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Locomotor stereotypy produced by dexbenzetimide and scopolamine
is reduced by SKF 83566, not sulpiride. 
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(3) 639–644, 1998.—Like amphetamine, sco-
polamine produces locomotor stereotypy (repetitive routes of locomotion) in an open field. To determine whether locomotor
stereotypy is a common behavioral effect of anticholingeric agents, several doses of the anticholinergic dexbenzetimide were
tested for the ability to produce locomotor stereotypy; like scopolamine, dexbenzetimide produced locomotor stereotypy. To
investigate a possible role of dopamine in anticholinergic-induced locomotor stereotypy, we tested the ability of the dopam-
ine D

 

1

 

 antagonist SKF 83566 and the D

 

2

 

 antagonist sulpiride to block the locomotor stereotypy induced by scopolamine as
well as dexbenzetimide. SKF 83566 blocked scopolamine- and dexbenzetimide-induced locomotor stereotypy; sulpiride did
not reduce dexbenzetimide-induced locomotor stereotypy, but enhanced scopolamine-induced locomotor stereotypy. Hyper-
locomotion was reduced by both dopamine antagonists. Results are interpreted in support of the notion that dopamine is the
likely candidate mediating locomotor stereotypy. © 1998 Elsevier Science Inc.
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THE role of dopamine (DA) in mediating the motor effects
of amphetamine is well established (1). Amphetamine reli-
ably increases locomotion and produces focused stereotypy
(absence of locomotion and intense sniffing and licking/biting
of a restricted area of the environment) in rats (25). Amphet-
amine also produces locomotor stereotypy—repetative pat-
terns or routes of locomotion in an open field (18,25). Several
studies demonstrate that amphetamine produces hyperloco-
motion by increasing DA release in the nucleus accumbens
and focused stereotypy by enhancing DA release in the cau-
date (4,13). Locomotor stereotypy has been less studied, and
only recently become a focus of attention. Because locomotor
stereotypy combines aspects of stereotypy and hyperlocomo-
tion, the mechanisms underlying these behaviors may well be
similar. Likewise, most amphetamine-induced behaviors are
mediated by increases in either mesolimbic or nigrostriatal
DA systems; these same systems are likely candidates for the
mediation of locomotor stereotypy. The hypothesis is sup-
ported by findings that haloperidol, a D

 

2

 

 DA antagonist, re-

duced amphetamine-induced locomotor stereotypy at doses
that failed to affect locomotion per se (17).

If DA receptor stimulation is intimately involved in loco-
motor stereotypy, one would expect other DA agonists to
produce this behavior in an open field. However, not all data
are consistent with this hypothesis. Like amphetamine, apo-
morphine produces hyperlocomotion and focused stereotypy
(3,19); these effects are mediated by DA receptors in the cau-
date and nucleus accumbens (13). Apomorphine, however,
does not produce locomotor stereotypy in an open field (19),
although it produces repetitive locomotion in a smaller testing
arena (10). Moreover, like amphetamine, the anticholinergic
scopolamine produces hyperlocomotion (23,27). Scopol-
amine-induced hyperlocomotion is different from amphet-
amine-induced locomotion (23) and appears to be mediated
by different mechanisms. For instance, lesions of DA termi-
nals block amphetamine-induced hyperlocomotion but not
scopolamine-induced hyperlocomotion (12). Scopolamine has
no direct action on DA receptors and produces locomotor ste-
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reotypy, but not focused stereotypy (19). Therefore, the in-
volvement of DA in locomotor stereotypy has yet to be firmly
established.

One possibility is that scopolamine produces locomotor
stereotypy due to an indirect effect on DA. Numerous studies
have reported that DA can inhibit the release of acetylcholine
(ACh) (6,29), which points to a negative interaction between
the two systems (16,28). Moreover, because the discovery that
DA effects are mediated by at least two different receptors
(D

 

1

 

 and D

 

2

 

), it has been shown that while D

 

2

 

 agonists de-
crease, D

 

1

 

 agonists increase ACh release in the striatum
(2,5,8,24). If this is the case, anticholinergics like scopolamine
may be producing locomotor stereotypy by indirect elevation
of DA levels achieved via a reduction in ACh, and this effect
may be differentially mediated by D

 

1

 

 and D

 

2

 

 receptors. The
idea is supported by findings that haloperidol and the D

 

1

 

 an-
tagonist SCH 23390 decrease scopolamine-induced hyperlo-
comotion (26). Similarly, alpha-methyl-para-tyrosine reduces
hyperlocomotion produced by scopolamine, benztropine, and
atropine (30).

We tested the above hypothesis with scopolamine and dex-
benzetimide. Dexbenzetimide is an anticholinergic that
crosses the blood–brain barrier more easily than scopolamine
and has a much longer duration of action than scopolamine.
Therefore, if locomotor stereotypy is a property of anticholin-
ergics in general, dexbenzetimide should be more effective
than scopolamine at producing locomotor stereotypy. If this is
the case, one would hypothesize an interaction between DA
and ACh underlying scopolamine-induced locomotor stereo-
typy. To determine whether DA mechanisms might be related
to anticholinergic-induced locomotor stereotypy, we tested
the ability of the D

 

1

 

 antagonist SKF 83566 and the D

 

2

 

 antago-
nist sulpiride to block scopolamine- and dexbenzetimide-induced
locomotor stereotypy.

 

METHOD

 

Animals

 

Male Wistar rats (350 to 450 g) bred in the departmental
animal facilities were housed individually in standard wire-
mesh cages on a 12 L:12 D cycle. Food and water were avail-
able ad lib. Rats were tested 4 h prior to lights out.

 

Apparatus and Data Reduction

 

An open field (112 

 

3

 

 112 

 

3

 

 30 cm) was divided into five
equal areas (a center and four surrounding areas). A video-
camera was mounted approximately 170 cm above the floor of
the open field. Each animal was videotaped for 1 h; the ani-
mal’s route through the open field was recorded by a
videotracking system (Videomex-V, Columbus Instruments).
The rat’s path through the open field was then divided into a
series of trips [see Fig. 1; for explanation, see (18)]. Briefly,
there are five trip types. “C” designates a trip to the center
area of the open field. Otherwise, trip types are defined as the
number of lines crossed during a trip. Trip types range from
“1” to “4,” with a trip of “4” representing a complete tour of
the perimeter of the open field.

The index of locomotor stereotypy, gamma, is calculated
by dividing the total number of (sequentially) repeated trips
by the total number of trips exhibited (18). Thus, gamma
quantifies the probability that the rat will repeat the trip that
it has just exhibited. Gamma values range from 0 to 1.0;
higher values indicate greater locomotor stereotypy. The de-
sign was a two-factor (dose 

 

3

 

 time) ANOVA. The number of

lines crossed was determined in the usual way (18). Statisti-
cally significant differences between groups were assessed
with a two-factor (dose 

 

3

 

 time) ANOVA. Data were ana-
lyzed with the statistical program BMDP 2V (11).

FIG. 1. Raw data from a rat injected with 2.0 mg/kg scopolamine. In
general, rats locomote near the walls. The rat’s path begins near the
center and spirals outward simply to facilitate the data collection pro-
cess. The rats do no simply circle the perimeter of the open field in
one direction; changes in direction are common. This is a rat with a
high gamma score at 40 min and a high proportion of trips of “4.” LC 5
lines crossed.
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Testing

 

Each animal was briefly handled once a day for 5 days
prior to testing. All animals were then habituated to the open
field for 40 min on 2 consecutive days prior to testing. On the
day of testing, each rat was injected with the anticholinergic of
interest and immediately placed in the center of the open field.
Each rat was tested only once. All injections were subcutaneous.

 

Experiments

 

In the first experiment, rats (

 

n 

 

5

 

 8 per group) were in-
jected with various doses of dexbenzetimide (saline, 0.50,
0.80, or 1.5 mg/kg, Sigma Chemicals) and tested for dexben-
zetimide-induced changes in gamma and lines crossed. Al-
though the rats were videotaped for 1 h, most rats were asleep
by the end of the first half hour. Therefore, only the data from
the first 40 min are reported. In the second series of experi-
ments (

 

n 

 

5

 

 8 per group) either the D

 

1

 

 antagonist SKF 83566
(saline, 0.005, 0.01, or 0.03 mg/kg, Sigma) or the D

 

2

 

 antagonist
sulpiride (saline, 15 or 25 mg/kg, Sigma) were injected 30 min
prior to injection of 2 mg/kg scopolamine hydrobromide
(Sigma; dose calculated as the salt) or 1.5 mg/kg dexbenzeti-
mide. The rats were immediately placed in the open field after
the scopolamine or dexbenzetimide injection and were video-
taped for 1 h. Again, little locomotion was present after 40
min; therefore, only gamma and lines crossed data from the
first 40 min are presented.

 

RESULTS

 

Because gamma conveys no meaning if a rat fails to loco-
mote, gamma data were not used if a rat failed to exhibit four
or more trips during a particular time interval. These missing
data’ were replaced with the group mean; degrees of freedom
were reduced accordingly in the statistical analyses (15).

 

Dexbenzetimide

 

Dexbenzetimide significantly induced locomotor stereo-
typy, 

 

F

 

(9, 84)

 

 

 

5

 

 2.91, 

 

p 

 

,

 

 0.05, for the dose 

 

3

 

 time interac-
tion. In comparison to saline controls, dexbenzetimide-
treated rats generally exhibited higher gamma scores over
time (see Fig. 2a). As shown in Fig. 2b, dexbenzetimide-
treated rats were hyperactive with respect to controls. Dex-
benzetimide produced significant hyperlocomotion, 

 

F

 

(12,
108)

 

 

 

5

 

 3.51, 

 

p 

 

,

 

 0.05, for the dose 

 

3

 

 time interaction.

 

SKF 83566 plus Dexbenzetimide

 

SKF 83566 significantly reduced dexbenzetimide-induced
locomotor stereotypy, 

 

F

 

(9, 75)

 

 

 

5

 

 2.89, 

 

p 

 

,

 

 0.05, for the dose 

 

3

 

time interaction. In comparison with saline controls, locomo-
tor stereotypy was reduced by higher doses of SKF 83566 (see
Fig. 3a). SKF 83566 produced a dose-related reduction in hy-
perlocomotion (see Fig. 3b; 

 

F

 

(4, 46)

 

 

 

5

 

 3.46, 

 

p 

 

,

 

 0.05 for the
dose 

 

3

 

 time interaction.

 

Sulpiride plus Dexbenzetimide

 

Sulpiride failed to consistently block dexbenzetimide-induced
locomotor stereotypy (see Fig. 4a; 

 

F

 

(6, 72)

 

 

 

5

 

 1.09, 

 

p 

 

.

 

 0.05
for the dose 

 

3

 

 time interaction. Sulpiride significantly re-
duced dexbenzetimide-induced hyperlocomotion, 

 

F

 

(4, 44)

 

 

 

5

 

2.39, 

 

p 

 

,

 

 0.05, for the dose 

 

3

 

 time interaction (Fig. 4b).

 

SKF 83566 plus Scopolamine

 

SKF 83566 significantly reduced scopolamine-induced lo-
comotor stereotypy, 

 

F

 

(9, 75)

 

 

 

5

 

 3.19, 

 

p 

 

,

 

 0.05, for the dose 

 

3

 

time interaction. In comparison with saline 

 

1

 

 scopolamine
controls, locomotor stereotypy was reduced by higher of SKF
83566 (see Fig. 5a). As shown in Fig. 5b, SKF 83566 produced
a dose-related reduction in scopolamine-induced hyperloco-
motion, 

 

F

 

(4, 46)

 

 

 

5

 

 5.52, 

 

p 

 

,

 

 0.05, for the dose 

 

3

 

 time interac-
tion. SKF 83566 was effective at reducing the number of lines
crossed over time, but the effect was mainly due to the highest
dose of SKF 83566.

 

Sulpiride plus Scopolamine

 

Sulpiride failed to consistently block scopolamine-induced
locomotor stereotypy, 

 

F

 

(6, 72)

 

 

 

5

 

 8.31, 

 

p 

 

,

 

 0.05, for the dose 

 

3

 

time interaction. In fact, 25 mg/kg of sulpiride actually en-
hanced gamma scores during the 40-min observation period
(see Fig. 6a). On the other hand, sulpiride significantly re-
duced scopolamine-induced hyperlocomotion, 

 

F

 

(4, 44)

 

 

 

5

 

2.93, 

 

p 

 

,

 

 0.05, for the dose 

 

3

 

 time interaction (Fig. 6b).

FIG. 2. Locomotor stereotypy (top) and hyperlocomotion (bottom)
exhibited by saline- and dexbenzetimide-treated rats. Gamma is the
index of locomotor stereotypy; higher values indicate more stereo-
typic or repetitive patterns of locomotion in the open field. Asterisks
(*) denote significant differences between groups. Error bars indicate
the standard error of the mean.
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DISCUSSION

 

The purpose of the present study was to determine if loco-
motor stereotypy was produced by anticholinergics in general,
and whether DA might play a role in anticholinergic-induced
locomotor stereotypy. We expected that dexbenzetimide
would produce locomotor stereotypy, and that this effect
would be blocked by specific DA subreceptor antagonists.
Like scopolamine, dexbenzetimide produced significant loco-
motor stereotypy as measured by gamma as well as hyperlo-
comotion. The D

 

1

 

 antagonist SKF 83566 significantly blocked
both scopolamine- and dexbenzetimide-induced locomotor
stereotypy and hyperlocomotion, whereas the D

 

2

 

 antagonist
sulpiride reduced locomotion, failed to block dexbenzetimide-
induced locomotor stereotypy, and enhanced the expression
of scopolamine-induced locomotor stereotypy.

The ability for dexbenzetimide to produce locomotor ste-
reotypy provides support for the hypothesis that scopolamine-
induced locomotor stereotypy is related to its anticholinergic
effect. Scopolamine is structurally similar to atropine, and we
have seen that atropine produces locomotor stereotypy in a
dose-dependent manner (unpublished data). Dexbenzetimide
is, however, structurally dissimilar to atropine and scopol-
amine, but also produces locomotor stereotypy. Locomotor
stereotypy thus appears to be a property of anticholinergics in

general. Prior work has reported that anticholinergics can en-
hance the release of DA (28), and our findings suggest that
this effect may account for the mechanism by which scopol-
amine, atropine, and dexbenzetimide produce similar locomo-
tor effects as amphetamine. Interestingly, both scopolamine
and dexbenzetimide have been reported to elevate mood (7);
mood elevation is more commonly associated with DA agents
than cholinergic agents.

The findings that SKF 83566, not sulpiride, blocked loco-
motor stereotypy, but both antagonists reduced hyperlocomo-
tion, support the notion that DA subreceptors are differen-
tially involved in the expression of anticholinergic-induced
locomotor behavior. Previous work demonstrates that loco-
motor effects of DA agonists like amphetamine involve dis-
tinct DA subreceptors. For example, the intense grooming
and gnawing observed during amphetamine-induced focused
stereotypy in rats are elicited by the D

 

1

 

 agonist SKF 38393,
but not the D

 

2

 

 agonist LY 163502 (20,21). Amphetamine-
induced locomotor stereotypy is reduced by SKF 83566, not
sulpiride; yet both antagonists decrease hyperlocomotion (9).
Our results with SKF 83566 and sulpiride confirm prior work
and extend the notion that expression of locomotor stereo-
typy involves the activation of D

 

1

 

 receptors.

FIG. 3. The effects of the D1 antagonist SKF 83566 on dexbenzetim-
ide-induced locomotor stereotypy (top) and hyperlocomotion (bot-
tom). Asterisks (*) denote significant differences between groups.
Error bars indicate the standard error of the mean.

FIG. 4. The effects of the D2 antagonist sulpiride on dexbenzetim-
ide-induced locomotor stereotypy (top) and hyperlocomotion (bot-
tom). Asterisks (*) denote significant differences between groups.
Error bars indicate the standard error of the mean.
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The failure of sulpiride to block dexbenzetimide- and sco-
polamine-induced locomotor stereotypy was not surprising in
light of our previous data showing that similar doses of sulpir-
ide were ineffective on amphetamine-induced locomotor ste-
reotypy (9). We had tested higher doses of sulpiride (45 mg/
kg, 65 mg/kg), but these doses were so effective at reducing
activity that insufficient locomotion remained for calculation
of gamma scores (data not shown). What is interesting is that
sulpiride actually enhanced scopolamine- not dexbenzetim-
ide-induced locomotor stereotypy, and this effect was not
seen previously with amphetamine (9,14). A similar paradoxi-
cal effect has been reported (22) where 20 mg/kg of sulpiride
enhanced the stereotyped head movements and sniffing (i.e.,
focused stereotypy) induced by 2.5 and 5 mg/kg amphet-
amine, but reduced hyperlocomotion. Furthermore, 50 mg/kg
sulpiride prolonged stereotyped head and forelimb move-
ments produced by 2 mg/kg amphetamine (27). The differen-
tial effect of sulpiride on scopolamine and dexbenzetimide
may be related to the structural differences between the two
compounds. The significance of this effect in the present data
is unclear, but is consistent with the general consensus that
atypical neuroleptics block selective components of stereo-
typy (14).

One intriguing feature of the proposed DA–ACh interac-
tion is that DA seems to exert a dual control on ACh neurons.
On the one hand, many data support the view that DA, acting
postsynaptically on D

 

2

 

 receptors, exerts an inhibitory role on
striatal ACh neurons (24). On the other hand, some data sug-
gest a facilitation through D

 

1

 

 receptors (2). Our results involv-
ing D

 

1

 

 and D

 

2

 

 antagonist effects on locomotor stereotypy are
in agreement with the notion of differential DA subreceptor
interactions with ACh. It seems likely that scopolamine and
dexbenzetimide’s effects were to inhibit ACh release and in-
directly increase DA levels. With SKF 83566, DA could not
activate D

 

1

 

 receptors and, thus, no locomotor stereotypy was
observed. In contrast, sulpiride-blocked DA effects on D

 

2

 

 re-
ceptors and locomotor stereotypy was observed, possibly due
to actions of DA on other subreceptors like D

 

1

 

. Although
most data involving D

 

2

 

 agonists suggest an inhibitory role on
striatal ACh; this effect occurs at postsynaptic DA receptors
(24). Acting at presynaptic DA autoreceptors, D

 

2

 

 agonists are
also thought to decrease DA release, thereby removing DA
inhibition of the firing rate of cholinergic neurons, leading to
an increase in cholinergic release (16). It follows from these
findings that sulpiride may have acted presynaptically to in-
crease DA release and inhibit ACh, thereby resulting in the
expression (or enhancement) of locomotor stereotypy with a
D

 

2

 

 antagonist.

FIG. 5. The effects of the D1 antagonist SKF 83566 on scopolamine-
induced locomotor stereotypy (top) and hyperlocomotion (bottom).
Asterisks (*) denote significant differences between groups. Error
bars indicate the standard error of the mean.

FIG. 6. The effects of the D2 antagonist sulpiride on scopolamine-
induced locomotor stereotypy (top) and hyperlocomotion (bottom).
Asterisks (*) denote significant differences between groups. Error
bars indicate the standard error of the mean.
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No clear conception has yet been elaborated that explains
the opposite effects of D

 

1

 

 and D

 

2

 

 subreceptors on apparently
the same target ACh neurons, but it has been proposed that
both mechanisms are operative in the regulation of striatal
neurons (2,16,24). Although the present data cannot clarify
which target areas are involved in the production of anticho-
linergic-induced locomotor stereotypy, they support the no-
tion that DA systems are likely involved in its expression. The
caudate and nucleus accumbens are likely sites to be investi-

gated so as to further elucidate the mechanisms underlying
this effect. Furthermore, it is likely that other DA subrecep-
tors (D

 

3

 

, D

 

4

 

, or D

 

5

 

) play a role in the expression of locomotor
stereotypy, but this has yet to be confirmed.

 

ACKNOWLEDGEMENTS

 

This research was partially supported by grant R01DA5817 to K.M.

 

REFERENCES

 

1. Amalric, M.; Koob, G. F.: Functionally selective neurochemical
afferents and efferents of the mesolimbic and nigrostriatal
dopamine system. Prog. Brain Res. 99:209–229; 1993.

2. Consolo, S.; Girotti, P.; Russi, G.; Di Chiara, G.: Endogenous
dopamine facilitates striatal in vivo acetylcholine release by act-
ing of D

 

1

 

 receptors localized in the striatum. J. Neurochem.
59:1555–1557; 1992.

3. Costall, B.; Naylor, R. J.; Neumeyer, J. L.: Differences in the
nature of the stereotyped behavior induced by apomorphine
derivatives in the rat and in their actions in extrapyramidal and
mesolimbic brain areas. Eur. J. Pharmacol. 31:1–16; 1975.

4. Creese, I.; Iverson, S.: The role of forebrain dopamine systems in
amphetamine induced stereotyped behavior in the rat. Psycho-
pharmacology (Berlin) 39:345–357; 1974.

5. Day, J.; Fibiger, H. C.: Dopaminergic regulation of cortical ace-
tylcholine release: Effects of dopamine receptor agonists. Neuro-
science 54:643–648; 1993.

6. de Boer, P.; Damsma, G.; Schram, Q.; Stoof, J. C.; Zaagsma, J.;
Westerink, B. H. C.: The effect of intrastriatal application of
directly and indirectly acting dopamine agonists and antagonists on
the in vivo release of acetylcholine measured by brain microdialy-
sis. Naunyn Schmiedebergs Arch. Pharmacol. 345:144–152; 1992.

7. de Smedt, R.; Rodrigus, E.; Debandt, R.; Brugmans, J.: Dexben-
zetimide in neuroleptic-induced Parkinsonism. A double-blind
crossover study with a 16-week follow-up. J. Clin. Pharmacol.
May–June: 207–211; 1970.

8. Fage, D.; Scatton, B.: Opposing effects of D

 

1

 

 and D

 

2

 

 receptor
antagonists on acetylcholine levels in the rat striatum. Eur J.
Pharmacol. 129:359–362; 1986.

9. Fritts, M. E.; Mueller, K.; Morris, L.: Amphetamine-induced
locomotor stereotypy is reduced by a D

 

1

 

, not a D

 

2

 

, antagonist.
Pharmacol. Biochem. Behav. 58:1015–1019; 1997.

10. Geyer, M. A.; Russo, P. V.; Segal, D. S.; Kuczenski, R.: Effects of
apomorphine and amphetamine on patterns of locomotor and
investigatory behavior in rats. Pharmacol. Biochem. Behav.
28:393–399; 1987.

11. Jennrich, R.; Sampson, P.; Frane, J.: Analysis of variance and
covariance including repeated measures. BMDP statistical man-
ual. Berkeley, CA: University of California Press; 1985.

12. Joyce, E. M.; Koob, G. F.: Amphetamine-, scopolamine-, and caf-
feine-induced locomotor activity following 6-hydroxydopamine
lesions of the mesolimbic dopamine system. Psychopharmacol-
ogy (Berlin) 73:311–313; 1981.

13. Kelly, P. H.; Seviour, P.; Iversen, S. D.: Amphetamine and apo-
morphine responses following 6-hydroxydopamine lesions of the
mesolimbic dopamine system. Brain Res. 94:507–522; 1975.

14. Kenyon, P.; Moore, S.; Hampson, J.: Effect of sulpiride on amphet-
amine-induced activity and stereotyped locomotion. Curr. Psy-
chol. Res. Rev. 11:241–253; 1992.

15. Kirk, R. E.: Experimental design: Procedures for behavioral sci-
ences. Belmont: Brooks/Cole; 1982.

16. Lehmann, J.; Langer, S. Z.: The striatal cholinergic interneuronal

synaptic target of dopaminergic terminals? Neuroscience 10:1105–
1120; 1983.

17. Mueller, K.: Locomotor stereotypy is produced by methylpheni-
date and amfonelic acid and reduced by haloperidol but not cloz-
apine or thiriodazine. Pharmacol. Biochem. Behav. 36:613–617;
1990.

18. Mueller, K.; Hollingsworth, E. M.; Cross, D. R.: Another look at
amphetamine-induced stereotyped activity in rats using a new
statistic to measure locomotor stereotypy. Psychopharmacology
(Berlin) 97:74–79; 1989.

19. Mueller, K.; Peel, J. L.: Scopolamine produces locomotor stereo-
typy in an open field but apomorphine does not. Pharmacol. Bio-
chem. Behav. 35:613–617; 1990.

20. Murray, A. M.; Waddington, J. L.: The induction of grooming
and vacuous chewing by a series of selective D

 

1

 

 dopamine ago-
nists: Two directions of D

 

1

 

: D

 

2

 

 interaction. Eur. J. Pharmacol.
160:377–384; 1989.

21. Murray, A. M.; Waddington, J. L.: Further evidence for two
directions of D

 

1

 

-D

 

2

 

 dopamine receptor interaction revealed con-
currently in distinct elements of typical and atypical behavior:
Studies with the new enatioselective D

 

2

 

 agonist LY 163502. Psy-
chopharmacology (Berlin) 98:245–250; 1989.

22. Robertson, A.; MacDonald, C.: Opposite effects of sulpiride and
metoclorpramide on amphetamine-induced stereotypy. Eur J.
Pharmacol. 109:81–89; 1985.

23. Sanberg, P.; Henault, M. A.; Hagenmeyer-Houser, S. H.; Russell,
K. H.: Topography of amphetamine and scopolamine induced
hyperactivity: Toward an activity print. Behav. Neurosci. 101:131–
133; 1987.

24. Scatton, B.: Further evidence for the involvement of D

 

2

 

, but not
D

 

1

 

 dopamine receptors in dopaminergic control of striatal cholin-
ergic transmission. Life Sci. 31:2883–2890; 1982.

25. Schiorring, E.: An open field study of stereotyped locomotor
activity in amphetamine-treated rats. Psychopharmacology (Ber-
lin) 66:281–287; 1979.

26. Shannon, H. E.; Peters, S. C.: A comparison of the effects of cho-
linergic and dopaminergic agents on scopolamine-induced hyper-
activity in mice. J. Pharmacol. Exp. Ther. 255:549–553; 1988.

27. Sharp, T.; Zetterstrom, T.; Ljungberg, T.; Ungerstedt, U.: Effect
of sulpiride on amphetamine-induced behavior in relation to
changes in striatal dopamine release in vivo. Eur. J. Pharmacol.
66:281–287; 1986.

28. Smolders, I.; Bogaert, L.; Ebinger, G.; Michotte, Y.: Muscarinic
modulation of striatal dopamine, glutamate, and GABA release
as measured by in vivo microdialysis. J. Neurochem. 68:1942–
1948; 1997.

29. Stoof, J. C.; Drukarch, B.; DeBoer, P.; Westerink, B. H. C.;
Groenewegen, H. J.: Regulation of the activity of striatal cholin-
ergic neurons by dopamine. Neuroscience 47:755–770; 1992.

30. Thornburg, J. E.; Moore, K. E.: Inhibition of anticholinergic
drug-induced locomotor stimulation in mice by alpha-methylty-
rosine. Neuropharmacology 12:1179–1185; 1973.


