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Abstract

Several experiments were conducted to study the effects of established or potential antiparkinsonian drugs on the tremulous jaw
Ž .movements induced by the anticholinesterase tacrine 9-amino-1,2,3,4-tetrahydroaminoacridine hydrochloride . In the first group of four

experiments, separate groups of animals that received 2.5 or 5.0 mgrkg tacrine showed a dose-dependent decrease in tremulous jaw
movements following co-administration of the non-selective dopamine receptor agonist apomorphine, the full dopamine D receptor2

Ž Ž .agonist bromocriptine, and the full dopamine D receptor agonist APB R q -6-bromo-7,8-dihydroxy-3-allyl-1-phenyl-2,3,4,5-tetrahy-1
. Ž Ž .dro-1H-3-benzazepine . Co-administration of the partial dopamine D receptor agonist SKF 38393 R q -2,3,4,5-tetrahydro-7,8-dihy-1

.droxy-1-phenyl-1H-benzazepine; 7.5–30.0 mgrkg did not reduce tremulous jaw movements produced by 2.5 or 5.0 mgrkg tacrine. In
animals treated with 2.5 mgrkg tacrine, co-administration of SKF 38393 resulted in a dose-related trend towards a potentiation of
tremulous jaw movements. In the second group of experiments, all rats received 2.5 mgrkg tacrine. The dopamine precursor L-DOPA
Ž .L-3,4-dihydroxyphenylalanine , the dopamine and norepinephrine releasing agent amantadine, and the muscarinic receptor antagonist
benztropine all reduced tremulous jaw movements induced by 2.5 mgrkg tacrine. Across all experiments, it was noted that apomorphine,
bromocriptine and benztropine were more potent than amantadine and L-DOPA. These results are broadly consistent with the therapeutic
doses of these agents noted in the clinical literature. The results of these experiments indicate that tremulous jaw movements in rats may
be a useful model for evaluating potential antiparkinsonian agents. q 1997 Elsevier Science B.V. All rights reserved.
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1. Introduction

Considerable evidence indicates that cholinergic sys-
tems are involved in idiopathic and drug-induced parkin-

Žsonism Duvoisin, 1967; Marsden et al., 1975; Acquilo-
.nius, 1980 . Muscarinic receptor antagonists frequently are

used as treatments for neuroleptic-induced parkinsonism
Ž .Marsden et al., 1975; McEvoy, 1983 . Several studies
have shown that cholinomimetic drugs can induce or exac-
erbate parkinsonian symptoms in humans. Muscarinic re-
ceptor agonists have been shown to enhance parkinsonism
Ž .Noring et al., 1984 . The acetylcholinesterase inhibitor
physostigmine was shown to worsen symptoms of idio-

Ž .pathic Parkinson’s disease Duvoisin, 1967 . Physostig-
mine also has been shown to exacerbate ‘rabbit syndrome’,

Žwhich is a neuroleptic-induced perioral tremor Weiss et
. Ž .al., 1980 . The anticholinesterase tacrine Cognex , which

) Ž . Ž .Corresponding author. Tel.: 1-860 486-4302; Fax: 1-860 486-2760.

is used to treat Alzheimer’s disease, can lead to the
production of parkinsonian side-effects such as bradykine-

Žsia, rigidity and tremor Ott and Lannon, 1992; Keltner,
. Ž .1994 . Ott and Lannon 1992 demonstrated that tacrine-

induced parkinsonism could be ameliorated by L-3,4-dihy-
Ž .droxyphenylalanine L-DOPA .

One of the motor effects of cholinomimetics in rats is
Žthe induction of tremulous jaw movements also known as

‘vacuous jaw movements’ or ‘vacuous’, or ‘purposeless’
.chewing . Tremulous jaw movements are rapid vertical

deflections of the lower jaw that resemble chewing, but are
not directed at any particular object; these movements are
induced by centrally acting muscarinic receptor agonists

Žand anticholinesterases Rupniak et al., 1983; Salamone et
al., 1986; Stewart et al., 1988; Levin et al., 1989; Salam-
one et al., 1990; Collins et al., 1991, 1993; Baskin et al.,

.1994; Carriero et al., 1996; Mayorga et al., 1996 . More
recently, the anticholinesterase tacrine has been shown to
induce a dose-related increase in tremulous jaw move-
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Žments in the range of 2.5–10.0 mgrkg Mayorga et al.,
.1996 . These movements were reduced by systemic or

ventrolateral striatal microinjection of scopolamine
Ž .Mayorga et al., 1996 . Slow motion videotape analysis
showed that the local frequency of tacrine-induced jaw

Žmovements peaked in the range of 3–6.6 Hz Mayorga et
.al., 1996 , which is consistent with the tremor frequency

Žthat is observed in parkinsonian patients Adams and
.Victor, 1981 . Thus, it has been suggested that tacrine-in-

duced tremulous jaw movements share some character-
Žistics with human parkinsonian tremor Carriero et al.,

.1996; Mayorga et al., 1996 .
One of the ways in which tremulous jaw movements

resemble human parkinsonism is that, in both cases, there
is an interaction between dopamine and acetylcholine.
Several lines of evidence indicate that dopamine and
acetylcholine systems interact to affect motor control
Ž .Acquilonius, 1980; Duvoisin, 1967; Bartholini, 1987 . As
well as being produced by cholinomimetics, jaw move-
ments that resemble chewing are induced by dopamine
receptor antagonists, and by pharmacological and neuro-

Žtoxic depletion of dopamine Rupniak et al., 1983; Jicha
and Salamone, 1991; Baskin and Salamone, 1993; Stein-
preis et al., 1993; Steinpreis and Salamone, 1993; Finn et

.al., 1996 . Haloperidol-induced jaw movements were en-
Žhanced by both pilocarpine and physostigmine Rupniak et

.al., 1983 . The chewing-like jaw movements produced by
Žhaloperidol were also decreased by scopolamine Rupniak

.et al., 1983; Steinpreis et al., 1993 . Reserpine plus a low,
presynaptic dose of apomorphine led to tremulous jaw
movements in the same frequency range as tacrine-induced
movements; these movements were suppressed by co-ad-

Ž .ministration of scopolamine Salamone and Baskin, 1996 .
Conversely, the jaw movements produced by pilocarpine
were reduced by the non-selective dopamine agonist apo-

Ž .morphine Stewart et al., 1988 .
It was of interest in the present study to determine if

antiparkinsonian drugs would be effective at reducing
tacrine-induced tremulous jaw movements. Two groups of
experiments were conducted. In the first group of experi-

Ž .ments, apomorphine Lees, 1993 , the full dopamine D1
Ž .receptor agonist R q -6-bromo-7,8-dihydroxy-3-allyl-1-

Žphenyl-2,3,4,5-tetrahydro-1H-3-benzazepine APB; SKF
.82958; O’Boyle et al., 1989 , and the full dopamine D2

receptor agonist bromocriptine were studied. Although the
Ž Ž .partial dopamine D receptor agonist SKF 38393 R q -1

.2,3,4,5-tetrahydro-7,8-dihydroxy-1-phenyl-1H-benzazepine
has been reported to be ineffective at reducing parkinso-

Ž .nian symptoms in monkeys Close et al., 1990 and hu-
Ž .mans Braun et al., 1987 it was also evaluated to validate

the present animal model. For the first group of experi-
Ž .ments, two doses of tacrine 2.5 and 5.0 mgrkg were

used to induce tremulous jaw movements. Doses of apo-
morphine, APB, bromocriptine, or SKF 38393 were co-ad-
ministered with the low or high dose of tacrine and the
effects upon tremulous jaw movements were evaluated.

Based upon the results of the first group of experiments, a
Ž .single dose of tacrine 2.5 mgrkg was used for the

evaluation of additional drugs in the second group of
experiments. The catecholamine releasing agent amanta-
dine and the nonselective muscarinic receptor antagonist
benztropine have antiparkinsonian effects in non-human
primates and humans; these drugs were evaluated along
with L-DOPA for their effects on tacrine-induced tremu-
lous jaw movements.

2. Materials and methods

2.1. Subjects

ŽA total of 164 male Sprague-Dawley rats Harlan
.Sprague-Dawley weighing between 300–400 g were used

in the present study. These animals were group housed in a
colony maintained at 238C which was on a 12-h lightrdark

Ž .cycle lights on 07:00 h . Water and food were available
ad libitum. All rats were cared for according to University
guidelines.

2.2. Drugs

ŽTacrine 9-amino-1,2,3,4-tetrahydroaminoacridine hy-
. Ždrochloride , apomorphine hydrochloride, and L-DOPA L-

.3,4-dihydroxyphenylalanine were obtained from Sigma
Ž .St. Louis, MO, USA . Amantadine hydrochloride, ben-

ŽŽ .ztropine mesylate, bromocriptine q -bromocriptine
. Ž Ž .methanesulfonate , APB SKF 82958 or " -chloro-APB

. ŽŽ . .HBr and SKF 38393 " -SKF 38393 hydrochloride
were obtained from Research Biochemicals International
Ž .Boston, MA, USA . All drugs were dissolved in 0.1%

Ž .ascorbate obtained from Fisher Fair Lawn, NJ, USA .
Amantadine, apomorphine, and benztropine were injected
in volumes of 1.0 mlrkg. APB was injected at 2.0 mlrkg.
Bromocriptine, L-DOPA, and SKF 38393 were dissolved
in volumes of 6.0 mlrkg. With the exception of the
L-DOPA experiment, all drug treatments were given in a
single injection that combined tacrine and one of the doses
of other drugs. With L-DOPA, different doses of L-DOPA
or injections of vehicle were made in a separate injection
given 50 min before tacrine.

2.3. BehaÕioral procedures

Although a number of different drug treatments were
studied, all rats received an i.p. injection that contained
tacrine, either alone or in combination with another drug.
Immediately after injection of tacrine, rats were placed in

Žan elevated Plexiglas observation box 28=28=28 cm,
.with a wire mesh floor for a 10 min habituation period.

All rats were observed for a 5-min period, 10–15 min after
tacrine injection. An observer blind to treatment recorded
the number of tremulous jaw movements, yawns, and rears



( )M.S. Cousins et al.rEuropean Journal of Pharmacology 322 1997 137–145 139

with mechanical hand counters and noted the occurrence
Žof stereotypy e.g., repetitive tongue protrusions, licking or

.gnawing . Tremulous jaw movements were defined as
rapid vertical deflections of the lower jaw that resembled
chewing but were not directed at any apparent physical
stimulus. Yawns were defined as a gradual opening of the
mouth, with a brief pause in the fully open position,
ending with a rapid closure that was more rapid than the
initial opening. If an animal was observed to groom or
exhibit directed chewing, there was a 5 s time-out period
during which tremulous jaw movements or yawns were not
counted. Rears were counted when both forepaws were
vertical to the horizontal plane of the top of the rear paws.

2.4. Experiments

In the first four experiments, the effects of apomor-
phine, bromocriptine, SKF 38393 and APB on tacrine-in-
duced jaw movements were assessed. Separate groups of
rats were used for each of the four drug experiments, and
within each experiment, separate groups of rats were as-
signed to receive either 2.5 or 5.0 mgrkg of tacrine in
order to induce tremulous jaw movements. The numbers of
rats assigned to each experiment were as follows: apomor-

Žphine ns9, ns10, with low and high dose of tacrine,
. Ž .respectively , bromocriptine ns18, ns18 , SKF 38393

Ž . Žns18, ns17, respectively , or APB ns18, ns14,
.respectively . In addition to receiving one dose of tacrine

alone, each rat also received injections of tacrine plus the
dopamine agonist being assessed. The following doses

Ž .were used: apomorphine 0.25, 0.5, 1.0 mgrkg ,
Ž . Žbromocriptine 5.0, 10.0, 20.0 mgrkg , SKF 38393 7.5,

. Ž .15.0, 30.0 mgrkg , or APB 0.5, 1.0, 2.0 mgrkg . Within
each of the four experiments, every rat received four drug

Žtreatments i.e., one dose of tacrine alone, and the same
dose of tacrine plus a low, middle, or high challenge dose

.of dopamine agonist , once a week for 4 weeks in a
randomly varied order. Thus, each experiment in this first

Žgroup of four had a 2=4 design two tacrine doses with
separate groups, and four different drug treatments within

.each group .
In the second phase of this investigation, three experi-

ments were conducted to study the ability of amantadine,
benztropine and L-DOPA to reverse the effects of 2.5
mgrkg tacrine on jaw movements. As in the first four
experiments, separate groups of rats were used to assess

Žeach drug amantadine, ns18; benztropine, ns9; L-
.DOPA, ns15 . In addition to receiving one dose of 2.5

mgrkg tacrine alone, each rat also received injections of
Žtacrine plus three doses of either amantadine 15.0, 30.0,

. Ž .60.0 mgrkg , benztropine 2.5, 5.0, 10.0 mgrkg , or
Ž .L-DOPA 50.0, 100.0, 200.0 mgrkg . For all three experi-

ments, each rat received one of the four drug treatments
Ži.e., tacrine alone, or tacrine plus a low, middle, or high

.challenge dose of the other drug once a week for 4 weeks
in a randomly varied order.

2.5. Data analysis

The seven experiments were analyzed separately. In the
first four experiments, tremulous jaw movements were

Žanalyzed by a 2=4 tacrine dose=dose of co-adminis-
. Ž .tered drug factorial analysis of variance ANOVA with

Žrepeated measures on drug dose Systat version 5.0,
.Evanston, IL, USA . For the last three experiments, tremu-

lous jaw movements were analyzed by a repeated mea-
Žsures ANOVA with four levels tacrine alone and tacrine
.plus three doses of the other drug . Planned comparisons

Ž .Keppel, 1982 were made between the tacrine-alone con-
dition and each of the three drug conditions in which
another drug was co-administered with tacrine. In the first
four experiments, if there was no significant interaction
then the 2.5 and 5.0 mgrkg tacrine groups were combined
for the planned comparisons. Single degree of freedom

Ž .linear contrasts were also conducted Systat, version 5.0 .
Significance was determined at the 5% significance level.
Because their was very little yawning or rearing behavior,
these data were not analyzed.

3. Results

3.1. Experiments 1–4

The effect of apomorphine on tacrine-induced tremu-
lous jaw movements is shown in Fig. 1. There was not a

Ž Ž . .significant effect of dose of tacrine F 1,17 s0.28, ns on
tremulous jaw movements, but there was a significant

Ž .Fig. 1. Mean "S.E.M. number of tremulous jaw movements for each
5-min observation period. All rats received either 2.5 or 5.0 mgrkg

Ž .tacrine alone TAC , and also received injections tacrine plus 0.25, 0.5
and 1.0 mgrkg apomorphine. ) Significant difference from tacrine alone,
P -0.05; collapsed across both the 2.5 and 5.0 mgrkg tacrine groups.
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Ž .Fig. 2. Mean "S.E.M. number of tremulous jaw movements for each
5-min observation period. All rats received either 2.5 or 5.0 mgrkg

Ž .tacrine TAC , and also received injections tacrine plus 5.0, 10.0 and 20.0
mgrkg bromocriptine. ) Significant difference from tacrine alone, P -

0.05; collapsed across both the 2.5 and 5.0 mgrkg tacrine groups.

Ž Ž . .effect of apomorphine F 3,51 s10.82, P-0.001 . There
was not a significant interaction between dose of tacrine

Ž Ž . .and dose of apomorphine F 3,51 s0.99, ns . Planned
comparisons collapsed across both the 2.5 and 5.0 mgrkg
tacrine groups indicating that all three doses of apomor-
phine plus tacrine differed from tacrine alone. There was
also a significant linear trend across doses of apomorphine
Ž Ž . .F 1,17 s29.46, P-0.001 , but no interaction of the
linear components at the different doses of tacrine
Ž Ž . .F 1,17 s0.99, ns .

The effect of bromocriptine on tremulous jaw move-
ments induced by tacrine is presented in Fig. 2. There was

Ž Ž .not a significant effect of dose of tacrine F 1,34 s2.07,
.ns . There was a significant effect of bromocriptine

Ž Ž . .F 3,102 s 8.67, P - 0.001 , but no interaction
Ž Ž . .F 3,102 s1.50, ns . Planned comparisons collapsed
across both the 2.5 and 5.0 mgrkg tacrine groups indicat-
ing that all three doses of bromocriptine plus tacrine
differed from tacrine alone. There was also a significant

Ž Ž .linear trend across doses of bromocriptine F 1,34 s
.21.24, P-0.001 , but no interaction of the linear compo-

Ž Ž . .nents at different doses of tacrine F 1,34 s0.28, ns .
The effect of SKF 38393 on tacrine-induced tremulous

jaw movements is shown in Fig. 3. There was no signifi-
Ž Ž . .cant effect of tacrine F 1,33 s0.33, ns , no significant
Ž Ž . .effect of SKF 38393 F 3,99 s1.71 , and no interaction

Ž Ž . .F 3,99 s2.37, ns . There was no significant linear trend
Ž Ž . .across different doses of SKF 38393 F 1,33 s3.19, ns ,

but there was a significant interaction of the linear trends
Ž Ž . .at different tacrine doses F 1,33 s4.55, P-0.05 , with

SKF 38393 increasing the tremulous jaw movements in-

Ž .Fig. 3. Mean "S.E.M. number of tremulous jaw movements for each
5-min observation period. All rats received either 2.5 or 5.0 mgrkg

Ž .tacrine TAC , and also received injections tacrine plus 7.5, 15.0 and 30.0
mgrkg SKF 38393.

duced by 2.5 mgrkg tacrine more than those induced by
5.0 mgrkg tacrine.

The effect of APB on tremulous jaw movements pro-
duced by tacrine is shown in Fig. 4. There was a signifi-

Ž Ž . .cant effect of dose of tacrine F 1,30 s6.84, P-0.05
Ž Ž .and significant effect of dose of APB F 3,90 s11.65,

. Ž Ž .P-0.001 , but there was no interaction F 3,90 s1.08,
.ns . Planned comparisons collapsed across both the 2.5 and

Ž .Fig. 4. Mean "S.E.M. number of tremulous jaw movements for each
5-min observation period. All rats received either 2.5 or 5.0 mgrkg

Ž .tacrine TAC , and also received injections tacrine plus 0.5, 1.0 and 2.0
mgrkg APB. ) Significant difference from tacrine alone, P -0.05;
collapsed across both the 2.5 and 5.0 mgrkg tacrine groups.
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5.0 mgrkg tacrine groups indicating that 1.0 and 2.0
mgrkg APB plus tacrine differed from tacrine alone.
There was a significant linear trend across different doses

Ž Ž . .of APB F 1,30 s43.58, P-0.001 , but no significant
interaction of the linear components at different doses of

Ž Ž . .tacrine F 1,30 s2.97, ns .

3.2. Experiments 5–7

The effect of amantadine on tremulous jaw movements
produced by tacrine is shown in Fig. 5A. Amantadine
significantly reduced jaw movements induced by tacrine
Ž Ž . .F 3,51 s9.19, P-0.001 . Planned comparisons deter-
mined that all three doses of amantadine reduced tremu-
lous jaw movements, and there was a significant linear
trend to the reduction of jaw movements by amantadine
Ž Ž . .F 1,17 s33.39, P-0.001 . The effect of benztropine
on tacrine-induced tremulous jaw movements is shown in
Fig. 5B. Benztropine produced a significant reduction of

Ž Ž .tacrine-induced jaw movements F 3,24 s5.85, P-

.0.01 . Planned comparisons indicated that all three doses
of benztropine reduced tremulous jaw movements. There
was also a significant linear trend to the reduction of

Ž Ž . .tremulous jaw movements F 3,24 s5.85, P-0.01 . The
effect of L-DOPA on tremulous jaw movements induced
by tacrine is shown in Fig. 5C. L-DOPA produced a

Ž Ž .significant overall reduction of jaw movements F 3,42
.s4.65, P-0.01 . Planned comparisons showed that all

three doses of L-DOPA significantly reduced tremulous
jaw movements. There was also a significant linear com-
ponent to the reduction of tacrine-induced jaw movements
Ž Ž . .F 1,14 s4.66, P-0.05 .

3.3. General obserÕations

Although not statistically evaluated, stereotypy was ob-
served in some animals following high doses of dopamine
receptor agonists. Some stereotyped behavior was ob-
served in 10 of the 19 rats that received 1.0 mgrkg
apomorphine, and 7 of the 32 rats that received 2.0 mgrkg
APB. Other observations included whole-body spasms that
were seen in most animals at 60.0 mgrkg amantadine and
piloerection that was observed in all rats at 100.0 and
200.0 mgrkg L-DOPA. An index of the magnitude of the
suppression of tacrine-induced jaw movement activity
across different experiments is the percentage of observa-
tions in which less than 20 tremulous jaw movements were
counted over the 5-min observation period. Examined this
way, 41% of the observations following benztropine and
33% of the observations following apomorphine treatment

Ž .Fig. 5. Mean "S.E.M. number of tremulous jaw movements for each
5-min observation period. All rats received injections of 2.5 mgrkg

Ž . Ž . Ž .tacrine TAC . Effects are shown for amantadine A , benztropine B
Ž . )and L-DOPA C . Significant difference from tacrine alone, P -0.05.
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had less than 20 tremulous jaw movements. In contrast,
none of the other challenge drugs had greater than 10% of
the observations with less than 20 tremulous jaw move-

Žments 10% of APB observations, 8% of SKF 38393, 7%
.of L-DOPA, 4% of amantadine and 4% of bromocriptine .

4. Discussion

Consistent with previous reports, the anticholinesterase
tacrine produced high levels of jaw movement activity
Ž .Carriero et al., 1996; Mayorga et al., 1996 . SKF 38393
was ineffective at reducing tremulous jaw movements, and
instead produced a trend towards an increase in the tremu-
lous jaw movements induced by the lower dose of tacrine.
These results are consistent with previous work showing
that SKF 38393 failed to suppress pilocarpine-induced

Ž .vacuous chewing Levin et al., 1989 , and that SKF 38393
also is capable of producing low levels of jaw movement

Žactivity Rosengarten et al., 1993; but see also Murray and
.Waddington, 1989 . Apomorphine, APB, bromocriptine,

amantadine, benztropine and L-DOPA all reduced tacrine-
induced tremulous jaw movements in a dose-dependent
manner. Apomorphine, benztropine and bromocriptine were
much more potent than amantadine and L-DOPA for reduc-
ing tacrine-induced jaw movements. This pattern of rela-
tive potency is similar to the pattern shown in the clinical

Žusage of these antiparkinsonian drugs Oertel and Dodel,
.1995 . Therefore, several different antiparkinsonian drugs,

with a variety of different pharmacological actions, all
were effective at reducing tremulous jaw movements pro-
duced by tacrine.

The present data are consistent with previous work that
examined cholinomimetic-induced tremulous jaw move-
ments. In the present study, the centrally acting muscarinic
receptor antagonist benztropine was shown to block
tacrine-induced jaw movements. Several previous reports
have demonstrated that the jaw movements induced by
pilocarpine, physostigmine, or tacrine can be reduced by
the centrally acting muscarinic antagonist scopolamine, but

Žnot by methyl scopolamine Rupniak et al., 1983; Salam-
one et al., 1986; Stewart et al., 1989; Mayorga et al.,

.1996 . Furthermore, local injections of either scopolamine,
methyl scopolamine, or atropine into the ventrolateral
neostriatum have been shown to block the tremulous jaw
movements induced by tacrine, physostigmine, carbachol,

Žor pilocarpine Kelley et al., 1989; Salamone et al., 1990;
.Kikuchi de Beltran et al., 1992; Mayorga et al., 1996 .

Taken together, these data indicate that cholinomimetics
produce tremulous jaw movements by stimulation of cen-
tral muscarinic receptors, which are likely to be located in
the ventrolateral portion of the neostriatum. Additionally,
the present results provide further evidence of acetyl-
cholinerdopamine interactions in the production of tremu-
lous jaw movements. Using the cholinergic receptor ago-

Ž .nist pilocarpine, Stewart et al. 1988 had determined that

tremulous jaw movements can be reduced by apomorphine
co-administration. The present study confirmed these find-
ings with apomorphine, and extended them to include
some additional dopamine receptor agonists.

In the parkinsonian drug literature, there has been de-
bate for some time about the relative effectiveness of D1

and D stimulation for producing antiparkinsonian effects.2

It is well known that non-selective dopamine receptor
agonists, such as apomorphine, can have antiparkinsonian

Ž .effects Lees, 1993 . Moreover, drugs that are somewhat
D selective, such as bromocriptine, also are effective2

Ž .antiparkinsonian agents Lang, 1987 . The first widely
studied dopamine D receptor agonist, SKF 38393, was1

assessed in clinical studies and found to be ineffective for
Ž .the treatment of Parkinson’s disease Braun et al., 1987 .

This pattern of results suggested that the critical pharmaco-
logical characteristic of an antiparkinsonian drug was
dopamine D receptor agonism. However, there are sev-2

eral problems with that conclusion. SKF 38393 is only a
partial agonist, with moderate efficacy for stimulating

Ž .cAMP production Watts et al., 1993 . More recently, a
new generation of dopamine D receptor agonists, such as1

dihydrexine, SKF 81297 and APB, have been tested in
dopamine-depleted primate models of parkinsonism. These
studies suggest that antiparkinsonian effects can be

Žachieved by dopamine D receptor agonists Taylor et al.,1
.1991; Blanchet et al., 1993; Vermulen et al., 1993, 1994 ,

Žincluding APB Akai et al., 1995; Gnanalingham et al.,
.1995 . The present results confirm and extend these find-

ings, in that SKF 38393 was shown to be ineffective at
reversing tacrine-induced tremulous jaw movements, yet
the full agonist APB significantly reduced these move-
ments. Thus, evidence suggests that either dopamine D or1

D receptor agonists can have some antiparkinsonian ac-2

tivity. Because some anatomical evidence suggests that
dopamine D and D receptors are localized on distinct1 2

populations of striatal cells, the present results suggest that
dopaminergic modulation of either the ‘direct’ or the ‘indi-
rect’ pathway can produce therapeutic effects in Parkin-

Žson’s disease see Young and Penney, 1993; Alexander et
.al., 1990; DiChiara et al., 1994 . Additional work in both

primates and rodents should focus on the ability of
dopamine receptor agonists of various types to produce
antiparkinsonian effects, so that the critical pharmacologi-
cal characteristics of the therapeutic effects of these drugs
can be determined.

The neurochemical basis of dopamine receptor agonist-
induced reversal of tremulous jaw movements is uncertain.
It has been suggested that dopamine receptor agonists that
decrease the activity of adenylate cyclase would be effec-
tive at reducing tremulous jaw movements induced by

Ž .cholinomimetics Levin et al., 1989 . According this view,
the inability of SKF 38393 to antagonize tremulous jaw
movements may be related to the D -mediated stimulation1

Žof cAMP production by this drug Izenwasser and Katz,
.1993 . However, there does not appear to be a simple
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relation between cAMP production and cholinomimetic-in-
duced tremulous jaw movements. First of all, there is
conflicting evidence about the effects of bromocriptine and

Žapomorphine on cAMP production Gumulka et al., 1976;
Battaglia et al., 1985; Onali et al., 1985; Memo et al.,

.1986 . In addition, although dopamine D receptor stimula-1

tion is typically seen as activating postsynaptic cAMP
Žactivity Kebabian and Calne, 1979; Izenwasser and Katz,

.1993 , dopamine D receptor stimulation can also be un-1
Žcoupled from cAMP production Andersen and Nielsen,

.1986; Mailman et al., 1986 . Some evidence indicates that
there may be two types of dopamine D receptor, one that1

activates adenylate cyclase and one that acts through some
Žother mechanism Rosengarten et al., 1993; Deveney and
.Waddington, 1995 . It is important to consider that the full

dopamine D receptor agonist APB is more efficacious1
Žthan SKF 38393 at stimulating cAMP production O’Boyle

.et al., 1989; Izenwasser and Katz, 1993 , yet APB actually
decreases tacrine-induced jaw movements. Muscarinic re-
ceptor agonists are highly effective at inducing tremulous
jaw movements, despite the fact that they decrease cAMP

Ž .production McKinney et al., 1989 . Thus, it remains
unclear if the modulation of cholinomimetic-induced jaw
movements is dependent upon cAMP mechanisms, or upon
the action of some other second messenger system. The
effect of dopamine receptor agonists on second messenger
activity in the presence of muscarinic stimulation is not
known, and future research should focus upon this type of
neurochemical interaction between dopamine and acetyl-
choline systems.

When considering the reduction of tacrine-induced jaw
movements by antiparkinsonian drugs, it may also be
useful to consider the effects of dopamine D and D1 2

receptor agonists upon in vivo striatal acetylcholine func-
tion. Cholinergic stimulation is known to induce parkinso-
nian symptoms, and evidence indicates that dopamine
antagonism or depletions can enhance striatal acetylcholine

Ž .release DeBoer et al., 1993 . Thus, it is possible that
parkinsonian symptoms are induced by enhanced choliner-
gic function, and that antiparkinsonian effects of dopamine
receptor agonists could be occurring because these drugs
reduce acetylcholine release. Consistent with the present

Ždata, systemic administration of apomorphine Stadler et
. Žal., 1973; Guyenet et al., 1974 , and bromocriptine De-

.Boer et al., 1993 , have been shown to decrease striatal
extracellular acetylcholine levels. Also consistent with the
present data is the finding that under physiological condi-
tions, the partial dopamine D receptor agonist SKF 383931

can increase striatal acetylcholine release, whereas the
dopamine D receptor agonist quinpirole decreases striatal2

Ž .acetylcholine release DeBoer and Abercrombie, 1996 .
The effects of APB or amantadine upon striatal acetyl-
choline release have not been evaluated, and future re-
search is needed to evaluate the effects of dopamine
receptor agonists on extracellular acetylcholine in the pres-
ence of tacrine. Nevertheless, there are some problems in

attempting to find a direct relation between striatal acetyl-
choline activity and tremulous jaw movements. There is
conflicting evidence about the effects of apomorphine on

Ž .striatal acetylcholine release Bertorelli and Consolo, 1990 .
L-DOPA, which was effective at reducing tacrine-induced
jaw movements, actually tends to increase striatal acetyl-

Ž .choline levels DeBoer et al., 1993 . Also, evidence indi-
cates that reserpine, which can induce tremulous jaw
movements, decreases rather than increases striatal acetyl-

Žcholine release Bertorelli et al., 1992; Imperato et al.,
.1994 . Thus, as in the case of second messenger produc-

tion, there is not a clear relation between striatal acetyl-
choline release and tremulous jaw movements. It is possi-
ble that there are several different neurochemical effects
that lead to tremulous jaw movements, and not all of them
are directly dependent upon acetylcholine release. More-
over, it is possible that some antiparkinsonian treatments
act to modulate cholinergic transmission, whereas other
treatments have their therapeutic effects via different ac-
tions.

In summary, tacrine-induced tremulous jaw movements
can be suppressed by antiparkinsonian agents. L-DOPA,
apomorphine, amantadine, bromocriptine, APB, and ben-
ztropine were effective at reducing tremulous jaw move-
ments produced by tacrine. SKF 38393, which is not an
effective treatment for Parkinson’s disease, did not reduce
tacrine-induced jaw movements. Although L-DOPA is the
most widely used therapy and has been used against

Žparkinsonian tremor in Alzheimer’s patients Ott and Lan-
.non, 1992 , it is not without its disadvantages. Future

research involving tacrine-induced tremulous jaw move-
ments in rats can be used to investigate additional an-
tiparkinsonian treatments such as other dopamine receptor
agonists, as well as antagonists at acetylcholine, serotonin,

Žand excitatory amino acid receptors Klockgether et al.,
1991; Lees, 1993; DiChiara et al., 1994; Lange and

.Riederer, 1994 .
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