
Ž .European Journal of Pharmacology 383 1999 275–279
www.elsevier.nlrlocaterejphar

Short communication

Local application of SCH 39166 reversibly and dose-dependently
decreases acetylcholine release in the rat striatum
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Abstract

Ž .The effect of local application by reverse dialysis of the dopamine D receptor antagonist y -trans-6,7,7a,8,9,13b-exahydro-3-1
w x w x Ž .chloro-2-hydroxy-N-methyl-5H-benzo- d -naphto- 2,1b -azepine hydrochloride SCH 39166 on acetylcholine release was studied in

awake, freely moving rats implanted with concentric microdialysis probes in the dorsal striatum. In these experiments, the reversible
acetylcholine esterase inhibitor, neostigmine, was added to the perfusion solution at two different concentrations, 0.01 and 0.1 mM. SCH

Ž . Ž39166 1, 5 and 10 mM , in the presence of 0.01 mM neostigmine, reversibly decreased striatal acetylcholine release 1 mM SCH 39166
.by 8"4%; 5 mM SCH 39166 by 24"5%; 10 mM SCH 39166 by 27"7%, from basal . Similarly, SCH 39166, applied in the presence

Ž .of a higher neostigmine concentration 0.1 mM , decreased striatal acetylcholine release by 14"4% at 1 mM, by 28"8% at 5 mM and
by 30"5% at 10 mM, in a dose-dependent and time-dependent manner. These results are consistent with the existence of a facilitatory
tone of dopamine on striatal acetylcholine transmission mediated by dopamine D receptors located on striatal cholinergic interneurons.1

q 1999 Elsevier Science B.V. All rights reserved.
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1. Introduction

Striatal cholinergic neurons synapse with medium-size
spiny neurons over large territories of the striatum and
receive a dopaminergic input from the substantia nigra–

Žventral tegmental area Lehmann and Langer, 1983;
.Kawaguchi, 1992; Di Chiara et al., 1994 . Dopamine is

currently thought to control in a reciprocal fashion acetyl-
choline neurotransmission in the striatum via D -like and1

D -like receptors, stimulating acetylcholine release by2

dopamine D receptors and inhibiting it by dopamine D1 2
Žreceptors Consolo et al., 1987, 1992, 1996; Bertorelli and

Consolo, 1990; Damsma et al., 1990a,b, 1991; Abercrom-
.bie and DeBoer, 1997; Acquas et al., 1997 .

Still, an issue that awaits clarification is that of the
anatomical location of dopamine D receptors controlling1

acetylcholine release in the striatum. Thus, although

) Corresponding author. Tel.: q0039-70-303-819; fax: q0039-70-
300-740.

Ž .E-mail address: diptoss@tin.it G. Di Chiara

changes have been reported by different groups after local
infusion of dopamine D agonists and antagonists in the1

Žstriatum Anderson et al., 1994; Consolo et al., 1992,
.1996 , these observations have not been confirmed by
Žothers Damsma et al., 1991; DeBoer et al., 1992; Acquas

.et al., 1997 .
These discrepancies have been addressed by Consolo et
Ž .al. 1996 who showed that the inhibitory effects of the

dopamine D receptor antagonist SCH 23390, locally ap-1

plied by reverse dialysis, on striatal acetylcholine release
are dependent on rat strain and on the anaesthetic used
during surgery for probe implant. The aim of the present
study was to further clarify this issue by studying the

Ž .effect of the selective dopamine D antagonist, y -trans-1

6,7,7a,8,9,13b-exahydro-3-chloro -2- hydroxy-N-methyl-
w x w x Ž5H-benzo- d -naphto- 2,1b -azepine hydrochloride SCH

. Ž .39166 Chipkin et al., 1988 , that in contrast to SCH
23390 has a low affinity for 5HT receptors, on striatal2

acetylcholine release after local application by reverse
dialysis. In addition, given the suggestion that the effects
of dopamine agonists and antagonists on acetylcholine
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release are related to the concentration of the acetylcholine
Ž . Žesterase inhibitor neostigmine in the Ringer DeBoer and
.Abercrombie, 1996 , we also studied the effect of SCH

Ž .39166 at two different concentrations 0.01 and 0.1 mM
of neostigmine in the perfusion Ringer.

2. Materials and methods

2.1. Animals

Ž .Male Sprague–Dawley rats 275–300 g were housed
in groups of two to three per cage for at least 3 days before
use and were maintained on a 12r12 h lightrdark cycle
Ž .lights on at 0730 h with food and water available ad
libitum. One day after the surgical procedure for the
implant of the microdialysis probe, rats were individually
housed in hemispherical bowls, which also served as the
experimental environment. Experiments were carried out
between 0900 and 1600 h at least 24–30 h after the
surgical implant.

2.2. Surgery and microdialysis

ŽRats were anaesthetized with ketamine HCl Ketalar,
. Ž .Parke Davis, Italy 100 mgrkg i.p. and stereotaxically

implanted with a concentric microdialysis probe in the
dorsal striatum. The coordinates, measured from bregma,
were APsq0.7 mm, DVsy6.5 mm, MLsy3.0, ac-

Ž .cording to the atlas of Paxinos and Watson 1986 .
The membrane used was a polyacrylonitrilersodium

Ž .methallyl sulphonate copolymer AN 69, Hospal, France .
The membrane was covered with epoxy glue along its
whole length except for 3 mm corresponding to the area of
dialysis. The day of the experiment rats were connected to
a microperfusion pump by polyethylene tubing connected
to a 2.5-ml glass syringe containing the perfusion solution.
The perfusion flow was set at 1 mlrmin. Samples were
collected every 10 min into a 20 ml sample loop and
subsequently injected in a HPLC injector valve. The perfu-
sion solution contained 147 mM NaCl, 4 mM KCl, 2.2
mM CaCl , in twice distilled water. To achieve consis-2

tently detectable amounts of acetylcholine in the dialysate,
the reversible acetylcholine esterase inhibitor, neostigmine

Ž . Ž .bromide 0.01 and 0.1 mM Sigma, MO, USA , was
added to the perfusion solution. Acetylcholine was assayed
by high-pressure liquid chromatography coupled with elec-

Ž .trochemical detection HPLC–ECD in conjunction with
Ž .an enzyme reactor Damsma et al., 1987 . Acetylcholine

was separated on a reverse phase Chromspher C 5 mm18
Ž . Ž .Merck, FRG column 75=2.1 mm . The mobile phase
passed directly through the enzyme reactor containing

Ž .acetylcholine esterase ED 3.1.1.7; type VI-S, Sigma and
Ž .choline oxidase EC 1.1.3.17; Sigma covalently bound to

glutaraldehyde-activated Lichrosorb 10-NH ; acetyl-2

choline was quantitatively converted into hydrogen perox-

ide which was detected electrochemically at a platinum
working electrode set at 500 mV vs. an AgrAgCl refer-

Ž .ence electrode LC-4B, BAS, IN, USA . The mobile phase
Žwas an aqueous potassium phosphate buffer 1.9 mM

K HPO , 0.2 mM tetramethyl ammonium hydroxide, pH2 4
.s8 delivered at a constant flow of 0.4 mlrmin by an

HPLC pump. The detection limit of the assay was about 50
Žfmolrsample. Injections of an acetylcholine standard 20

.ml, 0.1 mM were made every 60 to 90 min in order to
monitor changes in electrode sensitivity and sample con-
centrations were corrected accordingly.

2.3. Drugs

Ž .SCH 39166 Schering-Plough, Milan, Italy was dis-
solved in Ringer containing neostigmine 0.01 or 0.1 mM.

2.4. Statistics

Values are expressed as percent changes with respect to
Ž .baseline 100% . Baseline was set as the average of the

last six pretreatment samples, not differing more than 15%.
One-way, two-way and three-way analysis of variance
Ž .ANOVA , with time as the repeated measure, were used
to analyze the treatment effects. Tukey’s post hoc analyses
were applied for multiple comparisons, with the statistical
significance set at P-0.05.

3. Results

3.1. Basal striatal acetylcholine output

Ž .Basal acetylcholine fmolrmin , was calculated and
defined as the average"S.E.M. of the six pretreatment
samples for each experimental group. The overall mean"

S.E.M. baseline of acetylcholine was 38"3 fmolrmin
Ž .ns27 in the presence of neostigmine 0.01 mM and

Ž .97"4 fmolrmin ns31 in the presence of neostigmine
0.1 mM in the perfusion Ringer.

3.2. Effect of local perfusion with SCH 39166 on striatal
acetylcholine release

Fig. 1 shows the effect of local administration of the
dopamine D receptor antagonist SCH 39166 on striatal1

acetylcholine release in presence of neostigmine 0.01 mM
Ž . Ž .upper panel and 0.1 mM lower panel in the perfusion
Ringer. As shown in Fig. 1, upper panel, at neostigmine
0.01 mM, SCH 39166 1 mM failed to affect acetylcholine

Ž Ž . .release F 12,72 s0.9, NS , while at 5 and 10 mM, SCH
39166 reversibly reduced acetylcholine output in the stria-
tum to 76"5% and 73"7% of baseline, respectively.
One-way ANOVA with the dose of SCH 39166 as the
independent variable showed that SCH 39166 significantly
affected acetylcholine output with respect to baseline,
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Ž . Ž .F 12,60 s2.31, P-0.016 and F 12,96 s4.76, P-

0.0001, respectively, for SCH 39166 5 and 10 mM. Two-
way ANOVA with time as the within subjects factor and
the concentrations of SCH 39166 as the between-subjects
factor yielded a significant effect of concentration
Ž Ž . .F 3,24 s7.54, P-0.001 ; Tukey’s post hoc analysis
demonstrated a significant difference between SCH 39166
5 and 10 mM with respect to SCH 39166-free Ringer and
to SCH 39166 1 mM.

Fig. 1, lower panel, shows the effect of the application
Ž .of SCH 39166 0, 0.5, 1, 5, and 10 mM on striatal

acetylcholine output in presence of neostigmine 0.1 mM in

Ž . Ž . ŽFig. 1. Upper panel Effects of SCH 39166 0, 1, 5, and 10 mM ns5,
.7, 6, and 9, respectively , on striatal acetylcholine release in presence of

neostigmine 0.01 mM in the perfusion Ringer. Horizontal bars indicate
the application of SCH 39166 at the different concentrations and of SCH
39166-free Ringer. Values are expressed as percentage baseline. Vertical
bars represent S.E.M. U P -0.05 with respect to the corresponding time
point of SCH 39166-free Ringer group.
Ž . Ž . ŽLower panel Effects of SCH 39166 0, 0.5, 1, 5, and 10 mM ns7, 7,

.5, 6, and 6, respectively , on striatal acetylcholine release in presence of
neostigmine 0.1 mM in the perfusion Ringer. Horizontal bars indicate the
application of SCH 39166 at the different concentrations and of the SCH
39166-free Ringer. Values are expressed as percentage baseline. Vertical
bars represent S.E.M. U P -0.05 with respect to the corresponding time
point of SCH 39166-free Ringer group.

Ž .Fig. 2. Difference between the effects of SCH 39166 1, 5, and 10 mM
in presence of 0.01 and 0.1 mM neostigmine and the correspondent time
points during perfusion with SCH 39166-free Ringer, normalized to
100%. Data are the average of the last 80 min during SCH 39166
perfusion.

the Ringer. SCH 39166 dose-dependently and reversibly
decreased striatal acetylcholine release; thus, while perfu-
sion with SCH 39166-free Ringer and SCH 39166 0.5 mM

Ž Ž .failed to affect this measure F 6,36 s1.1, NS and
Ž . .F 12,72 s0.5, NS , concentrations of SCH 39166 of 1, 5,

and 10 mM decreased acetylcholine output from baseline
maximally to 86"4%, 72"8% and 70"5%, respec-
tively. One-way ANOVA with time as the within subjects

Ž .factor provided significant F ratios, F 12,60 s4.49, P-
Ž . Ž .0.0001, F 12,60 s4.7, P-0.0001 and F 12,60 s8.3,

P-0.0001 with respect to baseline for SCH 39166 1, 5
and 10 mM, respectively. Two-way ANOVA with the
concentration of SCH 39166 as the independent variable

Ž Ž .showed a significant effect of dose F 4,26 s7.29, P-
. Ž Ž . .0.0004 , time F 11,286 s6.85, P-0.00001 and time

Ž Ž . .= dose interaction F 44,286 s 1.99, P - 0.0004 .
Tukey’s post hoc analysis showed a significant difference
between SCH 39166 5 mM and 10 mM as compared to
SCH 39166-free Ringer and SCH 39166 0.5 mM.

Fig. 2 shows the changes in striatal acetylcholine re-
lease at steady-state, i.e., during the last 80 min of SCH
39166 perfusion at 1, 5, and 10 mM in the presence of
neostigmine 0.01 and 0.1 mM, expressed as D score %
with respect to the values of SCH 39166-free Ringer.

ŽThree-way ANOVA, with treatment SCH 39166 0, 1, 5,
.and 10 mM and acetylcholine esterase inhibitor concentra-

Ž .tion neostigmine 0.01 and 0.1 mM as the between-sub-
Žjects factor and time the last height samples of SCH

.39166 perfusion as the within subjects factor did not show
Ž Ž . .a significant interaction F 21,301 s0.75, NS .

4. Discussion

The present study shows that dialysis perfusion of the
Ž .dorsal striatum with SCH 39166 1–10 mM reduces
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acetylcholine release in a concentration-dependent and
time-dependent fashion. These effects were quantitatively
similar at two neostigmine concentrations, 0.01 and 0.1
mM. These observations therefore confirm, by the use of a
close structural analog, SCH 39166, the observations of

Ž .Consolo et al. 1992, 1996 obtained with SCH 23390.
Furthermore, the results of the present study extend those

Ž .of Consolo et al. 1992, 1996 on two aspects: that of the
specificity, being SCH 39166, in contrast to SCH 23390,

Ždevoid of affinity for 5HT receptors Bishoff et al., 1986;2
.Chipkin et al., 1988; Bijak and Smialowski, 1989 and that

of the reversibility, as acetylcholine release recovered to
basal levels when the Ringer containing SCH 39166 was
replaced with SCH 39166-free Ringer.

The reduction of acetylcholine release after intrastriatal
application of SCH 39166 by the dialysis probe contrasts

Ž .with the negative results of Acquas et al. 1997 obtained
Ž .at concentrations of SCH 39166 higher 50 mM than

Ž .those used in the present study 1–10 mM . This discrep-
Ž .ancy, in light of the observations of Consolo et al. 1996 ,

Žmight be related to differences in rat strain Sprague–Daw-
. Žley vs. Wistar and general anaesthetic ketamine vs.

.pentobarbital . Therefore, the present study is consistent
Ž .with the conclusions of Consolo et al. 1996 on the

critical importance of specific experimental conditions for
obtaining a decrease of acetylcholine release after local
application of a dopamine D receptor antagonist in the rat1

striatum.
On the basis of differences in the response to am-

phetamine and to the dopamine D receptor agonist SKF1

38393 in relation to the concentration of neostigmine in
Ž .the Ringer, DeBoer and Abercrombie 1996 have sug-

gested that the stimulatory influence of dopamine D1

receptors on striatal acetylcholine release is a function of
acetylcholine esterase inhibition in the area around the
dialysis probe. This conclusion, however, has been ques-

Ž .tioned by Di Chiara et al. 1996 . These authors note that
the changes in the amount of D -stimulated release at1

different neostigmine concentrations in the Ringer ob-
Ž .served by DeBoer and Abercrombie 1996 were associ-

ated to changes in the basal release of acetylcholine. Thus,
recalculation of the data of DeBoer and Abercrombie
Ž .1996 as percent of basal release, shows that the increase
of acetylcholine release by D receptor stimulation is1

independent from neostigmine concentrations in the Ringer
Ž38%, 35% and 35% at 0, 0.01 and 0.1 mM neostigmine,

.respectively . This conclusion is consistent with that of
Ž .Acquas and Fibiger 1998 who studied the effects of

neostigmine concentrations on A-77636-induced increases
of acetylcholine release and failed to obtain differences
when results are expressed as percent of basal acetyl-

Ž .choline release Acquas and Fibiger, 1998 . The present
study shows that also the effects of a dopamine D recep-1

tor antagonist on acetylcholine release are independent
from neostigmine concentrations. Results similar to the
present ones have been obtained by us after systemic

Žadministration of SCH 39166 Acquas and Di Chiara,
.1999 .

In conclusion, the results of the present study corrobo-
rate the hypothesis of the existence of a tonic stimulatory
influence of dopamine on striatal acetylcholine release
mediated by striatal dopamine D receptors. This hypothe-1

sis has been recently strengthened by the finding that most
if not all striatal acetylcholine interneurons express mes-

Žsenger RNA for dopamine D -like receptors Bergson et1
.al., 1995; Jongen-Relo et al., 1995; Yan et al., 1997 andˆ

by electrophysiological evidence that dopamine D recep-1

tor stimulation is excitatory on striatal cholinergic neurons
Ž .Aosaki et al., 1998 .
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