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The novel antiepileptic drug carisbamate (RWJ 333369) is effective
in inhibiting spontaneous recurrent seizure discharges and
blocking sustained repetitive firing in cultured hippocampal
neurons

Laxmikant S. De*shpandea, Nisha Nagarkattib, Sompong Sombati?, and Robert J.
DeLorenzo&P.¢,

a Department of Neurology, Virginia Commonwealth University, Richmond, VA 23298, USA

b Department of Pharmacology and Toxicology, Virginia Commonwealth University, Richmond, VA
23298, USA

¢ Department of Molecular Biophysics and Biochemistry, Virginia Commonwealth University,
Richmond, VA 23298, USA

Summary

This study was initiated to investigate effects of the novel neuromodulator carisbamate (RWJ
333369) in the hippocampal neuronal culture model of status epilepticus and spontaneous
epileptiform discharges. Whole-cell current clamp techniques were used to determine the effects of
carisbamate on spontaneous recurrent epileptiform discharges (SREDs, in vitro epilepsy),
depolarization-induced sustained repetitive firing (SRF) and low Mg2*-induced continuous high
frequency spiking (in vitro status epilepticus). This in vitro model is an important tool to study the
effects of anticonvulsant drugs (AEDs) on SREDs that occur for the life of the neurons in culture.
Carisbamate dose dependently blocked the expression and reoccurrence of SREDs. The EDs value
for its antiepileptic effect was 58.75 + 2.43 uM. Inhibition of SRF is considered a common attribute
of many AEDs. Carisbamate (100 uM) significantly decreased SRF in hippocampal neurons. All
these effects of carishamate were reversed during a 5 to 30 min drug washout period. When exposed
to low Mg?* medium cultured hippocampal neurons exhibit high frequency spiking. This form of in
vitro status epilepticus is not effectively blocked by conventional AEDs that are known to be effective
in treating status epilepticus in humans. Carisbamate, like phenytoin and phenobarbital, had little or
no effect on low Mg2*-induced continuous high frequency spiking. These results characterize the
effects of carisbamate in the hippocampal neuronal culture model of epileptiform discharges and
suggest that the ability of carishamate to inhibit depolarization-induced SRF may account in part for
some of it’s anticonvulsant effect.
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Introduction

Epilepsy is one of the most common neurological disorders affecting approximately 1-2% of
population worldwide (Hauser and Hesdorffer, 1990; McNamara, 1999). It is characterized by
the occurrence of spontaneous, recurrent unprovoked seizure discharges (Lothman et al.,
1991). A seizure is the symptomatic, behavioral manifestation of abnormal, disordered,
spontaneous and synchronized, high frequency firing of populations of neurons in the CNS
(Delorenzo et al., 2005; Lothman et al., 1991; McNamara, 1999). Epilepsy also has severe
socio-economic implications (Murray et al., 1996). Although great advances have been made
in the development of newer antiepileptic drugs (AEDs) and surgical interventions for the
treatment of epilepsy, approximately 40% of the patients are still refractory to treatment with
conventional AED’s (Duncan et al., 2006; French, 2007). A sizeable population of epileptic
patients deals with the issue of daily management of epilepsy that ultimately affects their quality
of life (Cramer et al., 1999b). Thus, there is a growing demand for developing newer
medications to treat epilepsy.

Carisbamate or RWJ-333369 (S-2-O-carbamoyl-1-o-chlorophenyl-ethanol) is a novel
neuromodulator, initially developed by SK-Biopharmaceuticals and now under development
by Johnson & Johnson, Pharmaceutical Research & Development L.L.C. (chemical structure
shown in Fig. 1). It has completed phase Il and initiated phase 111 clinical trials for treatment
of epilepsy (Bialer et al., 2007). Carisbamate has been evaluated as a novel AED and has
demonstrated antiepileptic activity in a variety of in vivo seizure models including hippocampal
and corneal kindling (Bialer et al., 2007;Rogawski, 2006) and the GAERS model of absence
epilepsy (Nehlig et al., 2005). It also inhibits spontaneous recurrent seizures after kainate
induced epilepsy (Grabenstatter and Dudek, 2004) and delays or prevents Li-Pilocarpine
(Francois et al., 2005) induced epilepsy. Carisbamate is also anticonvulsant against bicuculline
and picrotoxin induced seizures and in pentylenetetrazole and maximal electroshock induced
seizure models (Bialer et al., 2007;Rogawski, 2006;White et al., 2006). However, the exact
mechanism(s) of action of carisbamate is still unknown. The dicarbamate felbamate has been
reported to affect variety of ionic currents including the sodium (White et al., 1992), calcium
(Stefani et al., 1996) and NMDA currents (Subramaniam et al., 1995). However, significance
of this action for seizure protection is uncertain. Thus it is important to determine mechanisms
underlying the antiepileptic effects of carisbamate.

This study was initiated to investigate mechanisms underlying the antiepileptic effects of
carisbamate using the hippocampal neuronal culture models of status epilepticus and
spontaneous epileptiform discharges (SREDs) (Delorenzo et al., 2005; Deshpande et al.,
2007c; Sombati and DeLorenzo, 1995). In addition, we also investigated effects of carisbamate
on depolarization-induced sustained repetitive firing in cultured hippocampal neurons. The
low Mg2* model utilizes an episode of continuous seizure activity (in vitro status epilepticus)
for 3 h. Upon return to normal Mg2* solutions, networks of neurons manifest synchronized
SRED:s for their life in culture (in vitro model of SREDs). The low Mg?* models of status
epilepticus and SREDs in hippocampal neuronal cultures have been routinely used to
characterize biochemical, electrophysiological and molecular mechanisms underlying epilepsy
in an in vitro setting (Churn et al., 2000; Delorenzo et al., 2005; Deshpande et al., 2007c; Pal
et al., 2001). These in vitro models also allow for careful control of the neuronal environment
and are ideally suited to evaluate the effects of various investigational compounds on
electrographic seizure activity.

Materials and methods

All the reagents were purchased from Sigma Chemical Co. (St. Louis, MO) unless otherwise
noted. Sodium pyruvate, minimum essential media containing Earle’s salts, fetal bovine serum
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and horse serum were obtained from Gibco-BRL (Invitrogen Corp., Carlsbad, CA).
Carisbamate was provided by Johnson & Johnson, Pharmaceutical Research & Development
L.L.C,, Titusville, NJ, USA.

Hippocampal neuronal culture

All animal use procedures were in strict accordance with the National Institute of Health Guide
for the Care and Use of Laboratory Animals and approved by Virginia Commonwealth
University’s Institutional Animal Care and Use Committee. Studies were conducted on primary
mixed hippocampal neuronal cultures prepared as described previously with slight
modifications (Blair et al., 2006; Deshpande et al., 2007b; Sombati and DeLorenzo, 1995). In
brief, hippocampal cells were obtained from 2-day postnatal Sprague—Dawley rats (Harlan,
Frederick, MD) and plated at a density of 1 x 10° cells/cm? onto 35-mm Falcon cell culture
dishes (Becton Dickinson and Co., Franklin Lakes, NJ) previously coated with poly-L-lysine
(0.05 mg/ml). Glial cultures were maintained at 37 °C in a 5% C0O,/95% air atmosphere and
fed thrice weekly with glial feed (minimal essential media with Earle’s Salts, 25 mM HEPES,
2 mM L-glutamine, 3 mM glucose, and 10% fetal bovine serum). When confluent, glial beds
were treated with 5-uM cytosine arabinoside for 2 days to curtail cell division. On the 13th
day in vitro, the media was fully replaced with a 5% horse serum supplemented neuronal feed
(composition given below) in preparation for neuronal plating on the following day. At this
time, these cultures predominantly consisted of glial cells with few, if any, neurons. On the
14th day in vitro, hippocampal cell suspension was plated on these confluent glial beds at a
density of 2 x 10° cells/cm2. Twenty-four hours after plating, cultures were treated with 5-
1M cytosine arabinoside to inhibit non-neuronal growth. Cultures were maintained at 37 °C
in a 5% CO,/95% air atmosphere and fed twice weekly with neuronal feed (minimal essential
media with Earle’s Salts, 25 mM HEPES, 2 mM L-glutamine, 3 mM glucose, 100 pg/ml
transferrin, 5 pg/ml insulin, 100 uM putrescine, 3 nM sodium selenite, 200 nM progesterone,
1 mM sodium pyruvate, 0.1% ovalbumin, 0.2 ng/ml triiodothyroxine and 0.4 ng/ml
corticosterone supplemented with 5% horse serum). These mixed cultures were used for
experiments from 13 days in vitro following neuronal plating through the life of the cultures.

Whole-cell current clamp recordings

Whole-cell current clamp recordings were performed using previously established procedures
(Blair et al., 2006; Deshpande et al., 2007b; Sombati and DeLorenzo, 1995). Briefly, a cell
culture dish was mounted on the stage of an inverted microscope (Nikon Diaphot, Tokyo,
Japan) continuously perfused with physiological basal recording solution (pBRS) containing
(in mM): 145 NaCl, 2.5 KCI, 10 HEPES, 2 CaCly, 10 glucose, and 0.002 glycine, pH 7.3, and
osmolarity adjusted to 325 + 5 mOsm with sucrose. Patch electrodes with a resistance of 2 to
4 MQ were pulled on a Brown-Flaming P-80C electrode puller (Sutter Instruments, Novato,
CA\), fire-polished and filled with a solution containing (in mM): 140 K* gluconate, 1.1 EGTA,
1 MgCly, and 10 Na-HEPES, pH 7.2, osmolarity adjusted to 290 + 10 mOsm with sucrose.
Whole-cell recordings were carried out using an Axopatch 200B amplifier (Molecular Devices,
Foster City, CA) in a current clamp mode. Data were digitized via Digi-data 1322A (Molecular
Devices, Foster City, CA) and transferred to VHS tape using a PCM device (Neurocorder, New
York, NY) and then played back on a DC-500 Hz chart recorder (Astro-Med Dash I, Warwick,
RI). Carisbamate was included in the recording solution and applied to the whole-cell dish by
using a multi-channel gravity-feed perfusion system (Warner Instruments, Hamden, CT).

Hippocampal neuronal culture model of SREDs

SREDs were induced into neuronal cultures by exposing them for 3-h to a solution containing
no added MgCl, (low Mg2*) using procedures described previously (Blair et al., 2006;
Deshpande et al., 2007b; Sombati and DeLorenzo, 1995). Briefly, after the removal of
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maintenance media, neurons were gently washed with 3 x 1.5 ml of pBRS (x1 mM MgCly)
and then allowed to incubate in this solution at 37 °C under 5% CO,/95% air atmosphere. At
the end of the 3-h period, cultures were restored to the physiological concentration (1 mM) of
MgCl, by gently washing with 3 x 1.5 ml of minimum essential medium, returned to the
maintenance medium and incubated at 37 °C under 5% CO,/95% air atmosphere. Thus, low
Mg?2* treatment was carried out with pBRS without added MgCl,, whereas sham controls were
treated with pBRS containing 1 mM MgCl,.

Sustained repetitive firing in cultured hippocampal neurons

Sustained repetitive firing (SRF) was induced by S-90 Tri-level Stimulator (Medical Systems
Corp., Greenvale, NY) by depolarizing pulses of 500 ms duration, 0.3 Hz and increasing current
strength from 0.1 to 0.5 nA through the micropipette. The duration and frequency of
depolarizing pulses were kept constant for all experiments. Current strength was increased until
the cell under study exhibited a suitable number of action potentials throughout the duration
of the depolarizing pulse.

Hippocampal neuronal culture model of status epilepticus

After 2-weeks in cultures, neurons were utilized for experimentation. Status epilepticus-like
activity was induced in vitro as described previously (Sombati and DeLorenzo, 1995).
Maintenance medium was replaced with pBRS with or without MgCl,. Continuous high
frequency epileptiform bursts (in vitro status epilepticus) were induced by exposing neuronal
cultures to pBRS without added MgCl, (low Mg2*). The high frequency spiking continued
until pBRS containing 1 mM MgCl, was added back to the cultures. Unless indicated as low
Mg?2* treatment, experimental protocols utilized pBRS containing 1 mM MgCl,.

Data analyses

Results

Data are reported as mean £ S.E.M. For concentration-response analysis, suppression of status
epilepticus or SREDs was determined as a percentage decrease in frequency over increasing
concentrations of carisbamate. Status epilepticus frequency was determined by counting
individual epileptiform bursts over a recording duration of 5 min for each neuron analyzed
before and after application of the drug. SRED frequency was determined by counting
individual SREDs over a recording duration of 30 min for each neuron analyzed before and
after application of the drug. Frequency analysis of SREDs and status epilepticus-like firing
were carried out on multiple neurons at each concentration before and after application of drug
to measure effectiveness of carisbamate on these parameters. Student t-test was then performed
to determine significance or lack of thereof. Least-square linear regression analysis was then
used to calculate the ED5q (effective dose that produced 50% of maximal effect) of carisbamate
for suppression of SREDs or status epilepticus burst discharges. SRF data were examined using
one-way analysis of variance (ANOVA) followed by a post hoc Tukey test. Data were analyzed
using SigmasStat 2.0 and graphs were generated using SigmaPlot analysis software 8.02 (SPSS
Inc., Chicago, IL).

Effects of carisbamate on SREDs

Whole-cell current clamp recordings from neurons in cultures 1-day after a 3-h, low-Mg?2*
treatment demonstrated SREDSs or in vitro seizure events. Fig. 2B shows recording from a
neuron that exhibited three SREDs that each lasted between 1 and 2 min in duration. These
SREDs occurred for the life of the neurons and manifested paroxysmal depolarization shifts,
a pathophysiological characteristic of acquired epilepsy. SREDs started in an unprovoked
manner and stopped spontaneously. Multiple recordings from adjacent neurons demonstrate
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that these SREDs were synchronous events occurring throughout the neuronal network in
populations of neurons (data not shown, (Sombati and DeLorenzo, 1995). Thus, SREDs are
the in vitro analog of spontaneous electographic seizure discharges. Age-matched control
neurons revealed “normal” baseline activity consisting of intermittent action potentials (Fig.
2A). There were no significant differences in membrane potential and input resistance between
control and epileptic neurons.

To evaluate the antiepileptic effects of carisbamate we used the in vitro hippocampal neuronal
culture model of SREDs. As shown in Fig. 1C, application of carisbamate (100 uM) fully
inhibited the expression and reoccurrence of SREDs. The effects of carishamate were dose
dependent and concentrations of 10-100 pM caused a progressive decrease in the occurrence
of SREDs. The graph in Fig. 3 demonstrates the effects of increasing carisbamate concentration
on the frequency of SREDs. Carishamate displayed a steep dose—response curve. The lower
doses were less effective in stopping SREDs while higher doses produced almost complete
inhibition of SREDs. The EDsq value was computed to be 58.75 + 2.43 uM. Carishamate was
applied to neurons during SREDs and it took approximately 10-15 min for its antiepileptic
effect to be fully manifested. Upon washout of carisbamate, SREDSs returned after
approximately 15-20 min (Fig. 2C). Carisbamate produced identical effects to well known
anticonvulsants in this in vitro model of acquired epilepsy (Sombati and DeLorenzo, 1995).
Phenytoin, a clinically used AED, is a use dependent Na* channel blocker that is used for the
treatment of generalized tonic—clonic and partial complex seizures (Kwan et al.,
2001;Rogawski and Loscher, 2004). As shown in Fig. 2D, phenytoin (10 uM) at therapeutically
relevant concentrations reversibly blocked SREDs. Phenobarbital, a GABAergic agonist, is
another anticonvulsant that effectively blocked SREDs in our model (data not shown).
Ethosuximide, a T-type Ca2* channel blocker used to treat absence seizures, failed to block
SREDs at concentrations up to 1 mM in this model (Fig. 2E). These results are consistent with
clinical effects of these drugs for the treatment of temporal lobe epilepsy.

Effect of carisbamate on SRF

Several AEDs including phenytoin, carbamazepine, valproic acid and lamotrigine are known
to block SRF in neurons (Kwan et al., 2001; Rogawski and Loscher, 2004). This effect of AEDs
is believed to be due to their ability to block voltage gated Na* channels. We investigated if
carisbamate shares this property with other AEDs. Cultured hippocampal neurons respond to
a sustained depolarizing current by generating a series of action potentials. Under control
conditions, a depolarizing current (0.5 nA, 0.3 Hz) elicited an average of 4-10 action potentials
(spikes) (Fig. 4A). Carisbamate (100 uM) caused a significant (p < 0.001) decrease in the
frequency of spikes elicited by the depolarizing current and abolished the late sustained phase
of firing without blocking the initial spike (Fig. 4B and D). While the effects of carisbamate
were reversible, it took between 10 and 15 min for the restoration of SRF following washout
(Fig. 4C). Spike frequency following carisbamate washout was not significantly different from
pre-carisbamate spike frequency (Fig. 4D).

Effects of carisbamate on low Mg2*-induced high frequency spiking

In normal condition medium, cultured hippocampal neurons exhibited spontaneous action
potentials that were comparatively infrequent and irregular (Fig. 5A). However, upon removal
of Mg?* from extracellular medium, neurons generated bursts of action potentials resulting in
the development of continuous high frequency epileptiform discharges (Fig. 5B). This
epileptiform activity consisted of repetitive burst discharges with each burst being comprised
of multiple spikes overlaying a depolarization shift. Spike frequency upon removal of Mg2*
was greater than 3 Hz, meeting the criteria of status epilepticus (Sombati and DeLorenzo,
1995). This technique has been widely used to model electrographic status epilepticus-like
condition in vitro.
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As shown in Fig. 5, clinically used AEDs including phenytoin (50 uM) and ethosuximide (1
mM) at therapeutic concentrations or higher failed to stop low Mg2*-induced in vitro status
epilepticus-like activity in this model (Sombati and DeLorenzo, 1995). This type of in vitro
continuous seizure discharge has been extremely refractory to anticonvulsant treatment (Blair
et al., 2006;Deshpande et al., 2007b;Sombati and DeLorenzo, 1995). We investigated if
carishamate could act differently and block this high frequency spike activity. Treatment with
carishamate (100 uM) appeared to marginally slow down the low Mg2*-induced high
frequency spiking (Fig. 5E). However, this effect was not significantly different from low
Mg?2* treated neurons. The graph in Fig. 6 shows the effects of increasing concentrations of
carishamate on the inhibition of low Mg2*-induced high frequency spike activity. Even at
concentrations of up to 200 uM, carisbamate inhibited spike frequency only by 10-15%. The
EDsq value for effects of carisbamate on inhibition of status epilepticus-like activity could not
be calculated since the effects never reached 50% inhibition. High frequency firing was restored
within 10-15 min following washout of carisbamate with low Mg?* solution.

Discussion

This study demonstrates that carishamate blocks the expression of SREDs in the hippocampal
neuronal culture model. In addition, carisbamate reduced the frequency of action potentials
generated during depolarization-induced SRF. Our results are consistent with other studies that
have demonstrated antiepileptic properties of carishamate in various in vivo models of seizures
(Bialer et al., 2007; Francois et al., 2005; Grabenstatter and Dudek, 2004; Nehlig et al.,
2005; Rogawski, 2006; White etal., 2006). While the exact mechanism of action of carisbamate
is not known and is being actively investigated, the ability of carisbamate to inhibit
depolarization-induced SRF may account in part for some of the anticonvulsant effects of
carishamate.

The majority of patients with epilepsy have their seizures well controlled with conventional
AEDs; however, approximately 40% of patients manifest refractory epilepsy (Duncan et al.,
2006; French, 2007). Thus, there is a significant need to develop new AEDs to attempt to treat
refractory patients. Novel AEDs are being developed to address this need of drug resistant
epilepsy (Bialer et al., 2007; Rogawski, 2006). In fact, out of the currently available 20 AED’s,
8 were introduced in the past decade (LaRoche and Helmers, 2004). However, despite
introduction of newer AEDS, the prognosis still remains poor (Cramer et al., 1999a; French,
2007). Thus there are continual efforts to develop more efficacious drugs that have fewer side
effects and a wider margin of safety (Bialer et al., 2007; Rogawski, 2006).

The novel neuromodulator carisbamate displays high potency in a variety of in vivo and in
vitro seizure models at doses well below those that produce CNS toxicity (Novak et al.,
2007). Dose-related CNS toxicities such as decreased activity, ataxia, sedation, and prostration
were observed at doses well above 350 mg/kg orally, whereas carisbamate afforded protection
in various seizure models is observed below 20 mg/kg, i.p. In addition, no significant organ
toxicity was observed in repeated-dose oral toxicity studies in adult rats up to 6 months (Novak
et al., 2007). However, carisbamate’s mechanism(s) of action remains to be elucidated. As a
phenyl monocarbamate, carisbamate has some structural features in common with the phenyl
dicarbamate felbamate. Felbamate-related dicarbamates have been shown to affect Na*,
Ca?*, and NMDA currents (White et al., 1992; Stefani et al., 1996; Subramaniam et al.,
1995). Flurofelbamate at 100 uM concentrations has been reported to cause a slight decrease
in GABA-mediated responses (Roecklein et al., 2007). All of these effects could underlie the
antiepileptic effects of dicarbamates. While the effects of carisbamate on these ionic currents
and contribution of these actions towards its antiepileptic profile remains to be investigated,
our studies on the effects of carisbamate on depolarization-induced SRF indicate that a possible
use-or state-dependent block of Na* channels could underlie some of its antiepileptic effects.
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Alterations in intracellular Ca2* dynamics have been demonstrated to underlie the expression
of SREDs in this in vitro model of acquired epilepsy (Delorenzo et al., 2005). The ability of
carishamate to inhibit SREDs could also be due to its effects on restoration of altered Ca®*
homeostasis in epileptic neurons. It will be interesting to investigate this possibility in future
studies.

Expression of recurrent epileptiform discharges after low Mg2*-induced status epilepticus-like
injury in vitro isa commonly used model to study the mechanisms underlying seizures, seizure-
induced plasticity and development of pharmacoresistant seizures (Delorenzo et al., 2005;
Deshpande et al., 2007a; Engel et al., 2000; Goodkin et al., 2005). The hippocampal neuronal
culture model of SREDs mimics the electrophysiological and molecular changes observed
during the induction, maintenance and expression phases of epilepsy (Delorenzo et al., 2005).
Moreover, the SREDs exhibited in vitro in cultured neurons manifested essentially identical
electrographic properties to seizures recorded from in vivo models of epilepsy and these in
vitro SREDs also demonstrated neuronal population synchronicity and anticonvulsant
sensitivity in a manner that reflects the characteristics of seizures in intact animal models
(Delorenzo et al., 2005; Mangan and Kapur, 2004; Sombati and DeLorenzo, 1995). Although
the neuronal cultures do not have true anatomical connections and do not display in vivo
seizures, the hippocampal neuronal culture model of epileptiform discharges has the unique
advantage of applying various in vitro techniques to study molecular mechanisms underlying
epilepsy and mechanisms of actions of investigational drugs in a more controlled environment.
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Figure 1.

Chemical structure of carisbamate (RWJ 333369). Carisbamate (S-2-O-carbamoyl-1-o0-
chlorophenyl-ethanol) is a novel neuromodulator under development for the treatment of
epilepsy. It has an excellent profile in preclinical models of epilepsy and has demonstrated
efficacy and tolerability in a phase I clinical trial. Phase 111 clinical trials for carisbamate have
been initiated for the treatment of epilepsy.
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Figure 2.

Effects of various AEDs on SREDs in cultured hippocampal neurons. (A) Current clamp
recording from a representative control neuron displaying baseline activity consisting of
intermittent action potentials. (B) Recording from an “epileptic” neuron 1-day following a 3-
h exposure to low Mg2* solution demonstrates occurrence of characteristic SREDs. Three
SREDs or spontaneous seizure episodes lasting ~60-90 s can be seen in this recording frame.
These SREDs occurred throughout the life of the cultures and are indicative of the
pathophysiological “epileptic” phenotype. Effects of various AEDs on SREDs in cultured
hippocampal neurons. Application of (C) Carisbamate (100 uM) or (D) Phenytoin (10 uM) to
the epileptic neurons abolished the expression of SRED activity. However application of (E)
Ethosuximide (1 mM) failed to stop SRED activity. The effects of AEDs on SREDs were
reversible and seizures reappeared following drug washout.

Epilepsy Res. Author manuscript; available in PMC 2010 March 19.



1duasnuey Joyiny vVd-HIN 1duasnue Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Deshpande et al.

Page 12

100
C
2 8o}
o
e
=
3 60 F
>
(&}
o
> 40 |
(o}
o
L
()] _
020
o
n

ofF @
0 20 40 60 80 100
Carisbamate Dose (uM)
Figure 3.

Carishamate inhibits low Mg2*-induced SRED activity in a concentration dependent manner.
Frequency of SREDs in the presence of varying concentrations of carisbamate was measured
over a 30-min period and then plotted as a percentage change (inhibition) from control (absence
of carisbamate) SRED frequencies. Carisbamate blocked low Mg2*-induced SREDs with an
ECs =58.75 + 2.43 uM. Each data point represents percentage change from control £ S.E.M.
(n = 5-7 neurons/concentration).
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Figure 4.

Carisbamate inhibition of sustained repetitive firing (SRF) in cultured hippocampal neurons.
Depolarizing pulses (0.5 nA, 0.3 Hz) were applied during each set of recordings obtained as
follows: (A) control period before application of carisbamate, (B) during the application of
carisbamate (100 uM) and (C) following carisbamate washout. (D) A bar graph representation
of average inhibitory effect of carishamate on SRF in hippocampal neurons. Data represented
as mean spike frequency + S.E.M. (n = 6, "p < 0.001).
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Figure 5.

Effect of carisbamate and other AEDs on low Mg?*-induced status epilepticus in cultured
hippocampal neurons. (A) Representative control neuron displaying intrinsic baseline activity
consisting of spontaneous action potentials. (B) Induction of continuous epileptiform status
epilepticus-like activity in a neuron upon low Mg?* treatment. Effects of clinically used AEDs
on low Mg2*-induced high frequency spiking. (C) Phenytoin (50 uM) or (D) Ethosuximide (1
mM) failed to block high frequency spiking. (E) Carisbamate (100 uM) appeared to slow down
spike frequency compared to phenytoin or ethosuximide but this effect was not different from
neurons exposed to low Mg?* alone.
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Figure 6.

Concentration-response analysis of effects of carishamate on low Mg2*-induced high
frequency spiking in cultured hippocampal neurons. Increasing concentrations of carishamate
had little effect on low MgZ*-induced high frequency spiking. Even at concentrations of up to
200 uM only a 10-12% inhibition was achieved. Spike frequencies in the presence of varying
concentrations of carishamate were measured over a 15-min period and then plotted as a
percentage change (inhibition) from control (absence of carisbamate) spike frequencies. An
ECsq value could not computed since 50% inhibition was not achieved. Each data point
represents percentage change from control + S.E.M. (n = 5-7 neurons/concentration).
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