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Metabotropic glutamate receptors depress glutamate-mediated

synaptic input to rat midbrain dopamine neurones in vitro

Mark A. Wigmore & 'Michael G. Lacey

Department of Pharmacology, The Medical School, The University of Birmingham, Edgbaston, Birmingham, B15 2TT

1 Glutamate (AMPA receptor-mediated) excitatory postsynaptic potentials (e.p.s.ps.), evoked by
electrical stimulation rostral to the recording site, were examined by intracellular microelectrode
recording from dopamine neurones in parasagittal slices of rat ventral midbrain.

2 The e.p.s.p. was depressed by the group III metabotropic glutamate (mGlu) receptor agonist L-2-
amino-4-phosphonobutyric acid (L-AP4; 0.01-30 uM) by up to 60% with an ECs, of 0.82 um. The
depression induced by L-AP4 (3 uM) was reversed by the group III preferring mGlu receptor antagonist,
o-methyl-4-phosphonophenylglycine (MPPG; 250 um).

3 The group I and II mGlu agonist, 1S,3R-aminocyclopentanedicarboxylic acid (ACPD; 3—-30 um) also
depressed the e.p.s.p. in a concentration-dependent manner. The effect of ACPD (10 uM) was reversed
by (+)-a-methyl-4-carboxyphenylglycine (MCPG; 1 mM; 4 cells). This effect of ACPD was also partially
antagonized (by 50.3+15.7%, 4 cells) by MPPG (250 um).

4 The selective agonist at group I mGlu receptors, dihydroxyphenylglycine (DHPG; 100 uMm), decreased
e.p.s.p. amplitude by 27.1+8.2% (7 cells), as did the group II mGlu receptor-selective agonist
(1S,1'R,2'R,3'R)-2-(2,3-dicarboxycyclopropyl)glycine (DCG-1V; 1 uM) by 26.7+4.3% (5 cells).

5 DHPG (10-100 um) caused a depolarization of the recorded cell, as did ACPD (3—30 um), whereas
no such postsynaptic effect of either L-AP4 or DCG-IV was observed.

6 These results provide evidence for the presence of presynaptic inhibitory metabotropic glutamate
autoreceptors from the mGlu receptor groups II and III on descending glutamatergic inputs to midbrain
dopamine neurones. Group I mGlu receptors mediate a postsynaptic depolarization, and can also
depress glutamatergic transmission, but may not necessarily be localized presynaptically. These sites
represent novel drug targets for treatment of schizophrenia and movement disorders of basal ganglia
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origin.
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Introduction

Midbrain dopamine neurones from substantia nigra (SNc) and
ventral tegmental area (VTA) and their various projections,
principally to dorsal and ventral striatum, amygdala and
prefrontal cortex, are critically involved in a variety of
behaviours and pathological states. Their role in motor
control (Dunnett & Robbins, 1992) arises from modulation
of the circuitry of the basal ganglia (Gerfen, 1992; Chesselet &
Delfs, 1996), while mesolimbic projections to the ventral
striatum (nucleus accumbens) appear central to motivation
and reward (Fibiger & Phillips, 1986; Robbins & Everitt,
1996), including the rewarding and habit-forming properties
of drugs of abuse (Koob, 1992; Hyman, 1996). Central
dopamine systems play a role in cognitive function (Dunnett
& Robbins, 1992; Goldman-Rakic, 1995) and, as dopamine
antagonists are widely-used antipsychotic agents, dopamine
system dysfunction has been implicated additionally in
psychosis.

With the cloning and sequencing of eight guanosine 5'-
triphosphate (GTP) binding (G) protein-coupled receptors for
glutamate, it has become clear in recent years that glutamate
can also act as a neuromodulatory agent as well as a fast
excitatory transmitter (see Pin & Duvoisin, 1995; Conn & Pin,
1997, for review). These metabotropic glutamate (mGlu)
receptors may be grouped together by virtue of sequence
homology and preferred second messenger coupling. Thus
group I mGlu receptors activate phospholipase C and
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comprise mGlu; and mGlus. Group II couple negatively to
adenylyl cyclase and comprise mGlu, and mGlu;. mGlu,g;
and mGlug also decrease intracellular adenosine 3":5'-cyclic
monophosphate (cyclic AMP) levels, but their distinct
pharmacology places them in group III (Pin & Duvoisin,
1995; Conn & Pin, 1997). Pharmacological discrimination of
receptors between these three groups may now be made by
using selective agonists, but development of selective
antagonists, and of compounds capable of discriminating
between members of a particular group is presently at an early
stage (Conn & Pin, 1997). Electrophysiological studies in the
central nervous system have demonstrated two principal
consequences of mGlu receptor activation on neurones: direct
excitation, and (presynaptic) modulation of neurotransmitter
release, including that of glutamate itself (reviewed by Pin &
Duvoisin, 1995; Conn & Pin, 1997).

The possibility that mGlu receptors might play a role in
modulating dopamine system function was first suggested by
the observation that intrastriatal injection of the non-selective
mGlu receptor agonist, 1S,3R-1-amino-1, 3 cyclopentanedi-
carboxylate (ACPD), caused a contralateral rotational
behaviour that was dependent on dopamine receptor activa-
tion (Sacaan et al., 1992). Indeed, messenger RNA encoding
several mGlu receptor subtypes has been described both in the
SNc/VTA, and also in many regions of basal ganglia known to
project to the ventral midbrain (Testa ez al., 1994). It has also
been shown by intracellular recording in brain slices that
ACPD exerts a direct excitatory action on midbrain neurones
(Mercuri et al., 1993), and a slow synaptic current evoked by
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focal electrical stimulation, attributable to activation of
metabotropic glutamate (mGlu) receptors on dopamine
neurones, has also been described (Shen & Johnson, 1997).
However, while fast evoked synaptic events in dopamine
neurones resulting from ionotropic glutamate receptor
activation have also similarly been obtained in vitro (Mereu
et al, 1991, Johnson & North, 1992), the presence of
presynaptic mGlu (auto-) receptors modulating these inputs
has not been investigated. We have used a brain slice
preparation to examine electrophysiologically the suscept-
ibility of the descending glutamatergic input to single
dopamine neurones to modulation by agonists at mGlu
receptors. Our results implicate mGlu receptors from all three
groups in decreasing electrically-evoked glutamate release onto
dopamine neurones. Some of this work has been published
previously in abstract form (Wigmore & Lacey, 1995; 1996).

Methods

Tissue preparation

Parasagittal slices (400 um thick) of ventral midbrain contain-
ing the subthalamic nucleus and substantia nigra were freshly
prepared from brains of male Wistar rats (100—180 g) killed
by cervical dislocation following halothane anaesthesia, as
previously described (Abbott et al., 1997). Slices were placed in
a recording chamber (volume ~0.3 ml) and superfused at 1—
2 ml min~! with artificial cerebrospinal fluid (aCSF) of
composition (mM): NaCl 126, KCl 2.5, CaCl, 2.4, MgCl, 1.3,
NaH,PO, 1.2, glucose 10 and NaHCOj; 26, heated to 32—-33°C
and saturated with 95% O,/5% CO,. In order to study
specifically the evoked excitatory postsynaptic potential
(e.p.s.p.), the GABA, receptor antagonist picrotoxin (50 um)
was also routinely included in the superfusion medium.

Electrophysiological recording and stimulation

Intracellular recordings from dopamine neurones were made
with sharp 2 M KCl-filled microelectrodes (resistance 50—
130 MQ) advanced into the dorso-rostral portion of the
substantia nigra/VTA, which could be identified visually with
a dissecting microscope (Wild-Leitz). Membrane potential and
injected current were amplified and measured by an Axoclamp
2A microelectrode amplifier (Axon Instruments, Foster City,
California, U.S.A.). Additional amplification to optimize
analogue-to-digital signal conversion was achieved with a
Brownlee 210A instrumentation amplifier (Brownlee Precision
Co., Santa Clara, California, U.S.A.). Single synaptic events
were evoked with electrical stimulation delivered with a bipolar
stimulating electrode (twisted FORMVAR-coated 50 um
diameter nichrom wire; Advent Research Materials Ltd.,
U.K.) placed in or caudal to (within 500 um of) the
subthalamic nucleus, which could also be identified by visual
inspection. Single-shock stimuli (10 mA maximum, 100 us
duration) were delivered every 10—30 s by a constant current
stimulus isolation unit (AMPI Isoflex, Jerusalem, Israel). In
order to record and measure accurately the amplitude of the
resultant depolarizing synaptic potentials, cells were held at
membrane potentials in the range —68 to —85 mV by passing
a constant hyperpolarizing current across the recording
electrode, thus preventing action potential firing during the
synaptic event. Any deviation of more than +2 mV from the
pre-set membrane potential during the experiment (including if
due to drug application) was offset by manually-controlled
current injection to maintain a constant driving force on the

ions carrying the synaptic current. Stimulation current
amplitude was routinely adjusted at the beginning of each
experiment to obtain synaptic potentials of 3—10 mV in
amplitude under control conditions, which did not elicit action
potential firing, and held constant thereafter. Stimuli were
triggered and stored with pCLAMP software (ver. 5.5; Axon
Instruments) and delivered to the stimulus isolation unit by a
Master-8 pulse generator (AMPI, Jerusalem, Israel). Mem-
brane current and potential were monitored on a chart
recorder (Gould Easygraph) and a digital storage oscilloscope,
and individual events (both synaptic stimulation and current
injection) triggered by pCLAMP, and written to the hard disk
of an Elonex 450 PC.

Data analysis

Data analysis was carried out off-line by pCLAMP, Origin 4.0
(MicroCal) and Excel (Microsoft) software. E.p.s.p. depres-
sions due to agonist action were calculated as (1—X/
Y) x 100% where X =average of last 5 successive records from
periods of application of agonist, and Y =average of last 5
successive records of control period. Similarly, the reversibility
of agonists actions on washout, or by antagonist coapplica-
tion, was calculated by (Z-X)/(Y-X) x 100% where Z = average
in presence of both agonist and antagonist, or following
agonist washout. Concentration-effect curves were fitted to a
logistic equation with unity slope by use of Origin 4.0.
Statistical significance was calculated by means of one-way
ANOVAs, and all data are expressed as mean+s.e.mean
unless otherwise stated.

Drugs

Drugs were applied in known concentrations in the super-
fusing solution by use of a three way tap system, with a dead
time of 15-45s before the drugs reached the recording
chamber. This dead time was not accounted for in the Figures,
thus the onset of drug application represents the onset of
superfusion, rather than its entry into the recording chamber.
D/L-2-amino-5-phosphonopentanoic acid (APS5), L-2-amino-4-
phosphonobutyric acid (L-AP4), 1S,3R-1-amino-1, 3cyclopen-
tanedicarboxylate (ACPD), RS-a-methyl-4-phosphonophenyl-
glycine  (MPPG), (+)-o-methyl-4-carboxyphenylglycine
(MCPG), (1S,1'R,2'R,3'R)-2-(2,3-dicarboxycyclopropyl)gly-
cine (DCG-IV), (S,R)-dihydroxyphenylglycine (DHPG) and
6-cyano-7-nitroquinoxaline-2,3-dione (CNQX) were all ob-
tained from Tocris Cookson, U.K. Picrotoxin was obtained
from Sigma, U.K.

Results
Identification of midbrain dopamine neurones

Of the 105 cells included in this study, 78 cells fired action
potentials spontaneously at regular rates. In the 54 cells that
fired at >1 Hz, the mean frequency was 2.2+0.13 Hz
(maximum of 4.8 Hz), with the action potential usually
followed by a pronounced afterhyperpolarization (Figure
la). Twenty-seven cells did not fire action potentials
spontaneously, but did so on injection of a depolarizing
current. When membrane potential was increased to around
—60 mV by passage of constant hyperpolarizing current (less
than 200 pA), spontaneous firing was abolished (Figure 1b). A
step hyperpolarization (=10 mV; 500 ms) resulted in a
pronounced time-dependent inward rectification in all cells
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Figure 1

Characteristic membrane properties of midbrain dopamine neurones, and pharmacology of evoked glutamatergic e.p.s.ps.

(a) Record of resting membrane potential from a dopamine neurone, which fired spontaneous action potentials at 4.0 Hz, with a
threshold for action potential generation of ~ —40 mV. (b) Superimposed records of membrane potential (above) illustrating the
effect of injection of hyperpolarizing current pulses (500 ms duration) of increasing amplitude (below). The time-dependent inward
rectification occurring with hyperpolarization is characteristic of dopamine neurones. Pulses superimposed on —30 pA constant
injected current, required to prevent spontaneous action potential firing. (¢) Upper panel: amplitude of e.p.s.ps evoked every 10 s
plotted over the time course of an experiment where glutamate receptor antagonists CNQX (10 um) and AP5 (100 um) were applied
in the superfusate for the periods shown by the striped and hatched bars, respectively. Lower records: representative e.p.s.ps
(average of 3 successive events) from the same experiment taken at the four time points shown. The e.p.s.p. was completely
abolished by the combined application of the AMPA and NMDA receptor antagonists. Membrane potential held at —68 mV with
injected current throughout the experiment. Picrotoxin (50 uMm) present throughout.

(Figure 1b). Input resistance, measured at steady-state by
hyperpolarizing current injection steps of 0.1 nA for 500 ms
from around —60 mV, was 1244+3.3 MQ (n=105). These
electrophysiological properties are generally considered char-
acteristic of the dopamine containing neurones of ventral
midbrain (Lacey, 1993).

The fast glutamate receptor-mediated excitatory
postsynaptic potential

Single shock electrical stimulation within 500 ym and rostral to
the site of recording, in the presence of the GABA, receptor
antagonist picrotoxin, elicited a fast depolarizing synaptic
potential that attained peak amplitude within around 10 ms
(Figure 1c). The picrotoxin-resistant e.p.s.p. was reversibly
depressed by 78 +4.7% (n=4) within 2—3 min of application
of the non-N-methyl-D-aspartate (NMDA) type ionotropic
glutamate receptor antagonist CNQX (10 uM; Figure 1c). This
e.p.s.p. was therefore considered to be mediated primarily by
(RS)-a-amino-3-hydroxy-5-methyl-4-isoxazolepropionic  acid
(AMPA) type glutamate receptors. A small component
sensitive to application of the NMDA antagonist AP5 (100 um)
was also observed, such that coapplication of CNQX (10 uM)
and DL-APS (100 um) led to a complete depression of the
e.p.s.p. (Figure 1c). Thus under these conditions the e.p.s.p. is
mediated by glutamate, acting principally on AMPA receptors.

The e.p.s.p. was depressed by group III mGlu receptor
activation

The group III mGlu receptor selective agonist L-AP4 (0.3—
30 uM; Pin & Duvoisin, 1995; Conn & Pin, 1997) caused a

depression of the e.p.s.p. amplitude which reversed on washout
(Figure 2a). Concentration-effect data pooled from 44 different
experiments indicated an ECs, value for this effect of L-AP4 of
0.82 uM, with a maximal effect of around 60% depression
occurring with 30 uM L-AP4 (Figure 2b). This effect of L-AP4
(3 um) was completely reversed on coapplication of the mGlu
receptor group III preferring antagonist (Jane er al., 1995)
MPPG (250 um; 3 cells; Figure 3), while MPPG (100 um)
reversed the L-AP4 (3 um) depression of the e.p.s.p. by
68.6+16.2% (3 cells). L-AP4 (0.3-30 uM) was without effect
on membrane potential in all cells tested.

The e.p.s.p. was depressed by group I and group II mGlu
receptor activation

The group I/II mGlu receptor selective agonist ACPD (3—
30 uM; Pin & Duvoisin, 1995; Conn & Pin, 1997) also
reversibly depressed the e.p.s.p. (Figure 4a) in a concentra-
tion-dependent manner (Figure 4b). In contrast to L-AP4,
application of ACPD was often accompanied by a post-
synaptic depolarization, as previously described (Mercuri et
al., 1993), and this was offset by passing a hyperpolarizing
current. The e.p.s.p. depression by ACPD (10 uM) was fully
reversed (n=4) by the group I/II - selective (Conn & Pin, 1997)
mGlu receptor antagonist MCPG (1 mM; Figure 5a).
Additionally, the e.p.s.p. depression caused by ACPD (30 um)
was also partially reversed (by 50.3 +15.7%, 4 cells) by MPPG
(250 um; Figure 5b). This supports the suggestion that MPPG
is not selective for group III receptors (Jane et al., 1995).

In order to establish better the relative contributions of
group I and group II mGlu receptors to the action of the non-
selective agonist ACPD, agonists selective for group I and for
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Figure 2 The selective group III mGlu receptor agonist L-AP4
reversibly depressed e.p.s.p. amplitude. (a) Plot of e.p.s.p. amplitude
pooled for the duration of 4 experiments showing mean reversible
depression of 56.5% caused by application by superfusion of group
IIT agonist L-AP4 (10 uM; open bar). Each point represents mean
e.p.s.p. amplitude for the 4 cells. The average e.p.s.p. amplitude of
the control period was used as standard against which all other
e.p.s.ps were compared. The abscissa scale shows the time after
commencement of the pre-drug control period, and the time-course
of each experiment was synchronized to the commencement of
application of L-AP4. The data points during the wash period were
time-locked to the commencement of washout of L-AP4, and the
break in scale, representing 8 min, was due to the variability of
agonist application time between experiments. (b) Concentration-
effect data for the effect of L-AP4 in the range 0.03—30 um. The
maximum effect of around 60% depression occurred with a
concentration of approximately 10 uMm, with an ECsy of 0.82 um.
The number of experiments represented by each point are shown in
parentheses. In (a) and (b), vertical lines show s.e.mean.

group II receptors were independently assessed. The group II
mGlu receptor selective agonist DCG-IV (1 uMm; Ishida et al.,
1993) reduced e.p.s.p. amplitude by 26.7+4.3% (n=>5;
significant at P<0.001; Figure 6a), but was without effect on
membrane potential. Washout of the effect of DCG-IV was
incomplete after 8 min. The group I mGlu receptor selective
agonist DHPG (100 uMm; Schoepp et al., 1994) also depressed
the e.p.s.p. by 27.1+8.2% (n=7; P<0.05; Figure 6b) at a
concentration of 100 uM, and this effect persisted without
recovery for washout periods of up to 7 min, although in 2
cells some recovery of e.p.s.p. amplitude was evident after
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Figure 3 The effect of L-AP4 was reversed by the mGlu receptor
antagonist MPPG. Pooled data from 3 different cells showing the
effect of MPPG (250 um; solid bar) on the depression of the e.p.s.p.
caused by L-AP4 (3 uM; open bar). Data points represent averages
from comparable time points in 3 different cells. Abscissa scale
breaks represent up to 3 min in each case. Vertical lines show
s.e.mean.

washout of 10 min. DHPG (100 uM) additionally caused a
membrane depolarization, which was offset by passing a
hyperpolarizing current to permit study of e.p.s.p. amplitude.
In a separate set of experiments, this effect of DHPG was not
restricted in this way, resulting in depolarizations of
45414 mV (n=8; 10 uM DHPG). Taken together, these
data indicate that the e.p.s.p. is susceptible to depression by
activation of both group I and group II mGlu receptors, as
well as by L-AP4-sensitive group III mGlu receptors. However,
only group I mGlu receptor activation resulted in a direct
effect on postsynaptic membrane excitability.

Discussion

We have shown that four different mGlu receptor agonists,
three of which are selective for each of the three pharmaco-
logical groups of mGlu receptors, are capable of depressing
fast glutamate-mediated e.p.s.ps in midbrain dopamine
neurones. Only those acting at group I mGlu receptors also
caused a direct postsynaptic effect, suggesting that at least
group II and group III mGlu receptors are located
presynaptically on the terminals of glutamate-releasing fibres.

Pharmacological identification of mGlu receptors
regulating dopaminergic neurone activity: group IIT
mGlu receptors

A clear role for group III mGlu receptors in depressing
glutamatergic input to dopamine neurones is indicated by the
ability of the group IIl-selective agonist L-AP4 to depress the
e.p.s.p. L-AP4 has been shown to depress glutamatergic
transmission at a number of central synapses (see Schoepp &
Conn, 1993; Conn & Pin, 1997, for review), including the slow
mGlu receptor-mediated e.p.s.c. in VTA dopaminergic
neurones (Shen & Johnson, 1997). In many of these cases
there is good electrophysiological evidence that a presynaptic
site is involved, for example, in the hippocampal CA1 region
(Gereau & Conn, 1995), medial nucleus of the trapezoid body
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Figure 4 The group I/II - selective mGlu agonist ACPD depressed
the e.p.s.p. in a concentration-dependent manner. (a) Plot of data
points averaged from six cells illustrating the reversible depression of
e.p.s.p. amplitude (by around 40%) by ACPD (10 uM; open bar).
Abscissa scale break represents up to 11.5 min. (b) The action of
ACPD was concentration-dependent over the range 3—-30 um. Data
were pooled from the number of experiments shown in parentheses.
In (a) and (b), vertical lines show s.e.mean.

(Takahashi et al., 1996), cultured olfactory bulb neurones
(Trombley & Westbrook, 1992), striatum (Calabresi et al.,
1993) and nucleus accumbens (Manzoni et al., 1997). Indeed,
antibodies to mGlu,;, one of the group III mGlu receptors,
localize solely to presynaptic sites in the hippocampus
(Shigemoto et al., 1996). Of the four group III mGlu receptors,
mGlus and mGlug are thought to be localized primarily to
optical pathways (Nakajima et al., 1993; Duvoisin et al., 1995)
and may prove not to be expressed in ventral midbrain. The
relative potency of L-AP4 in the present study (ECsy 1.6 uM) is
consistent with an action on mGlu,, rather than mGlu, (Conn
& Pin, 1997). While the presence of mRNA encoding mGlu, in
the neurones of the subthalamic nucleus (Testa et al., 1994),
one possible source of the glutamatergic e.p.s.p., is consistent
with this suggestion, the relatively small amounts might
suggest that glutamatergic terminals arising from a different
region would be more likely to be L-AP4-sensitive. The
inhibition of the effect of L-AP4 by MPPG (250 uM) is also
consistent with a role for group III mGlu receptors, and was
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Figure 5 The effect of ACPD was antagonized by both MCPG and
MPPG. (a) Plot of data pooled from 4 experiments showing reversal
by MCPG (1 mmMm; solid bar) of the e.p.s.p. depression caused by
ACPD (10 um; open bar). (b) Plot of data pooled from 3 experiments
showing reversal (by around 50%) by MPPG (250 um; solid bar) of
the e.p.s.p. depression caused by ACPD (30 uM; open bar). Abscissa
scale breaks: before antagonist application, up to 2 min; before drug
washout, up to 2.5 min. In (a) and (b), vertical lines show s.e.mean.

obtained at concentrations comparable to those found effective
in a similar paradigm in the lateral perforant path synapse in
the hippocampus (Bushell er al., 1996). However, our
observation that the same concentration of MPPG could also
antagonize the effect of the group I/II agonist ACPD cautions
against considering it selective for group III mGlu receptors
(Jane et al., 1995).

Group Il mGlu receptors

The non-selective group I and II mGlu receptor agonist
ACPD (Pin & Duvoisin, 1995) also dose-dependently
decreased the size of the evoked e.p.s.p. This effect was
specific, as it could be reversed by the antagonist of group I
and II mGlu receptors, MCPG. This action of ACPD was
accompanied by a depolarization, as previously observed
(Mercuri et al., 1993), which was offset with a ‘manual
voltage clamp’ in order to study the e.p.s.p. The depression
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Figure 6 Selective agonists at group I and II mGlu receptors both
depressed the e.p.s.p. (a) The group II agonist, DCG-IV (1 um, open
bar), depressed the e.p.s.p. (by 26.7+4.3%). This effect reversed
slowly on washout of DCG-IV. Data pooled from 5 cells. Abscissa
scale break, up to 2.5 min. (b) The group I agonist, DHPG (100 um,
solid bar), also depressed the e.p.s.p. by 27.1+8.2%). Data pooled
from 7 cells. Abscissa scale break of up to 2.5 min. Reversibility on
washout was not evident over this time course. In (a) and (b), vertical
lines show s.e.mean.

of the e.p.s.p. by ACPD could not be attributed to an action
upon either solely group I or group II mGlu receptors. The
selective group II agonist DCG-IV, used at a concentration
(1 uMm) that might be expected to be near-maximally effective
(Bushell et al., 1996), depressed the e.p.s.p. by 27%, without
any attendant postsynaptic effect. Depression of glutamater-
gic transmission attributable to group II mGlu receptor
activation has been observed at several synapses including in
the spinal cord (Ishida er al., 1993), the hippocampal mossy
fibre-CA3 synapse (Kamiya et al., 1996), the corticostriatal
(Calabresi et al., 1993) and cortico-accumbens pathway
(Manzoni et al., 1997), and the medial (Macek et al., 1996)
and lateral (Bushell ez al., 1996; but see Macek et al., 1996)
perforant paths in the dentate gyrus, but notably not in
hippocampal Schaffer collateral-CA1 pathway (Gereau &
Conn, 1995; Manzoni & Bockaert, 1995). In several of these
studies, strong electrophysiological evidence for a presynap-
tic site of drug action has been obtained, and it would
appear that presynaptic group II mGlu autoreceptors, often

operating in concert with group III mGlu receptors at the
same synapse, are widely distributed in the brain (Conn &
Pin, 1997). The lack of postsynaptic action of DCG-IV in
the present study indicates that this situation also pertains to
the glutamatergic input to midbrain dopamine neurones.
While the present study does not permit discrimination
between the two members of group II, the subthalamic
nucleus expresses both mGlu; and, unusually for neurones in
basal ganglia, mGlu, as well (Testa et al., 1994), and thus
both possibilities remain open at this time. Additionally, the
possibility of group II mGlu receptors expressed on glial
cells contributing indirectly to presynaptic inhibition, as
demonstrated in the hippocampal CAl region (Conn & Pin,
1997), cannot be discounted.

Group I mGlu receptors

A high concentration (100 uM) of the selective group I mGlu
receptor agonist DHPG depressed the e.p.s.p. by 27%.
Given that the group II agonist DCG-IV caused a
depression of 27%, it is tempting to conclude that, if the
effects of these two agonists are indeed maximal, the fact
that their arithmetical sum is roughly equivalent to the
depression (45%) caused by ACPD (30 uM), which was itself
a near-maximal effect, then the effect of ACPD on the
e.p.s.p. derives from it acting on group I and group II mGlu
receptors to a roughly equal extent.

However, the ACPD depolarization was mimicked by
DHPG, but not DCG-IV, indicating that the postsynaptic
mGlu receptors that can increase dopamine neurone
excitability belong solely to group I. A similar conclusion
has been reached for neurones elsewhere, including those in
the hippocampal CAl pyramidal layer (Davies et al., 1995)
and basolateral amygdala (Keele er al., 1997). Of the two
group I mGlu receptors types, only mRNA encoding mGlu,
(but not mGlus) has been observed in midbrain dopamine
neurones (Testa et al., 1994), suggesting that the depolariza-
tion caused by ACPD and DHPG is mediated by
postsynaptic mGlu, receptors. Because of this postsynaptic
effect, it is more difficult to conclude from the present
experiments that the e.p.s.p. depression caused by DHPG
(and the portion of the effect of ACPD attributable to group
I mGlu receptor activation) is also a result of presynaptic
inhibition, and that the relevant group I mGlu receptor is
located presynaptically. Indeed, evidence of depression of
glutamatergic transmission by selective group I mGlu
receptor activation is scarce, and there are many descriptions
of negative findings. Nonetheless, e.p.s.c. depression in
hippocampal CAl pyramidal neurones by DHPG (and
ACPD) has been described (Gereau & Conn, 1995; Manzoni
& Bockaert, 1995) and attributed to a presynaptic
mechanism, by virtue of altered paired-pulse ratios and a
failure to alter the amplitude of mini e.p.s.cs. However, both
mGlu, and mGlus have been localized immunohistochemi-
cally in the hippocampus at only postsynaptic sites (Lujan et
al., 1996). NMDA receptor activation may be critical for the
depressant effect of DHPG on transmission in the
hippocampal CA1l region (Harvey et al, 1996), and
activation of group I mGlu receptors can modulate NMDA
receptor function (Harvey & Collingridge, 1993; Pisani et al.,
1997; Yu et al, 1997). It is therefore conceivable that
postsynaptic group I mGlu receptors may cause presynaptic
inhibition by promoting the NMDA receptor-dependent
release of an inhibitory retrograde messenger. However,
whether this accounts for the present observations on
midbrain dopamine neurones remains to be established.
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Functional and therapeutic implications

The orientation of the slice preparation and the rostral location
of the stimulating electrodes makes it likely that the
glutamatergic synaptic inputs studied here arose from
descending fibres from the prefrontal cortex (Phillipson, 1979;
Naito & Kita, 1994), amygdala (Gonzales & Chesselet, 1990) or
subthalamic nucleus (Kita & Kitai, 1987; Chergui et al., 1994).
As selective stimulation of just one of these pathways could not
be performed, the e.p.s.p. probably results from glutamate
released from fibres of mixed anatomical origin. It cannot be
assumed that fibres from these sources all express the same
complement of mGlu receptors on their midbrain terminals, or
even that terminals from the same source are homogeneous in
this respect. This would account for the failure to produce
much more than around 60% depression of e.p.s.p. amplitude
with any of the agonists tested, suggesting that selective
targeting of these inputs might be possible with specific mGlu
autoreceptor ligands. Contrasting results were obtained in the
spinal cord, where, as ACPD and L-AP4 separately caused
maximal depressions of the monosynaptic e.p.s.c. of up to at
least 80% of control, it was concluded that the majority of
fibres express both ACPD- and L-AP4-sensitive mGlu receptors
presynaptically (Cao et al., 1995).

A simplistic conclusion arising from these findings is that
agonists of group II or group III mGlu receptors would reduce
glutamatergic synaptic drive on midbrain dopamine neurones,
and thence reduce the activity of ascending mesencephalic
dopamine systems. This would be expected to be of use in
treating psychosis. Alternatively, if it is assumed that these
presynaptic glutamate autoreceptors indeed play a physiolo-
gical role in regulating ongoing glutamate release (as has been
demonstrated at hippocampal mossy fibre synapses by
Scanziani et al., 1997), then antagonists at these receptor
subtypes conversely might increase excitation of dopamine
neurones. This could be of benefit in Parkinson’s disease,
although it may also promote excitotoxic cell death of
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