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Description

BACKGROUND OF THE INVENTION

[0001] The present invention relates to the use of a
specific class of compounds for the prevention of gluta-
mate-evoked cytotoxicity.

STATE OF THE ART

[0002] Glutamate constitute the major excitatory neu-
rotransmitter of the central nervous system (Hollmann
M., Heinemann S., Annu. Rev. Neurosci. 17, 31-108,
1994) and the ubiquitous distribution of glutamate re-
ceptors throughout the CNS proves that glutamate plays
a central role in a wide range of physiological as well as
pathological events (Watkins J.C., Collingridge G.L.,
The NMDA receptor, IRL Oxford, 1989).
[0003] By most plausible theories and several exper-
imental findings it is suggested a central role for gluta-
mate-dependent neurotransmission in functions such
as learning, pattern recognition, and memory (Bliss T.V.
P. Collingridge G.L., Nature 361, 31-39, 1993).
[0004] It has also been known for decades that gluta-
mate is toxic to neurons in vivo and in culture and that
glutamate receptor functioning is crucial in a number of
brain diseases and injuries (Appel S.H., Trends Neuro-
sci. 16, 3-5, 1993). Many neurological illnesses involv-
ing strokes or epileptic seizures result in fact in brain
damage just because of over-stimulation by glutamate,
and degenerative diseases among which Alzheimer's,
Huntington's, Parkinson's and amyotrophic lateral scle-
rosis (ALS) involve neuronal cell death caused by ex-
cessive activation of the glutamate receptors.

OBJECTS OF THE INVENTION

[0005] Object of the present invention is to provide a
specific class of compounds for the modulation of gluta-
mate-evoked neurotransmission and neurotoxicity,
which allows the possible treatment of acute and chronic
neurodegenerative diseases.
[0006] Another object of the present invention is to
provide a specific class of compounds which allows the
modulation of glutamate-related physiological func-
tions, among which pain, hormonal balance, blood pres-
sure, thermoregulation, respiration, learning, pattern
recognition and memory.
[0007] Still an object of the present invention is to pro-
vide a specific class of compounds which can be used
as pharmacological tools for the prevention of glutama-
te-evoked cytotoxicity.
[0008] A further object of the present invention is to
provide a specific class of compounds which represents
a valid pharmacological alternative to previously de-
scribed compounds, such as competitive and non-com-
petitive glutamate antagonists, gangliosides and growth
factors, for the treatment of acute and chronic glutama-

te-related neurological diseases.

DESCRIPTION OF THE INVENTION

[0009] These and still other objects and related ad-
vantages which will be more clearly stressed by the fol-
lowing description are achieved by the use of com-
pounds which are agonists or antagonists of P2 purino-
ceptors for the prevention of glutamate-evoked cytotox-
icity.
[0010] The fundamental novelty of this invention is the
correlation between glutamate-evoked biological
events and P2 purinoceptor modulators (agonists or an-
tagonists). Both glutamate receptors and P2 purinocep-
tors share in fact the property of being ionotropic as well
as metabotropic kinds of receptors.
[0011] As an example, we have chosen the com-
pounds Basilen Blue E 3G (also called Reactive Blue 2)
and Cibacron Blue 3GA, which are antagonists of P2 pu-
rinoceptors. These compounds can be purchased, for
example, from Sigma and their molecular structures and
main characteristics are described on the 1995 Sigma
catalog distributed in Italy, respectively on pages 149 for
Basilen Blue E-3G and 266 for Cibacron Blue 3GA. The
other compound we have chosen is 5-adenylylimidodi-
phosphate (AMPPNP), which is an agonist of P2 puri-
noceptors. This compound can be also purchased from
Sigma and its molecular structure and main character-
istics are described in page 52 of the Sigma catalog pub-
lished in Italy in 1995.
[0012] Always according to the present invention,
these compounds are used to prevent glutamate-
evoked cytotoxicity in the nervous system's cells, par-
ticularly in CNS neurons. As a cellular model system for
CNS neurons we have adopted postnatal rat cerebellar
neurons. These cells, which are among the best char-
acterized primary neuronal cultures, when isolated from
postnatal rat cerebellum (Lasher R.S., and Zagon I.S.,
Brain Res. 41, 428-438, 1972), develop in vitro their ma-
ture phenotype as interneurons which use glutamate as
a neurotransmitter and furthermore constitute an excel-
lent model system for the study of glutamate-mediated
cytotoxicity.
[0013] By exposing granule neurons to 100 µM gluta-
mate for 15-30 min is obtained (after 15-20 hours)
80-100% of total cell death. We find that the P2 purino-
ceptor antagonist basilen blue, also called reactive blue
2 (an anthraquinone sulfonic acid derivative), when
somministered to granule neurons at 100 µM in the si-
multaneous presence of glutamate, completely sustains
cellular survival, thereby abolishing the cytotoxic action
of glutamate. The effects of basilen blue on cerebellar
granule cell morphology reveal, despite the exposure to
glutamate, which otherwise induces complete cell
death, apparently healty-looking cell bodies that do bear
a dense network of highly branching processes. Adhe-
sion and neurites fasciculation are also preserved by ba-
silen blue. The acute response characterized by rapid
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swelling of the cell body and loss of brightness, gener-
ally observed in granule neurons within the first 5 min of
treatment with glutamate, is furthermore prevented by
addition of basilen blue, suggesting that the compound
probably acts very early in the chain of events immedi-
ately downstream of the EAA-receptor interaction.
[0014] It is important to stress that basilen blue per
se, up to the highest concentration tested of 300 µM, is
not toxic to the cells and, when somministered to gran-
ule neurons for 0.5-26 hours, does not affect plasma
membrane permeability (as measured by ethidium bro-
mide uptake), or cellular metabolism (as measured by
conversion of MTT into formazan by mitochondrial de-
hydrogenase activities). Basilen blue prevents glutama-
te-evoked cell death with an IC50 in the 10-20 µM range,
value generally in agreement with the concentrations of
the compound reported for P2 purinoceptor antago-
nism. The other commercially available isomer of the
sulfonic derivatives of anthraquinone (cibacron blue) is
effective in this regard. Caffeine, a P1 purinoceptor an-
tagonist, up to 100 µM does not abolish the cytotoxic
action of glutamate.
[0015] The effects of basilen blue on protection from
cytotoxicity are linear with time and depend on the mo-
dality of somministration of the compound. When ba-
silen blue is added to the cells 10 min after glutamate,
and then incubated with granule neurons for only 15
min, it protects from cell death 60-70% of the entire neu-
ronal population; if somministered only for the last 5 min
of treatment of the cells with glutamate, basilen blue
sustains survival of 25-40% of total neurons. When in-
stead it is added 1-2 min or 30 min or 2 hours after ex-
posure of granule neurons to glutamate (and then incu-
bated with the cells for the next 20 hours) basilen blue
protects from cell death respectively 55-70%, 30% and
10% of the total neuronal population. When it is added
before (not during or after) exposure of granule neurons
to glutamate, basilen blue requires a pretreatment of at
least 20-25 hours in order to prevent by 70-80% the cy-
totoxic action of glutamate. Inhibition of aspartate up-
take is not obtained as a consequence of these same
treatments. Independently from the modality of sommin-
istration to granule neurons, the prevention of cytotox-
icity induced by basilen blue does not depend on new
protein synthesis, since it is insensitive to inhibitors such
as actinomycin D (used at 10 µM) or anisomycin (used
at 100 µM).
[0016] Basilen blue inhibits binding of [3H] ATP to
membranes of granule neurons with an IC50 of about
10 µM, that corresponds to the IC50 that prevents gluta-
mate-evoked cytotoxicity. Binding studies with [3H] ATP
have been performed also directely with intact cells and
basilen blue was shown to be as effective.
[0017] We have cultured the cells in the continuous
presence (from day 1 but not later than day 2 in vitro) of
100 µM 5-adenylylimidodiphosphate (AMPPNP), a
known P2 purinoceptor agonist. Glutamate-induced cy-
totoxicity is inhibited by approximately 50-60% as a con-

sequence of this treatment. An acute exposure of the
cells to 100 µM AMPPNP (simultaneously with glutama-
te) is not effective in this regard. The fact that by cultur-
ing the neurons in the continous presence of AMPPNP
elicits the same effect caused by an acute exposure to
basilen blue supports our hypothesis of a direct involve-
ment of purinoceptors in glutamate-dependent neuro-
toxicity; it moreover suggests that a phenomenon of de-
sensitization of purinoceptors most likely takes place in
cerebellar granule cells.
[0018] Since D-[3H] aspartate release has been often
used as a measure of the functional state of cerebellar
granule neurons cultured in vitro and depolarization- or
glutamate-evoked aspartate release is a feature pro-
gressively aquired by these cells along with neuronal
maturation, we decided to test this parameter to further
study the biological effects and possible mechanisms
used by basilen blue in the prevention of cell death. We
find that basilen blue inhibits glutamate-induced release
of [3H] aspartate with an IC50 of about 10 µM. The inhi-
bition is almost complete but does not affect basal re-
lease and it occurs when the release is measured for 1
min, for longer times (3,10, and 25 min) or even in the
presence of Mg2+ . Also a cronic exposure of granule
neurons for 8 days to 100 µM AMPPNP inhibits by
70-80% the glutamate-evoked release of [3H] aspartate.
[0019] Glutamate-dependent neurotoxicity is often
accompanied also in cerebellar granule neurons with in-
crease in intracellular Ca2+ via a multistep process. Ba-
silen blue, differently from caffeine, almost completely
abolishes glutamate-evoked, but not basal, Ca2+ uptake
with an IC50 of approximately 10 µM. Also this value is
in accordance with the IC50 found for inhibition of ATP
binding, cytotoxicity and aspartate release. The basilen
blue-dependent inhibition occurs when Ca2+ uptake is
measured for short (1 min) or for longer times (3, 10,
and 25 min). The cronic exposure of granule neurons
for 8 days to 100 µM AMPPNP inhibits by 50-70% gluta-
mate-evoked Ca2+ influx, similarly to the inhibition of cy-
totoxicity and aspartate release.

DESCRIPTION OF DRAWINGS

SHEETS 1/8 and 2/8

[0020] Basilen Blue prevents cytotoxicity induced by
glutamate in cerebellar granule primary cultures: effects
of dose-response and modality of addition. Replicate
cerebellar granule cultures at 8 DIV were exposed for
25 min to 100 µM glutamate, in the simultaneous pres-
ence of different concentrations of basilen blue (Fig.1).
After 20 hours, the cultures were assessed for cell sur-
vival by direct count of intact viable nuclei. The asterisk
represents the % of nuclei obtained after simultaneous
addition to the cells of 100 µM glutamate and 100 µM
caffeine. In Fig.2, replicate cerebellar granule cultures
at 8 DIV were exposed for 25 min to 100 µM glutamate.
At different time after glutamate withdrawl, basilen blue
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(100 µM) was added to the medium until the cultures,
20 hours later, were assessed for cell survival by direct
count of intact viable nuclei. The asterisk represents the
% of nuclei obtained after simultaneous addition to the
cells of 100 µM glutamate and 100 µM basilen blue. In
Fig.3, replicate cultures were pretreated in the presence
of 100 µM basilen blue for different time, before the ad-
dition of 100 µM glutamate for 25 min (performed in the
absence of basilen blue). After 20 hours the cultures
were assessed for cell survival.
[0021] The asterisk represents the % of nuclei ob-
tained after simultaneous addition to the cells of 100 µM
glutamate and 100 µM basilen blue. Counts represent
means ± SEM (n=4) and 100% of cell survival repre-
sents 1.75-2 x 106 total cells.
[0022] METHODS. Approximately 20 hours after ex-
posure of granule cells to glutamate, the culture medium
was removed and replaced with 1 ml of a detergent-con-
taining lysing solution (0.5% ethyl hexadecyl dimethyl -
ammonium bromide, 0.28% acetic acid, 0.5% Triton X-
100, 3 mM NaCl, 2 mM MgCl2, in PBS pH 7.4 diluted
1/10).
[0023] After 1-2 minutes, the cells were triturated a
few times, providing a uniform uspension of single, in-
tact viable nuclei. The latter were quantified by ounting
in a hemacytometer. Broken or damaged nuclei were
not included in the counts.

SHEETS 3/8 and 4/8

[0024] Basilen Blue inhibits binding of ATP to cerebel-
lar granule cell membranes, but ot uptake of aspartate.
Membranes were prepared from 8 DIV cerebellar gran-
ule ells and 20 µg of protein were incubated with [3H]
ATP (0.5 µCi/ml, final concentration 14 nM)(Fig.4), in the
presence of different concentrations of basilen blue, for
1 h at 4°C. Specific binding is shown and counts repre-
sent means ± SEM (n=3). The asterisk represents the
binding performed in the presence of 100 µM caffeine.
In Fig.5, replicate cerebellar granule cultures at 8 DIV
were washed wice and incubated for different times in
Locke's solution with [3H] D-2,3 aspartic acid (1 µCi/ml,
final concentration 40 nM), in the presence of different
concentrations of basilen blue. After two washes, cells
were dissolved in 0.1 M NaOH and counted for incorpo-
rated radioactivity by liquid scintillation counting. Values
are shown as cpm/µg and represent means ± SEM
(n=3). Protein concentrations were determined by the
method of Bradford with ovine serum albumin as stand-
ard.
[0025] METHODS. Replicate cerebellar granule cells
at 8 DIV were collected in ice-cold buffer A (50 mM Tris,
1 mM EGTA, adjusted to pH 7.4 with HCl, containing
also 2 mM phenylmethylsulfonyl fluoride, 200 KIU/ml of
aprotinin and 1 µg/ml of leupeptin) and were centrifuged
at 35.000 x g for 20 min at 4°C. The pellet was resus-
pended in buffer A to give a protein concentration of 5-6
mg/ml and used immediately for binding studies. After

binding with [3H] ATP, the samples (1 ml) were vacuum-
filtered through Whatman GF/B glass fiber filters and the
filters were immediately washed (3 x 4 s) with 5 ml of 50
mM Tris-HCl (pH 7.4), air dried and assessed for spe-
cifically bound radioactivity by liquid scintillation count-
ing.

SHEETS 5/8 and 6/8

[0026] Culturing cerebellar granule cells in the pres-
ence of AMPPNP: modulation of glutamate-dependent
cell death, Ca++ uptake and aspartate release. Primary
cerebellar granule cultures were prepared and starting
at 1 DIV some of them were daily supplemented with
100 µM AMPPNP.(Fig.6) At 8 DIV, after two washes,
some of the cultures were incubated at 20°C for 25 min
with 100 µM glutamate.
[0027] The following day, they were assessed for cell
survival, as previously described.
[0028] (Fig.7) Replicate cerebellar granule cultures at
8 DIV were incubated for 1 min in Locke's solution in the
presence of 45 Ca++ (1 µCi/ml), with or without 100 µM
glutamate, and were then assessed for Ca++ influx.(Fig.
8) Replicate cerebellar granule cultures at 8 DIV were
incubated for 5 min in Locke's solution, in the presence
of [3H] D-2,3 aspartic acid (1 µCi/ml, final concentration
40 nM) and were then assessed for aspartate release,
in the presence or absence of 100 µM glutamate. Data
are expressed as means ± SEM (n=3).

SHEETS 7/8 and 8/8

[0029] Basilen Blue inhibits release of aspartate and
uptake of Ca++ induced by glutamate in cerebellar gran-
ule cells. (Fig.9) Replicate cerebellar granule cultures
at 8 DIV were incubated for 5 min in Locke's solution in
the presence of [3H] D-2,3 aspartic acid (1 µCi/ml, final
concentration 40 nM). After two washes, the cultures
were then incubated for 1 min in Locke's solution with
or without 100 µM glutamate and in the presence of dif-
ferent concentrations of basilen blue. The buffer re-
moved from the cultures during this release phase was
collected into vials and counted for radioactivity. The as-
terisk represents the release of aspartate obtained in the
simultaneous presence of 100 µM glutamate and 100
µM caffeine. Cells were dissolved in 0.1 M NaOH and
protein concentrations were determined by the method
of Bradford, with bovine serum albumin as standard.
(Fig.10) Replicate cerebellar granule cultures at 8 DIV
were incubated for 1 min in Locke's solution in the pres-
ence of 45 Ca++ (1 µCi/ml), with or without 100 µM gluta-
mate, and in the simultaneous presence of different con-
centrations of basilen blue. After two washes with ice-
cold 154 mM choline chloride, 2 mM EDTA, the cells
were lysed in 0.1 M NaOH and aliquots were collected
for measuring Ca++ influx (by radioactive counting) and
protein concentration. The asterisk represents the Ca++

influx obtained in the simultaneous presence of 100 µM
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glutamate and 100 µM caffeine. Data are expressed as
means ± SEM (n=3).

Claims

1. Compounds agonists of P2 purinoceptors for the
prevention of glutamate-evoked cytotoxicity.

2. Use of compounds agonists or antagonists of P2 pu-
rinoceptors for the preparation of a medicament for
the prevention of glutamate-evoked cytotoxicity.

3. Use of compounds agonists or antagonists of P2 pu-
rinoceptors for the preparation of a medicament for
the treatment of acute and chronic neurodegener-
ative diseases.

4. Pharmacological composition comprising com-
pounds agonists of P2 purinoceptors as active
agent, in addition to usual additives.

5. Pharmacological composition according to claim 4,
characterized in that it comprises compounds ag-
onists of P2 purinoceptors as active agent, in addi-
tion to usual additives, in a pharmacologically ac-
ceptable means.

6. Pharmacological composition according to claim 4,
characterized in that said agonists of P2 purinoc-
eptors are 5-adenylylimidodiphosphate (AMPPNP).

7. Use of a pharmacological composition comprising
compounds agonists or antagonists of P2 purinoc-
eptors as active agent for the manufacture of a med-
icament for the prevention of glutamate-evoked
neurotoxicity.

8. Use of a pharmacological composition according to
claim 7, characterized in that said antagonists are
selected among Basilen Blue E-3G (Reactive blue
2) and Cibacron Blue 3GA.

9. Pharmacological composition according to claim 4,
for the use in acute and chronic neurodegenerative
diseases.

10. Pharmacological composition according to claim 4,
for the use in the modulation of glutamate-evoked
phisiological functions.

11. Pharmacological composition according to claim
10, characterized in that said glutamate-evoked
physiological functions are pain, hormonal balance,
blood pressure, thermoregulation, respiration,
learning, pattern recognition and memory.

12. Pharmacological composition according to claim 4,

for the use in the prevention of glutamate-evoked
neurotoxicity.

13. Use of a pharmacological composition comprising
compounds agonists or antagonists of P2 purinoc-
eptors as active agent for the manufacture of a med-
icament for the use in acute and chronic neurode-
generative diseases.

14. Use of a pharmacological composition comprising
compounds agonists or antagonists of P2 purinoc-
eptors as active agent for the manufacture of a med-
icament for the use in the modulation of glutamate-
evoked phisiological functions.

15. Use of a composition according to claim 14, char-
acterized in that said glutamate-evokedphisiolog-
ical functions are pain, hormonal balance, blood
pressure, thermoregulation, respiration, learning,
pattern recognition and memory.

Patentansprüche

1. Verbindungen ale Agonisten von P2 Purinozeptoren
zur Vermeidung von durch Glutamat hervorgerufe-
ner Zytotoxizität.

2. Verwendung von Verbindungen als Agonisten oder
Antagonisten von P2 Purinozeptoren zur Herstel-
lung eines Arzneimittels für die Vermeidung von
durch Glutamat hervorgerufener Zytotoxizität.

3. Verwendung von Verbindungen als Agonisten oder
Antagonisten von P2 Purinozeptoren zur Herstel-
lung eines Arzneimittels für die Behandlung von
akuten und chronischen neurodegenerativen Er-
krankungen.

4. Pharmakologische Zusammensetzung, enthaltend
Verbindungen als Agonisten von P2 Purinozeptoren
als Wirkstoff, zusätzlich zu üblichen Zusatzstoffen.

5. Pharmakologische Zusammensetzung nach An-
spruch 4, dadurch gekennzeichnet, daß sie in ei-
nem pharmakologisch annehmbaren Mittel Verbin-
dungen als Agonisten von P2 Purinozeptoren als
Wirkstoff, zusätzlich zu üblichen Zusatzstoffen, ent-
hält.

6. Pharmakologische Zusammensetzung nach An-
spruch 4, dadurch gekennzeichnet, daß es sich
bei den Agonisten von P2 Purinozeptoren um
5-Adenylylimidodiphosphat (AMPPNP) handelt.

7. Verwendung einer pharmakologischen Zusammen-
setzung, enthaltend Verbindungen als Agonisten
oder Antagonisten von P2 Purinozeptoren als Wirk-
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stoff für die Herstellung eines Arzneimittels zur Ver-
meidung von durch Glutamat hervorgerufener Neu-
rotoxizität.

8. Verwendung einer pharmakologischen Zusammen-
setzung nach Anspruch 7, dadurch gekennzeich-
net, daß die Antagonisten aus Basilen-Blau B-3G
(Reaktivblau 2) und Cibacron-Blau 3GA ausge-
wählt werden.

9. Pharmakologische Zusammensetzung nach An-
spruch 4 zur Verwendung bei akuten und chroni-
schen neurodegenerativen Erkrankungen.

10. Pharmakologische Zusammensetzung nach An-
spruch 4 zur Verwendung bei der Modulation von
durch Glutamat hervorgerufenen physiologischen
Funktionen.

11. Pharmakologische Zusammensetzung nach An-
spruch 10, dadurch gekennzeichnet, daß die
durch Glutamat hervorgerufenen physiologischen
Funktionen Schmerz, Hormongleichgewicht, Blut-
druck, Wärmeregulation, Atmung, Lernen, Mu-
stererkennung und Erinnerungsvermögen sind.

12. Pharmakologische Zusammensetzung nach An-
spruch 4 zur Verwendung bei der Vermeidung von
durch Glutamat hervorgerufener Toxizität.

13. Verwendung einer pharmakologischen Zusammen-
setzung, enthaltend Verbindungen als Agonisten
oder Antagonisten von P2 Purinozeptoren als Wirk-
stoff zur Herstellung eines Arzneimittels für die Ver-
wendung bei akuten und chronischen neurodege-
nerativen Erkrankungen.

14. Verwendung einer pharmakologischen Zusammen-
setzung, enthaltend Verbindungen als Agonisten
oder Antagonisten von P2 purinozeptoren als Wirk-
stoff zur Herstellung eines Arzneimittels für den Ein-
satz bei der Modulation von durch Glutamat hervor-
gerufenen physiologischen Funktionen.

15. Verwendung einer Zusammensetzung nach An-
spruch 14, dadurch gekennzeichnet, daß die
durch Glutamat hervorgerufenen physiologischen
Punktionen Schmerz, Hormongleichgewicht, Blut-
druck, Wärmeregulation, Atmung, Lernen, Mu-
stererkennung und Erinnerungsvermögen sind.

Revendications

1. Composés agonistes de purinorécepteurs P2 pour
la prévention de la cytotoxicité induite par le gluta-
mate.

2. Utilisation de composés agonistes ou antagonistes
de purinorécepteurs P2 pour la préparation d'un
médicament pour la prévention de la cytotoxicité in-
duite par le glutamate.

3. Utilisation de composés agonistes ou antagonistes
de purinorécepteurs P2 pour la préparation d'un
médicament pour le traitement des maladies neu-
rodégénératives aiguës et chroniques.

4. Composition pharmaceutique comprenant des
composés agonistes de purinorécepteurs P2 com-
me agent actif, en plus des additifs usuels.

5. Composition pharmaceutique selon la revendica-
tion 4, caractérisée en ce qu'elle comprend des
composés agonistes de purinorécepteurs P2 com-
me agent actif, en plus des additifs usuels, dans une
forme du point de vue pharmacologique accepta-
ble.

6. Composition pharmaceutique selon la revendica-
tion 4, caractérisée en ce que lesdits agonistes de
purinorécepteurs P2 sont le 5-adénylylimidophos-
phate (AMPPNP).

7. Utilisation d'une composition pharmaceutique com-
prenant des composés agonistes ou antagonistes
de purinorécepteurs P2 comme agent actif pour la
fabrication d'un médicament pour la prévention de
la neurotoxicité induite par le glutamate.

8. Utilisation d'une composition pharmaceutique se-
lon la revendication 7, caractérisée en ce que les-
dits antagonistes sont choisis parmi Basilen Blue E-
3G (Reactive Blue 2) et Cibacron Blue 3GA.

9. Composition pharmaceutique selon la revendica-
tion 4, destinée à une utilisation dans les maladies
neurodégénératives aiguës et chroniques.

10. Composition pharmaceutique selon la revendica-
tion 4, destinée à une utilisation dans la modulation
des fonctions physiologiques induites par le gluta-
mate.

11. Composition pharmaceutique selon la revendica-
tion 10, caractérisée en ce que lesdites fonctions
physiologiques induites par le glutamate sont la
douleur, l'équilibre hormonal, la pression sanguine,
la thermorégulation, la respiration, l'apprentissage,
la reconnaissance des formes et la mémoire.

12. Composition pharmaceutique selon la revendica-
tion 4, destinée à une utilisation dans la prévention
de la neurotoxicité induite par le glutamate.

13. Utilisation d'une composition pharmaceutique com-
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prenant des composés agonistes ou antagonistes
de purinorécepteurs P2 comme agent actif pour la
fabrication d'un médicament destiné à une utilisa-
tion dans les maladies neurodégénératives aiguës
et chroniques.

14. Utilisation d'une composition pharmaceutique com-
prenant des composés agonistes ou antagonistes
de purinorécepteurs P2 comme agent actif pour la
fabrication d'un médicament destiné à une utilisa-
tion dans la modulation des fonctions physiologi-
ques induites par le glutamate.

15. Utilisation d'une composition pharmaceutique se-
lon la revendication 14, caractérisée en ce que
lesdites fonctions physiologiques induites par le
glutamate sont la douleur, l'équilibre hormonal, la
pression sanguine, la thermorégulation, la respira-
tion, l'apprentissage, la reconnaissance des formes
et la mémoire.
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