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Short communication

ž /Metabotropic glutamate receptor agonist 1S,3R-ACPD increased frontal
cortex dopamine release in aged but not in young rats
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Abstract

Ž . Ž . Ž .The effects of the metabotropic glutamate mGlu receptor agonist 1S,3R -1-Amino cyclopentane-1,3-dicarboxylic acid 1S,3R-ACPD
Ž . Ž .infusion on frontal cortex dopamine extracellular levels were studied by microdialysis in young 3 months and aged 24 months rats.

Ž . Ž .Basal dopamine levels were significantly higher in young than in aged rats. 1S,3R -ACPD 1 mM significantly increased dopamine
Ž . Ž . Žefflux in aged rats, an effect which was antagonized by the mGlu receptor antagonist, S -a-methyl-4-carboxypheniylglycine MCPG 2

. Ž .mM . On the contrary, 1S,3R -ACPD up to the concentration of 2 mM failed to influence dopamine extracellular levels in young rats.
These results suggest that the agonist of mGlu receptor group I andror II can improve dopamine release under conditions of deficiency of
extracellular dopamine concentration as observed in aging. q 1998 Elsevier Science B.V. All rights reserved.
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1. Introduction

The frontal cortex plays a significant role in the work-
ing memory, i.e., the brief retention and internalized infor-
mation that controls behavior. This brain area has received
great attention because its function is impaired in most

Žpatients with cognitive disorders Goldman-Rakic, 1991,
.1995; McCarthy et al., 1994 . The glutamatergic and

dopaminergic neurotransmitter systems are thought to be
Žinvolved in age-related cognitive impairment Palmer and

.Gershon, 1990 as well as in memory and learning disor-
ders associated to neurological pathologies such as

Ž .Alzheimer’s disease Fonnum et al., 1995 schizophrenia
Ž .Park and Holzman, 1992 and Parkinson’s disease
Ž .Gotham et al., 1988; Levin et al., 1989 . Several studies
have demonstrated that increased glutamatergic activity
leads to improvement of learning and memory retention
Ž .Flood et al., 1990 . Glutamate receptor agonists such as
cycloserine, a NMDA receptor partial agonist, and other
compounds acting on ionotropic glutamate receptors may
have a positive effect in patients with Alzheimer’s disease
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Ž .Sirvio et al., 1992; Fishkin et al., 1993 , but their clinical
use is limited by the multiple side-effects. The selective

Ž . Ž .metabotropic glutamate mGlu receptor agonist, 1S,3R -
Ž .1-Aminocyclopentane-1,3-dicarboxylic acid 1S,3 R -

ACPD, has been shown to have two opposite effects,
Ž .potentiation Wang and Daw, 1996 or inhibition of gluta-

Ž .mate-mediated excitotoxicity Bruno et al., 1994 . More-
over prefrontal cortex dopamine has been reported to play

Ža significant role in the working memory Goldman-Rakic,
.1995 and an increased dopamine turnover in the pre-

frontal cortex has been correlated with impairment of
spatial working memory performance in rats and monkeys
Ž .Murphy et al., 1996 .

The influence of the glutamatergic on the dopaminergic
Ž .system is well known Cepeda et al., 1992 . Some authors

reported an effect of mGlu receptor agonist on dopamine
release from the nucleus accumbens and the striatum
Ž .Sacaan et al., 1991, 1992; Ohno and Watanabe, 1995 in
young rats. In the present microdialysis study, we exam-
ined both the direct effect of a metabotropic receptor

Ž .agonist, 1S,3R-ACPD , active on both groups I and II of
the mGlu receptor, on dopamine release in the frontal
cortex, and the differences in response between young and
aged rats.
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2. Materials and methods

Ž .Male Sprague–Dawley rats, aged 3 200–250 g and 24
Ž .months 700–800 g , were used. The animals were anes-

Žthetized with equitesin pentobarbital sodium, 1% and
.chloral hydrate, 4.2% and surgically implanted with a

Ž .concentric dialysis probe CMA12, 4 mm length into the
frontal cortex with a 408 incidence angle and the stereo-

Ž .taxic coordinates: A 1.7r2.2, L 0.5r0.7 youngrold rats ,
Ž .V 4.00 mm atlas of Paxinos and Watson, 1986 . Twenty-

four hours later, the probe was perfused at a rate of 1.6
mlrmin with Ringer’s solution for at least 2 h until the
dopamine levels stabilized. Samples were then collected
into 5 ml 0.01 M HClO every 30 min. The dopamine4

levels in the dialysates were measured 1 h before, during
Ž . Ž .and up to 8 h after perfusion 1 h of drugs. 1S,3R -ACPD

Ž . Ž .0.6, 1 mM and S -a-methyl-4-carboxypheniylglycine
Ž .MCPG 2 mM solutions were freshly prepared using

Ringer’s perfusion medium as vehicle. The dopamine con-

tent of all samples was measured by reverse-phase high
performance liquid chromatography coupled to an electro-

Žchemical detector ESA Coulochem II, Model 5200, Bed-
.ford, MA, USA . The results were expressed as mean"

Ž .S.E. ns3 dopamine dialysate concentrations, as per-
centages of basal values without probe recovery correction.
At the end of each experiment the rats were killed with an
overdose of equitesin and the brain was fixed with 4%

Ž .paraformaldehyde. Coronal sections 40 mm thick were
made to verify the site of the probe.

3. Results

Basal dopamine levels, determined from the pooled data
from animals before drug infusion, were significantly

Žhigher in young than in aged rats 7.38"0.83 vs. 3.15"
.0.15 pgr20 ml, ns12, P-0.0001 by Student’s t-test .

Aged rats had a marked increase in dopamine extracellular

Ž . Ž . Ž .Fig. 1. Effects of local infusion of 1S,3R ACPD orrand MCPG on dopamine efflux in the frontal cortex of aged A and young rats B . Each agonist or
antagonist was dissolved in Ringer’s solution at concentrations shown in the legend and was infused via a probe for 60 min. To evaluate the antagonist

Ž .effect, MCPG was infused for 60 min before agonist application. Results show mean"S.E. ns3 dopamine dialysates concentrations, without probe
recovery correction, expressed as percentages of basal values.
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Ž .levels after perfusion of 1 mM 1S,3R -ACPD in the
frontal cortex. This effect peaked 1.5 h after the end of
agonist application, disappeared 2 h later and was com-
pletely antagonized by pretreatment with 2 mM MCPG
Ž .Fig. 1A . On the contrary, concentrations up to 2 mM of
Ž .1S,3R -ACPD, had no significant effect on the extracellu-

Ž .lar dopamine levels of young rats Fig. 1B . Moreover,
Ž .infusion of the antagonist, MCPG, alone 2 mM in both

Žaged and young rats did not affect dopamine efflux Fig.
.1A and B . No noticeable behavioral effects were observed

in either age group following drug infusion.

4. Discussion

The results showed that the extracellular levels of
Ždopamine in the frontal cortex are significantly less about

.42% in aged than in young rats. There are few data on the
age-related modifications of dopamine levels. Conflicting
results have been reported for the cerebral cortex, depend-
ing on the area and the methodologies used. Several
studies of the steady-state levels of dopamine showed an
age-related increase in the somatomotor and prefrontal
cortex and a decrease in the temporal cortex, while others
have reported a reduction of dopamine release from corti-

Žcal synaptosomes Carfagna et al., 1985; Godefroy et al.,
.1991 . The impaired presynaptic function in the cerebral

cortex seen with aging was thought to be due to a decrease
2q Ž .in Ca influx Tanka et al., 1996; Hartmann et al., 1996 .

The present microdialysis study showed that the mGlu
Ž .receptor agonist, 1S,3R -ACPD, exerts a significant facili-

tatory effect on dopamine release in frontal cortex of aged
but not of young rats. The increase in dopamine levels
observed in aged rats peaked 90 min after perfusion. While
at present we have no obvious explanations for the long

Ž .latency of this effect of 1S,3R -ACPD, the finding is
Ž .consistent with the report of Sacaan et al. 1992 showing

Ž .that unilateral intrastriatal injection of 1S,3R -ACPD in-
duces contralateral turning behavior at 1 h, reaching a
plateau 3–6 h after injection. Furthermore, in metham-
phetamine-sensitized rats, the increase in dopamine release

Ž .induced by intrastriatal 1S,3R -ACPD has been reported
Ž .to peak 1 h after the end of perfusion Arai et al., 1996 .

Ž .At the dose of 0.6 mM 1S,3R -ACPD, a small non-sig-
nificant reduction in dopamine release was observed in

Ž .aged rats Fig. 1A . This finding is in line with the report
Ž .of Taber and Fibiger 1995 showing opposite effects of

Ž .different doses of 1S,3R -ACPD on nucleus accumbens
dopamine release. Our finding of increased effectiveness

Ž .of 1S,3R -ACPD in aged rats is consistent with results of
in vitro studies showing a greater increase in dopamine
release evoked by high Kq in synaptosomes from frontal

Žcortex and caudate in old than in young rats Cerrito et al.,
. Ž .1993 . The age-related difference in 1S,3R -ACPD ago-

nist mGlu receptor responsiveness suggests modifications
in presynaptic G protein-mediated intracellular mecha-

nisms. A region-specific down-regulation of free intra-
2q Žcellular Ca that occurs in the cortex of aged rats Hart-

.mann et al., 1996 , and the greater susceptibility of aged
rats to changes in calcium homeostasis could explain these
results. The mGlu receptor agonist might also enhance
glutamate release via protein kinase C more in aged than
in young rats and therefore activate NMDA receptors,
leading to an increase in dopamine levels. Aged-related
changes in the expression and coupling of mGlu receptor
subtypes to the phospholipase C signal transduction path-

Ž .way can be hypothesized Casabona et al., 1997 .
The finding that perfusion with the antagonist, MCPG,

did not itself produce a significant change in extracellular
dopamine levels suggests the absence of tonic inhibition
by metabotropic glutamate receptors in the regulation of
dopaminergic neurotransmission in frontal cortex.

Ž .Since 1S,3R -ACPD acts on groups I and II of mGlu
receptor, further studies are necessary to determine which
subtypes of mGlu receptor and intracellular mechanisms
mediate dopamine release from the frontal cortex of aged
rats, and to clarify their role in the neurodegeneration and
impairment of learning and memory frequently encoun-
tered in aging individuals.
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