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Abstract

This study characterized the neuroprotective and behavioral effedts 8f6&®-6a-naphtalen-2-ylmethyl-5-methyliden-hexahydro-
cyclopenth ¢ furan-1-off BAY 36-7620 , a novel, selective and systemically active metabotropic glutamatg mGlu receptor antagonist.
In the rat, neuroprotective effects were obtained in the acute subdural hematoma model efficacy of 40-50% at 0.01 arykg,ad8 mg
i.v. infusion during the 4 h following surgery ; whereas in the middle cerebral artery occlusion model, a trend for a neuroprotective effect
was obtained after triple i.v. bolus application of 0.03—3 kg, given immediately, 2 and 4 h after occlusion. Hypothermic effects were
mild and only obtained at doses which were considerably higher than those at which maximal neuroprotective efficacy was obtained,
indicating that the neuroprotective effects are not a consequence of hypothermia. BAY 36-7620 protected against pentylenetetrazole-in:
duced convulsions in the mouée MED: 10 sk, i.v.). As assessed in rats, BAY 36-7620 was devoid of the typical side-effects of the
ionotropic glutamate( iGlu receptor antagonists phencyclidine @hrd5-methyl-10,11-dihydroxy-B-dibenzq a,dl cyclohepten-5,10-
imine (MK-801). Thus, BAY 36-7620 did not disrupt sensorimotor gating, induce phencyclidine-like discriminative effects or
stereotypical behavior, or facilitate intracranial self-stimulation behavior. Although behavioral stereotypies and disruption of sensorimoto
gating induced by amphetamine or apomorphine were not affected by BAY 36-7620, the compound attenuated some behavioral effects of
iGlu receptor antagonists, such as excessive grooming or licking, and their facilitation of intracranial self-stimulation behavior. It is
concluded that mGly receptor antagonism results in neuroprotective and anticonvulsive effects in the absence of the typical side-effects
resulting from antagonism of iGlu receptor8.2001 Elsevier Science B.V. All rights reserved.
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1. Introduction petitive NMDA receptor antagonistst )-5-methyl-10,11-
dihydroxy-5H-dibenzd a,dl cyclohepten-5,10-iminé  MK-
Drugs aimed at blocking the effects of glutamate at its 801) and phencyclidiné PGP , have neuroprotective and
receptors may be beneficial for the treatment of central anticonvulsive properties, clinical experience has revealed
nervous systeri CNS disorders characterized by an excesthat they are endowed with serious CNS side-effects,
sive release of glutamate, such as brain ischemia, traumatidncluding psychotomimetic effects, which preclude their
brain injury and epilepsy Choi, 1988; Meldrum, 2000 . therapeutic usé Troupin et al., 1986 .
Glutamate receptors can be divided into ionotropic gluta- mGlu receptors may offer an alternative approach for
mate (iGI) receptors, which are directly linked to the the treatment of CNS disorders characterized by excessive
opening of cationic channels, and metabotropic glutamaterelease of glutamaté Nicoletti et al., 1996; Schoepp and
(mGlu) receptors, which are linked to second messengersConn, 1993 . Thus far, eight mGlu receptor subtypes,
systems. Although it has been demonstrated that com-which can be subdivided in three groups based on their
pounds which block iGlu receptors, such as the noncom- sequence similarity, have been identified Conn and Pin,
1997 . Group I( mGly and mGlu receptdrs , activates
phospholipase C; whereas group (Il mGlu and mGlu
receptory and group Il mGlu , mGJu and mGlu recep-
" Corresponding author. Tel +49-202-365-105; fax:+49-202-365- tors) inh?bit adenylyl cyclasg act?vity. Despite the fa_ct that
156. the elucidation of the physiologicdl and therapeutic role
E-mail address: jean.vry.jvl@bayer-ag.de J. De Vry . of the mGlu receptor subtypes has been hampered by the
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lack of selective compounds for recent reviews on mGlu present study to assess the neuroprotective and anticonvul-
receptor ligands, see Pin et al., 1999; Schoepp et al.,sive efficacy of BAY 36-7620 after systemic administra-
1999, increasing evidence suggests that the mGlu recep+tion. In addition, it was tested whether BAY 36-7620
tor subtype could be particularly attractive as a target for shares the typical side-effects of noncompetitive NMDA
novel neuroprotectants and anticonvulsants. Thus, inreceptor antagonists. Thus, it was investigated to what
epileptic patients, as well as in animal models of epilepsy, extent BAY 36-7620 was able to inducé) 1 psy-
such as the amygdala-kindled rat, the expression and func-chotomimetic-like effectd as assessed in rats trained to
tion of mGlu, receptors is augmentéd Akbar et al., 1996; discriminate PCP from vehicle ( )2 rewarding effects
Al-Ghoul et al., 1998; Blumcke et al., 2000; Keele et al., [tested in an intracranial self-stimulation paradigf) 3
1999 ; whereas a reduced expression of mGlu receptorshypothermic effects( ¥ stereotypic behavior, &ngl 5 dis-
induced by mGly receptor antisense, inhibits kindling ruption of sensorimotor gatinlg tested in a prepulse inhibi-
(Greenwood et al., 2000 . Also in animal models of cere- tion paradignh . A preliminary account of the present data
bral ischemia, it was reported that expression of mGlu was presented at the 26th Annual Meeting of the Society
receptors and their associated signaling pathways is alteredor Neurosciencé€ Muller et al., 20D0 .
(Martin et al., 2000; Sommer et al., 2000 . Consistent with
these findings, compounds with agonist properties at mGlu
receptors have been shown to induce neurotoxic and pro-2. Materials and methods
convulsive or convulsive effect¢ Camon et al., 1998;
Chapman et al., 2000; Sacaan and Schoepp, 1992; Thom2.1. Subjects
sen and Dalby, 1998, and compounds with antagonist
properties at mGly receptors have anticonvulsive and Male Wistar rats( Hsd Cpb: WU; all experiments, ex-
neuroprotective effect¢é Bruno et al., 1999; Chapman et cept were noted; body weight upon arrival at the labora-
al., 1999; Cozzi et al., 1997; Faden et al., 2001; Gong et tory: 200—250 g; for the intracranial self-stimulation exper-
al., 1995; Pellegrini-Giampietro et al., 1999; Rauca et al., iments: 270-400 )}y, Long Evans rats YHol; middle
1998; Thomsen and Dalby, 1998 . cerebral artery occlusion experiments; 180-320 g, or
Recently,( 3& 6aS)-6a-naphtalen-2-ylmethyl-5-methyl-  Sprague—Dawley raté acoustic startle experiments; 180—
iden-hexahydro-cycloperitd ¢ furan-1-o6  BAY 36-7620; 220 9 were purchased from Harlan-Winkelm#&nn Borchen,
Fig. Dwas characterized as a highly selective, lipophilic Germany or Mgllegaard APS LI. Skensved, Denmark .
mGlu, receptor antagonigt Carroll et al., 2000, 2001 . Outbred male Hsd Wi#NMRI mice (pentylenetetrazol
BAY 36-7620 can be considered as an appropriate com-experiments and DBA2,/0OLA HsD mice ( acoustic star-
pound to test the neuroprotective and anticonvulsant poten-tle experiments were purchased from Harlan-Winkelmann
tial of mGlu, receptor blockade in vivo, as it is more at the age of about 3 weeks 20-23% g. Animals were
selective for mGly receptors than most of the previously group-housed except in the case of the drug discrimina-
tested mGly receptor antagonists and it lacks their inap-tion and intracranial self-stimulation experiments, where
propriate pharmacokinetic properties or difficulty to cross they were single-housgd in standard MakrSlon  type 3
the blood—brain-barrier. Therefore, it was the aim of the cages. Standard laboratory fodd Ssniff SpeZzialdiaten,
Soest, or Altromin Spezialfutterwerk, Lage, Germany and
tap water were available ad libitum; except in the case of
H the drug discrimination experiment, where the rats were
maintained at about 80% of their free-feeding weight by
restricting their daily diet to 13—154lay. Room tempera-
/\ ture and relative humidity were maintained at 24 °C
O and 55+ 5%, respectively, and lights were on from 7:00
a.m. to 7:00 p.m. Animals were allowed at least 1 week of
adaptation to the laboratory conditions before the start of
the experiments. Experimental protocols and conditions
conformed to national and international regulations on
animal welfare.

O

2.2. Procedures

2.2.1. Middle cerebral artery occlusion
The left middle cerebral artery was occluded via a
subtemporal approach under general anesthesia with the
inhalational anesthetic isofluraife Foréne , Abbott, Wies-
Fig. 1. Chemical structure of BAY 36-7620. baden, Germany mixed with compressed air or 80% sty-
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ckoxydul:30% oxygen to 4-1.5% Av (Bederson et al.,  butane cooled down te-30 °C. Serial coronal sections
1986 . The left temporal—parietal region of the head was (20-um thick) were cut throughout the entire infarcted
shaved and the skin was disinfected and opened betweerarea with a standard distance of 5Q@n, using a cryostat
the orbit and the external ear canal. A midline incision was microtome. Slide-mounted brain sections were stained with
made, the temporal muscle was divided and pulled aside tocresyl fast violet. The volume of the cortical infarct was
expose the lateral aspect of the skull. The middle cerebraldetermined with a computer-assisted image analysis sys-
artery was exposed under an operating microscope, with-tem and expressed in cubic millimetdrs Mm . Data were
out damaging the facial nerve, major facial arteries and analyzed by one-way analysis of variarice  ANOVA , fol-
veins, the lateral eye muscle, the lacrimal glands and thelowed by Tukey’s post hoc comparisons. In both models,
zygomatic bone. The dura was carefully opened and theas well as in the other experiments of the present study,
middle cerebral artery and its branches were permanentlyeffects were considered to be statistically significant if
occluded between the olfactory tract and the inferior cere- P < 0.05.

bral vein by microbipolar electrocoagulation. To avoid

recanalization, the occluded vessels were removed. The2.2.4. Pentylenetetrazol convulsion test

muscle and skin wounds were closed in layers using After a food-deprivation period of 16—24 h, mi€a =
cyanacrylate tissue glug Histoactyl , B. Braun Melsun- 10 per group received an i.v. bolus injection of BAY
gen, Melsungen, Germahy . BAY 36-7620 0.03-3 36-7620( 3—20 mgkg) or vehicle, immediately followed
mg/kg) or vehicle was administered as a triple i.v. bolus by an injection of a pentylenetetrazol solutibn 5 rmgl)
injection, immediately, 2 and 4 h after the insult. After into the tail vein at a rate of 0.3 rihmin. The pentylenete-
recovery from anesthesia the animals were returned totrazol injection was stopped as soon as the mouse showed

their home cage. a clonic seizure. The amount of pentylenetetrazol needed
to induce such a seizure was considered to be the convul-
2.2.2. Acute subdural hematoma sion threshold dose. For graphical presentation, the mean

Rats were anesthetized with isoflurafie Foréne , seethreshold dose obtained after pretreatment with BAY 36-
middle cerebral artery occlusion method and a subdural 7620 was expressed as percentage increase as compared
hematoma was induced according to a standard surgicalwith the mean threshold dose obtained after pretreatment
procedure( Miller et al., 1990 with some modifications. with vehicle. Individual threshold doses were analyzed by
Briefly, the top of the head was shaved, the skin was one-way ANOVA, followed by Tukey's post hoc compar-
disinfected and opened with a longitudinal midline cut. A isons. BAY 36-7620 was considered to have an anticon-
small part of the periosteum was removed and a burr hole vulsive effect if the drug induced a statistically significant
was drilled into the skull, according to the stereotaxic increase in the threshold dose, as compared to vehicle
coordinates:—1.0 mm caudal,—2.8 mm lateral to the  control(P < 0.05.
bregma( Paxinos and Watson, 1986 . The dura was care-
fully opened and a specially designed plastic cannula was2.2.5. Body temperature
inserted into the subdural space between the dorsal surface Different groups of rat§én = 7 per group were treated
of the brain and the dura. Thereafter, the cannula was fixedwith vehicle or various doses of BAY 36-7620 1-10
in position with a tissue glug Histoacfyl , B. Braun mg/kg, i.v.; 10-30 mgkg, i.p.) and their body tempera-
Melsungen . Nonheparinized autologous blood was col- ture was oesophagally measured repeatedly at fixed time
lected by puncture of the tail vein and injected directly via points. Time points measured included: 5 min before, and
the prefixed cannula into the subdural space total volume 7.5, 15, 30 and 60 mifi i.v. dose—response determination ,
of 200 wl within 4 min). Thereafter, the probe was short- or 5, 10, 20, 40 and 80 miq i)p. after drug administration.
ened and closed with the cyanacrylate tissue glue. The skinFor graphical presentation, results were expressed as tem-
wound was closed with suture clips. BAY 36-7620 perature change ifC relative to baseline value, and
(0.003-0.03 mgkg,/h) or vehicle was administered as a corrected for the temperature change observed in the vehi-
4-h continuous i.v. infusion, starting immediately after the cle-treated control group. Absolute body temperature data
surgery. During the surgery and the infusion of BAY were analyzed by one-way ANOVA with repeated mea-
36-7620 or vehicle, the body temperature was monitored sures, followed by Tukey's post hoc comparisons.
and maintained in physiological range 3%®.5°C) with
a warming pad and by covering the rats with some layers 2.2.6. Behavioral stimulation / stereotypies induced by
of tissue. After recovery from anesthesia the animals were MK-801, amphetamine and apomorphine
returned to their home cage. Male Wistar rats were treated with BAY 36-7620 0.1—

10 mg/kg, i.v) 5 min before administration of MK-801
2.2.3. Histological evaluation of middle cerebral artery (0.2 mg/kg, i.p.; n=10 per group , amphetamine 3
occlusion and subdural hematoma mg/Kg, i.p.; n=5 per group or apomorphirfe 0.1 kg,

Seven days after surgery, the rats were decapitated,s.c.;n=5 per group and observed in individual standard
their brains were rapidly removed and frozenrirmethyl- Makrolon® (type 3 cages for the occurrence of particular
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behavioral symptoms. Animals were observed during 60 than four on three consecutive training sessions and when
min (amphetamine test or 30 m{n MK-801 and apomor- at least 20 reinforcers were obtained per session. During
phine test , starting immediately after the second adminis- test sessions, responding on the selected lever, i.e., the
tration. The behavioral check lists for the MK-801 test lever on which 10 responses accumulated first, was rein-
included the following symptoms: licking, biting, genital forced for the remainder of the session. Generalization and
grooming, facial grooming, sniffing, exploration, ataxia, antagonism tests were separated by at least three training
“wet dog shakes and tongue rolling; whereas for the sessions in which vehicle and drug were correctly discrimi-
amphetamine and the apomorphine test it included: licking, nated, i.e., less than five incorrect responses prior to the
biting, genital grooming, sniffing, exploration and yawn- first reinforcer. The animals were tested with different
ing. Symptoms were scored by means of a time sampling doses of the training compoufid 0.5-2 sk, i.p.) before
method. Thus, for the MK-801 and apomorphine test, rats being submitted to further generalization tests with MK-801
were observed each 2.5th min, and for the amphetamine(0.03-0.3 mgkg, i.p.) and BAY 36-762@ 10-30 mtkg,

test each 5th min of the observation period, for the occur- i.p.), or antagonism tests with BAY 36-7620 0, 1-30
rence of each of the behavioral symptofns vatag if mg/kg, i.p.). Generalization tests were performed 15 min
present, valug‘0” if absent; in the case of the apomor- after application of the test compound. In the antagonism
phine test, scores included valu®” if symptom was study, pretreatment with BAY 36-7620 or vehicle oc-
absent,“1” if weakly present and?2” if clearly present . curred 15 min before treatment with PCP 2 shg, i.p.).
Individual scores were summated over the observation Test results were expressed as the percentage of rats that
period and analyzed by one-way ANOVA, followed by selected the drug levet % Drug Lever Selectjons . In

Tukey’s post hoc comparisons. addition, the percentage of animals that selected a lever
(either drug or vehicle levgr was determined as an index
2.2.7. Phencyclidine (PCP) drug discrimination of behavioral disruptior{ i.e., % Lever Selectidns . Least-

square linear regression analysis was used to estimajg ED
2.2.7.1. Apparatus. Sessions were performed in sound- and values and the corresponding 95% confidence limits after
light-attenuated standard operant chamifers Coulbourn In-log-probit conversion of the data. Generalization was con-
struments, Lehigh Valley, PA, USA . The chambers were sidered to be complete if at least 80% drug lever selections
equipped with two levers equidistant from a food tray was obtained.
between the levers. Food reinforcemént 45-mg precision
pellets; Bio-Serv, NJ, USA was delivered by an auto-
mated food dispenser located outside of the chamber. Data2.2.8. Acoustic startle experiments: startle-threshold and
collection and experimental contingencies were pro- prepulse inhibition
grammed using OPN software on a PC interfaced with the
operant chamber. Ventilation and masking noise were 2.2.8.1. Apparatus. The startle-threshold paradigm de-
provided by a fan mounted on the wall of the chamber. A scribed by Markou et al. 1994 and the prepulse inhibition
white houselight was switched on during the sessions, paradigm described by Bakshi et &l. 1994 and Schreiber
which were conducted between 9:00 and 12:00 a.m. et al. (2000 was generally followed. The test system

consisted of 12 sound-isolated startle chamifers SR-LAB;
2.2.7.2. Procedure. In general, the procedure described by San Diego Instruments, San Diego, CA, USA placed in a
De Vry and Jentzsclf 1998 was followed. After initial sound-attenuated room. Animals were constrained in a
shaping to lever press for food reinforcement, the rats Plexiglas cylindef 8.2 and 3.8 cm in diameter for rats and
(n=8) were trained to discriminate PGP 2 gy, i.p., mice, respectively which rested on a Plexiglas frame
t=15 min from vehicle( 0.9% NaCl in a standard two- (12.5% 25.5 and 12.5< 20.5 cm for rats and mice, respec-
lever, fixed ratio 10 operant procedure. Daily sessions tively). Acoustic noise bursts were presented via a speaker
were conducted which were terminated after either 50 mounted 24 cm above the animal. A piezoelectric ac-
reinforcers or after 10 min, whichever came first. For half celerometer placed below the Plexiglas frame detected and
of the animals, responses on the left lever were reinforcedtransduced motion within the cylinder. Delivery of acous-
after PCP; for the other half, responses on this lever weretic stimuli was controlled by a PC and interface assembly,
reinforced after the vehicle. The rats were injected with which also digitized 0-4095 , rectified and recorded sta-
drug or vehicle according to the following sequence: D- bilimeter readings. At stimulus onset, 100 readings of 1-ms
D-v-D-v //V-D-v-v-D / /D-V-D-V-V / /D-D-V-D-V duration were collected. Startle amplitude was defined as
(D = drug, V= vehicle, / / = no sessions during the week- the average of 100 readings. Stimulus intensities and re-
ends with repetition. Discrimination criterion consisted of sponse sensitivities were calibrated to be virtually identical
10 consecutive sessions in which no more than nine re-in each of the startle chambers. Sound levels were mea-
sponses occurred on the nonreinforced lever before thesured and calibrated with a 2237 Controller sound-level
first reinforcer was obtained. Test sessions were performedmeter ( Bruel and Kjaer, Denmark , with the microphone
when this number of incorrect responses was not more being placed inside the Plexiglas cylinder. Response sensi-
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tivities were calibrated with an SR-LAB startle calibration no. 303/2, length cut at 11 min aimed at the median
system. forebrain bundle at the level of the lateral hypothalamus.
Surgical anesthesia was induced by a mixture of ketamine
2.2.8.2. Procedures. Before drug testing, each animal was (Ketavet® , 100 mgkg, i.p.) and xylazind Rompdn 2%,
placed in a startle chamber with 70-dB background noise 5 mg/kg, i.p.). With the skull held horizontal between
and 5 min later exposed to 20 120-dB, 40-ms broad-bandbregma and lambda, the stereotaxic coordinates wetel
bursts, with a 15-s intertrial interval. Subsequently, ani- (frontal), + 1.7 (lateral and— 1.3 (horizontal , according
mals were divided in groups matched for mean amplitude to Paxinos and Watsdn 19B6 . Three stainless steel screws
on these trials. Testing occurred 2 to 3 days after match-were fixed to the skull prior to placement of the electrode,
ing. The effects of BAY 36-7620 were tested aldne 1, 3 and screws and electrode were then fixed together using
and 10 mgkg, administered i.v. 5 min before test, or dental cemenf Palavit , 55 VS, Kulzer, Wehrheim, Ger-
after pretreatment with MK-80{ 0 and 0.5 pkg, s.c), many . The animals were allowed at least 1 week postop-
PCP(0 and 1.5 mgkg, s.c), and apomorphine 0 and 1 erative recovery before training began.
mg/kg, s.c) , administered 15 min prior to BAY 36-7620.
In the combination experiments with MK-801 and PCP, 2.2.9.2. Apparatus. Experiments were performed in four

BAY 36-7620 was tested at a dose of 10 fkg, i.v.; cages( 50< 28 X 30 cm; Coulbourn Instruments with a
whereas in the combination experiments with apomor- lever positioned in the middle of one of the side walls, and
phine, BAY 36-7620 was tested at a dose of 3/4kg, i.v. placed inside a light- and sound-attenuating chamber

In all combination experiments, testing took place 5 min equipped with a house light and a fan to mask out any
after administration of BAY 36-7620. Rats and mice were external noises. After placing the rat inside the test cage, a
first placed in the startle chambers for a 5-min acclimation lead connected to a commutator was screwed to the elec-
period with a 70-dB background noise. Next, animals were trode. The commutatof Plastic One, no. SD2C allowed
submitted to a startle-threshold or a prepulse inhibition the animal to move freely around the cage. A lead from the
procedure. The startle-threshold procedure consisted of sixcommutator was connected to the stimuldtor no. E13-51,
120-dB trials, three no-stimulation trials, six 120-dB trials, Coulbourn Instrumenis and the applied stimulation was
intermixed pseudorandomly with six 120-dB trials, which monitored using a standard laboratory oscilloscope.

were preceded 70 ms by an 82-dB prepulse stimulus,

three no-stimulation trials, six blocks of randomly pre- 2.2.9.3. Procedure. The stimulation following each lever
sented 80-, 85-, 90-, 95-, 100-, 105- and 120-dB trials, press consisted of a 0.3-s train of biphasic rectangular
three no-stimulation trials, six 120-dB trials, and three pulses of 0.2-ms duration. In rateequency experiments,
no-stimulation trials. The intertrial interval varied ran- the current intensity was individually set for each animal
domly from 10 to 30 s with an average of 20 s. All to produce a high degree of responding around a training
acoustic stimuli were 30 ms in duration. There were a total frequency of 100 Hz. The ragéntensity curve was gener-

of 72 trials in a 40-min session. During the prepulse ated by presenting the animal with an ascending series of
inhibition procedure, rats were presented with the follow- current intensities starting at an intensity of 2 to 3 0.05 log
ing trial types ( broad-band stimuli of 20- and 40-ms units higher than the expected i.e., cornfrol maximal
duration for prepulses and pulses, respectively : no stimu- response. Each intensity was presented for 3 min and the
lus, pulses of 120 dB P120 , and prepulses that were 3, 6number of lever presses per minute was recorded. The first
and 12 dB above a 70-dB background and presented 10060 s of each presentation was regarded as a warm-up
ms before the pulse. All stimuli were presented 10 times in period and subsequently discarded for data analysis. The
a random sequence; except for P120, where five additionalstimulus intensity was then lowered by 0.05 log units until
pulses at the beginning and the end of the test session werehe animal stopped responding. The lower asymptote was
given. Throughout the session, trials were presented in adefined as either a 3-min presentation period with no
random order, with a variable intertrial intervél average response, or two consecutive 3-min periods with less than
15 9. Percentage prepulse inhibition was calculated as:10% responding as compared to the maximal rate of
100—[100X (amplitude on prepulse trigamplitude on responding in the experiment. Starting current intensity
pulse tria)] . Data were analyzed by two-way ANOVA was between 150 and 3Q0A. Control experiments were
(startle threshold experiments or three-way ANOVA pre- run until stable effective frequengy( EJ  values were
pulse inhibition experiments , followed by Tukey’'s post obtained for each experiment. The £F value was calcu-

hoc comparisons. lated after log-probit conversion and represents the current
at which 50% of the maximal response réte upper asymp-
2.2.9. Intracranial self-stimulation experiments tote) was observed. Therefore, it can be considered as a

threshold value for the rewarding efficacy of intracranial
2.29.1. Surgery. The method described by Kling-Petersen self-stimulation, and a left- or rightward shift can be
and Svenssofi 1993 was generally followed. Rats wereinterpreted as a decrease or increase of the rewarding
implanted with a twisted bipolar electrode Plastic One, efficacy, respectively. MK-80X 0 or 0.025 rylg, i.p.
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Fig. 2. Effect of BAY 36-7620 in the acute subdural hematoma model of
traumatic brain injury( upper pangel and the middle cerebral artery
occlusion model of ischemic stroké lower panel. In the subdural
hematoma model, rats received a continuous i.v. infusion of BAY 36-7620
for 4 h, starting immediately after induction of subdural hematoma. In the
stroke model, rats were treated with BAY 36-7620 given as a triple i.v.
bolus injection, immediately, 2 and 4 h after occlusion. Cortical infarct
volume data are expressed as meafsS.E.M. n= 6-17 per group.

was administered 20 min, and BAY 36-76Z20 0 or 10
mg/kg, i.p) 5 min before test. Data were analyzed by
two-way ANOVA, followed by Tukey’s post hoc compar-

isons. Intracranial self-stimulation software was written by
Dr. T. Kling-Peterseri University of Goteburg, Sweglen in
Labview® (Laboratory Virtual Instrument Engineering

Workbench; National Instruments, Austin, TX, UBA .

2.3. Drugs

(3aS,6aS)-6a-naphtalen-2-ylmethyl-5-methyliden-
hexahydro-cyclopenté ] ¢ furan-1-dn  BAY 36-7620; syn-
thesized by the Chemistry Department of Bayer, Wup-
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a solvent containing 5-10% cremopHor Cremophof EL ,
Fluka Chemie, Buchs, Switzerland , and deionisated water
or 0.9% NaCl. Ketaminehydrochloride KetaVet , Phar-
macia-Upjohn, Vienna, Austrla, xylazinehydrochloride
(Rompur? , Bayer (+)-5-methyl-10,11-dihydroxy-8-di-
benzd a,dl cyclohepten-5,10-imife  MK-801 , phen-cycli-
dine, pentylenetetrazol, apomorphir(e,L)-amphetamine,
were purchased from RBl Cologne, Germany and dis-
solved in 0.9% NaCl. In rats, compounds were adminis-
tered in a volume of 1 to 5 mikg body weight, except for
the i.v. infusion, where the application volume was 4
ml/kg/h. In mice, the application volume of the i.v. bolus
injection was 10 mYkg body weight, whereas pentylenete-
trazol was administered at a rate of 0.3/mlin (penty-
lenetetrazol convulsion test .

3. Results
3.1. Neuroprotective effects

In the subdural hematoma model of traumatic brain
injury, 4-h post-surgery infusion of BAY 36-7620 induced
neuroprotective effectbF(5,59 = 3.86, P < 0.01; Fig. 2,
upper pandl. The dose-response curve, however, was
inverted U-shaped, with a maximal efficacy of about 40—
50% obtained in the 0.01-0.03 mkg dose range. In the
middle cerebral artery occlusion model of ischemic stroke,
triple i.v. bolus application tended to induce neuroprotec-
tive effects in the tested dose range of 0.03 to 3/kg
but the effect failed to reach statistical significance
[F(3,3D) =2.55, P=0.07; Fig. 2, lower pangl .
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3 10 30

mg/kg BAY 36-7620, i.v.
Fig. 3. Anticonvulsive effect of BAY 36-7620 in the pentylenetetrazol
convulsion test. Mice received an i.v. bolus injection of BAY 36-7620 or
vehicle, immediately followed by an injection of a pentylenetetrazol
solution( 5 mg’ml) into the tail vein at a rate of 0.3 rimin. The amount

pertal, German)/ was Suspended in a solvent containingOf pentylenetetrazol needed to induce a clonic seizure was considered to

2.5-5% Solutd? HS 15 12-hydroxystearic acid ethoxi-
late; BASF, Ludwigshafen, Germany and 2.5-5% ethanol

be the convulsion threshold dose. Mean threshold dose obtained after
pretreatment with BAY 36-7620 was expressed as percentage increase as
compared with the mean threshold dose obtained after pretreatment with

(ethanol absolute, 99.8%; Merck, Darmstadt, Germany , or vehicle. n=10 per group.
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3.2. Anticonvulsive effects

In the pentylenetetrazol model, BAY 36-7620 induced
an increase in the convulsion threshold, with an MED of
10 mg/kg, i.v. and about 35% efficacy at 20 rvkg
[F(3,58 =8.17, P < 0.001; Fig. 3 .

Licking Face Grooming
1 *P<005

3.3. Hypothermic effects 1

BAY 36-7620 induced hypothermic effects after both
i.v. administration[ F(3,24) = 2.84, P=0.059 and i.p.
administration[ F(2,18) = 4.28, P < 0.05; Fig. 4. Thus,
after i.v. administration, the compound induced mild and ] *
short-lasting hypothermic effects with an MED of 3 pig ’_‘ -
and a maximal effect of-0.72°C obtained at 10 mgkg. 0 1
At each dose tested, the hypothermic effect was maximal 0 01 1 10 0 01 1 10
around 15 min, and was no longer present at 60 min mg/kg BAY 36-7620 (i.v.) + 0.2 mg/kg MK-801 (i.p.)
post-application. Although the compound was only slightly
less potent after i.p. administratién MED: 10 pt), the
hypothermic effect appeared to be more pronourfced max-
imal effect of —1.48°C at 30 mg’kg, at 20 min post-ap-

Mean Intensity (30 Min Observation)
w

24 -
Sniffing Exploration
20

2.00 1
A 1mgkg, i.v. * P<0.05
1751 a3 mglkg, iv.

1504 ¥ 10mg/kg,i.v.

12

1.25
1.00 A
0.75 - *

Mean Intensity (60 Min Observation)

0.50 1 * 0 01 1 10 0 01 1 10

0.25 1 mg/kg BAY 36-7620 (i.v.) + 3 mg/kg Amphetamine (i.p.)
0.00

Mean Reduction in Body Temperature
as Compared to Vehicle Control (°C)

y

7.5 15 30 60
Post-application Time Interval in min

Sniffing Biting

207, 10 mg/kg, i.p. * P<0.05
1.75 1 m 30 mg/kg, i.p.

1.50 -
1.25 .
1.00 A

0.75

Mean Intensity (30 Min Observation)

| mnin

0.25 1 0 01 1 10 0 01 1 10

0.00 - \ , ' ' ma/kg BAY 36-7620 (i.v.) + 0.1 mg/kg Apomorphine (s.c.)
3 10 20 40 80 Fig. 5. Effect of BAY 36-7620 on behavioral stimulatigstereotypies

Post-application Time Interval in min induced by MK-801( upper panel, amphetamifie middle panel and
Fig. 4. Hypothermia induced by BAY 36-7620 after i(v. upper panel and apomorphing lower panel . Rats were treated with BAY 36-7620 doses
i.p. (lower panel administration in rats. Temperature was oesophagally in mg/kg, i.v.) 5 min before administration of MK-801 0.2 rvikg, i.p.;
measured 5 min before baseline value , and at the indicated time pointsn=10 per group , amphetamine 3 pigg, i.p.; n=5 per group or
after injection. For graphical presentation, results were expressed asapomorphine( 0.1 mgkg, s.c.; n=5 per group and observed by a
temperature change i€ relative to baseline value, and corrected for the time-sampling method for the occurrence of particular behavioral symp-
temperature change observed in the vehicle control group.7 per toms. Data are expressed as mean intensity scores as observed during 60
group. min (amphetamine or 30 miqh other compounds .

0.50

Mean Reduction in Body Temperature
as Compared to Vehicle Control (°C)
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0 003 01 03 1 3 10 30
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$ 60
)
3
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S
5 ® Vehicle
2 201 = BAY 36-7620
0 : : . : :
0 1 3 10 30

mg/kg, i.p., t- 30 min + PCP (2 mg/kg, i.p., t- 15 min)
Fig. 6. Generalization test results obtained with MK-80i= 5), phen-
cyclidine (PCP,n=8) and BAY 36-7620(n= 4-5; upper pangl , and
antagonism test results obtained with BAY 36-76@0= 3-5; lower
pane) in rats trained to discriminate PCP 2 skg, n= 8) from vehicle
in a standard two-lever food-reinforced drug discrimination procedure.
Compounds were administered i.p. 15 min before test, except in the
antagonism tests, where BAY 36-7620, or vehicle, was given 15 min
before PCP.

plication), as compared to i.v. administration. Effects on
body temperature were time-dependént i.%(4,96) =
89.27, P < 0.001; i.p.: F(6,108 = 21.04, P < 0.001 and
the time course was similar after both routes of administra-
tion.

3.4. Behavioral stimulation / stereotypies induced by MK-
801, amphetamine and apomorphine

Pretreatment with BAY 36-7620 0.1-10 nikg, i.v.)
attenuated lickind F(3,36) = 7.97, P < 0.00] and facial
grooming[F(3,36) = 27.77, P < 0.00] induced by MK-
801 (Fig. 5, upper panel with an MED of 10 mrikg;
whereas it did not affect other behavioral symptoms in-
duced by MK-801, such as sniffing, ataxia and tongue
rolling (data not showh . Interestingly, when tested in the
same dose range, BAY 36-7620 failed to affect behavioral
stimulatiory stereotypies induced by amphetamine or apo-
morphine( such as, sniffing, exploration and biting; Fig. 5,

J. De Vry et al. / European Journal of Pharmacology 428 (2001) 203-214

middle and lower panels , suggesting that the interaction
between BAY 36-7620 and MK-801 is behaviorallly spe-

cific and not merely the result of a drug-induced suppres-
sion of behavior. When tested alone, BAY 36-7620 0.1-10
mg/kg, i.v.) did not induce behavioral symptoris data not
shown .

3.5. PCP drug discrimination

Rats trained to discriminate PCP 2 ypigy) showed
complete generalization when tested with HCP.ED value
(95% confidence limits : 1.10 0.69-1)4 kg, i.p] or
MK-801 [0.11 (0.06-0.20 mgkg, i.p] (Fig. 6, upper
pane) . BAY 36-7620 did not induce generalization to the
PCP cuel maximal level of generalization: 20% drug lever
selections at 30 mykg, i.p.; Fig. 6, upper pangl . There
was no indication for the occurrence of behavioral disrup-
tion in the tested dose range, as all rats selected a lever
after each test doge except for one out of five rats which
failed to select a lever at 0.3 nigg MK-801). Pretreat-
ment with 1-30 mgkg BAY 36-7620 failed to antagonize
the PCP cué Fig. 6, lower panel and, again, no behavioral
disruption was observed all rats selected a lever; except at
the 3 mg’kg dose, where one out of five rats failed to
select a lever .

400 [ Vehicle, i.v.

[ 1 mgikg, iv.
1 3 mgikg, iv.
I 10 mgfkg, i.v.

* I i

P < 0.05 (versus Vehicle) *

300

200 hf

100

Mean Startle Magnitude

P80 P85 P90 P95 P100 P105 P120

Pulse Intensity (dB)

400 [ vehicle, L.v.

1 1mgikg, iv.
1 3 mgrkg, i.v.
I 10 mgikg, i.v.

300

200 +

100

Mean Startle Magnitude

i

P80 P85

P90 P95 P100 P105 P120

Pulse Intensity (dB)
Fig. 7. Effect of BAY 36-7620, given i.v. 5 min before test, on acoustic
startle threshold in raté upper panel and mfice lower panel . Data are
expressed as medn 1 S.E.M) startle amplituden= 8 per group.
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0.2 moderately effective neuroprotectant with anticonvulsive
B # properties. Although BAY 36-7620 was found to induce
0o I y_]_y 1 hypothermia, the extent of hypothermia was mild and it
' occurred only at relatively high doses, well beyond the
01 optimal dose which induced neuroprotection. This suggests
0.2 that the neuroprotective effects of BAY 36-7620 are not an

indirect consequence of drug-induced hypothermia.
The finding that BAY 36-7620 has neuroprotective
l effects is consistent with the hypothesis that selective
mGlu, receptor antagonism is sufficient to induce neuro-

-0.3

-0.4

05 * P < 0.05 (versus Vehicle x Vehicle)

Mean EF50 Deviation in Log Units

# P <0.05 (versus Vehicle x MK-801) * . ;
58 protection ( Bruno et al., 1999; Mukhin et al., 1996 .
0 0 0,025 0.025  MK-801 Indeed, although it was previously demonstrated that com-
0 1o 0 10;  Bay pounds with antagonistic properties at mGlu receptors

figt: 8. Efidtr?f BAY 36'362(1 E}At\l ’r'\e’l'r*ﬁjosleﬁ‘”s‘:_éog?g‘:dbggg“gfin have such effects in vivo, the tested compounds were not
ration or both compounds on Intrac | -Stimulati VI | . . . .

rats. The deviation of the effective frequeggy <BF values refers to a selective for mG_I'?I re_ceptors ayidr r_eql‘"red direct in
within-subjects comparison between the baseline and test session and i§racere_bra! adm'n'St_rat'On due to their 'j'nfaVOL_”able phar-
expressed as medn-1 S.E.M) . MK-801( O or 0.025 mgkg, i.p) was macokinetics or their lack of blood—brain-barrier penetra-

administered 20 min, and BAY 36-7620 O or 10 g, i.p) 5 min tion. Thus, neuroprotective effects were obtained after

before testn=5-11 per group. intracerebroventriculaf i.c.y. administration of the mixed
mGlu, /mGlug receptor antagonista-carboxyphenylgly-
3.6. Sartle-threshold and prepulse inhibition cine (MCPGQ and (4 )-a-thioxantylmethyl-4-carbo-

xyphenylglycine( LY36736B in a rat model of traumatic
After i.v. administration, BAY 36-7620 reduced the brain injury (Gong et al., 1995 and a gerbil model of
acoustic startle magnitude in rats Factor BAY 36-7620: transient global ischemi@ Bruno et al., 1999 , respectively

F(3,2249 =6.85, P <0.001; Factor Trial: F(7,224 = (data on receptor selectivity of mGlu receptor ligands
35.13, P<0.001, with an MED of 3 mgkg and a reviewed by Pin et al., 1999; Schoepp et al., 1999 .
maximal effect of about 50% obtained at 10 phg Similarly, i.c.v. administration of the mixed mGlu recep-

(efficacy tended to be more pronounced at the higher pulsetor antagonistmGlu, and mGly receptor agonistS)-
intensities; Fig. 7, upper panel . The rightward shift of the 4-carboxy-3-hydroxyphenylglycine[(S)-4C3HPQG, was
startle curve indicates that BAY 36-7620 increases the found to reduce brain damage after focal ischemia in
startle threshold. In mice, however, i.v. administration of the rat( Rauca et al., 1998 ; whereas the relatively se-
the same dose range of BAY 36-7620 did not affect startle lective mGly receptor antagonists aminoindandicarboxy-
responding( Fig. 7, lower panel . BAY 36-7620 did not lic acid (AIDA), (+)-2-methyl-4-carboxyphenylglycine
affect prepulse inhibition in rat6 data not shown and did (LY3673895 and(S)-(+)-2+3-carboxybicyclp 1.1]1 pen-
not reverse the disruption of prepulse inhibition induced tyl)-glycine (CBPQ showed neuroprotective effects in a
by either MK-801[F(1,112 =41.32, P<0.00]], PCP  gerbil model of transient global ischem{a Bruno et al.,
[F(1,112 = 33.41,P < 0.001, or apomorphing~(1,112 1999; Cozzi et al., 1997; Pellegrini-Giampietro et al.,

=53.13, P < 0.001; data not shown . 1999, and AIDA was reported to be neuroprotective and
to improve recovery from motor dysfunction in rat model
3.7. Intracranial self-stimulation of traumatic brain injur{ Faden et al., 2001 . Interestingly,

in addition to the previous studies where the mGlu recep-
ANOVA indicated that the intracranial self-stimulation tor ligands were generally administered prior to the cere-
threshold was affected by Factor MK-8DE(1,24) = 6.03, bral insult or traumd e.g., Bruno et al., 1999; Gong et al.,
P <0.09 and by Factor BAY 36-7620F(1,24) =5.62, 1999, the present study demonstrates that neuroprotective
P < 0.05. While BAY 36-76200 10 mgkg, i.p.) failed to efficacy can also be obtained when an mGlu receptor
affect the threshold when tested in combination with vehi- antagonist is administeredfter subdural hematomé see
cle pretreatment, the compound completely prevented thealso Pellegrini-Giampietro et al., 1999; Rauca et al., 2998 .
facilitation of intracranial self-stimulation behavior in- Although neuroprotective efficacy was demonstrated after
duced by MK-801( 0.025 mgkg, i.p.; Fig. 8. continuous i.v. infusion in the trauma modél if given
within the first 4 h after traumja, repeated i.v. bolus
application was clearly less efficacious in the stroke model.
4. Discussion Therefore, further studies are needed to establish whether
this difference relates to the treatment schedule or to the
The present study characterized the novel, selective andparticular model. Also, the optimal treatment schedule and
systemically active mGlu receptor antagonist BAY 36- the maximal therapeutic time-window remains to be estab-
7620 ( Carroll et al., 2000, 2001 as a relatively potent, lished.
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In addition to its neuroprotective effects, BAY 36-7620 excitation ( Salt et al., 1999 . Nevertheless, it should be
showed anticonvulsive properties. Although these proper- recognized that the neuroprotective efficacy was lost at
ties, as assessed in the pentylenetetrazol convulsion testhigher doses and it is unclear whether this is related to the
were only observed at relatively high doses as compared toinvolvement of different mGly receptor populations.
the doses which induced neuroprotection MED of 10 Therefore, further work will be required to determine the
mg/kg versus about 0.01-0.03 kg, respectively , it relative contribution of pre- and postsynaptic mGlu recep-
should be mentioned that the former effects were demon-tors, and the secondary mechanisms resulting from these
strated in mice, whereas the latter effects were demon-interactions, to the therapeutic effects of BAY 36-7620. In
strated in rats. In the present study, it was also found that particular, it would be interesting to test whether systemic
BAY 36-7620 reduces the acoustic startle response in rats,administration of the compound is able to reduce excessive
whereas no such effects were observed after administratiorrelease of glutamate resulting from an ischemic insult,
of the same dose range in mice. Therefore, it cannot betraumatic brain injury or seizures.
ruled out that species differences in m@Glu receptors As assessed in rats, BAY 36-7620 was devoid of the
and/or bioavailability of the compound contribute to the typical side-effects of noncompetitive NMDA receptor an-
observed potency differences. Nevertheless, the presentagonists, such as PCP and MK-801. Thus, BAY 36-7620
findings are in accordance with results obtained in two did not disrupt sensorimotor gating, induce PCP-like dis-
other seizure models. Thus, i.p. administration of BAY criminative effects or stereotypical behavior, or facilitate
36-7620 was demonstrated to induce prolonged protectionintraranial self-stimulation behavior. These data suggest
against sound-induced tonic and clonic seizures in DBA  that modulation of glutamatergic neurotransmission via
mice, as well as against seizures induced by i.c.v. adminis-mGlu, receptor antagonism results in neuroprotective and
tration of the mGlu receptor group | agonist 3,5-dihy- anticonvulsive effects in the absence of the typical side-ef-
droxyphenylglycine( DHP®& in such mice Chapman et fects resulting from antagonism of iGlu receptérs at least
al., 2000 . Therefore, these data obtained with BAY 36- those resulting from noncompetitive NMDA receptor an-
7620 in a variety of seizure models support the suggestiontagonism . The finding that BAY 36-7620 did not disrupt
that selective blockade of mGlu receptors by means of sensorimotor gating, as seen with PCP or MK-801
receptor antagonists or antisense injection is sufficient to (Mansbach and Geyer, 1989, is in accordance with the
affect seizure expression or progression Chapman et al.lack of effect of the relatively selective mGlu receptor
1999; Greenwood et al.,, 20D0. As mentioned above, antagonist AIDA( administrated intracerebrally in a similar
compounds with antagonist properties at mGlu receptors prepulse inhibition procedure; Grauer and Marquis, 2998
(but with a relatively high degree of nonselectivity afut and suggests that mGlu receptor antagonism may be
inappropriate pharmacokinetic or physicochemical proper- devoid of psychotomimetic effects. Similarly, the finding
tie9 have already been found to be effective in a numberthat BAY 36-7620 did not facilitate intracranial self-stimu-
of seizure models, including amygdala-kindled rats, pen- lation behavior, as seen with PCP, suggests that mGlu
tylenetetrazol- and sound-induced seizures in normal receptor antagonists may be devoid of abuse potential.

mice, lethargic micélh/Ih) or genetically epilepsy-prone Interestingly, it was found that BAY 36-7620 was even
rats (e.g., Chapman et al.,, 1999; Keele et al., 1999; able to attenuate some behavioral effects of noncompeti-
Thomsen and Dalby, 1998 . tive NMDA receptor antagonists, such as stereotypic

Although no attempt was undertaken to clarify the grooming or licking, and their facilitation of intracranial
mechanisrq s of action underlying the neuroprotective and self-stimulation. When tested under similar conditions,
anticonvulsive effects of BAY 36-7620, it can be specu- behavioral stereotypies induced by amphetamine or apo-
lated that both pre- and postsynaptic mechanisms aremorphine were not affected by BAY 36-7620. Therefore, it
involved. Cerebral ischemia and seizures coincide with can be concluded that the behavioral interactions between
excessive glutamate releaée for reviews, see Choi, 1988BAY 36-7620 and noncompetitive NMDA receptor antag-
Meldrum, 2000 and altered mGlu receptor expression onists are specific and not merely the result of a drug-in-
and regulatior{ Akbar et al., 1996; Al-Ghoul et al., 1998; duced suppression df stimulajed behavior. The lack of
Blumcke et al., 2000; Keele et al., 1999; Martin et al., effect of BAY 36-7620 on amphetamine-induced behav-
2000; Sommer et al., 2000, and glutamate release hasoral stimulatiory stereotypies, suggests that the previously
been shown to be positively regulated by presynaptic found modulatory effects of mGlu receptors on dopaminer-
mGlu, receptord Moroni et al., 1998 . In view of these gic neurotransmission, as observed in behavioral studies,
findings, it can be hypothesized that the therapeutic effectsinvolve other subtypes of mGlu receptors than the mGlu
of BAY 36-7620 result from an attenuation of excessive receptor( e.g., Kim and Vezina, 1998a, b; Kronthaler and
glutamate release. In addition, the therapeutic effects of Schmidt, 199% . The finding that BAY 36-7620 was able
BAY 36-7620 may involve a postsynaptic mGlu to completely block facilitation of intracranial self-stimula-
receptor-mediated inhibition of cell firing. Thus, at least in tion induced by MK-801 suggests that mGlu receptor
the thalamus, it was demonstrated that selective mGlu antagonists may reduce the abuse potential of noncompeti-
receptor antagonism is sufficient to reduce glutamatergic tive NMDA receptor antagonists. Therefore, further exper-
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iments directly aimed at investigating the interaction of
BAY 36-7620 with the positive reinforcing stimulus prop-
erties of noncompetitive NMDA receptor antagonists, as
assessed in self-administration paradigms, seem to be war-
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Grezia, R., Nicoletti, F., 1999. Neuroprotective activity of the potent
and selective mGlula metabotropic glutamate receptor antagonist,
(+)-2-methyl-4-carboxyphenylglycine LY36738B5 : comparison with
LY357366, a broader spectrum antagonist with equal affinity for
mGlula and mGlu5 receptors. Neuropharmacology 38, 199—-207.

ranted. The presently obtained behavioral interactions be-canion, L., Vives, P., de Vera, N., Martinez, E., 1998. Seizures and

tween an mGly receptor antagonist and an NMDA recep-
tor antagonist are compatible with the previously reported
facilitation of NMDA receptor function by mGlu receptor

(or group | mGlu receptor activation, as observed in
different in vitro assay$ e.g., Fitzjohn et al., 1996; Martin

neuronal damage induced in the rat by activation of group |
metabotropic glutamate receptors with their selective agonist 3,5-di-
hydroxyphenylglycine. J. Neurosci. Res. 51, 339-348.

Carroll, F.Y., Pin, J.P., Bockaert, J., ‘Prezeau, L., Muller, T., 2000.

Pharmacological characterisation of BAY 36-7620, a novel antagonist
selective for mGIuR1 receptors. Soc. Neurosci. Abstr. 26, 1649.

et al.,, 1997; Pisani et al., 1997; Rahman and Neuman, Carroll, F.Y., Stolle, A., Beart, P.M., Voerste, A., Brabet, I., Mauler, F.,
1996 . Nevertheless, as observed in the present study, not Jol. C.. Antonicek, H., Bockaert, J., Muller, T., Pin, J.P., Prezeau,

all behavioral effects induced by the noncompetitive

L., 2001. BAY 36-7620: a potent non-competitive mGIuR1 receptor
antagonist with inverse agonist activity. Mol. Pharmacol. 59, 965-973.

NMDA receptor antagonists were affected similarly by Chapman, A.G., Yip, P.K., Yap, J.S., Quinn, L.P., Tang, E., Harris, J.R.,

BAY 36-7620, suggesting that the modulatory effects of
mGlu; receptors depend on the brain location of the
NMDA receptors underlying the particular behavioral ef-
fect of PCP or MK-801. In the light of this differential
interaction and the finding that cotreatment of mGlu

Meldrum, B.S., 1999. Anticonvulsant actions of LY 367385 )-2-
methyl-4-carboxyphenylglycine and AID& RS)-1-1minoindan-1,5-
dicarboxylic acid . Eur. J. Pharmacol. 368, 17—24.

Chapman, A.G., Nanan, K., Meldrum, B.S., Schreiber, R., De Vry, J.,

Mller, T., 2000. Anticonvulsant activity in mice of BAY 36-7620, a
novel, selective mGIluR1 antagonist. Soc. Neurosci. Abstr. 26, 1650.

receptor antagonists with MK-801 showed additive neuro- Choi, D.w., 1988. Glutamate neurotoxicity and diseases of the nervous
protective effects in glutamate injured cultures Faden et  system. Neuron 1, 623-634.
al., 2007 , it should be of interest to investigate to what ¢onn, P., Pin, J.-P., 1997. Pharmacology and functions of metabotropic

extent neuroprotective and anticonvulsive effects of NMDA

receptor antagonists are affected by co-treatment with BAY

36-7620.
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