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Abstract

The effects of dopamine-receptor antagonists on electrically-evoked dopamine release were compared in
the nucleus accumbens and striatal slices of rats.

(—)-Sulpiride induced a concentration-dependent increase in the evoked dopamine release from both
regions, the increase in the nucleus accumbens being significantly greater than that in the striatum.
Clozapine also increased evoked dopamine release from the nucleus accumbens, but not from the striatum.
The haloperidol-induced increase in evoked dopamine release from the nucleus accumbens was less than
that from the striatum.

These findings indicate that, in terms of dopamine transmission, ( - )-sulpiride and clozapine, but not
haloperidol, predominantly affect the nucleus accumbens rather than the striatum. We have previously
reported that the contribution of D, receptors to the regulation of dopamine release from dopamine nerve
terminals is much greater in the nucleus accumbens than that in the striatum. ( —)-Sulpiride and clozapine
have relatively higher affinity for D, receptors than does haloperidol. The regional differences in
responsiveness of dopamine release to dopamine antagonists could be due to the different affinities to

D, or D; receptors of the dopamine antagonists.

Dopamine-receptor antagonists block both pre- and post-
synaptic dopamine receptors. As a consequence of this
blockade, compensatory increases occur in the firing rates
of dopaminergic neurons (Bunney & Aghajanian 1974) and
in the concentrations of dopamine and its metabolites in
intra-cerebral dialysates (Zetterstrom et al 1985). It has been
reported that there is a regional difference between the
striatum and nucleus accumbens in regard to the changes
induced in dopamine metabolism by dopamine-receptor
antagonists (Meltzer 1991). The atypical neuroleptics,
clozapine and thioridazine, have little effect on dopamine
turnover in the striatum, but increase it in the nucleus
accumbens, which action may account for the low incidence
of extrapyramidal side-effects with these drugs (Andén &
Stock 1973; Weisel & Sedvall 1975; Zivkovic et al 1975).
Moreover, haloperidol-induced increases in dopamine
metabolites in the striatum were tolerated within one week
of treatment with the drug, whereas it took more than five
weeks to induce this tolerance in the nucleus accumbens
(Tsutsumi et al 1982). However, the mechanisms underlying
the regional differences in drug-induced changes in dopa-
mine turnover remains unclear. Evoked dopamine release is
mediated by dopamine autoreceptors in dopamine nerve
terminals. D; receptors have now been cloned and the
binding properties of these receptors to dopamine agonists
and antagonists have been determined (Sokoloff et al 1990),
the D, receptors seem to act as dopamine autoreceptors
mainly in the nucleus accumbens and not in the striatum
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(Yamada et al 1994). We conducted this study to observe the
effects of haloperidol, clozapine and (- )-sulpiride on elec-
trically-evoked dopamine release from the striatum and
nucleus accumbens in rats, to determine whether the block-
ade of D, receptors by these drugs contributes to the
regional differences in the drug-induced changes in dopa-
mine release.

Materials and Methods

Male Wistar rats, 200-250g, were housed in a light-,
humidity- and temperature-controlled environment for at
least eight days before the experiments were conducted. The
animals were decapitated and the brains quickly removed.
Coronal sections (0-3 mm thick) were made with a Micro
Slicer (Dosaka E.M. Co.) at A 9726 to A 7630, according to
the atlas of Konig & Klippel (1963), the slices were punched
out in ice-cold Krebs solution with a stainless-steel tube (i.d.
2mm). Each section was placed in a chamber made from a
Teflon tube, with platinum electrodes at the top and bottom.
The preparation was superfused with Krebs solution at a
flow rate of 0-7mL min~! at 37°C and equilibrated with 95%
0,-5% CO,. The composition of the Krebs solution was
(mm): NaCi 118-0, MgCl, 1-18; KCl 4-9; NaHCO; 25-0;
NaHPO, 1:25; CaCl, 1-25, and glucose 11-9. Nomifensine
(3 um) was added to prevent dopamine uptake into the
dopamine nerve terminals. The stimuli were applied as
trains (1Hz, 2ms, 20mA). Following superfusion with
control Krebs solution for 57 min, each slice was stimulated
for 2min (S1), and then superfused for 30 min either with
control Krebs solution or with Krebs solution containing
various concentrations of haloperidol, (- )-sulpiride or
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clozapine. A second stimulation (S2), also 2 min in duration,
was performed 21 min after the first stimulation. The super-
fusate was collected in tubes during the 7-min periods
preceding and following each stimulation. Dopamine
released into the superfusate was adsorbed on alumina,
eluted with 300 uL of 0-5Mm acetic acid, and quantified by
high performance liquid chromatography and electrochemi-
cal detection according to the method of Kissinger et al
(1972), with slight modifications. Details of the extraction
procedure have been described in a previous report
(Yamada et al 1988). Evoked release during the S1 or S2
period was calculated as total release minus spontaneous
release. The spontaneous release during each stimulation
was estimated from the sample collected during the 7-min
period preceding stimulation. Statistical comparisons were
formed by analysis of variance, followed by Scheffe’s test.

Results

The evoked dopamine release from the striatal slices was
2-15 4 0-16 ng (mg protein)~! /7 min fraction (mean + s.e.m.,
n = 18). This was higher than the amount released from the
nucleus accumbens slices (1-07 +0-09ng (mg protein)~!/
7min fraction (n = 21). The control S2/S1 value for the
striatum was similar to that of the nucleus accumbens
(1-23 £ 0-08 for the striatum and 1-27 & 0-09 for the accum-
bens). Fig. 1 shows the dose-response curve of the evoked
dopamine release from the striatum and nucleus accumbens
for haloperidol, clozapine, and (- )-sulpiride 15min after
drug superfusion. Clozapine (10 xM) induced a significant
increase in evoked dopamine release from the nucleus
accumbens (149 +£15% of control S2/S1 ratio,
mean + s.e.m., n = 10), this was greater than that for the
striatum (108 £ 8% of control S2/S1 ratio, mean £ s.e.m.,
n = 10). Low concentrations of clozapine (1 and 0-1 um)
induced a slight increase in evoked dopamine release from
both regions. On the other hand, a low concentration of
haloperidol (0-1 zM) increased the evoked dopamine release
from both regions (143+11% from striatum and
140 + 10% from nucleus accumbens). Haloperidol (1 um)
induced a greater increase in evoked dopamine release from
the striatal slices (157 +19%) than from the nucleus
accumbens (119 +16%, P < 0-05). The (-)-sulpiride
(10 um)-induced increase in evoked dopamine release from
the nucleus accumbens (189 &+ 21%) was greater than from
the striatum (150 4 16%, P < 0-05).

The time courses of changes in evoked dopamine release
induced by low concentrations of clozapine (0-1 um) and
haloperidol (0-1 uM) are shown in Table 1. Both drugs
induced a time-dependent increase in evoked dopamine
release from the nucleus accumbens. Clozapine (0-1 um)
induced a greater increase in evoked dopamine release
from the nucleus accumbens compared with the striatum
45 min after superfusion with the drug. However, there was
no difference between the haloperidol-induced increase in
evoked dopamine release in the two regions throughout the
experimental periods.

Discussion

Clozapine increased the evoked dopamine release from the

nucleus accumbens, but not from the striatum, this being
consistent with previous reports that clozapine had a greater
effect on dopamine turnover in the limbic system (Andén &
Stock 1973; Weisel & Sedvall 1975; Zivkovic et al 1975) and
that acute administration of clozapine increased the firing
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Fig. 1. Effects of haloperidol, clozapine, and (- )-sulpiride on
evoked dopamine release from striatal (0) and nucleus accumbens
(m) slices. Values are mean % =+ s.e.m. of the control $2/S1 ratio.
*P < 0-05, compared with the striatum (n = 8-10 at each point).
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Table 1. Time-course of changes in evoked dopamine release from the striatum and nucleus accumbens in

the presence of clozapine and haloperidol.

Drug Concn Region Dopamine release (% of control)
(pum)
15min 30 min 45min
Haloperidol 0-1 Striatum 143 £ 11** 157 £ 11** 173 £ 15**
Nucleus accumbens 140 £ 10** 172 £ 12%* 192 + 15%*
Clozapine 0-1 Striatum 102+ 11 112+ 13 118 +9
Nucleus accumbens 115+£10 126 + 11* 145 £ 22**

Values are mean % = s.e.m. of the control $2/81 ratio. * P < 0-01 compared with striatum, **P < 0-01,

* P < 0-05 compared with control §2/S1 ratio.

rate of A10, but not A9, neurons (Hand et al 1987). (-)-
Sulpiride increased the evoked dopamine release from both
striatal and nucleus accumbens slices. This finding is con-
sistent with previous reports that electrically-stimulated
[*H]dopamine release from rabbit caudate nucleus (Starke
et al 1978; Nowak et al 1983) and from rat striatal slices
(Dwoskin & Zahniger 1986; Yamada et al 1993) was
enhanced by (- )-sulpiride, which antagonizes dopamine
agonists. The stimulating effect of (-)-sulpiride on the
nucleus accumbens was greater than that on the striatum.
On the other hand, haloperidol induced a greater increase in
evoked dopamine release from the striatum than from the
nucleus accumbens (Fig. 1). In agreement with the present
results, Moghaddam & Bunney (1990) reported that halo-
peridol (0-1mgkg™!, i.v.) elevated extracellular dopamine
levels in the striatum 20-60min after injection, but that a
significant increase in dopamine levels in the nucleus
accumbens was observed only 60 min after drug injection.
We found here that the stimulatory effects of (- )-sulpiride
and clozapine on evoked dopamine release were greater in
the nucleus accumbens than in the striatum. In contrast, the
haloperidol-induced increase in evoked dopamine release
from the striatum was greater than that from the nucleus
accumbens. These findings indicate that, in terms of dopa-
mine transmission, (- )-sulpiride and clozapine, but not
haloperidol, predominantly affected the nucleus accum-
bens. However, the mechanism underlying these regional
differences in the responsiveness of dopamine release to
dopamine-receptor antagonists remains unclear. The order
of potency for these drugs in increasing the evoked dopa-
mine release from the striatum was haloperidol>{—)-sulpir-
ide> clozapine; this was correlated with the order of binding
affinity for D, receptors in the striatum and with the order of
inducing extrapyramidal side-effects. As stated above, the
D;-dopamine receptor has been cloned and its pharmaco-
logical properties characterized; it appears to act as a
dopamine autoreceptor, like D, receptors (Sokoloff et al
1990; Levesque et al 1992). We have previously reported
that the Ds-selective agonists, quinpirole and 7-hydroxy-
N,N-di-n-propyl-2-aminotetralin, predominantly inhibit
evoked dopamine release from the nucleus accumbens
compared with the striatum, which findings indicate that
the contribution of D; receptors in the nucleus accumbens
to the regulation of dopamine nerve terminals is much
greater than that in the striatum (Yamada et al 1994).
Sokoloff et al (1990) reported that the ratio of the k; value
for Ds-receptor binding affinity to that for D,-receptor

binding affinity was 0-36 for (—)-sulpiride and 0-31 for
clozapine; these values were six times higher than that for
haloperidol (0-05). The higher values of the ratio for (-)-
sulpiride and clozapine than for haloperidol may explain the
greater response induced in evoked dopamine release from
the nucleus accumbens than from the striatum by the
blockade of D, receptors. Haloperidol, which has a lower
value for this ratio (0-05), may induce a greater increase in
evoked dopamine release from the striatum than from the
nucleus accumbens by the blockade of D, receptors. How-
ever, it is well known that clozapine blocks not only
dopamine receptors but also histaminergic, «;-adrenergic,
5-HT,-ergic, and cholinergic receptors. Thus, the broad
spectrum of clozapine’s receptor-blocking action may
account for its minor effect on evoked dopamine release
from the striatum. In fact, it has been reported that co-
administration of the a;-adrenoceptor antagonist, prazosin,
or an anticholinergic agent, trihexyphenydyl, with haloper-
idol has a similar region-specific electro-physiological effect
to that of clozapine (Chiodo & Bunney 1985). However,
since ( - )-sulpiride is a D,- or D;- receptor antagonist, only
its binding properties to receptors other than D, or D5 being
negligible, it is possible that differences in the regional
distribution of D; receptors in dopamine terminals in the
striatum and nucleus accumbens may account for the
regional differences of responsiveness in evoked dopamine
release to (- )-sulpiride. D; mRNA has been detected in the
islands of Calleja, olfactory bulb, olfactory tubercles and
nucleus accumbens (Levesque et al 1992); these findings
indicate that postsynaptic D; receptors are predominantly
located in limbic areas and somewhat less in the striatum.
Thus, another possible explanation of the regional differences
in responsiveness to D;-dopamine antagonists is that the
blocking of postsynaptic D; receptors by dopamine antago-
nists may increase evoked dopamine release via intrinsic
neurons in the nucleus accumbens.
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