Teues
ELSEVIER

European Journa of Pharmacology 356 (1998) 271-274

v

Selective activation of group-II metabotropic glutamate receptorsis
protective against excitotoxic neuronal death

Giuseppe Battaglia ?, ValeriaBruno 2, Richard T. Ngomba 2, Renato Di Grezia @,
Agata Copani °, Ferdinando Nicoletti °*

 I.N.M. Neuromed, Pozilli, Italy
® | nstitute of Pharmacology, School of Pharmacy, University of Catania, Viale A. Doria, 6, 95125 Catania, Italy

Received 24 February 1998; revised 17 July 1998; accepted 21 July 1998

Abstract

Aminopyrrolidine-2R,4R-dicarboxylated (2R,4R-APDC) has recently been introduced as a potent and highly selective agonist of
metabotropic glutamate (mGlu) receptor subtypes mGlu, and -5. In murine cortical cultures containing both neurons and astrocytes,
2R,4R-APDC attenuated the delayed neuronal degeneration induced by a 10-min pulse of N-methyl-p-aspartate (NMDA). 2R,4R-APDC
was maximally neuroprotective in a range of concentrations (0.1-1 wM) comparable to that reported for the activation of mGlu, or -
receptors in heterologous expression systems. The action of 2R4R-APDC was sensitive to the mGlu, ; receptor antagonists,
(29)-a-ethylglutamate and (2S1S,23,3R')-2-(2'-carboxy-3-phenylcyclopropylglycine. These results indicate that activation of mGlu,,
and/or -5 receptors is sufficient per se to protect neurons against excitotoxic degeneration, and encourage the search for potent, selective
and systemically active mGlu, 5 receptor agonists as neuroprotective drugs. © 1998 Elsevier Science B.V. All rights reserved.
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1. Introduction

M etabotropic glutamate (mGlu) receptors form a family
of eight subtypes, which have tentatively been classified
into three groups on the basis of sequence homology,
pharmacological profile of activation, and transduction
pathways. Group-I includes mGlu, and - receptors, which
are coupled to polyphosphoinositide hydrolysis; group-I|
(mGlu, and -3) and group-lll (MGlu,, -4, -, and -4)
receptors are negatively coupled to adenylyl cyclase activ-
ity in heterologous expression systems (Nakanishi, 1992;
Pin and Duvoisin, 1995). In vitro and in vivo studies
indicate that activation of group-ll mGlu receptors by
(2S2R,3R)-2-(2',3-dicarboxyxylopropyl) glycine (DCG-
IV), (2518,23)-2-(carboxycyclopropylglycine (L-CCG-
1) or (S)-4-carboxy-3-hydroxyphenylglycine (4C3HPG)
protects neurons against excitotoxic death, as well as
against apoptosis induced by oxygen—glucose deprivation,
B-amyloid peptide or staurosporine (reviewed by Nicoletti
et al., 1996). However, the protective role of group-l
mGlu receptors has recently been questioned, based on the
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evidence that the potent agonist (+ )-2-
aminobicyclo[3.1.0.]Jhexane-2,6-dicarboxylate (LY 354740;
Schoepp et al., 1997a) is neuroprotective, but only at
concentrations 2—3 orders of magnitude higher than its
EC50 value in clones overexpressing mGlu, or -, recep-
tors (Kingston et al., 1997). It has been argued that neuro-
protection is mediated instead by mGlug receptors, which
can be recruited by high concentrations of LY 354740
(Schoepp et a., persona communication). The same neu-
roprotective activity of DCG-1V, L-CCG-l or 4C3HPG
may in principle be mediated by mechanisms other than
the activation of group-1l mGlu receptors. Accordingly,
micromolar concentrations of DCG-1V activate NMDA
receptors (Ishida et al., 1993; Hayashi et al., 1993) and
antagonize mGlu, receptors (Schoepp et al., 1997b); L-
CCG-l activates group-1 and -111 mGlu receptors (Hayashi
et al., 1992; Schoepp et a., 1997b); and 4C3HPG behaves
as a mGlu,, receptor antagonist (Brabet et a., 1995). To
examine whether the activation of group-11 mGlu receptors
is sufficient to afford neuroprotection, we examined the
protective activity of the novel and highly selective
mGlu,,; receptor agonist aminopyrrolidine-2R,4R-di-
carboxylate (2R,4R-APDC; Schoepp et al., 1996) against
NMDA toxicity in mixed cultures of mouse cortical cells.
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2. Materials and methods
2.1. Mixed cortical cultures

Mixed cortical cell cultures containing both neurons and
astrocytes were prepared from fetal mice at 14—16 days of
gestation, as described by Rose et al. (1992). In brief,
dissociated cortical cells were plated in 15-mm multiwell
vessels (Falcon Primaria, Lincoln Park, NY) on a layer of
confluent astrocytes (7—14 days in vitro), using a plating
medium of Minimal Essential Medium (MEM)-Eagle's
sats (supplied glutamine-free) supplemented with 5%
heat-inactivated horse serum, 5% fetal bovine serum, glu-
tamine (2 mM), glucose (21 mM), and NaHCO, (25 mM).
Cultures were kept at 37°C in a humidified 5% CO,
atmosphere. After 3-5 days in vitro, non-neuronal cell
division was halted by a 1 to 3-day exposure to 10 pM
cytosine arabinoside, and cultures were shifted to a mainte-
nance medium identical to the plating medium but lacking
fetal bovine serum. Subsequent partial medium replace-
ment was carried out twice a week. Only mature cultures
(13-14 days in vitro) were used in our experiments.

Glia cell cultures used as a support for mixed cultures
were prepared as described by Rose et a. (1992) from
postnatal mice (1-3 days after birth).

2.2. Exposure of mixed cultures to excitatory amino acids
and assessment of neuronal injury

Brief exposure to N-methyl-p-aspartate (NMDA, 10
min) in the absence or presence of mGlu receptor agonists
and/or antagonists was carried out in mixed cortical cul-
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Fig. 1. Concentration-dependent attenuation of NMDA toxicity by
2R,4R-APDC in mixed cortical cultures. 2R,4R-APDC was applied to
the cultures either in combination with NMDA (closed circles) or imme-
diately after the NMDA pulse (open circles). Results are expressed as
percentages (+S.E.M.) of the toxicity of NMDA and were calculated
from 6—12 determinations.
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Fig. 2. The neuroprotective activity of 2R,4R-APDC (1 wM) against
NMDA in cultured cortical cells is antagonized by EGIu (100 wM) or
PCCG-1V (20 wM), but not by MSOP (100 w.M). 2R,4R-APDC and/or
mGlu receptor antagonists were applied in combination with NMDA.
Results are expressed as percentages (+S.E.M.) of 2R4R-APDC-in-
duced neuroprotection, and were calculated from six determinations.
#* P <0.01 (oneway ANOVA +Fisher PLSD), if compared with
2R,4R-APDC aone. None of the antagonists influenced NMDA toxicity
per se (not shown).

tures at room temperature in a HEPES-buffered salt solu-
tion containing (in mM): 120 NaCl, 5.4 KCl, 0.8 MgCl,,
1.8 CaCl,, 20 HEPES, 15 glucose. After 10 min, the drugs
were washed out, and the cultures were incubated at 37°C
for the following 24 h in MEM-Eagl€’ s supplemented with
25 mM NaHCO; and 21 mM glucose. In another set of
experiments, 2R,4R-APDC was added to cultures immedi-
ately after the NMDA pulse and remained in the medium
for the following 24 h.

Neuronal injury was estimated in all experiments by
examination of the cultures by phase-contrast microscopy
24 h after the insult, when the process of cell death was
largely complete. Neuronal damage was quantitatively as-
sessed in all experiments by estimation of dead neurons by
Trypan-blue staining. Stained neurons were counted from
three random fields per well.

2.3. Materials

2R4R-APDC was kindly provided by Dr. Darryle
Schoepp (Ely Lilly, Indianapolis, IN); DCG-1V, (29)-a-
ethylglutamate (EGIuw), (2518,2S,3R)-2-(2-carboxy-3-
phenylcyclopropylglycine (PCCG-1V), (RS)-a-methyl-
serine-O-phosphate (MSOP) and NMDA were purchased
from Tocris Cookson (Langford, UK); dl other drugs or
chemicals were purchased from Sigma (Milano, Italy).

3. Resaults

In mixed cortical cultures, a 10-min pulse with 100 pM
NMDA produced a delayed degeneration of 70-80% of



G. Battaglia et al. / European Journal of Pharmacology 356 (1998) 271-274 273

the neuronal population, as estimated by Trypan blue
staining. 2R,4R-APDC applied either in combination with
NMDA or immediately after the NMDA pulse attenuated
neuronal degeneration in a concentration-dependent fash-
ion. Maximal neuroprotection was observed at concentra-
tions of 2R,4R-APDC ranging from 0.1 to 10 M, whereas
the drug partially lost its activity at 100 wM (Fig. 1). The
neuroprotection provided by 1 puM 2R4R-APDC was
substantially reduced by the group-I1 mGlu receptor antag-
onists, PCCG-1V (20 wM) or EGlu (100 wM), but not by
the preferential group-111 mGlu receptor antagonist, MSOP
(100 wM) (Fig. 2). In al these experiments, neither
2R,4R-APDC nor any of the mGlu receptor antagonists
influenced neuronal viability per se (not shown).

4. Discussion

The neuroprotective activity of group-1l mGlu receptor
agonists was initially described in mixed cultures of corti-
ca cells (Bruno et al., 1994; Buisson et al., 1994) and then
confirmed in different in vitro or in vivo models of excito-
toxicity (Shinozaki, 1994; Ambrosini et a., 1995; Bruno et
al., 1995, 1997, 1998; Buisson and Choi, 1995; Buisson et
al., 1996; Copani et al., 1995; Orlando et a., 1995;
Turetsky et al., 1995). Neuroprotection is generally thought
to be due to the inhibition of glutamate release by presy-
naptic mGlu, or -, receptors (reviewed by Pin and Du-
voisin, 1995). Microdyalisis studies have shown that
mGlu, 5 receptor agonists substantially reduce the release
of glutamate evoked by depolarizing agents without affect-
ing the basal release (Battaglia et al., 1997). Hence,
mGlu,,; receptor agonists may be considered as promis-
ing neuroprotective drugs, because they should prevent the
deleterious effects of excessive glutamate release without
causing sedation, ataxia or other side effects related to an
impairment of excitatory synaptic transmission. However,
recent evidence casts doubt on the real effectiveness of
mGlu,,; receptor agonists as neuroprotective agents (see
Section 1). We now report the neuroprotective activity of
the recently synthesized, highly selective group-1l mGlu
receptor agonist, 2R,4R-APDC (Schoepp et a., 1996).
This drug was effective against NMDA toxicity in cortical
cultures. The potency of 2R,4R-APDC in cultures was
comparable to that reported for the activation of mGlu,
and -, receptors (see Schoepp et al., 1996, 1997b), and its
neuroprotective activity was attenuated by the selective
group-1l mGlu receptor antagonists, EGlu (Thomas et 4.,
1996) or PCCG-1V (Thomsen et al., 1996). It is intriguing
that the protective activity tended to vanish with increasing
concentrations of 2R,4R-APDC, because the drug does
not interact with metabotropic or ionotropic glutamate
receptors other than mGlu, or -, (Schoepp et al., 1996,
1997b). It is possible that (i) 2R,4R-APDC is metabolized
by neurons or astrocytes to generate a toxic compound that
counterbalances the protective activity of the parent drug;

(ii) the pharmacological profile of the compound includes
additional unknown receptors; or (iii) high concentrations
of 2R,4R-APDC reduce vy-amino-n-butyric acid release
(see Pin and Duvoisin, 1995), thus removing a major
constraint to the development of excitotoxic death.

The present data demonstrate that selective activation of
group-I1 mGlu receptors is sufficient to afford significant
neuroprotection. How can these results be reconciled with
the low potency of LY 354740 as neuroprotectant in pure
neuronal cultures (Kingston et al., 1997)? One possible
explanation is that the presence of astrocytes enables the
neuroprotective activity of group-1l mGlu receptor ago-
nists. Accordingly, we have recently shown that activation
of glial mGlu, receptors in culture renders the medium
neuroprotective against NM DA toxicity (Bruno et d., 1997,
1998). This particular form of glial-neuronal interaction is
sensitive to inhibitors of protein synthesis, suggesting that
astrocytes respond to the activation of mGlu, receptors by
synthesizing and releasing a proteic neuroprotective factor
(Bruno et al., 1997). Thus, any difference in the potency or
efficacy of group-Il mGlu receptor agonists as neuropro-
tectants may simply reflect the number of astrocytes pre-
sent in the culture system.

We encourage the search for potent, selective and sys-
temically active group-11 mGlu receptor agonists as neuro-
protective drugs of potential application in the therapy of
acute or chronic neurodegenerative disorders.

Acknowledgements

We wish to thank Dr. Darryle Schoepp (Ely Lilly, IN)
for kindly providing 2R,4R-APDC.

References

Ambrosini, A., Bresciani, L., Fracchia, S., Brunello, N., Racagni, G.,
1995. Metabotropic glutamate receptors negatively coupled to adeny-
late cyclase inhibit N-methyl-p-aspartate receptor activity and prevent
neurotoxicity in mesencephalic neurons in vitro. Mol. Pharmacol. 47,
1057.

Battaglia, G., Monn, Schoepp, D.D., 1997. In vivo inhibition of veratri-
dine-evoked release of striatal excitatory amino acids by the group-11
metabotropic glutamate receptor agonist LY 354740 in rats. Neurosci.
Lett. 229, 161.

Brabet, |., Mary, S., Bockaert, J., Pin, J.-P., 1995. Phenylglycine deriva-
tives discriminate between mGIuR;- and mGIuRg-mediated re-
sponses. Neuropharmacology 34, 895.

Bruno, V., Copani, A., Battaglia, G., Raffaele, R., Shinozaki, H., Nico-
letti, F., 1994. Protective effect of the metabotropic glutamate recep-
tor agonist, DCG-1V, against excitotoxic neuronal death. Eur. J.
Pharmacol. 256, 109-112.

Bruno, V., Battaglia, G., Copani, A., Giffard, A., Raciti, G., Raffaele, R.,
Shinozaki, H., Nicoletti, F., 1995. Activation of class Il or Il
metabotropic glutamate receptors protects cultured cortical neurons
against excitotoxic degeneration. Eur. J. Neurosci. 7, 1906.

Bruno, V., Sureda, F.X., Storto, M., Casabona, G., Caruso, A., Knopfel,
T., Kuhn, R., Nicoletti, F., 1997. The neuroprotective activity of



274 G. Battaglia et al. / European Journal of Pharmacology 356 (1998) 271-274

group-11 metabotropic glutamate receptors requires new protein syn-
thesis and involves a glial-neuronal signaling. J. Neurosci. 17, 1891.

Bruno, V., Wroblewska, B., Wroblewski, J.T., Fiore, L., Nicoletti, F.,
1998. Neuroprotective activity of N-acetylaspartylglutammate in cul-
tured cortical cells. Neuroscience, in press.

Buisson, A., Choi, D.W., 1995. The inhibitory mGIuR agonist, (S)-4-
carboxy-3-hydroxyphenylglycine selectively attenuates NMDA neuro-
toxicity and oxygen—glucose deprivation-induced neurona death.
Neuropharmacology 34, 1081.

Buisson, A., Yu, S.P., Choi, D.W., 1994. Effect of metabotropic gluta-
mate receptor agonists on excitotoxic and apoptotic cell death in
murine cortical cell culture. Soc. Neurosci. Abstr. 20, 198.5.

Buisson, A., Yu, SPP., Choi, D.W., 1996. DCG-IV selectively attenuates
rapidly triggered NMDA-induced neurotoxicity in cortical neurons.
Eur. J. Neurosci. 8, 138.

Copani, A., Bruno, V., Battaglia, G., Leanza, G., Pellitteri, R., Russo, A.,
Stanzani, S., Nicoletti, F., 1995. Activation of metabotropic glutamate
receptors protects neurons against apoptosis induced by B-amyloid
peptide. Mol. Pharmacol. 47, 890-897.

Hayashi, Y., Momoiyama, A., Takahashi, T., Ohishi, H., Ogawa-Meguro,
R., Shigemoto, R., Mizuno, N., Nakanishi, S., 1992. Agonist analysis
of 2-(carboxycyclopropylglycine isomers for cloned metabotropic
glutamate receptor subtypes expressed in Chinese ovary cells. Br. J.
Pharmacol. 107, 539.

Hayashi, Y., Momiyama, A., Takahashi, T., Ohishi, H., Igawa-Meguro,
R., Shigemoto, R., Mizuno, N., Nakanishi, S., 1993. Role of
metabotropic glutamate receptors in synaptic modulation in the acces-
sory olfactory bulb. Nature 366, 687.

Ishida, M., Saito, T., Shimamoto, K., Ohfune, Y., Shinozaki, H., 1993. A
novel metabotropic glutamate receptor agonist: marked depression of
monosynaptic excitation in the newborn rat isolated spinal cord. Br. J.
Pharmacol. 109, 1169.

Kingston, A.E., Bales, K.R., Monn, JA., Paul, S.M., Pullar, I.A., Schoepp,
D.D., 1997. Comparison of the neuroprotective effect of mGIuR
agonists: (RS)-3,5-dihydroxyphenylglycine, LY 354740 and L-amino-
4-phosphonobutyric acid on ionotropic glutamate receptor-induced
excitotoxicity in rat cortica neurones. Soc. Neurosci. Abstr. 23,
899.1.

Nakanishi, S., 1992. Molecular diversity of glutamate receptors and
implications for brain function. Science 258, 597.

Nicoletti, F., Bruno, V., Copani, A., Casabona, G., Knopfel, T., 1996.
Metabotropic glutamate receptors: a new target for the therapy of
neurodegenerative disorders?. Trends Neurosci. 19, 267—271.

Orlando, L.R., Standaert, D.G., Cha, J-H., Penney, J.B., Young, A.B.,
1995. Metabotropic receptors in excitotoxicity: (S)-4C3HPG protects
against striatal quinolinic acid lesions. Soc. Neurosci. Abstr. 21,
529.19.

Pin, J-P., Duvoisin, R., 1995. The metabotropic glutamate receptors:
structure and functions. Neuropharmacology 34, 1-26.

Rose, K., Goldberg, M.P., Choi, D.W., 1992. Cytotoxicity in murine
neocortical cell culture. In: Tyson, C.A., Frezier, JM. (Eds.), Meth-
ods in Toxicology, In Vitro Biological Systems, Vol. 1, Academic
Press, San Diego, CA, pp. 46—60.

Schoepp, D.D., Sahoff, C.R., Wright, R.A., Johnson, B.G., Burnett, J.P.,
Mayne, N.G., Belagaje, R., Wu, S., Monn, JA., 1996. The novel
metabotropic glutamate receptor agonist 2R,4R-APDC potentiates
stimulation of phosphoinositide hydrolysis in the rat hippocampus by
3,5-dihydroxyphenylglycine: evidence for a synergistic interaction
between group 1 and group 2 receptors. Neuropharmacology 35,
1661.

Schoepp, D.D., Johnson, B.G., Wright, R.A., Sahoff, C.R., Mayne, N.G.,
Wu, S., Cockerham, S.L., Burnett, J.P., Belegaje, R., Bleakman, D.,
Monn, JA., 1997a. LY 354740 is a potent and highly selective group
I metabotropic glutamate receptor agonist in cells expressing human
glutamate receptors. Neuropharmacology 36, 1.

Schoepp, D.D., Johnson, B.G., Wright, R.A., Salhoff, C.R., Monn, JA.,
1997b. Pharmacological Properties and Therapeutic Utilities of
Group-1l Metabotropic Glutamate Receptor Agonists. Abst. of the
36th Annuam Meeting of the America College of Neuropharmacol-
ogy, p. 68.

Shinozaki, H., 1994. Neuron damage induced by potent kainoids and
neuroprotective action of new agonists of metabotropic glutamate
receptors. Eur. Neurol. 34, 2.

Thomas, N.K., Jane, D.E., Tse, H.-W., Watkins, J.C., 1996. (S)-a-Ethyl-
glutamic acid and (RS)-a-cyclopropyl-4-phosphonophenylglycine as
antagonists of L-AP4 and (1S3S)-ACPD-induced depression of
monosynaptic excitation of neonatal rat motoneurones. Br. J. Pharma-
col. 117, 70-75.

Thomsen, C., Bruno, V., Nicoletti, F., Marinozzi, M., Pellicciari, R.,
1996. (2S51S2'S3 R)-2-(2-Carboxy-3-phenylcyclopropyDglycine, a
potent and selective antagonist of type-2 metabotropic glutamate
receptors. Mol. Pharmacol. 50, 6-9.

Turetsky, D.M., Buisson, A., Choi, D.W., 1995. The metabotropic gluta-
mate receptor agonist, 4C3HPG, reduces kainate-induced death of
cortical neurons expressing calcium-permeable AMPA /kainate recep-
tors. Soc. Neurosci. Abstr. 21, 529.20.



