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Weak anticonvulsant effects of two novel glycine, receptor antagonists
in the amygdala-kindling model in rats
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Abstract

In the present work we evaluated the anticonvulsant effects of two novel antagonists of the glycine co-agonist site (glycineg receptor)
within the N-methyl-p-aspartate (NMDA) receptor complex, MRZ 2 /576 (a tricyclic pyrido-phtalazin dione derivative) and L-701,324
(7-chloro-4-hydroxy-3-(3-phenoxy)phenyl-2( H )quinoline). As a model of epilepsy we used amygdala-kindled rats, which are considered
as amode to study the efficacy of drugs against human complex partial seizures. MRZ 2 /576 (2.5-10 mg/kg i.p. 15 min before testing)
did not influence afterdischarge threshold, which is believed to be the most subtle indicator of efficacy against kindled seizures, nor did it
affect other measures of seizure activity such as seizure severity, seizure duration and afterdischarge duration. However, MRZ 2 /576
produced dose-dependent ataxia as measured in the open field and rotarod test. The highest dose tested (10 mg,/kg) aso markedly
reduced rectal temperature (by about 1.5°C). L-701,324 (2.5-10 mg/kg i.p. 30 min before testing) dose dependently and significantly
increased afterdischarge threshold, but other seizure parameters remained unchanged. The ataxia produced by lower doses of L-701,324
(2.5 and 5 mg,/kg) was more pronounced than that caused by MRZ 2/576. However, the ataxia observed following the higher dose of
L-701,324 (10 mg/kg) was less intense than that elicited by MRZ 2/576. The behavioral aterations produced by the two drugs did not
resemble those characteristic for classical competitive and uncompetitive NMDA receptor antagonists. In conclusion, our data indicate
that glycineg receptor antagonists are not promising candidates for the treatment of complex partial seizures in humans, at least as
monotherapy. © 1998 Elsevier Science B.V.
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1. Introduction

Glutamate, the main excitatory amino acid, operates by
interacting with two major families of its receptors:
metabotropic and ionotropic receptors. The latter class can
be further divided into three subtypes, named after their
prototype selective agonists, N-methyl-p-aspartate
(NMDA), a-amino-3-hydroxy-5-methylisoxazole-4-pro-
pionate (AMPA), and kainate receptors (Scatton, 1993).
The NMDA receptor is the best characterized receptor
subtype for excitatory amino acids. It is the ligand-gated
ion channel that mediates sustained excitatory synaptic
transmission (Scatton, 1993). Antagonists at this receptor,
both competitive and uncompetitive (channel blockers),
exhibit distinct anticonvulsant activity. They are effective
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in avariety of animal models of epilepsy (Croucher et al.,
1982; Czuczwar and Meldrum, 1982; Meldrum et al.,
1983; Loscher et al., 1988; Schmutz et al., 1990). Unhap-
pily, both categories of NMDA receptor antagonists induce
severe unwanted effects at doses close to or even lower
than those found to be anticonvulsant, which seriously
limits their usefulness (Loscher, 1993). Furthermore, they
are of limited value against kindled seizures in rats be-
cause of their low efficacy and propensity to induce pro-
nounced psychotomimetic-like behaviors in these rats
(Loscher and Honack, 1991a). The discovery by Johnson
and Ascher in 1987 that the activity of glutamate at the
NMDA receptor is modulated by glycine (Johnson and
Ascher, 1987) has opened an intriguing possibility that the
NMDA receptor can be antagonized indirectly at the
strychnine-insensitive glycine site. Compounds with an
antagonist action at the glycine site have since been syn-
thesized and their anticonvulsant activity has been reported
(Croucher and Bradford, 1990; Baron et al., 1990; Croucher
and Bradford, 1991). However, only quite recently have



40 P. WlaZ, W. Léscher / European Journal of Pharmacology 342 (1998) 39-46

glycineg receptor antagonists with anticonvulsant activity
after systemic administration been developed (Rowley et
al., 1993; Kulagowski et al., 1994; Kehne et al., 1995;
Ilyin et al., 1996).

About 70% of cases of complex partial seizures in
adults are resistant to currently available therapies (Juul-
Jensen, 1986). As amygdala-kindling model in rats has
been postulated as amodel to study complex partial seizures
with secondary generalization (Loscher and Schmidit,
1988), the aim of this study was to assess the anticonvul-
sant and adverse effect potential of the novel glycineg
receptor antagonist MRZ 2/576 (a tricyclic pyrido-
phtalazin dione derivative; Danysz et a., 1996) in this
model. For comparison we used L-701,324 (7-chloro-4-hy-
droxy-3-(3-phenoxy)phenyl-2( H )quinoline), for which an-
ticonvulsant and behavioral profiles and selectivity as an
antagonist for the glycineg receptor have been described
(Bristow et al., 1996a,b).

2. Materials and methods
2.1. Animals

Femde Wistar rats (Harlan—Winkelmann, Borchen),
weighing 250—300 g, were used in this study after at least
one week of acclimatization. The animals were housed
singly in Makrolon cages under controlled environmental
conditions (ambient temperature 24—25°C; relative humid-
ity 50-60%; 12/12 h light /dark cycle, light on at 6:00
am.). Standard laboratory chow pellets (Altromin 1324
standard diet) and tap water were fregly available. All
experiments were done at the same time of day (between
9.00 am. and 12.00 p.m.) to minimize circadian influences
on seizure susceptibility.

2.2. Electrode implantation and kindling

The rats were deeply anesthetized with chloral hydrate
(400 mg/kg i.p.) and received stereotaxic implantation of
one bipolar electrode in the right basolateral amygdala.
The electrode consisted of two twisted Teflon-coated stain-
less steel wires (250 um in diameter), separated at the tip
by 0.5 mm. The following stereotaxic coordinates were
used: AP —22 mm, L —4.8 mm, V —8.5 mm according
to the brain atlas of Paxinos and Watson (1986). All
coordinates were measured from bregma. One screw,
placed over the left parietal cortex, served as the indiffer-
ent reference electrode; two others were screwed in the
skull to anchor the electrode assembly. Both bipolar and
reference electrodes were connected to miniature female
plugs, and the assembly was fixed on the skull with dental
acrylic cement. After electrode implantation the animals
were treated with antibiotics for one week to prevent
infection.

After a post-operative period of two weeks, constant
current stimulations (500 wA, 1 ms, monophasic square-

wave pulses, 50 Hz for 1 s) were delivered to the amyg-
dala once daily (five times per week) until at least 10
sequential fully kindled stage-5 seizures were elicited.
Seizure severity was scored according to a modified
Racine' s scoring system (Racine, 1972): 1, immohbility, eye
closure, ear twitching, twitching of vibrissae, sniffing,
facia clonus; 2, head nodding associated with more severe
facial clonus;, 3, clonus of one forelimb; 3.5, bilateral
forelimb clonus without rearing; 4, bilateral forelimb clonus
accompanied by rearing; 4.5, falling on a side (without
rearing), loss of righting reflex accompanied by general-
ized clonic seizures; 5, rearing and falling on the back
accompanied by generalized clonic seizures. Seizure dura-
tion was the duration of limbic seizures (stage 1-2) and /or
motor seizures (stage 3-5); the limbic seizure activity,
which sometimes occurred after termination of motor
seizures was not included in seizure duration. Afterdis-
charges were defined as spikes with a frequency of at least
1 Hz and amplitude at least twice the pre-stimulation
basdline present in the electroencephalogram (EEG)
recorded from the site of stimulation. High-amplitude af-
terdischarges (usually accompanied by generalized seizure
activity) were frequently followed by low-amplitude after-
discharges. Because of the lack of general consensus as to
the nature of these afterdischarges, afterdischarge duration
described in the present study refers to high-amplitude
spiking. Secondary afterdischarges, which in most cases
follow primary afterdischarges generated by the epileptic
focus (Ebert et al., 1995), were not included in afterdis-
charge duration.

2.3. Evaluation of anticonvulsant effects

Afterdischarge threshold was evaluated in 6—7 fully-
kindled rats. Afterdischarge threshold was determined after
administration of atest drug or its vehicle by administering
a series of stimulations at intervals of 1 min, increasing in
steps of about 20% of the previously applied current until
an afterdischarge lasting at least 3 s was evoked. Electrical
stimulations for each individual animal began about three
20%-steps below the individual control afterdischarge
threshold value measured 2—-3 d before the drug experi-
ment. At the afterdischarge threshold current, seizure
severity, seizure duration and afterdischarge duration were
recorded and analyzed.

2.4. Evaluation of adverse effects

Recta temperature was measured thrice: shortly before
administration of the compounds or their vehicles (after
about 15 min adaptation to the laboratory environment), in
the middle of the pretreatment time, and just before stimu-
lation. Behavioral alterations were scored in the open field
and in the rotarod test (see below) twice, i.e. in the middle
of the pretreatment time and shortly before stimulation.
Ataxia was evaluated according to the 6-point scoring
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Fig. 1. Effect of MRZ 2/576 on afterdischarge threshold (ADT, panel A), and seizure severity (SS, panel B), seizure duration (SD, panel C), and
afterdischarge duration (ADD, panel D) recorded at afterdischarge threshold in six fully kindled rats. Data are means + S.E.M. MRZ 2 /576 (hatched bars)
or its vehicle (open bars) was administered i.p. 15 min before the test. Control readings, from the same group of rats, were obtained 2—3 d before the
respective drug experiments. Afterdischarge threshold was determined by applying a series of stimulations, spaced by 1 min, that increased in steps of
about 20% of the previous current until an afterdischarge lasting at least 3 s was evoked. Absence of the error bars indicates lack of variance.

%
|

ADT (uA)
~N
()]

SS (score)

3%@%@%@

*

SD (s)
w
o
ADD (s)

— 26— b5 — 10

L-701,324 (mg/kg) L-701,324 (mg/kg)

Fig. 2. Effect of L-701,324 on afterdischarge threshold (ADT, panel A), and seizure severity (SS, panel B), seizure duration (SD, panel C), and
afterdischarge duration (ADD, panel D) recorded at afterdischarge threshold in seven fully kindled rats. Data are means + S.E.M. L-701,324 (hatched bars)
or its vehicle (open bars) was administered i.p. 30 min before the test. For further details refer to the legend to Fig. 1. Significant difference versus
respective control (Wilcoxon signed-rank test for paired replicates) is indicated by asterisk (P < 0.05).
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system (cf., Loscher and Honack, 1991b): (1) slight ataxia
(tottering of hind limbs), (2) more pronounced ataxia
(dragging of hind limbs), (3) further increase of ataxia
(more pronounced dragging of hind limbs), (4) marked
ataxia (animals only occasionally lose balance during for-
ward locomotion), (5) very marked ataxia (animals fre-
quently lose balance during forward locomotion), and (6)
animals, despite attempts, are not able to move forward. In
addition, the rats were subjected to the rotarod test. In this
test, the rats had to maintain their equilibrium on a rotat-
ing, polypropylene foam-coated rod (5 cm in diameter, 8
rpm) for at least 1 min. If arat fell from the rod, it was
placed on the rod again. Only animals that fell from the
rod in each of three consecutive 1 min attempts were
considered to exhibit motor impairment.

2.5. Drugs

MRZ 2/576 (Merz, Frankfurt/Main) was freshly dis-
solved in distilled water (final pH 8-9); L-701,324 (kindly
supplied by Merck, Sharp and Dohme, Harlow) was first
dissolved in polyethylene glycol 400 (PEG 400, Sigma
Chemical, St. Louis, MO) and then diluted with distilled
water to the fina PEG 400 concentration of 10—20%,
depending on the concentration of the drug, and dlightly
alkalinized with NaOH (final pH ~ 8). Rats were dosed
intraperitonealy (i.p.) with MRZ 2 /576 and L-701,324 15
and 30 min before the test, respectively. The volume of all
administered solutions was 2—3 ml /kg b.w. Control exper-
iments were performed following administration of the
respective vehicles.

2.6. Data analysis

All data are presented as means+ S.E.M. Statistical
significance of differences between seizure readings in the
same group of animals was calculated by the Wilcoxon
signed-rank test for paired replicates. Data from the open
field (ataxia) and rotarod test were compared by using
Mann—-Whitney U test and Fisher’s exact probability test,
respectively. Differences in rectal temperature were ana-
lyzed by means of repeated measures two-way analysis of
variance (ANOVA) and the Student—Neuman—Keuls post
hoc test. A P value less than or equal to 0.05 was
considered to be statisticaly significant. All tests were
two-tailed. The calculations were performed with SigmaS-
tat for Windows 1.0 (SPSS ASC, Erkrath).

3. Reaults

3.1. Effect of MRZ 2 /576 and L-701,324 on focal seizure
threshold in amygdala-kindled rats

MRZ 2/576 (range 2.5-10 mg/kg i.p., 15 min before
the test) did not significantly influence the focal seizure

threshold in kindled rats (Fig. 1A). Other parameters of
kindled seizures, namely seizure severity, seizure duration
and afterdischarge duration, were also not changed (Fig.
1B, C, D). It should be, however, noted that there was a
tendency towards threshold-increasing activity (Fig. 1A),
but a clear-cut disruption of motor function precluded
further increases of the dose (see Section 3.2).

As shown in Fig. 2A, L-701,324 (range 2.5-10 mg/kg
i.p., 30 min before the test) produced a dose-dependent
increase in afterdischarge threshold. Seizure severity,
seizure duration and afterdischarge duration remained un-
affected by treatment with L-701,324 (Fig. 2B, C, D)
except that seizure duration following administration of
L-701,324 at the lowest dose (2.5 mg/kg) was dightly
longer.

The pre-stimulation EEGs recorded after administration
of both MRZ 2/576 and L-701,324 were not different
when compared to those recorded during control sessions.
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Fig. 3. Adverse effects produced by MRZ 2/576 (open bars) and
L-701,324 (double-hatched bars) in amygdala-kindled rats. Motor impair-
ment was quantified in the open field (panel A) and in the rotarod test
(panel B). Data from the open field test are presented as means+ S.E.M
for six (MRZ 2/576) or seven (L-701,324) animals and were measured
immediately before afterdischarge threshold determinations. Data from
the rotarod test are presented as the percentage of animals from the
respective groups that failed this test. Significant differences between
respective MRZ 2/576- and L-701,324-treated groups (Mann—-Whitney
U test) are indicated by asterisks (P < 0.05).
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3.2. Behavioral effects of MRZ 2 /576 and L-701,324 in
kindled rats

MRZ 2/576 over the dose-range tested produced hy-
polocomotion but did not induce stereotyped behavior in
kindled rats. The first signs of motor impairment were
already seen after 2—3 min following injection of MRZ
2/576. The ataxiogenic properties of MRZ 2/576 are
depicted in Fig. 3A; the tested substance already at the
lowest dose (2.5 mg/kg) produced slight motor impair-
ment, as quantified in the open field, and this impairment
was much more pronounced when the dose was further
increased to 10 mg/kg, culminating in a complete loss of
the righting reflex when the animals were injected with 20
mg/kg (data not illustrated). The rotarod test indicated
motor impairment in 66% of the animals at a dose of 10
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Fig. 4. Changes in rectal temperature following administration of MRZ
2/576 (lower panel) or L-701,324 (upper panel) in amygdala-kindled
rats. Data are shown as differences (means+ S.E.M.) between recta
temperatures recorded after vehicle administration at respective time
points 2-3 d before drug sessions and those recorded during drug
sessions (n=6-7). Data were analyzed by two-way repeated measures
analysis of variance. Significant difference versus respective time point
during control experiment (Student—Neuman—Keuls post-hoc test) is
indicated by asterisk (P < 0.05).

mg/kg (Fig. 3B). Rectal temperature was markedly and
time dependently reduced after injection of MRZ 2 /576 at
a dose of 10 mg/kg (F = 132.4, treatment, P < 0.0001;
Fig. 4).

Similarly to MRZ 2 /576, L-701,324 over the dose-range
tested produced hypolocomotion but did not induce stereo-
typed behavior in kindled rats. L-701,324 at doses that
were able to increase afterdischarge threshold dose depen-
dently produced ataxia (starting at 2.5 mg/kg) and im-
paired performance in the rotarod test (Fig. 3A, B). The
ataxia produced by L-701,324 at lower doses (2.5-5
mg,/kg) was more pronounced than that produced by MRZ
2/576 at these doses (P < 0.05). However, MRZ 2 /576,
10 mg/Kkg, caused more pronounced ataxia than L-701,324
administered at the same dose (P < 0.05). The maximal
intensity of adverse effects was observed 30 min post-in-
jection. Changes in rectal temperature following adminis-
tration of L-701,324 were inconsistent (Fig. 4). After a
dose of 2.5 mg/kg there was a dlight but significant
increase in rectal temperature after 30 min (F = 32.81,
treatment, P = 0.0012). Higher doses of L-701,324 (5 and
10 mg/kg) did not affect body temperature.

4, Discussion

Glutamatergic neurotransmission undoubtedly plays a
pivotal role in the initiation and propagation of seizure
activity in the brain (Rogawski, 1995). As alogical conse-
guence of this assumption, it has been postulated that
agents which compromise glutamate-mediated excitatory
input may be effective antiepileptic drugs. Indeed, they
display considerable efficacy in many animal models of
epilepsy (Loscher et al., 1988; Patel et al., 1990; Schmutz
et a., 1990; Smith et al., 1993; Wlaz et a., 1994a). In
contrast, in the rat kindling model of human partial seizures
(limbic epilepsy), both competitive and uncompetitive
(channel blockers) NMDA receptor antagonists exhibit
weak, if any, anticonvulsant action (LOscher and Schmidit,
1988; McNamara et al., 1988; Loscher and Honack, 1991b;
Cotterell et al., 1992). Furthermore, they induce severe
psychotomimetic-like adverse effects in kindled rats usu-
ally at doses that are devoid of significant anticonvulsant
effects (LOscher and Honack, 1991b). This was confirmed
during a clinical trial in which epileptic patients had to be
prematurely withdrawn from therapy with the competitive
NMDA receptor antagonist, p-CPPene (p(—)(E)-4-(3-
phosphonoprop-2-enyl)piperazine-2-carboxylic acid), be-
cause of severe psychotic and motor impairing side effects
(Sveinbjornsdottir et al., 1993). Thus, this negative clinical
experience in conjunction with preclinica data reported
earlier by Loscher and Honack (1991a) substantiate that
investigations conducted with kindled rats may be of criti-
cal value as far as the efficacy and adverse effect potential
of drugs in human patients with complex partial seizures
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are concerned. The fact that (1) glycineg receptor stimula-
tion is now recognized as an absolute requirement for
activation of the NMDA receptor-coupled channel
(Kleckner and Dingledine, 1988), and (2) glycine levels
usualy dramatically increase during epileptic seizures in
both animal models (Globus et al., 1991; Loscher et al.,
1993) and in epileptic patients (Carlson et al., 1992;
Ronne-Engstrom et al., 1992) support the belief that
glycineg receptor antagonists could be superior to NMDA
receptor antagonists as antiepileptics. Indeed, the glycineg
receptor antagonist, 7-chlorokynurenic acid, when adminis-
tered intracerebroventricularly retards amygdala-kindling
development (Namba et al., 1993) and suppresses amyg-
dala-kindled seizures in rats (Rundfeldt et al., 1994) at
doses not associated with apparent behavioral deficits.

In the present study our attention was focused on the
anticonvulsant effects of two novel antagonists at the
strychnine-insensitive co-agonist site on the NMDA recep-
tor /ionophore complex. MRZ 2 /576 and L-701,324 have
agood bioavailability and were recently reported to exhibit
distinct anticonvulsant effects (Bristow et a., 1996b; Par-
sons et a., 1997). In mice, these compounds were active
against audiogenic seizures and convulsions induced by
electroshock, pentylenetetrazol and NMDA /N-methyl-
D,L-aspartate (NMDLA) (Bristow et al., 1996b; Parsons et
al., 1997). In rats, L-701,324 dose dependently suppressed
pentylenetetrazol-induced tonic seizures (Bristow et al.,
1996b). It is worth noting that the anticonvulsant activity
of L-701,324 depended on the route of administration in
that, for instance, this agent was about 20-fold less potent
in the pentylenetetrazol test when it was administered
orally instead of by the intravenous route (Bristow et al.,
1996b). Accordingly, we decided to apply both compounds
by the i.p. route to enable direct comparison.

L-701,324 dose dependently increased afterdischarge
threshold but this effect was paralleled by marked side
effects. Thisisinconsistent with our previous report, where
doses of 2—-10 mg/kg were unable to increase the afterdis-
charge threshold (Ebert et al., 1997). One possible explana
tion for this discrepancy can be the age of our animals.
The rats used in the present study were substantially
younger than those previously used and it has been re-
ported that [*H]-glycine binding sites are severely de-
creased in number in the telencephalic regions, including
the hippocampus and cerebral cortex, in aged rats, as
studied by in vitro autoradiography (Kito et a., 1990). The
remaining seizure measures were not changed, which isin
line with our previously published data (Ebert et al., 1997).
MRZ 2 /576 was devoid of any anticonvulsant activity. It
should be stressed that both substances used in this study
caused marked and dose-dependent motor deficits, indicat-
ing that pharmacologically relevant doses were tested.
Moreover, as shown by microdiaysisin rats, MRZ 2 /576
20 min after i.p. administration of 10 mg/kg reaches
concentrations of about 0.8 uM, thus approaching concen-
trations within the 1C, values for the glycineg receptor

(Danysz, persona communication). MRZ 2/576 and L-
701,324 did not produce the phencyclidine (PCP)-like
behavioral syndrome of hyperlocomation, stereotypies and
ataxia which is characteristic for the ‘classical’ uncompeti-
tive and competitive NMDA receptor antagonists (cf.,
Loscher and Honack, 1991b). As mentioned above, kin-
died rats are especially prone to exhibit these behavioral
effects (Loscher and Honack, 1991a). Thus, this is in
agreement with other reports demonstrating that glycineg
receptor antagonists and low-efficacy partial antagonists
do not preferentially induce PCP-like behavioral sequelae
(Loscher et al., 1994; Tricklebank et al., 1994; Bristow et
al., 1996b; Ebert et al., 1997) or generalize to the PCP
discriminative stimulus (Witkin et al., 1997).

It is known that both the uncompetitive antagonist
dizocilpine (MK-801) and the glycineg receptor low-ef-
ficacy partial agonist (+)HA-966 (R-(+)-3-amino-1-hy-
droxypyrrolid-2-one) produce alterations in the EEG that
are reminiscent of paroxysmal epileptic activity (Wlaz et
al., 1994b; Tortella and Hill, 1996). Specia emphasis
should be placed on the fact that these functional changes
were observed in kindled rats (WlaZ et al., 1994b) but not
in non-kindled ones (Tortella and Hill, 1996), which again
indicates that epileptogenesis, as revedled by kindling,
increases the sensitivity to the adverse effects of com-
pounds that affect glutamatergic transmission. However,
none of the presently tested drugs changed the resting
(prestimulus) electroencephal ographic pattern.

In conclusion, these experiments demonstrated that MRZ
2/576 is devoid of significant anticonvulsant activity in
the kindling model of epilepsy in rats. The equivoca
efficacy of L-701,324 in the kindling model (present study;
Ebert et al., 1997) indicates the need for further studies to
answer the question whether or not compounds acting at
the glycine; receptor are promising candidates for
antiepileptic drugs. Recent data show that a greater effi-
cacy without concomitant potentiation of adverse effectsin
kindled rats can be achieved by joint administration of
glycineg receptor ligands with substances affecting other
modulatory domains of the NMDA complex, like
polyamine site antagonists (Ebert et al., 1997; Wlaz et al.,
in preparation), or with conventional antiepileptic drugs
(Wlaz et ., 1996). This points to this therapeutic alterna-
tive as a more promising treatment for complex partial
seizures in humans than the use of glycine; antagonists
alone.
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