British Journal of Pharmacology (1996) 117, 189-195

© 1996 Stockton Press Al rights reserved 0007 -1188/96 $12.00 ”

Metabotropic glutamate receptors, transmitter output and fatty

acids: studies in rat brain slices
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1 The effects of (1S,3R)-1-aminocyclopentane-1,3-dicarboxylic acid (1S,3R-ACPD), a non-selective
agonist of the metabotropic glutamate receptors (mGluRs), have been studied in rat cortical and striatal
slices by measuring the depolarization-induced output of D-[*H]-aspartate (D-[*H]-Asp) and of [*H]-
glutamate (*H]-Glu), neosynthesized from [*H]-glutamine.

2 In cortical slices, 1S,3R-ACPD potentiated the depolarization-induced (KCl, 30 mM) output of both
D-[*H}-Asp and [*H]-Glu. The potentiation, obtained at 300 uM 1S,3R-ACPD was 65+ 6% for D-[*H]-
Asp and 56+ 10% for [PH]-Glu. Conversely, in striatal slices, 1S,3R-ACPD reduced the depolarization-
induced transmitter output. The reduction, obtained at 300 uM of the agonist, was 60+8% for D-[*H]}-
Asp and 50+ 5% for neosynthesized [*H]-Glu.

3 Bovine serum albumin (BSA, 15 uM), which is able to bind locally produced fatty acids, completely
eliminated the potentiating effect 1S,3R-ACPD had on D-[*H]-Asp output from cortical slices. Low
concentrations of arachidonic acid (1-10 pM) or of oleic acid (1-10 uM) added to BSA-containing
perfusion medium, restored this potentiating effect. BSA, however, had no effect on the inhibitory action
of 1S,3R-ACPD in striatal slices.

4 Bromophenacyl bromide (100 pM), an inhibitor of phospholipase A,, and RG80267 (100 uM), an
inhibitor of diacylglycerol lipase, have been shown to inhibit fatty acid production. These compounds
prevented the potentiating effect of 1S,3R-ACPD on D-[*H]-Asp-output in cortical slices.

5 Indomethacin (100 pM), an inhibitor of cyclo-oxygenases, plus nordihydroguaiaretic acid (100 pM),
an inhibitor of lipoxygenases, increased D-[’H]-Asp output in cortical slices perfused with BSA-
containing medium.

6 These experiments suggest that the mGluR-mediated potentiation of transmitter output requires the
availability of unsaturated fatty acids, such as arachidonic or oleic acids, in cortical slices. In contrast,
the mGluR-induced inhibition of transmitter output is not dependent upon fatty acid availability in
striatal slices. The requirement of both unsaturated fatty acids and 1S,3R-ACPD in the facilitation of

transmitter exocytosis may play an important role in the regulation of synaptic plasticity.
Keywords: (1S,3R)-1-aminocyclopentane-1,3-dicarboxylic acid (1S,3R-ACPD); excitatory amino acid release; metabotropic
glutamate receptors (mGluRs); bovine serum albumin (BSA); arachidonic acid; fatty acids; synaptic plasticity

Introduction

Metabotropic glutamate receptor (mGluR) agonists cause
significant changes in the- function of presynaptic neuronal
terminals, resulting in an increase or a reduction in the depo-
larization-induced transmitter release (Anwyl, 1991; Lovinger,
1991). We previously observed that (1S,3R)-1-amino cyclo-
pentane-1,3-dicarboxylic acid (1S,3R-ACPD), a non-selective
mGluR agonist (Schoepp et al., 1990; Schoepp & Conn, 1993),
reduced the depolarization-induced D-[*H]-aspartate (Asp)
output in striatal slices (Lombardi ez al., 1993), while in cor-
tical slices, similar concentrations of this compound sig-
nificantly increased transmitter release (Lombardi et al., 1994).
A pharmacological characterization of these effects suggested
that the potentiation of transmitter output, in the cortex, was
most probably the consequence of 1S,3R-ACPD-induced sti-
mulation of mGluRs which are linked to phospholipase C
(group 1; namely mGluR1 or mGluRS5, see: Nakanishi, 1992
for a review), whereas the inhibition of transmitter output in
the striatum was associated with the stimulation of mGluRs
which are negatively linked to adenylyl cyclase (group2;
namely mGluR2 and/or mGluR3; Lombardi et al., 1994). In
the above mentioned studies, we measured the output of D-
[*H]-Asp as an index of transmitter release. Since this approach
has been considered unsatisfactory due to the poor penetration
of isolated synaptic vesicles by D-[*H]-Asp (McMahon &

! Author for correspondence.

Nicholls, 1991), we decided to also use, under the same ex-
perimental settings, the output of [*H]-glutamate (*H]-Glu),
neosynthesized after preincubation of slices with [*H]-gluta-
mine. The use of [*H]-glutamine as a precursor of the trans-
mitter pool of glutamate has been proposed in the past
(Cotman & Hamberger, 1979) and studies on the actions of
pharmacological agents on the release of both D-[*H}-Asp and
[PH]-Glu, neosynthesized from [*H]-glutamine, could uncover
possible differences between the pools in which labelled D-[>H]-
Asp and [*H]-Glu are stored.

Independent studies have shown that 1S,3R-ACPD sig-
nificantly potentiates the depolarization-induced glutamate
exocytosis from cortical synaptosomes. In order for the po-
tentiation to occur, however, the availability of free arachi-
donic acid or of other unsaturated fatty acids, such as oleic
acid, is required (Herrero et al., 1992). This requirement has
been explained by assuming that in order to phosphorylate a
protein (possibly a K* channel), which is responsible for the
facilitation of transmitter exocytosis, the presence of both
diacylglycerol, formed as a consequence of 1S,3R-ACPD-in-
duced activation of phospholipase C, and of an unsaturated
fatty acid are necessary (Coffey et al., 1994). In brain slices,
mGluR agonists increase the output of the excitatory trans-
mitter without the addition of fatty acids to the superfusion
medium (Lombardi et al., 1994). However, in this preparation,
fatty acids may be endogenously formed, as a consequence of
spontaneous or transmitter-induced activation of membrane
phospholipases (Dumuis et al., 1993; Stella et al., 1994). Since
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fatty acids are considered particularly important as retrograde
messengers during events leading to synaptic plasticity (Wil-
liams et al., 1989; Nicholls, 1992), we thought it interesting to
test if the presence of a fatty acid is required both for the
facilitatory and the inhibitory events induced by mGIuR
agonists on transmitter output. One of the approaches used to
significantly reduce the availability of fatty acids in perfused
tissues is the addition to the perfusion fluid of micromolar
concentrations of bovine serum albumin (BSA), which pos-
sesses active sites able to bind fatty acids (Reed et al., 1975;
Rhoads et al., 1983). Moreover, since fatty acid formation in in
vitro tissues is mainly due to the action of the enzymes phos-
pholipase A, and/or diacylglycerol lipase (see: Axelrod et al.,
1988 for a review), we also used inhibitors of these enzymes for
a better understanding of the role fatty acids play in the
mGluR-modulation of transmitter output.

Methods

Preparation of rat brain slices

Male Wistar rats (Nossan strain, Milan) weighing 180—-200 g
were used. After decapitation, brains were rapidly removed
and the parietal cortex or the striatum were taken and placed
into ice-cold Krebs-bicarbonate buffer (composition in mM:
NaCl 122, KCI 3.1, MgSO, 1.2, KH,PO, 0.4, CaCl, 1.3,
NaHCO; 25 and glucose 10). Transverse slices (350 um thick)
were prepared by use of a Mcllwain tissue chopper. The slices
were then left to stand dipped into Krebs-bicarbonate solution
gassed with 95% 0,/5% CO, for 1 h at 32°C in order to allow
functional recovery.

Release experiments

Recovered slices were incubated either for 45 min in oxyge-
nated Krebs-bicarbonate buffer containing D-[’H]-Asp (final
concentration: 50 nM) or for 90 min in a medium containing
L-[*H]-glutamine (final concentration: 35 nM) at 32°C. The
slices were then washed for 30 min by changing the incuba-
tion medium twice. Labelled slices were then transferred to
Perspex perfusion chambers (0.8 ml volume) (Beani et al.,
1978; Moroni et al., 1981) and perfused with gassed (95% O,/
5% CO,) Krebs solution at 32°C. Preliminary experiments
showed that after 30 min of perfusion, a quasi steady state
efflux of tritium was reached. 1S,3R-ACPD was added 5 min
before the slices were challenged with the depolarizing buffer
solution containing 30 mM KCI (with isomolar reduction of
NaCl), according to a previously published protocol (Lom-
bardi et al., 1993). When BSA, fatty acids or the enzyme
inhibitors were used, they were added to the perfusion fluid
at the beginning of the perfusate collection. The perfusates
were collected into sample vials and then analysed for their
content of radioactivity. The output of D-[*’H]-Asp was
counted in a Packard (Tri Carb 1500) liquid scintillation
analyser by directly adding 10 ml of Instagel scintillation
fluid to the collected solution. [*H]-Glu, newly synthesized
from [*H]-glutamine, was measured after purification of the
collected perfusate through an anion-exchange chromato-
graphy resin. Briefly, the buffer was made alkaline and loaded
onto small chromatography columns containing 1 ml of
Dowex AG 1-X 8 anion exchange resin (formiate-form, 100—
200 mesh). These columns separate basic and neutral amino
acids (such as glutamine and y-aminobutyric acid (GABA))
from the acidic ones (such as aspartate or glutamate). The
neutral amino acids are eluted in the void volume and in 2—
3 ml of distilled water sequentially added to the columns,
while aspartate and glutamate are retained in the resin and
then eluted with 2 ml of formic acid 5 M (Gaitonde, 1973;
Corradetti et al., 1983). Under our experimental conditions,
85+ 7% of the radioactivity present in this eluate could be
ascribed to authentic [PH]-Glu as identified by using an
h.p.l.c. approach previously described (Lombardi & Moroni,

1992). The radioactivity present in the slices was evaluated
after tissue solubilisation with 1 ml of solvable tissue
solution. D-’H]-Asp content was directly measured in this
solution, while the [*H]-Glu content was measured after
purification as described above for the collected samples.

Protein assay

The protein content of the samples was measured according to
Lowry et al. (1951).

Materials

1S,3R-ACPD was purchased from Tocris Neuramin (Bristol,
U.K.). D-[*H}-Asp (10-30 Ci mmol~') and L-[*H]-glutamine
(45 Ci mmol~') were from Amersham (Amity PG, Milan,
Italy). Dowex AG-1-X8 anion exchange resin (100-
200 mesh), tetrodotoxin, BSA, arachidonic acid, oleic acid,
stearic acid, nordihydroguaiaretic acid, indomethacin, bro-
mophenacylbromide were from Sigma Chemical Co. (St.
Louis, MO, U.S.A.). RG-80267 (1,6-di[-0-(carbamoyl)cyclo-
hexanone oxime] hexane) was kindly supplied by Rhone-
Poulenc Rorer (Collegeville, PA, U.S.A.). Solvable tissue so-
lution (NEF 910G) was from DuPont-NEN (Bad Homburg,
Germany). All other reagents were of analytical grade and
were obtained from Merck (Darmstadt, Germany).

Arachidonic acid, oleic acid and bromophenacylbromide
were dissolved in ethanol (final concentration 0.1% ethanol);
RG-80267 was dissolved in dimethyl sulphoxide (final con-
centration 1%). At these concentrations, both dimethyl
sulphoxide and ethanol had no effects. All other compounds
were directly dissolved in Krebs-bicarbonate buffer.

Statistical analysis

Statistical significance in all experiments was evaluated by
performing the analysis of variance (ANOVA), followed by
Tukey’s W test for multiple comparison.

Results

Characterization of D-[*H]-Asp and [°H]-Glu output

In cortical or striatal slices prelabelled with D-[*H]-Asp and
perfused for a 30 min period, the application of buffer solu-
tions containing depolarizing concentrations of KClI for 5 min
significantly increased the output of radioactivity. In striatal
slices, this increase was 3.5+0.7 and 10+2 fold when the
challenging solutions contained 30 or 50 mM KCl respectively.
Similarly, in cortical slices, the increase of radioactivity output
was 2.8+0.2 and 8.9+ 1.1 fold (Figures 1 and 2).

Comparable results were obtained when the experiments
were carried out in slices preincubated with [*H]-glutamine and
[*H]-Glu output was evaluated. Under these conditions, a de-
polarizing solution containing 30 mM KCl increased [*H]-Glu
output by 2.6+0.1 fold in cortical slices and by 3+0.3 fold in
striatal slices. A solution containing 50 mM K increased [*H]-
Glu output by 8 +0.4 fold in striatal slices and by 7+0.5 in the
cortical ones (data not shown).

When depolarization was performed in a nominally Ca?*
free medium, the output of both D-[*H]-Asp and that of [*H]-
Glu were significantly reduced. Furthermore the depolariza-
tion-induced (KCl, 30 mm) D-[*H]-Asp output was reduced by
55+ 5% in the cortex and by 50+ 6% in the striatum in the
presence of tetrodotoxin (0.5 uM) (Figure 1).

Effects of (1S,3R)-ACPD on p-[’H]-Asp or [*H]-Glu
output

1S,3R-ACPD added to the perfusion solution 5 min before
and during KCl1 (30 mM)-induced depolarization, significantly
reduced the output of radioactivity from striatal slices, while
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increasing the output of radioactivity from cortical slices
(Figures 2 and 3). The inhibition obtained with 1S,3R-ACPD
(300 uM) was 60+8% when striatal slices were prelabelled
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Figure 1 Ca?" deprivation or tetrodotoxin (0.5um) significantly
reduced the KCI (30 mM)-induced output of D-[*H]-Asp from cortical
or striatal slices. The slices were preincubated with p-[*H]-Asp for
45min or [*H]-glutamine for 90 min at 32°C, washed twice, placed in
the perfusion apparatus and perfused with oxygenated Krebs-
bicarbonate buffer for 30min before starting the experiments. At
the end of the perfusion period, they contained approximately 5 x 10°
c.p.m.mg”! protein when incubated with p-[’H]-Asp and 9x 10
cpm.mg~! protein of [PH]-Glu when preincubated with PH}
glutamine. Each column represents the mean % increase of basal
output (mean+s.e.mean of at least 5 duplicate experiments) of
labelled amino acids in the S5min fraction of perfusion fluid
containing the depolarizing concentration of potassium. The basal
output (100%) was the average of labelled amino acids present in the
two Smin perfusion samples before the challenge and was:
52004500 c.p.m.mg™~" protein when p-[*H]-Asp was evaluated and
5004+ 20c.p.m.mg~" protein when [*H]-Glu was evaluated (meanz+
s.e.mean of at least 80 experiments). Open columns: CaCl, 1.3 mm;
solid columns: CaCl, 0mM; hatched columns: CaCl, 1.3mM and
tetrodotoxin 0.5 pM. **P <0.01 vs. Ca®* -containing perfusion buffer.
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Figure 2 Effects of 1S,3R-ACPD (300 um) on p-[’H]-Asp output
from cortical or striatal slices challenged with depolarizing solutions
containing 30 or 50mM KCl. The mGluR agonist was added to the
perfusion solution 5min before and during the depolarization. Each
column represents the % increase of the basal p-[*H}-Asp output (see
legend to Figure 1) expressed as meansts.e.mean of at least 5
experiments done in duplicate. Hatched columns: controls; solid
columns: 1S,3R-ACPD (300 um). **P<0.01 vs. respective controls.

with D-’HJ-Asp and 50+5% when [*H]-Glu output was
evaluated.

The potentiation obtained with 1S,3R-ACPD (300 uM) was
65+ 6% when cortical slices were prelabelled with D-[*H]-Asp
and 56 +10% when [*H]-Glu output was evaluated (Figures 2
and 3).

It is interesting to note that 1S,3R-ACPD (300 uMm) did not
change the radioactivity output of both D-[*H]-Asp (Figure 2)
and [’H]-Glu when the depolarizing solution contained 50 mM
KCI. Similarly, 1S,3R-ACPD did not significantly potentiate
the depolarization-induced (KCl, 30 mM) D-[*H]-Asp output in
cortical slices when CaCl, was omitted from the perfusion
medium (data not shown).

Effects of BSA and free fatty acids on 18,3R-ACPD
modulation of D-[*H]-Asp output

When BSA (15 uMm) was added to the buffer solution, at the
beginning of the perfusion period, the effects of 1S,3R-ACPD
on the increase of D-[’H]-Asp output from cortical slices were
completely prevented (Figure 4). The presence of BSA in the
superfusion fluid, however, did not influence 1S,3R-ACPD-
induced decrease of D-[*H]-Asp efflux from striatal slices. BSA
is able to bind fatty acids in limited amounts (Spector, 1975;
Rhoads et al., 1983) and in order to test the role of these fatty
acids in the mGluR agonist-induced modulation of transmitter
release, low concentrations of a few of them were added to
BSA containing superfusion solution. As shown in Figure 5,
arachidonic acid (1-10 pM) or oleic acid (1-10 pM), added
together with 1S,3R-ACPD to BSA containing buffer solu-
tions, restored the potentiating effect the mGluR agonist had
in control experiments. In contrast, stearic acid, a saturated
fatty acid which is abundant in brain tissue, did not antagonize
BSA activity.

Effects of inhibitors of fatty acid formation on 1S,3R-
ACPD modulation of p-[*H]-Asp output

The second approach we utilised to reduce the concentration
of fatty acids in brain slices and in the perfusates was to use
inhibitors of phospholipase A, and diacylglycerol lipase. As
shown in Figure 6, when bromophenacyl bromide (100 pM), an
inhibitor of phospholipase A,, was added to the superfusion
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Figure 3 Effects of different concentrations of 1S,3R-ACPD on the
depolarization KCI (30 mm)-induced output of p-[*H]-Asp or [*H]-
Glu from cortical or striatal slices. Different concentrations of 1S,3R-
ACPD were added to the superfusion medium 5Smin before and
maintained during the depolarization obtained with KCl (30mM,
5min). Each point represents the mean change (mean+s.e.mean) of
labelled amino acid output expressed as % of the relative controls
(*H-amino acid output in slices not exposed to 1S,3R-ACPD). (@) D-
[*H]-Asp; (W) [*H]-Glu. **P<0.01 vs. controls.
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solutions, the 1S,3R-ACPD-induced potentiating effects in
cortical slices were reduced. Similar results were obtained with
the use of RG-80267 (100 uM), an inhibitor of diacylglycerol
lipase. When both inhibitors were simultaneously added, the
potentiating effect of 1S,3R-ACPD was prevented (Figure 6).
In the presence of both inhibitors, exogenously added ara-
chidonic acid restored the potentiating effect of 1S,3R-ACPD
in cortical slices (Figure 6) and larger concentrations sig-
nificantly increased the labelled amino acid output. Arachi-
donic acid (10 uM), however, did not modify the inhibitory
action of 1S,3R-ACPD in striatal slices (data not shown).

Effect of inhibitors of arachidonic acid metabolism on
18,3R-ACPD modulation of D-[°H]-Asp output

In order to clarify if active eicosanoids were involved in the
above described effects of arachidonic acid, we used large
concentrations of indomethacin (100 puM), an inhibitor of cy-
clo-oxygenases, and nordihydroguaiaretic acid (100 um), an
inhibitor of lipoxygenases. This concentration of nordihy-
droguaiaretic acid significantly increased the basal output of D-
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Figure 4 Effects of BSA on the depolarization (KCl, 30mm)-
induced output of D-[>H]-Asp from (a) striatal and (b) cortical slices.
BSA (15uM) was added to the superfusion fluid at the beginning of
the collection of perfusates, while 1S,3R-ACPD (300 uM) was added
5min before and maintained during the depolarization. The points
represent the % changes of p-[’H}-Asp output in a typical
experiment. (O) Controls; ((1) 1S,3R-ACPD (300 um); (A) 1S,3R-
ACPD (300 um) + BSA (15um).

[*H]-Asp in the absence of BSA, but it had no action on either
the basal or the stimulated D-[’H]J-Asp output when BSA was
present (data not shown). When both inhibitors were present, a
low concentration of arachidonic acid (3 uM) induced 1S,3R-
ACPD potentiation of transmitter output in cortical slices
perfused with BSA containing buffer (Figure 7). Larger con-
centrations of this fatty acid slightly potentiated the effects of
the mGluR agonist. Indomethacin and nordihydroguaiaretic
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Figure 5 Effects of low concentrations of fatty acids on p-[*H]-Asp
output. Cortical slices were perfused with BSA (15pM) and
challenged with a depolarizing solution (KCl, 30 mMm) in the presence
of 1S,3R-ACPD (300 puM), according to the protocol described in
Figure 4. Data are expressed as % of the radioactivity output in
control experiments (in which 1S,3R-ACPD was present without
BSA or fatty acids). Each point is the mean of 5 duplicate
experiments; s.e.mean were within 10% of the values shown. ()
Stearic acid; (@) oleic acid; (O) arachidonic acid.
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Figure 6 Effects of inhibitors of fatty acid formation on the
depolarization (KCl, 30mM)-induced output of p-[*H]-Asp from
cortical slices. Bromophenacyl bromide (BrPBr 100 um), RG80267
(100pM) or a combination (100+100pmM) of both substances was
added to the perfusion fluid at the beginning of the collection of
perfusates. Arachidonic acid was added together with 1S,3R-ACPD
(300puM) S5min before and during the challenge. Each column
represents the radioactivity output present in the challenged samples,
expressed as % change over control experiments (in which 1S,3R-
ACPD was present without enzyme inhibitors). Vertical bars are
s.e.mean of at least 4 experiments conducted in duplicate. *P <0.05;
**P <0.01, vs. 1S,3R-ACPD-treated slices.
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Figure 7 Effects of inhibitors of arachidonic acid (AA) metabolism
on the depolarization (KCl, 30 mm)-induced output of p-[*H]-Asp
from cortical slices. Indomethacin plus nordihydroguaiaretic acid
(Indo+NDGA 100+100pM) were added to BSA containing
perfusion fluid together with 1S,3R-ACPD (300uM) Smin before
the challenge. Each column represents the radioactivity output
present in the challenged samples, expressed as % of controls (“H-
amino acid output in slices not exposed to 1S,3R-ACPD). Vertical
bars are s.e.mean of at least 4 experiments conducted in duplicate.
*P<0.05; **P<0.01 vs. controls.

acid, at concentrations used here, significantly increased the
depolarization-induced transmitter output in the presence of
BSA. Finally, arachidonic acid (10 pM) did not modify the
basal or KCl-evoked outflow of transmitters in the absence of
added 1S,3R-ACPD.

Discussion

The present studies show that, in brain slices, the depolariza-
tion (KCl, 30 mM)-induced output of both D-[*H]-Asp and
[*H]}-Glu (neosynthesized after preincubation with [*H]-gluta-
mine) are modulated in a qualitatively and quantitatively si-
milar manner by 1S,3R-ACPD (Figure 3). In particular, in
striatal slices, 1S,3R-ACPD (300 uM) inhibits the output of
either D-*H]-Asp or [*H]-Glu by approximately 50%, while in
cortical slices, the mGluR agonist potentiates the output of
both D-’H]-Asp and [*H]-Glu in a similar dose-dependent
manner. Furthermore, the depolarization-induced output of D-
[*H]-Asp or [*H]-Glu has a similar degree of dependence upon
the presence of extracellular Ca?* (Figure 1). Our results,
showing a good correlation between D-[’H]-Asp output and
[*H)-Glu release, suggest that D-[>H]-Asp output is an accep-
table index of excitatory transmitter release in brain slices, thus
confirming a series of previous observations (Potashner, 1978;
Notman et al., 1984; Arqueros et al., 1985; Gallo et al., 1992;
Simonato et al., 1994).

Our data also indicate that 1S,3R-ACPD differentially
modulates the depolarization-induced (KCl, 30 mM) trans-
mitter exocytosis in the cortex and in the striatum. While the
inhibition of transmitter output caused by the mGluR agonist
in the striatum does not require the availability of fatty acids,
the potentiation of the depolarization-induced transmitter re-
lease in cortical slices requires the simultaneous presence of
1S,3R-ACPD and of fatty acids. In fact, BSA, which is able to
bind fatty acids (Spector, 1975; Rhoads et al., 1983) or in-

hibitors of fatty acid formation such as bromophenacyl bro-
mide, an inhibitor of phospholipase A, (Hofmann et al., 1982),
and RG-80267, an inhibitor of diacylglycerol lipase (Schimmel,
1988), completely prevented the mGluR-induced potentiation
of transmitter output. Similar results have been obtained in
studies on 4-aminopyridine-induced exocytosis of glutamate
from cortical synaptosomes (Herrero et al., 1992; Vazquez et
al., 1994; Coffey et al., 1994). Detailed biochemical studies in
the above-mentioned model have shown that the simultaneous
presence of arachidonic acid and diacylglycerol, formed as a
consequence of mGluR stimulation, is necessary to activate
synergistically protein kinase C, which is able to phosphorylate
several proteins including synapsin 1, MARCKS and a ‘de-
layed rectifier’ K* channel. The phosphorylation of these
proteins probably results in a decreased potassium perme-
ability, which is ultimately responsible for an increase in the
number of action potentials and of Ca?* entry in the pre-
synaptic terminal. In the model we used, the potentiation of D-
[PH]-Asp release requires the presence of added CaCl, in the
perfusion medium and is dependent on the possibility of ob-
taining conducted action potentials (see Figure 1 and the re-
sults section). Therefore, it is reasonable to propose that the
potentiation of transmitter output, we observed in cortical
slices, is based on the same biochemical mechanism previously
described in synaptosomes (Herrero et al., 1992). In this con-
text it is interesting to note that low concentrations of ara-
chidonate and other unsaturated free fatty acids are able to
activate protein kinase C both in brain and in peripheral tis-
sues (McPhail ez al., 1984; Seifert et al., 1988). In our model the
modulation of transmitter output induced by 1S,3R-ACPD
occurred when the depolarizing solution contained 30 mMm
KCl, while neither the inhibitory nor the excitatory effects of
1S,3R-ACPD were observed when the depolarizing stimulus
was a solution containing 50 mM KCI (Figure 2). A precise
explanation of this finding requires further experiments, but
conducted action potentials are probably still evocable in the
presence of 30 mM KCl, as suggested by the experiments with
tetrodotoxin, while when the concentration of KCl reaches
50 mM, the neurones are permanently depolarized.

We previously showed that the mGluR involved in the
potentiation of transmitter release has pharmacological prop-
erties compatible with the so-called group 1 mGluRs (Naka-
nishi, 1992), which are associated to phospholipase C
(Lombardi ez al., 1994). Recently, however, we noticed that the
pharmacological properties of the mGluR associated to the
potentiation of transmitter exocytosis are also compatible with
a group of mGluRs associated to phospholipase D (Pellegrini-
Giampietro et al., 1994), so further pharmacological studies
are necessary to clarify the source of diacylglycerol generated
as a result of mGluR stimulation (Vasquez et al., 1994). In
contrast, in striatal slices, 1S,3R-ACPD-induced inhibition of
transmitter release is due to the activation of a presynaptic
mGluR of the 2nd group (namely mGluR2 or mGluR3), ne-
gatively associated to adenylyl cyclase (Lombardi et al., 1993;
1994). In order to allow a potentiation of transmitter release,
the requirement of arachidonic acid has been regarded with
interest because it could be an important step in the formation
of synaptic plasticity and long-term potentiation (Nicholls,
1992). In cortical slices, arachidonic acid could be continuously
formed due to spontaneous synaptic activity or the joint sti-
mulation of ionotropic and metabotropic glutamate receptors
(Dumuis et al., 1988; 1993; Stella et al., 1994). Our experiments
show that arachidonic acid could be substituted by other un-
saturated fatty acids, such as oleic acid, while stearic acid, a
saturated fatty acid which is abundant in brain preparations, is
not active. It has been suggested that arachidonic acid and its
metabolites, possibly together with highly reactive free radicals
which are formed in the course of arachidonic acid metabo-
lism, reduce Glu uptake processes and therefore are able to
increase the output of amino acid from brain slices, synapto-
somes and glial or neuronal cell cultures (Barbour et al., 1989;
Volterra et al., 1992; Simonato et al., 1994). However, the
inhibition of uptake processes occurs when the concentration
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of arachidonic acid is approximately 100 pM. In the experi-
ments presented here, the concentrations of arachidonic acid
were significantly lower (1-10 pM) in a range in which ara-
chidonic acid does not reduce D-[*H]-Asp uptake in brain slices
(personal observations). Furthermore, since the additions of
large concentrations of inhibitors of arachidonic acid meta-
bolism such as indomethacin and nordihydroguaiaretic acid do
not reduce, but actually slightly potentiate arachidonate ef-
fects, our experiments strongly support the hypothesis that
arachidonic acid metabolites and free radicals formed during
its metabolism are not involved in the process of potentiation
of transmitter exocytosis.

In conclusion, mGluR agonists may potentiate or inhibit
the depolarization-induced transmitter output. In the striatum,
the inhibition is mediated by presynaptic mGluRs (namely
mGluR,; or mGluR3) negatively associated to adenylyl cyclase
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