

30.

3L

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

McEvoy, J. P. The clinical use of anticholinergic drugsas treatment
for extrapyramidal side effects of neuroleptic drugs. J. Clin. Psy-
chopharmacol. 3:288-301; 1983.

McGeorge, A. J,; Faull, R. L. M. The organization of the projection
from the cerebral cortex to the striatum in the rat. Neuroscience
29:503-537; 1989.

Noring, U.; Povlesen, U. J.; Casey, D. E.; Gerlach, J. Effect of a
cholinomimetic drug (RS 86) in tardive dyskinesia and drug-
related parkinsonism. Psycholpharmacol. 84:569-571; 1984.

Ott, B. R.; Lannon, M. C.; Exacerbation of Parkinsonism by
tacrine. Clin. Neuropharm. 15:322-325; 1992.

Pisa, M. Motor somatotopy in the striatum of rat: Manipulation,
biting and gait. Behav. Brain Res. 27:21-35; 1988.

Pisa, M.; Schranz, J. A. Dissociable motor roles of the rat’s stria-
tum conform to somatotopic model. Behav. Neurosci. 102:429-
440; 1988.

Rupniak, N. M. J.; Jenner, P.; Marsden, C. D. Cholinergic modula-
tion of perioral behavior induced by chronic neuroleptic adminis-
tration to rats. Psychpharmacol. 79:226-230; 1983.

Rupniak, N. M. J.; Jenner, P.; Marsden, C. D. Pharmacological
characterization of spontaneous or drug-induced purposeless
chewing movements in rats. Psychopharmacol. 85:71-79; 1985.
Rupniak, N. M. J.; Jenner, P.; Marsden, C. D. Acute dystonia
induced by neuroleptic drugs. Psychopharmacol. 88:403-419; 1986.
Sabol, K. E.; Neill, D. B.; Wages, S. A.; Church, W. H.; Justice,
J. B. Dopamine depletion in a striatal subregion disrupts perfor-
mance of a skilled motor task in the rat. Brain Res. 335:33-43;
1985.

Salamone, J. D.; Baskin, P. Vacuous jaw movements induced by
acute reserpine and low-dose apomorphine: Possible model of
parkinsonian tremor. Pharmacol. Biochem. Behav. 53:179-183;
1996.

Salamone, J. D.; Lalies, M. D.; Channell, S. L.; lversen, S. D.
Behavioral and pharmacological characterization of the mouth
movements induced by muscarinic agonists in the rat. Psychophar-
macol. 88:467-471; 1986.

Salamone, J. D.; Johnson C.J.; McCullough, L.D.; Steinpreis,
R. E. Lateral striatal cholinergic mechanisms involved in oral
motor activities in the rat. Psychopharmacol. 102:529-534; 1990.
Salamone, J. D.; Kurth, P. A.; McCullough, L. D.; Sokolowski,
J. D.; Cousins, M. S. The role of brain dopamine in response

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

249

initiation: Effects of haloperidol and regionally-specific dopamine
depletions on the local rate of instrumental responding. Brain
Res. 628:218-226; 1993.

Salamone, J. D.; Mahan, K.; Rogers, S. Ventrolateral striatal dopa-
mine depletions impair feeding and food handling in rats. Pharma-
col. Biochem. Behav. 44:605-610; 1993.

See, R.; Chapman, M. Cholinergic modulation of oral activity
in drug-naive and chronic haloperidol-treated rats. Pharmacol.
Biochem. Behav. 39:49-54; 1991.

Steinpreis, R. E.; Baskin, P. P.; Salamone, J. D. Vacuous jaw
movements induced by sub-chronic administration of haloperidol:
Interactions with scopolamine. Psychopharmacol. 111:99-105;
1993.

Steinpreis, R. E.; Salamone, J. D. The effects of acute haloperidol
and reserpine administration on vacuous jaw movements in three
different age groups of rats. Pharmacol. Biochem. Behav. 46:405—
409; 1993.

Stewart, B. R.; Rose, S.; Jenner, P.; Marsden, C. D.; Pilocarpine-
induced purposeless chewing behaviour in rats is dependent on
intactcentral storesof 5-HT. Eur. J. Pharmacol. 142:173-176; 1987.
Stewart, B. R.; Jenner, P.; Marsden, C. D.; Pharmacological char-
acterization of pilocarpine-induced chewing in the rat. Psycho-
pharmacol. 97:228-234; 1988.

Stoessl, A. J.; Martin-lversen, M. T.; Barth, T. M.; Dourish, C. T;
lversen, S. D. Effects of ageing on the behavioural responses to
dopaminergic agonists: decreased yawning and locomotion, but
increased stereotypy. Brain Res. 495:20-30; 1989.

Tarsy, D. Neuroleptic-induced extrapyramidal reactions: Classifi-
cation, description and diagnosis. Clin. Neuropsychopharmacol.
6:59-s26; 1983.

Waddington, J. L. Spontaneous orofacial movements induced in
rodents by very long-term neuroleptic drug administration: phe-
nomenology, pathophysiology and putative relationship to tardive
dyskinesia. Psychopharmacol. 101:431-447; 1990.

Webster, K. E. Cortico-striate interrelations in the albino rat. J.
Anat. 95:523-543; 1961.

Wirshing, W. C.; Cummings, J. L.; Dencker, S. J; May, P. R.
Electomechanical characteristics of tardive dyskinesia. Schizophr.
Res. 2:40; 1989.

Wise, S. P.; Jones, E. G. Cells of origin and terminal distribution of
descending projections of the rat somatic sensory cortex. J.Comp.
Neurol. 175:129-158; 1977.






