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Abstract
Epilepsy is a condition affecting 1–2% of the population, characterized by the presence of
spontaneous, recurrent seizures. The most common type of acquired epilepsy is temporal lobe
epilepsy (TLE). Up to 30% of patients with TLE are refractory to currently available compounds,
and there is an urgent need to identify novel targets for therapy. Here, we utilized the in-vitro CA3
burst preparation to examine alterations in network excitability, characterized by changes in
interburst interval and bursting thresholds. Specifically, we show that bath application of three
different sodium channel blockers—diphenytoin, riluzole, and lidocaine—slow spontaneous CA3
bursts. This in turn, decreased the epileptiform activity. These compounds work at different sites
on voltage-gated sodium channels, but produce a similar network phenotype of decreased
excitability. In the case of diphenytoin and riluzole, the change in network activity (i.e., increased
interburst intervals) was persistent following drug washout. Lidocaine application, however, only
increased the CA3 interburst interval when it was in the bath solution. Thus, its action was not
permanent and resulted in returning CA3 bursting to baseline levels. These data demonstrate that
the CA3 burst preparation provides a relatively easy and quick platform for identifying
compounds that can decrease network excitability, providing the initial screen for further and
more complex in-vivo, freely-behaving animal studies.
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1. INTRODUCTION
Although several antiepileptic drugs (AED) have been introduced in the last decade, about
30% of patients with epilepsy are still treatment insensitive for their seizures. This results in
significant morbidity and mortality for these patients (Brodie, 2005; Kwan and Brodie,
2000; Stables et al., 2003; Devinsky, 1999). The current methods that are used to screen new
AEDs are very labor intensive and expensive, making it difficult to identify potential
compounds in a timely manner. Nonetheless, these screening methods have yielded
promising compounds. Here, we used a relatively quick and effective screening method –
extracellular recordings of spontaneous CA3 bursts – to evaluate currently available and
novel AEDs. We propose that this relatively inexpensive and initial screening method may
be able to validate and identify promising pharmacologic or molecular targets that stop
interictal burst-like activity in the hippocampal slice prior to performing the more complex
in-vivo screening techniques needed to confirm effectiveness.

The CA3 hippocampal network is a frequently studied model of synchronous network
activity (Traub and Wong, 1982). Specifically, when a single CA3 pyramidal cell is excited,
the entire network can synchronize due to its positive feedback comprised of action
potential-dependent glutamate release and result in a “burst” (Miles and Wong, 1983; Traub
and Dingledine, 1990). This type of bursting can be elicited by removal of GABAA
inhibition, alteration of extracellular ion concentration (e.g., increase extracellular
potassium), or high-frequency stimulation (Bains et al., 1999; Dulla et al., 2005; Dulla et al.,
2009; Hellier et al., 2007; Miles and Wong, 1983; Stasheff et al., 1989; Stasheff et al., 1985;
Yee et al., 2003). Spontaneous CA3 burst activity resembles interictal electroencephalogram
(EEG) spikes observed in humans with epilepsy, and is an in-vitro model of interictal spikes
(Traub and Miles, 1991). Previously, we have used this model of interictal spikes to
determine mechanisms for: 1) burst termination, 2) burst initiation, and 3) modulation of
burst frequency (Bains et al., 1999; Hellier et al., 2007; Jones et al., 2007; Staley et al.,
1998, 2001; Yee et al., 2003).

The pattern of CA3 bursting is of interest because it reflects network parameters including
the strength of the recurrent collateral synapses, the degree of inhibition, and the degree of
recurrent collateral connectivity (Bains et al., 1999; Behrens et al., 2005; Cohen et al., 2006;
Staley et al., 1998; Traub et al., 1987; Yee et al., 2003). Further, it has been hypothesized
that interictal spikes drive epileptogenesis (i.e., strengthening of synaptic connections
between neurons in epileptic foci measured by interictal spikes), thus sustaining an epileptic/
hyperexcitable phenotype (Staley et al., 2005; Staley and Dudek, 2006). By modulating CA3
bursting, we may be able to provide insight into novel anticonvulsant and/or
antiepileptogenic targets. Therefore, the in-vitro slice preparation is poised as a platform for
initial screening and/or identification of novel molecular targets to treat epilepsy.

Here, we test the hypothesis that CA3 burst timing is altered by three compounds that act
upon sodium channels: diphenytoin (DPH), riluzole (RLZ), and lidocaine (LIDO). We
analyzed changes in interburst interval, burst length, and CA3 burst synchronization. In
general, DPH has been identified as a prototypic, sodium channel, anticonvulsant compound
and has been used clinically for partial and generalized seizures (Griffith and Taylor, 1988a;
Johannessen, 2002; Korn et al., 1987; Levine and Chang, 1990; Oliver et al., 1977;
Schneiderman and Evans, 1986; Schneiderman and Schwartzkroin, 1982). RLZ has been
shown to block the persistent sodium current (INaP; Cheah et al., 2010; Harvey et al., 2006;
Miles et al., 2005; Theiss et al., 2007; Urbani and Belluzzi, 2000) whereas, LIDO has
demonstrated the ability to inhibit voltage-gated sodium channels during abnormal
membrane depolarization (Ragsdale et al., 1996). From these different mechanisms of
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blocking hippocampal sodium channels, we predict that each of these compounds will slow
CA3 bursts.

2. METHODS
2.1 Electrophysiological slice preparation

The care and use of all animals were in accordance with the guidelines prepared by the
Institutional Committee on Care and Use of Laboratory Animals, University of Colorado
Anschutz Medical Campus. Hippocampal slices were obtained from naïve adult (4–6 week
old) male Sprague Dawley rats (Harlan). Animals were anesthetized with sodium
pentobarbital and then quickly decapitated. The hippocampus was dissected from the whole
brain and 400-micron slices were cut from the middle third of the hippocampus with a
McIlwain tissue chopper. Slices were initially transferred to a submersion-holding chamber
and maintained at 33 degrees C to equilibrate.

After at least 1 hour, slices were transferred to a 1-ml submersion recording chamber where
they were placed on a nylon net and superfused at 2ml/min with artificial cerebrospinal fluid
(ACSF) containing (in mM): 126 NaCl, 2.5 KCl, 2.0 MgCl2, 2.0 CaCl2, 1.2 NaH2PO4, 1
glucose, and 26.0 NaHCO3. ACSF was saturated with 95% O2 - 5% CO2.

2.2 Field potential recordings and data analysis
Extracellular recordings were made using glass pipettes pulled on a Narishige electrode
puller (Tokyo, Japan) and filled with 150 mM NaCl. For recording spontaneous bursts, a
bipolar stimulating electrode and the recording electrode were placed under visual guidance
in the stratum pyramidal of the CA3 region (Figure 1). Electrodes were adjusted so that
large-amplitude population spikes were elicited as an indication of slice viability and proper
electrode positioning. The placement of the recording electrode remained unchanged for the
duration of the experiment. Recordings using a Mod DAM 5a Differential Preamplifier
(WPI) were digitized at 2 kHz on a PCI-DAS 1602/16 Board (Measurement Computing,
Middleboro, MA) using routines written in Visual Basic 6.0 (Microsoft, Seattle, WA) by
Kevin Staley, MD.

2.3 Drug preparation
Stock solutions of the DPH were dissolved in dimethyl sulfoxide (DMSO) then diluted with
ACSF making a final concentration of 20 to 40ìM DPH. The working concentration of
DMSO was kept below 0.01% for each drug application. We examined the role of DMSO
on interburst interval for doses up to 10%. There was no significant difference in the
interburst interval (n=6 slices; Fig. 1C). Subsequently, we conducted experiments using
0.01% DMSO as this allowed us to make aliquots of higher concentration prior to adding to
the bathing solution. After a baseline period, generally 30–60 minutes, 20 or 40ìM DPH was
bath-applied to a slice. In all experiments, DPH application continued for at least 50 minutes
and was followed by a washout period of at least 20 minutes but most experiments had > 60
min of wash.

RLZ was dissolved in water to make a 10mM stock solution and LIDO was dissolved in
water to make a 100mM stock solution. RLZ was applied to the slices at either 5 or 10ìM
while LIDO was applied at either 10 or 100ìM. Each drug concentration was delivered to a
single slice experiment with a Razel pump into the ACSF bath solution. Washout of these
drugs were between 20–60 min long with most experiments having >50 min of wash.
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2.4 Burst induction
Tetanic stimulation (100 Hz, 1 second) of recurrent CA3 synapses produced a long-term
increase in the strength of recurrent CA3 synapses and induced stable spontaneous CA3
bursting (Bains et al., 1999; Hellier et al., 2007; Yee et al., 2003). If a single tetanus did not
induce bursting, it was repeated after a 10-min interval. When tetanus was used to induce
bursting, ACSF was modified with: 1.3 mM Ca2+, 0.9 mM Mg2+, and 3.3 mM K+. This
preparation allowed for examination of AEDs in the setting of intact excitatory and
inhibitory synaptic transmission. We have previously shown that bursting following tetanic
stimulation produces bursting that is stable for several hours (Hellier et al., 2007; Yee et al.,
2003).

2.5 Data analysis
2.5.1 Calculation of interburst interval and burst lengths—Calculations of
interburst interval and burst lengths were determined as previously described (Hellier et al.,
2007; Staley et al., 1998; Yee et al., 2003). Generally, burst length was calculated as the
time during which the absolute value of the burst was above three times baseline noise,
while interburst interval was calculated as the time from the start of a burst to the beginning
of the next burst (Fig. 1A, right panel).

2.5.2 Statistical analysis—CA3 burst length and interburst intervals vary between slices
(Bragdon et al., 1986; Hellier et al., 2007, 2009; Korn et al., 1987; Mueller and Dunwiddie,
1983; Sagratella, 1998; Scharfman, 1994; Swartzwelder and Wilson, 1987; Whittington and
Jefferys, 1994; Yee et al., 2003); thus, we normalized the data to the baseline mean of each
experiment. Means ± standard error (s.e.m.) were calculated from the last 10 minutes of
each paradigm, when interburst intervals and burst lengths were stable. Additionally, percent
change from the normalized data was calculated as [100 * (drug-control)/control]. Statistical
analyses were performed using GraphPad Prism 5 software. One-way ANOVA with
Tukey’s Multiple Comparison Test assessed significant differences between normalized
baseline, drug application, and wash for: 1) interburst intervals, and 2) burst lengths.
Spontaneous bursting was defined as “stopped” if no further spontaneous bursting occurred
after a 10-minute observation period. Student’s T-test was performed when comparing
interburst intervals between baseline and 10% DMSO (Figure 1C) as well as for “stopped”
grouped experiments. Significance for all statistical analyses was accepted when p < 0.05.

3. RESULTS
3.1 DPH mediates long-term alterations in CA3 interburst intervals and burst lengths

DPH is a broad-spectrum anticonvulsant compound and has been previously shown to block
high frequency firing of voltage-gated sodium channels (Tunnicliff, 1996). Thus based upon
its mechanisms of action, we hypothesized that DPH would slow CA3 bursts (i.e., increase
interburst intervals) in a use dependent fashion, as spontaneous CA3 bursts are comprised of
a depolarization wave with an overriding barrage of action potentials.

Following application and washout of 20ìM DPH, CA3 interburst intervals significantly
increased while burst lengths significantly decreased compared to baseline bursting (n = 10;
Fig. 2A). However, when 40ìM DPH was applied to bursting hippocampal slices, two sets of
results were observed either a slowing (n=4 of 13; 31% of slices) or a stopping (n=9 of 13;
69% of slices) of bursts. In the slowing group during the washout period, interburst intervals
significantly increased and burst lengths remained relatively the same compared to baseline
bursts (Fig. 2B). For the stopping group, however, both interburst intervals and burst lengths
were significantly altered compared to baseline prior to the spontaneous termination of
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bursting (Fig. 2C). To ensure that the slices were still viable, we stimulated 30 min after
cessation of bursting and recorded robust field potentials.

3.2 RLZ also mediates long-term alterations in CA3 interburst intervals and burst lengths
We next examined the role of RLZ, which is a sodium channel blocker and is used clinically
as a neuroprotective agent. RLZ preferentially blocks the INaP (Spadoni et al., 2002), thus
we hypothesize that bursting will be slower as the persistent sodium current (INaP) is
prevented from activating. As observed with DPH, application and washout of 5 ìM RLZ
significantly increased interburst intervals and decreased burst length compared to baseline
bursting (n=10, Figure 3A). When a higher dose of RLZ (10 ìM) was applied to spontaneous
CA3 bursts, two sets of results were seen either a slowing (n=3 of 9; 33% of slices) or a
stopping (n=6 of 9; 67% of slices) of bursts (Figure 3B,C). In the slowing group following
wash of 10 ìM RLZ, similar results previously seen in 5 ìM RLZ were also observed with
significant alterations in interburst interval and burst length compared to baseline bursting
(n=3, Figure 3B). In the stopping group, bursting ceased within the first 20 min of 10 ìM
RLZ application. Prior to cessation of bursting with 10 ìM RLZ, there was a significant
change in the interburst interval but not in the burst duration compared to baseline. After 10
minutes of no bursting, we evoked field responses to test for slice viability, and in each case,
a robust field response was present (n=6, Figure 3C). These data suggest that the application
and washout of RLZ induced a stabilization of CA3 synaptic strength reflected by persistent
increase in interburst intervals (i.e., the interburst intervals did not return to baseline
conditions) as well as shorter burst lengths.

3.3 LIDO mediates temporary changes in CA3 interburst intervals and burst lengths
Lastly, we examined the role of LIDO, which blocks sodium channels and is used clinically
to treat seizures. It is also used as a local anesthetic and anti-arrhythmic agent, and has been
recently examined for its role in treating neonatal and childhood SE (Stoelting and Hillier,
2006; Hattori et al., 2008; Yamamoto et al., 2007). When 100ìM LIDO was bath applied to
CA3 bursts, interburst intervals significantly increased compared to baseline while burst
length significantly decreased (Figure 4). During the wash, interburst intervals returned to
baseline levels; however, burst lengths remained shorter. These data suggest that the
application of LIDO induced a temporary change in CA3 synaptic strength reflected by the
increase in interburst intervals only during drug application and not washout. However,
there was a lasting decrease in burst length following wash of LIDO.

4. DISCUSSION
4.1 Summary

We show that the CA3 in-vitro slice model is a relatively quick and easy method to screen
novel targets for epileptiform activity. Specifically, we use three voltage-gated sodium
channel blockers each with a different mechanism of action to slow CA3 bursts. Here we
show that DPH and RLZ produced prolonged changes in the CA3 network as measured by
increasing interburst interval. LIDO, however, did not have persistent change in CA3 burst
intervals.

The CA3 in-vitro bursting preparation is useful to examine changes of network excitability.
Because the extracellular output of this system is either burst or quiescence, we are able to
utilize changes in interburst interval as a measure of network excitability. We analyzed the
effects of three different sodium channel compounds on spontaneous CA3 population bursts.
In general, each drug significantly increased interburst intervals and decreased burst length,
but only DPH and RLZ altered CA3 network bursting such that following washout of each
drug, interburst intervals did not return to baseline intervals, instead they remained
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increased. These results suggest a long-term alteration in CA3 network activity. In the
presence of 40ìM DPH, CA3 bursts either significantly slowed during application or ceased
entirely (Figures 2B–C). Similarly, 5ìM RLZ significantly slows CA3 population bursts
where 10ìM RLZ stops bursting in 67% (6 of 9) slices (Figure 3C). Finally, we demonstrate
that 100ìM LIDO slows bursting, but returns to baseline interburst intervals following wash
(Figure 4).

4.2 Sodium Channel blockers with different mechanisms of action slow spontaneous CA3
bursting

Voltage-gated sodium channels are responsible for the rising phase of the action potential
(Ragsdale and Avoli, 1998). In general, these channels are closed at resting membrane
potential and open within 200 ìs following membrane depolarization (Ragsdale and Avoli,
1998). Extracellular sodium enters the open channel and further depolarizes the membrane
until the channel enters the non-conducting inactivated state. Most voltage-gated sodium
channels rarely open from the inactivated state and only repolarization of the membrane
resets the channel back to its original resting state, thus preparing the channel to open again
for the next membrane depolarization (Ragsdale and Avoli, 1998).

DPH is use clinically for partial, generalized onset seizures and SE. It is believed to work
primarily on voltage-dependent sodium channels (Tunnicliff, 1996). In primary dissociated
mouse spinal cord neurons, DPH inhibits high frequency, repetitive firing of action
potentials evoked by prolonged depolarizing current pulses without affecting the amplitude
or duration of spontaneous neuronal activity (McLean and Macdonald, 1983). In addition to
postsynaptic effects on sodium channels, DPH may act by modulating synaptic transmission,
specifically reversibly depressing field excitatory postsynaptic potentials (fEPSPs) in CA1
hippocampus and decreasing synaptic conductance in mossy fiber to CA3 synapses (Griffith
and Taylor, 1988b). Further, DPH has been shown to arrest penicillin-induced bursting by
decreasing CA1 fEPSPs without altering resting membrane potential, input resistance,
amplitude or duration of action potentials of CA3-CA1 pyramidal cells (Schneiderman and
Schwartzkroin, 1982). Thus, DPH’s mechanism of action for blocking sodium channels is
increased at depolarized states and during high frequency neuronal activities, which both
occur during spontaneous CA3 bursting and conditions such as seizures or SE.

Our data shows that 40ìM DPH slows or stops CA3 bursting, suggesting a sustained
alteration of the CA3 network toward a less excitability phenotype, as bursting did not ever
return to baseline levels. However, stock solutions of DPH were initially dissolved in
DMSO, but the final concentration of DMSO at the slice was below 0.01%. We cannot
confirm with absolute certainty that all drug was washed-out as the DMSO makes the DPH
lipophilic, which in turn would increase the concentration of DPH in the neuronal
membranes. If the increase in interburst interval was due to poor washout of DPH, we would
expect some plateauing of the interburst interval during the washout period. Nonetheless,
further investigations to determine underlying mechanisms, however, are needed to: 1)
demonstrate if interburst interval changes are due to pre or postsynaptic effects in CA3, 2)
discover if sodium channel blockers preferentially change glutamatergic vs. GABAergic
synaptic transmission in CA3, and 3) find if there are associated changes in sodium channel
subunit number or distribution in CA3. Future studies will be required to elucidate the
underlying cellular mechanism(s) to explain the slowing in CA3 bursts during the
application and washout of DPH.

RLZ is used clinically as a neuroprotective agent in neurodegenerative conditions such as
amyotrophic lateral sclerosis (ALS) and traumatic spinal cord injury (Schwartz and
Fehlings, 2001). It also acts on the INaP (Bensimon et al., 1994; Urbani and Belluzzi, 2000;
Wu et al., 2001). For the treatment of ALS, RLZ is given at 100 mg/day, which translates to
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0.1–100ìM in mammalian in-vitro systems (Boireau et al., 2000; Du et al., 2007; Lacomblez
et al., 1996). RLZ has also been shown to inhibit glutamate release from rat cerebral cortex
nerve synaptosomes resulting in enhancing glutamate transporter activity (Fumagalli et al.,
2008; Wang et al., 2004). With its effect of blocking the INaP, we hypothesized and showed
that CA3 population bursts significantly slowed at clinically relevant doses (Figure 3).
Complete blockage of INaP may also modulate release of glutamate and in turn affect
NMDA receptor activity, which has been associated with CA3 burst frequency (Bains et al.
1999; Hellier et al. 2007; Lamanauskas and Nistri, 2008). A recent study suggests that RLZ
is effective in blocking seizure activity in the pilocarpine-induced seizure model via an anti-
glutamatergic action (i.e., reducing fEPSP slope) and our findings would be consistent with
this hypothesis (Kim et al., 2007; Figure 3).

We chose RLZ because it is a sodium channel blocker that is currently approved by the U.S.
Food and Drug Administration (FDA) for human conditions other than epilepsy such as
ALS and spinal cord injury. We sought to find compounds already used clinically that could
also be used as anti-interictal spike agents, because emerging data suggest that blocking
interictal spike-like activity might be useful to block epileptogenesis (Dudek and Staley,
2011; Chauvière et al., 2012). However, RLZ’s efficacy in epilepsy has not been fully
explored. Based on its mechanism of blocking sodium channels and neuroprotective activity
(e.g., antiglutamatergic; Wilson and Fehlings, 2013), we hypothesized that it would be a
good compound to reduce interictal spike activity. Here we show that RLZ did slow CA3
bursting (Figure 3). To fully identify the mechanism that caused the bursting to slow, further
experiments (e.g., whole-cell patch clamp and whole animal) must be performed.

Both DPH and RLZ begin to slow bursting (i.e., increasing interburst intervals) during the
initial application of the drug to CA3 bursts. In most cases, this increase of interburst
intervals was observed within 10–30 minutes of drug application compared to control
bursting. Furthermore, the slowing of bursts was augmented during the washout period. We
anticipate that extending the time of drug application may further increase interburst
intervals, as we did not see a plateauing of the increased interburst interval rate with 60
minutes of drug application.

LIDO is a local anesthetic and Class 1 cardiac anti-arrhythmic agent, which inhibits voltage-
gated sodium channels during abnormal membrane depolarization (Ragsdale et al., 1996).
Its mechanism of action is stabilizing the open state of voltage-dependent sodium channel
without altering the resting membrane potential or threshold potential when applied to in-
vitro brain slices at 10–100ìM (Armogida et al., 2010; Castaneda-Castellanos et al., 2002;
Fried et al., 1995; Niiyama et al., 2005; Stoelting and Hillier, 2006). In CA3, the result is
slowing of spontaneous bursts, but unlike the cases for DPH and RLZ, the interburst interval
returned to baseline following washout of LIDO (Figure 4). From our experiments, LIDO
would not be a good drug for stabilizing CA3 synaptic strength as reflected by persistently
increased interburst intervals. However, the prediction from this work is that compounds
which block sodium channel activation and slow CA3 bursting – an in vitro model for
interictal spikes – may be compounds that subsequently alter the course of interictal spikes
and possibly epileptogenesis (Staley et al. 2005; Staley and Dudek 2006). Specifically, RLZ
may be a novel target for inactivation of interictal spikes by its ability to block the INaP.

4.3 Assumptions of this model
These experiments have all been conducted in naïve animals and developed on the
assumption that epilepsy treatments may be identified by induced seizures in normal brains
(Stables et al., 2003). This in-vitro preparation requires further validation in animal models
with genetically-induced spontaneous seizures and/or chronic epilepsy models, such as
epilepsy induced by the chemoconvulsants (e.g. pilocarpine or kainic acid; Hellier and
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Dudek, 2005; Hellier et al., 1998). We have shown in a previous study that CA3 bursting in
chronically-epileptic rats can be altered by NMDA selective antagonists, but we did not test
the effects of sodium channel blockers at that time (Hellier et al., 2009). Another study
examining the effects of spontaneous bursting in a combined hippocampal/entorhinal cortex
slice preparation in kainate-treated versus control animals suggested that in-vitro slices from
kainate-treated animals are an appropriate model for pharmacoresistant epilepsy (Smith et
al., 2007). However, using animal models of epilepsy increases the time before
pharmacological studies can be performed as it takes several weeks to months before the
animal is truly epileptic (Hellier et al., 1998; Williams et al., 2009). Thus, using our
spontaneously bursting CA3 slice experiment allows relatively quick analysis of drug
studies to determine if a new compound is feasible and efficacious. This allows researchers
to test only the more promising compounds on animal models of epilepsy.

5.0 Conclusions
The benefits of in-vitro slice studies are the relative ease of preparation and the potential for
multiple slices used from each animal, either naïve or following a manipulation to make the
animal chronically epileptic; thus, the slice preparation has potential for moderate
throughput screening of compounds. Because of the relatively simple anatomy of the CA3
circuit, it is also one amenable to computer modeling, with empirically collected data
corroborating computer output, another area of potential exploration for more investigations
of new anticonvulsant targets (Swiercz et al., 2007).

The spontaneous bursting of CA3 slice preparation represents network activity where
inhibitory and excitatory systems can be intact or preferentially blocked. The anatomy of
CA3 recurrent collaterals provides ample positive feedback to all of the neighboring CA3
pyramidal cells, and mimics, in naïve animals, the recurrent excitatory pathways generated
in the dentate gyrus following chronic epilepsy (Wuarin and Dudek, 1996, 2001). Alteration
of sodium channels has been shown to inhibit glutamate transmission, which would have
ramifications for treatment of epilepsy, in which network excitability is increased. Further
exploration to determine if the compounds examined here act in pre- or post-synaptic
fashion will be needed.

In prior work, we demonstrated that the CA3 network responded differently to the same
compound if the initial network excitability was altered (i.e., bursting induced by high
extracellular potassium versus tetanic stimulation; Yee et al., 2003). The efficacy of these
compounds at higher network excitability (e.g., 8.5mM extracellular potassium) has yet to
be determined. However, for this study we wanted to ensure that extracellular potassium was
maintained at physiological levels so that it would not interfere with sodium influxes as we
were specifically targeting and blocking the sodium channel. In-vitro studies have
demonstrated that CA3 bursting can potentiate individual synapses as well as “speed up” the
electrical phenotype of this network (Bains et al., 1999; Debanne et al., 2006). Depending
upon their baseline level of excitability, differential effects of compounds on neural
networks also merit further exploration in epilepsy, as a demonstrated mechanism of
epilepsy is aberrant excitation (Buckmaster and Dudek, 1997; Scharfman et al., 2002).

The CA3 burst preparation has promise to be used as a moderate throughput screening of
novel anti343 spike and/or antiepileptogenic compounds (e.g., acute slices from control vs.
epileptic animals or slice culture systems). We anticipate concurrent use of CA3 bursting as
an electrophysiological marker coupled with genetic techniques to provide further
understanding of the molecular/genetic underpinnings of epilepsy and epileptogenesis.
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HIGHLIGHTS

Three different Na+-channel blockers decrease network CA3 bursting.

Diphenytoin persistently slows spontaneous CA3 bursts.

Riluzole persistently slows spontaneous CA3 bursts.

Lidocaine transiently slows spontaneous CA3 bursts.
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Figure 1. Properties of CA3 population bursts
A. Left panel: Extracellular recording setup to measure CA3 population bursts. We induced
spontaneous bursting of the CA3 pyramidal cell network using tetanic stimulation. Right
panel: CA3 network activity in terms of interburst interval and burst length. B. A
representative experiment showing that CA3 bursts are stable for up to one hour following
tetanic stimuli. C. Interburst interval is not altered when 10% DMSO is added to the ACSF
compared to baseline bursting (n=6, Paired T-test, p=0.16).
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Figure 2. Interburst interval of CA3 bursts increases following application of DPH and is most
pronounced during washout periods
A. Representative raw tracings of CA3 population burst during baseline, DPH application,
or wash conditions. Single bursts on an enlarged timescale are displayed to the right of the
prolonged tracing. 20 ìM DPH significantly increased interburst intervals from baseline to
wash by 14 ± 1% mean ± s.e.m.] and significantly decreased burst length by 18 ± 1%
(ANOVA, Tukey, p<0.05, n = 10). B. In a subset of experiments, 40 ìM DPH application
significantly slowed bursting from baseline to wash (interburst interval: 316 ± 64%,
ANOVA, Tukey, p<0.05, n=4) but did not decrease burst lengths (9 ± 2%). C. In the
remaining experiments, 40 ìM DPH application stopped bursting, and interburst intervals
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significantly increased by 1198 ± 375% from baseline while burst length decreased by 11 ±
5% (ANOVA, Tukey, p<0.05, n = 9). Representative data set of interburst intervals
(depicted as circles; left axis) and burst length (triangles; right axis). Representative raw
tracings of CA3 population burst during baseline, DPH application, or wash conditions.
Single evoked burst on an enlarged timescale is displayed to the right of the prolonged
tracing to show slice viability after spontaneous bursting stopped. Arrow shows the stimulus
artifact. Summary bar graphs depict pooled normalized data with % changes from baseline
in the interburst interval (left) and burst length right). Solid lines show statistical differences:
baseline (con) vs. wash. * denotes p<0.05.
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Figure 3. Interburst interval of CA3 bursts increases following application of RLZ
A. Representative raw tracings of CA3 population burst during baseline, RLZ application, or
wash conditions. Single bursts on an enlarged timescale are displayed to the right of the
prolonged tracing. 5 ìM RLZ significantly increased interburst intervals from baseline by
217% ± 26% [mean ± s.e.m.] and significantly decreased burst length by 9% ± 1%
(ANOVA, Tukey, p<0.05, n = 10). B. In a subset of experiments, 10 ìM Riluzole application
significantly slowed bursting from baseline to wash (interburst interval: 316 ± 64%,
ANOVA, Tukey, p<0.05, n=3) and decreased burst lengths (316 ± 64%, ANOVA, Tukey,
p<0.05). C. In the remaining experiments, 10ìM RLZ application stopped bursting, and
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interburst intervals significantly increased by 500 ± 88% from baseline while burst length
decreased by 9 ± 1% (ANOVA, Tukey, p<0.05, n = 6). Spontaneous and an evoked burst
(after spontaneous bursting stopped) are shown above the representative data set (interburst
intervals depicted as circles; and burst length depicted as triangles). Arrow shows the
stimulus artifact. Summary bar graphs depict pooled normalized data with % changes from
baseline in the interburst interval (left) and burst length (right). Solid lines show statistical
differences: baseline (con) vs. wash. * denotes p<0.05.
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Figure 4. LIDO transiently increases interburst interval of CA3 bursts
Representative raw tracings of CA3 population burst during baseline, LIDO application, or
wash conditions. A.100 ìM LIDO application significantly increased interburst intervals
compared to baseline while burst length decreased significantly (274% ± 34% and 9% ± 2%
respectively; ANOVA, Tukey, p<0.05, n=10, Fig. 6). During the wash, interburst intervals
returned to baseline levels. Solid lines show statistical differences: baseline (con) vs. LIDO
and baseline vs. wash. * denotes p<0.05.
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