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An involvement of glutamatergic transmission in schizophrenia has been
postulated for several years. According to that view, hypofunction of NMDA
receptors and a compensatory increase in glutamate release which over-
stimulates non-NMDA receptors contributes to psychotic symptoms. There-
fore, potential antipsychotic drugs are searched for among compounds which
block AMPA receptors and inhibit glutamate release. (R,S)-3,4-dicar-
boxyphenylglycine [(R,S)-3,4-DCPG] is a mixed antagonist of AMPA re-
ceptors and agonist of an autoreceptor, i.e. metabotropic glutamate receptor
8. The aim of the study was to look for putative antipsychotic properties of
(R,S)-3,4-DCPG in the model of locomotor stimulation induced by ampheta-
mine or phencyclidine in mice. Moreover, a risk of extrapyramidal side-
effects induced by this compound was examined, as capability to induce
catalepsy in the bar test and to increase the proenkephalin mRNA expres-
sion, measured autoradiographically in striatal slices by in situ hybridization.
(R,S)-3,4-DCPG (80 mg/kg ip) decreased the amphetamine (2.5 mg/kg sc)-
but not phencyclidine (3 mg/kg sc)-induced hyperactivity. That dose of
(R,S)-3,4-DCPG did not decrease the spontaneous locomotor activity of
mice. However, a dose of 100 mg/kg ip of that compound evoked catalepsy
and enhanced the catalepsy and striatal proenkephalin mRNA expression in-
duced by haloperidol (1–2 mg/kg ip). The study seems to suggest that
(R,S)-3,4-DCPG may possess antipsychotic properties at doses close to
those evoking extrapyramidal side-effects which speaks for its rather typical
than atypical neuroleptic profile.

Key words: (RS)-3,4-dicarboxyphenylglycine, AMPA receptor, meta-
botropic glutamate receptor 8, neuroleptic, amphetamine-induced hyperlo-
comotion, phencyclidine-induced hyperlocomotion, catalepsy, proenkephalin
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��������� 	 
��� � ��������� �� ������������

������ ������� �� ��������

������ ����	
� �� ��
��
�����

���� �� ����������� 
���� � � 
!�"#��

���$ %
#�& ��


� correspondence; ������� ����	�
��������
��
�	��



INTRODUCTION

A contribution of dopaminergic systems to symp-
toms of schizophrenia has been well established. Ac-
cording to that view, hyperactivity of subcortical do-
paminergic pathways seems to be involved in positive
symptoms of that disease, whereas hypoactivity of
the mesocortical pathway would be responsible for its
negative signs (op. cit. [21]). Moreover, recent inter-
est has been focused on a role of dysfunction of glu-
tamatergic neurotransmission in psychotic symp-
toms (op. cit. [38]). Firstly, several postmortem
studies have shown alterations of cortical levels of
glutamate and aspartate, as well as of density and
mRNA expression of NMDA and AMPA/kainate
receptors (op. cit. [38]). Secondly, it is well known
that phencyclidine and ketamine, which are uncom-
petitive antagonists of NMDA receptors, produce
both positive and negative symptoms in healthy hu-
mans and exacerbate those in schizophrenic pa-
tients (op. cit. [38]). On this basis, it has been hy-
pothesized that hypofunction of glutamatergic
NMDA receptors may be crucial to appearance of
psychotic symptoms. This concept has been sup-
ported by clinical findings which showed that
agents that activated these receptors exhibited an-
tipsychotic properties in humans (op. cit. [38]).

However, it has also been reported that both
phencyclidine and ketamine induce a compensa-
tory effect to the blockade of NMDA receptors, that
consists in enhancement of glutamate release in
prefrontal cortex, thereby leading to overstimula-
tion of postsynaptic non-NMDA (AMPA/kainate)
glutamatergic receptors [1, 23, 29, 30, 47]. There-
fore, it has been proposed that ligands of glutama-
tergic receptors that either diminish glutamate re-
lease, or block postsynaptic non-NMDA receptors
may also possess antipsychotic properties. In sup-
port of this view, antagonists of AMPA/kainate re-
ceptors diminish PCP/ketamine-induced deficits of
working memory, hyperlocomotion and stereotypy
which are accepted as animal equivalents of psy-
chotic symptoms [30, 47]. Moreover, these com-
pounds inhibit conditioned avoidance response
[45] and amphetamine-induced hyperactivity [50],
but do not induce catalepsy [45] which may sug-
gest their atypical antipsychotic profile.

Glutamate release is inhibited by activation of
presynaptic metabotropic glutamate receptors
(mGluRs) belonging to group II and III. Group II
comprises two receptors (mGluR2 and mGluR3)

which are localized mainly in preterminal axonal re-
gion and in extrasynaptic membrane of axon termi-
nals [42, 51]. These receptors are only rarely present
in presynaptic membrane [42, 51]. Such a localiza-
tion determines activation of these receptors only
when the terminal is overstimulated and synaptic
level of glutamate is excessively elevated [2, 29, 41].
In contrast, receptors belonging to group III
(mGluR4, mGluR6, mGluR7, mGluR8) are abundant
in the active zone of the presynaptic membrane of
glutamatergic synapses and are stimulated by gluta-
mate released during normal physiological synaptic
activity [41, 42].

The data regarding effects of agonists of group II
mGluRs in animal models of psychoses are rather
scarce and conflicting, however, according to some
studies they inhibit behavioral phenomena, e.g. hy-
perlocomotion, stereotypy, or working memory defi-
cits induced by phencyclidine and other NMDA re-
ceptor antagonists in rodents [6, 20, 29, 44, 46]. Up
till now, such evaluation of group III agonists has
not been performed, due to the lack of selective
compounds which penetrate blood-brain barrier.

(R,S)-3,4-dicarboxyphenylglycine [(R,S)-3,4-
DCPG] is a mixed antagonist of AMPA receptors and
agonist of mGluR8. Its AMPA antagonistic activity is
determined by its R isomer [48] while S isomer is re-
sponsible for mGluR8 agonistic properties [49]. Pre-
vious studies have shown that (R,S)-3,4-DCPG is ac-
tive in vivo after systemic administration [31]. There-
fore, the aim of the present study was to examine in
rodent models whether that combined mechanism
of action of (R,S)-3,4-DCPG may be important to
antipsychotic therapy. To this end, we examined the
influence of (R,S)-3,4-DCPG on the phencycli-
dine- and amphetamine-induced hyperlocomotion,
which are the models commonly used for screening
of potential antipsychotic compounds.

Moreover, in order to find out potential extrapy-
ramidal effects of that compound, we looked for its
cataleptogenic properties and influence on proen-
kephalin (PENK) mRNA expression in the stria-
tum. Enkephalin (formed from PENK) is localized
rather selectively in the GABAergic striopallidal
pathway. PENK mRNA expression has been found
to be increased in different animal models of par-
kinsonism and to parallel activity of that pathway
[12, 13]. Therefore, it seems to be a good neuronal
indicator of parkinsonian-like symptoms in ani-
mals.
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MATERIALS and METHODS

The study was conducted on male Albino Swiss
mice weighing 20–30 g. They were kept under an
artificial light/dark cycle (12/12 h; the light on
from 6 a.m. to 6 p.m.) with free access to food and
water.

The experiment was carried out in compliance
with the Animal Protection Act of August 21, 1997
(published in Poland’s Government Regulations
and Gazette of Law [Dziennik Ustaw] no. 111/197,
art. 724), and according to the NIH Guide for the
Care and Use of Laboratory Animals.

Drugs

(R,S)-3,4-Dicarboxyphenylglycine [(R,S)-3,4-
DCPG, Tocris Cookson Ltd, Bristol, UK, 60, 80
and 100 mg/kg ip] was dissolved in distilled water.
Phencyclidine HCl (RBI, 3 mg/kg sc), D-ampheta-
mine sulfate (Sigma, St. Louis, USA, 2.5 mg/kg sc)
were dissolved in 0.9% NaCl. Haloperidol (Polfa,
ampoules à 5 mg/1ml – 1 and 2 mg/kg ip) was diluted
to the final concentration with distilled water. All
compounds and 0.9% NaCl serving as control solu-
tion were injected in a volume of 10 ml/kg ip or sc.

Locomotor activity

Locomotor activity of mice was measured with
photoresistor actometers (two light sources, two
photoresistors). After 2 h of acclimatization in the
testing room, animals were placed individually in
an actometer. Locomotor activity (number of beam
interruptions) was measured for 100 min and regis-
tered at 20 min intervals. Mice were treated with
(R,S)-3,4-DCPG alone and with phencyclidine or
amphetamine, administered 20 min later. The mea-
surement started immediately after amphetamine or
phencyclidine.

Catalepsy

Catalepsy was estimated in a bar test. Both fore-
paws of a mouse were put on a wooden bar 7 mm in
diameter, which was situated 35 mm above the
floor. The time of keeping such a position by an
animal until descending was measured. The time
limit of a measurement was 300 s.

Catalepsy was estimated in animals treated with
(R,S)-3,4-DCPG alone or those pretreated with ha-
loperidol ip 1.5 or 2.5 h before (R,S)-3,4-DCPG.
Mice used first for behavioral and then for in situ
hybridization studies were examined 20 min after

(R,S)-3,4-DCPG (2 h 50 min after haloperidol) in-
jections. Mice assigned only for behavioral studies
were tested 30 min after (R,S)-3,4-DCPG (2 h after
haloperidol).

In situ hybridization of PENK mRNA

Mice were treated with haloperidol ip and 2.5 h
later with (R,S)-3,4-DCPG. After finishing of cata-
lepsy measurements, mice were killed by decapita-
tion 30 min after (R,S)-3,4-DCPG (3 h after ha-
loperidol).

The brains were rapidly removed, frozen in cold
heptane (–70°C). Frontal sections (10 �m thick)
were cut using a cryostat microtome (–20°C). The
sections were thaw-mounted on gelatin-coated mi-
croscopic slides, stored for 1–4 days at –20°C and
processed for in situ hybridization [10]. The sections
were postfixed in 4% paraformaldehyde, dehy-
drated, delipidated, rehydrated and air-dried. A 48-
mer synthetic deoxyoligonucleotides complemen-
tary to bases 388–435 of the rat PENK mRNA (New
England Nuclear, Life Sci. Products, Inc.) was la-
beled using [��S]dATP (1,200 Ci/mmol, New Eng-
land Nuclear) to obtain a specific activity of about
4 × 10� cpm/�l. The sections were hybridized with
the labeled oligonucleotide for 20 h at 37°C. After be-
ing washed (4 × 15 min in 2 × SSC at 40°C, 1 × SSC
for 15 min at room temperature) the sections were
air-dried and exposed to Kodak BioMax MR-1 Film
for 4 weeks at 4°C.

The specificity of the probe was assessed by
pretreatment of some tissue sections with RNAase
A (20 �g/ml) for 40 min at 30°C, which completely
eliminated the hybridization signal with the cDNA
probe.

After exposure, the films were developed with
a Dektol developer (Kodak), fixed with a GBX
Fixer and Replenisher (Kodak) and dried. The
autoradiograms were analyzed by a computer-
assisted densitometry using an image analysis sys-
tem (MCID, St. Catharines, Ontario, Canada). The
averaged optical density (OD) values were calcu-
lated after subtraction of the film background den-
sity. The means of OD values were obtained by av-
eraging measurements on both sides of the brain,
with 2 sections per each striatal region. The level of
PENK mRNA was estimated in the dorsolateral
and ventrolateral striatum at two levels: the rostral
(A = 1.42 to 0.86 mm from bregma) and central
(A = 0.62 to 0.02 mm from bregma) [11].
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Fig. 1. Effect of (R,S)-3,4-DCPG on phencyclidine (PCP)- (A) or amphetamine (Amph)-induced (B) hyperlocomotion in mice.
Measurements started 20 min after (R,S)-3,4-DCPG and immediately after PCP or Amph administration. Abscissa - time in min after
(R,S)-3,4-DCPG. Data are presented as the mean ± SEM. Number of animals in groups: control n = 8, PCP n = 9, (R,S)-3,4-DCPG +
PCP n = 9, (R,S)-3,4-DCPG n = 8, Amph n = 9, (R,S)-3,4-DCPG + Amph n = 8. Statistics: two-way ANOVA (factor 1 - treatment,
factor 2 – time) and LSD tests. Significant differences during the whole registration period (p < 0.01): a – vs. control, b – vs.
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Fig. 2. Cataleptogenic effects of (R,S)-3,4-DCPG in normal (A) or haloperidol (Hal)-treated (B) mice. Catalepsy was measured 30
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Statistics

Two-way ANOVA, followed by an LSD (Least
Significance Difference) test for post hoc compari-
sons were used for the analysis of locomotor activ-
ity and in situ hybridization data in different striatal
regions. Catalepsy was analyzed by Kruskal-Wallis
ANOVA by ranks followed by Mann-Whitney U-test.

RESULTS

The influence of (R,S)-3,4-DCPG on the

phencyclidine-induced hypermotility

Phencyclidine administered at a dose of 3 mg/kg
sc strongly increased locomotor activity of mice
(Fig. 1A). That effect began within the first 20 min
and lasted ~60 min. (R,S)-3,4-DCPG administered
at a dose of 80 mg/kg ip did not influence hypermo-
tility induced by phencyclidine. When given alone at
the abovementioned dose, (R,S)-3,4-DCPG did not

influence spontaneous locomotor activity of mice
during the whole measurement period (100 min),
either (Fig. 1A).

The influence of (R,S)-3,4-DCPG on the

amphetamine-induced hypermotility

Amphetamine administered at a dose of 2.5 mg/kg
sc significantly increased locomotor activity of
mice (Fig. 1B). That effect began within the first
20 min and lasted at least 100 min. (R,S)-3,4-
DCPG administered 20 min before amphetamine at
a dose of 80 mg/kg ip reversed the amphetamine-
induced effect (Fig. 1B). However, the majority of
mice treated jointly with (R,S)-3,4-DCPG and am-
phetamine showed ataxia.

Cataleptogenic effects of (R,S)-3,4-DCPG

(R,S)-3,4-DCPG at a dose of 100 mg/kg ip sig-
nificantly prolonged the descent latency of animals
from the bar. Lower dose of this compound
(80 mg/kg ip) did not induce any significant cata-
leptic effect (Fig. 2A). Moreover, (R,S)-3,4-DCPG
(60–100 mg/kg ip) dose-dependently increased the
catalepsy induced by haloperidol (1 mg/kg ip). The
effect of the dose of 100 mg/kg ip reached the level
of significance (Fig. 2B).

Cataleptogenic effect of (R,S)-3,4-DCPG vs. its

influence on the striatal PENK mRNA expres-

sion

Haloperidol injected at a dose of 2 mg/kg ip in-
duced a strong catalepsy (Fig. 3A) and an increase
in PENK mRNA expression in the dorsal region of
the rostral and central striatum (Fig. 3B, 4A,B).
Haloperidol did not increase PENK mRNA expres-
sion in the ventral region of the rostral and central
striatum (Fig. 3B).

(R,S)-3,4-DCPG at a dose of 100 mg/kg admin-
istered 2.5 h after haloperidol strongly increased
the catalepsy induced by this neuroleptic and when
administered alone, it induced catalepsy 20 min af-
ter the administration (Fig. 3A). (R,S)-3,4-DCPG
at the above-mentioned dose did not influence stri-
atal PENK mRNA expression in naive mice but
significantly enhanced it in the ventral region of the
central striatum of mice treated with haloperidol
(Fig. 3B, 4B).
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DISCUSSION

The present study showed that (R,S)-3,4-DCPG
administered systemically inhibited the hyperloco-
motion induced by amphetamine, but not that in-
duced by phencyclidine. Moreover, that compound
at higher doses produced catalepsy and increased
the catalepsy and PENK mRNA expression in the
haloperidol-treated mice. All these results seem to
suggest rather typical than atypical antipsychotic
profile of that compound.

Atypical neuroleptics can be concisely defined
as compounds which possess antipsychotic proper-
ties at doses which do not produce extrapyramidal
side-effects in humans. In contrast, a risk of extra-
pyramidal side-effects of antipsychotic doses of
typical neuroleptics is very high (op. cit. [35]). In ani-
mals, atypical neuroleptics inhibit the amphetamine-
induced hyperlocomotion at doses markedly lower
than those producing catalepsy [27, 32, 43]. In con-
trast, the difference between doses of typical neuro-
leptics which inhibit amphetamine-induced loco-
motor stimulation and those which diminish spon-
taneous locomotor activity or produce catalepsy is
small, if present at all [27, 50]. Moreover, typical
and atypical neuroleptics differ in their influence
on amphetamine- vs. phencyclidine-induced loco-
motion. Atypical neuroleptics more strongly block
hyperactivity induced by phencyclidine or other
NMDA receptor antagonists than that evoked by
amphetamine [27, 32, 50], while an opposite trend

has been observed for typical neuroleptics [17, 27].
The latter drugs inhibit the phencyclidine-induced
hyperactivity at doses close to those decreasing
spontaneous activity of animals [14, 27, 33, 50].

In our study, (R,S)-3,4-DCPG inhibited the
amphetamine-induced hyperactivity at a dose of 80
mg/kg which given alone did not change signifi-
cantly spontaneous activity of mice and did not in-
duce catalepsy. However, some insignificant ten-
dency of this dose to prolong the maintenance of
cataleptic posture by an animal could be observed.
Moreover, 100 mg/kg of that compound, a dose
which is only 25% higher than that mentioned
above, produced a marked catalepsy and increased
the catalepsy induced by haloperidol. Therefore,
these data suggest a high risk of appearance of ex-
trapyramidal side-effects after (R,S)-3,4-DCPG ad-
ministration. The lack of any influence of that com-
pound, given at the dose of 80 mg/kg, on phen-
cyclidine-induced hyperlocomotion may also
resemble the relative insensitivity of that phenome-
non to the treatment with typical neuroleptics.

(R,S)-3,4-DCPG is a non-selective compound.
Its R isomer is an antagonist of AMPA receptors
[48] while S isomer is a potent and selective ago-
nist of mGluR8 [49], which inhibits glutamate-
induced excitatory responses, acting at autorecep-
tors in different tissues [39, 49, 55]. Therefore, the
question arises which mechanism is responsible for
the above-mentioned effects of the racemic form of
that compound.
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The AMPA receptor blocking component of
(R,S)-3,4-DCPG may contribute to the inhibition
of the amphetamine-induced hyperactivity since
a similar effect has been reported after systemic ad-
ministration of antagonists of these receptors [50].
However, stimulation of mGluR8 may also be in-
volved in that effect.

The amphetamine-increased locomotor activity
is generally accepted to result from dopamine re-
lease from terminals of the mesolimbic pathway in
the nucleus accumbens [15]. Receptors belonging
to group III mGluRs are present both in the ventral
midbrain, where dopaminergic cell bodies are local-
ized (mGluR8 > mGluR7 = mGluR4), and in the nu-
cleus accumbens (mGluR7 > mGluR4 > mGluR8)
[28]. A recent study has shown that a direct injec-
tion of AP-4, a non selective agonist of group III
mGluRs, into the nucleus accumbens inhibited the
locomotor stimulation induced by amphetamine
administered into the same region [7]. Moreover,
stimulation of group III mGluRs in the ventral mid-
brain by AP-4 has been reported to inhibit excit-
ability of dopaminergic neurons [53]. Furthermore,
although no data are available on the effect of
group III mGluRs on the amphetamine-induced do-
pamine release in the nucleus accumbens, such an
effect has been described for the dorsal striatum
[26]. Taken together, it seems that the inhibition of
excitatory input to mesolimbic dopaminergic neu-
rons by stimulation of group III mGluRs (possibly by
mGluR8) may contribute to a decrease in hyperac-
tivity induced by amphetamine.

AMPA receptor antagonists potently inhibit the
phencyclidine-induced locomotor stimulation [50].
However, in spite of the fact that R isomer of the
racemic form of 3,4-DCPG is an AMPA antagonist
[48], that compound did not influence the above-
mentioned effect of phencyclidine. Therefore, it
may be supposed that an mGluR8 agonistic compo-
nent of its action counteracted the AMPA blockade
in this model.

Mechanism underlying the phencyclidine-
induced hyperlocomotion is very complex and
seems to comprise stimulation of dopaminergic, se-
rotonergic and glutamatergic transmission [1, 27,
29, 47]. Since phencyclidine and other NMDA re-
ceptor antagonists given systemically increase do-
pamine release in the nucleus accumbens [1, 5, 23,
29, 47], an increased dopaminergic activity of the
mesolimbic system has been suggested to contrib-
ute to that phenomenon. However, it has also been

postulated that independently of mesolimbic dopa-
minergic transmission, the phencyclidine-induced
hyperlocomotion is related to an increase in gluta-
mate release, which is a compensatory effect to the
blockade of NMDA receptors, resulting in stimula-
tion of non-NMDA receptors mainly in the meso-
cortical system [1, 23, 47]. Firstly, a correlation has
been found between phencyclidine-induced loco-
motion and glutamate release in the medial pre-
frontal cortex [1]. Moreover, antagonists of AMPA
receptors administered directly into this structure,
or ventral tegmental area diminish the phen-
cyclidine-induced locomotion but not dopamine re-
lease in the nucleus accumbens [47]. Similarly,
agonists of group II mGluRs inhibit the locomotor
stimulation induced by phencyclidine or other
NMDA receptor antagonists [6, 20, 44, 46] and re-
lease of glutamate in the prefrontal cortex [23, 29]
but do not diminish an increase in dopamine release
produced by these compounds in the nucleus accum-
bens [29]. The importance of a non-dopaminergic
component of the hyperactivity induced by phency-
clidine is supported also by the present study which
shows no influence of (R,S)-3,4-DCPG on that
phenomenon despite its moderating effect on loco-
motion evoked by amphetamine.

Taking into account that both group II and III
mGluRs localized at presynaptic terminals inhibit
glutamate release, it is surprising that (R,S)-3,4-
DCPG did not influence the phencyclidine-induced
hyperlocomotion like agonists of group II mGluRs.
However, in contrast to group II mGluRs which are
localized peri- or extrasynaptically [42, 51], mGluR8
receptors are localized close to [18] or within pre-
synaptic membrane specialization [42]. Moreover,
similarly to group II mGluRs the latter receptors
exhibit high affinity for glutamate (ca. 2.5 �M)
[40]. Therefore, it may be supposed that when the
level of glutamate considerably exceeds physio-
logical concentration, e.g. after phencyclidine in-
jection, these receptors become desensitized and
are no more able to inhibit glutamate release. Such
an assumption is supported by recent findings
showing that S isomer of 3,4-DCPG does not de-
crease the K�-stimulated aspartate release in the
cerebral cortex [22] and that AP-4 inhibits the
baseline but not K�-stimulated glutamate release in
the nucleus accumbens [54]. Furthermore, although
till now desensitization has not been described for
group III mGluRs, such a process is well known to
regulate the function of group I mGluRs [9]. De-
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sensitization of presynaptic group I mGluRs has
been suggested to result in functional switch from
facilitation to inhibition of glutamate release in cor-
tical nerve terminals [16]. If similar mechanism op-
erates in group III mGluRs, a switch from inhibi-
tion to facilitation of glutamate release as a result
of stimulation of mGluR8 by (S)-3,4-DCPG may
be expected. Such an effect could counteract the
blockade of AMPA receptors by (R)-3,4-DCPG. As
a final result, no influence of racemic form of 3,4-
DCPG on the phencyclicine-induced hyperlocomo-
tion is observed (present study).

The cataleptogenic effect of (R,S)-3,4-DCPG
seems to be related to an increase in PENK mRNA
expression in the striatum. Enkephalin is a neuro-
peptide localized in the striopallidal pathway [12,
13] and its expression rises in several animal mod-
els of parkinsonism in parallel to an increase in the
activity of this pathway [12, 13]. Moreover, in-
creased striatal PENK mRNA level correlates with
parkinsonian symptoms induced by typical neuro-
leptics (op. cit. [35]). However, it is not clear which
glutamate receptor, AMPA or mGluR8 contributes
to both the above-mentioned effects of (R,S)-
3,4,-DCPG. Although antagonists of AMPA recep-
tors have been shown to enhance the catalepsy in-
duced by neuroleptics [25], these compounds
evoke no catalepsy per se [25]. Moreover, the in-
fluence of (R,S)-3,4-DCPG on the striatal PENK
mRNA expression cannot be attributed to its an-
tagonistic action on AMPA receptors since stimula-
tion but not the blockade of these receptors in-
creases the expression of this neuropeptide [3].
Therefore, potential extrapyramidal effects of (R,S)-
3,4-DCPG may be rather related to its mGluR8 ago-
nistic properties. However, several reports indicate
that inhibition of glutamatergic transmission in-
duced either by the blockade of postsynaptic recep-
tors (NMDA, group I mGluRs) or by a decrease in
glutamate release due to stimulation of presynaptic
group II mGluRs diminishes parkinsonian-like
symptoms, including catalepsy, in rodents [4, 19,
34, 37]. Moreover, the most recent study has also
shown that activation of group III mGluRs by non-
selective agonists inhibits akinesia induced by re-
serpine in rats [24]. Therefore, the opposite effect
of mGluR8 stimulation by (R,S)-3,4-DCPG seems
unexpected. Our recent studies have shown, how-
ever, that agonists of group II mGluRs do not coun-
teract or even enhance the haloperidol-increased

striatal PENK mRNA expression [52]. These data
and also some other reports [4, 8, 36] suggest that
antiparkinsonian-like effects of these compounds
result from their action outside the striatum (in the
nucleus subthalamic, substantia nigra). Similarly,
the above-mentioned antiakinetic effect of group
III agonists has been shown to originate in ex-
trastriatal targets (the globus pallidus, substantia ni-
gra) [24]. Therefore, it seems that stimulation of
presynaptic mGluRs of group II or III in the stria-
tum may even potentiate parkinsonian symptoms
and/or counteract therapeutic antiparkinsonian ef-
fects of drugs.

Summing up, (R,S)-3,4-DCPG seems to pos-
sess antipsychotic-like activity in animals but in-
duces also extrapyramidal side effects. The antago-
nism of AMPA receptors by R isomer and stimula-
tion of mGluR8 by S isomer do not seem to act
synergistically in the racemic form of 3,4-DCPG.
The mGluR8 agonistic component of this com-
pound may even counteract the therapeutic effect
of the blockade of AMPA receptors and enhance
extrapyramidal side-effects.
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