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ABSTRACT

The epileptic seizure is a dynamic process involving 
a rapid transition from normal activity to a state of 
hypersynchronous neuronal discharges. Here we 
investigated the network properties of epileptiform 
discharges in hippocampal slices in the presence of 
high K+ concentration (8.5 mmol/L) in the bath, and 
the effects of the anti-epileptic drug valproate (VPA) 
on epileptiform discharges, using a microelectrode 
array. We demonstrated that epileptiform discharges 
were predominantly initiated from the stratum pyrami-
dale layer of CA3a–b and propagated bi-directionally 
to CA1 and CA3c. Disconnection of CA3 from CA1 
abolished the discharges in CA1 without disrupting 
the initiation of discharges in CA3. Further pharma-
cological experiments showed that VPA at a clinically 
relevant concentration (100 μmol/L) suppressed the 
propagation speed but not the rate or duration of 
high-K+-induced discharges. Our findings suggest 
that pacemakers exist in the CA3a–b region for the 
generation of epileptiform discharges in the hip-
pocampus. VPA reduces the conduction of such dis-
charges in the network by reducing the propagation 
speed. 
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INTRODUCTION

The epileptic seizure is a dynamic process involving a 

rapid transition from normal activity to a state of hypersyn-
chronous neuronal discharges. Epileptiform discharges 
induced in hippocampal slices offer a simple and practical 
system to study epileptiform pacemaker and propagation 
mechanisms[1]. The initiation of epileptiform discharges 
occurs as a progression from local asynchronous to 
outwardly-spreading synchronous neuronal activity[2]. In-
trinsic bursting cells have been shown to play a pivotal 
role in this process[1,3,4]. Rather than a series of sequential 
initiations, propagation within local neural networks has 
been suggested as the basis of transmission of activ-
ity through a continuum of neuronal populations[5,6]. The 
propagation of epileptiform discharges can be understood 
as a pulse of synchronous activity transmitted from one 
neuronal population to the next, involving a rapid process 
during which neighboring neurons are recruited to gener-
ate discharges throughout the spatial extent of the net-
work[7]. Previous studies have revealed that an improved 
understanding of the propagation patterns of epileptiform 
discharges, such as pathways and speed, could provide 
valuable insights into understanding the mechanisms of 
epileptogenesis and lead to better treatment of patients 
with epilepsy[8-11]. 

The goal of this study was to characterize the spa-
tiotemporal dynamics of epileptiform propagation and the 
pharmacological effects of the anti-epileptic drug valproate 
(VPA) on epileptiform discharges in the hippocampal net-
work. The multi-electrode recording technique, which al-
lows for simultaneous multiple-site recordings, was used 
to record neuronal activity in hippocampal slices during 
epileptiform discharges and drug application. 
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MATERIALS AND METHODS

Chemicals and Drugs
Sodium VPA was from Sigma-Aldrich (St. Louis, MO), and 
other chemicals were from Sinopharm Chemical Reagent 
Co., Ltd (Shanghai, China). Chemicals were prepared as 
stock solutions and stored in tightly-sealed vials at the rec-
ommended temperature. During experiments, the drugs 
were dissolved in high-K+ artificial cerebrospinal fluid (ACSF).

Hippocampal Slice Preparation
Hippocampal slices were prepared from male Sprague-
Dawley rats at postnatal days 14–21, obtained from the 
Shanghai Institutes for Biological Sciences. All animal 
experiments were performed in accordance with the regu-
lations of the Ethics Committee (2012027), School of 
Biomedical Engineering, Shanghai Jiao Tong University. 
All efforts were made to minimize the suffering of animals. 
Briefly, after cervical dislocation and decapitation, the 
brain was quickly removed and placed in 0–4°C ACSF of 
the following composition (in mmol/L): NaCl 124, KCl 3.5, 
NaH2PO4 1.2, MgCl2·6H2O 1.3, CaCl2 2, NaHCO3 25, and 
D-glucose 10 at pH 7.4 (~300 mOsm/L), gassed with a 
mixture of 95% O2 and 5% CO2. Transverse hippocampal 
slices (400 μm) were prepared with a vibratome (Series 
1000, Sectioning Systems, Vibratome, St. Louis, MO) and 
incubated in oxygenated (95% O2 + 5% CO2) ACSF at 
room temperature (25–27°C) for at least 2 h before use[12]. 
Epileptiform discharges were induced by high-K+ ACSF 
with the following composition (in mmol/L): NaCl 119, KCl 
8.5, NaH2PO4 1.2, MgCl2·6H2O 1.3, CaCl2 2, NaHCO3 25, 
and D-glucose 10 at pH 7.4 (~300 mOsm/L), gassed with a 
mixture of 95% O2 and 5% CO2

[13].

Experimental Systems
The micro-electrode array (MEA) consisted of 60 elec-
trodes (30 μm in diameter) arranged in an 8 × 8 matrix 
(leaving the 4 corners void) with 200 μm tip-to-tip distances 
(horizontal and vertical). The slice was placed in the center 
of the MEA[13]. A nylon mesh was carefully placed on the 
slice to immobilize it. The MEA with the slice was quickly 
transferred to the stage of an Olympus microscope. The 
slice was perfused continuously with oxygenated ACSF at 
0.8 mL/min with a peristaltic pump (Ismatec SA, Glattbrugg, 
Switzerland) during the whole recording session. The per-

fusate was pre-warmed to 27°C in a water-bath. The tem-
perature of the MEA chamber was maintained at 35°C with 
a temperature-control unit (Thermostat HC-X, Multichannel 
Systems GmbH, Germany). 

MEA Recordings 
All data were recorded with an MEA with a 60-channel am-
plifier (single-ended, bandwidth 1 Hz–3.4 kHz, amplification 
1200×, input impedance >1010 Ω, output impedance 330 Ω), 
connected to a 60-channel A/D card. An Ag/AgCl wire was 
immersed in the bath solution and acted as the reference 
electrode. The relative position of the slice on the MEA was 
ascertained by observation under a light microscope (Olym-
pus, Japan). The recorded areas and electrical signals 
from all electrodes are illustrated in Fig. 1. The anatomical 
criteria for identifying the hippocampal sub-regions were 
taken from previous studies on the cornu ammonis (CA)[14]. 
All signals were sampled at 20 kHz and stored on a PC for 
offline analysis.

Data and Statistical Analysis
Raw data were taken for offline analysis using MC-Rack 
(Multichannel Systems GmbH, Germany) and MATLAB 
(MathWorks, USA) softwares. As in previous studies[10,15], 
the electrical signals detected by each electrode of the 
MEA were separated into field potentials (FPs) and multi-
unit activity (MUA) by 1–100 Hz band-pass (EEG band) 
and 200 Hz high-pass filtering, respectively. FPs and MUA 
were determined when the negative phase of the signal 
exceeded four times the standard deviation from the mean 
value of a 500-ms baseline. Burst durations and frequen-
cies were obtained by averaging data recorded by two ad-
jacent electrodes located in each sub-region (CA3a, CA3b, 
CA3c and CA1) along the pyramidal layer. To analyze the 
initiation and propagation of epileptiform discharges, data 
from all electrodes along the pyramidal layer were used. 
The relative onset times of the two components were 
defined as the time points when the signal overshot the 
threshold in their respective frequency ranges. As suggested 
in previous studies[10,15], the initiation and propagation of 
the FP can be judged by comparing the occurrence time 
of its primary negative peak recorded along the pyramidal 
cell layer. To quantify the synchronization of neuronal activ-
ity during seizures, cross-correlation analysis of MUA was 
also applied to determine the relationship between signals 



Neurosci Bull     February 1, 2013, 29(1): 28–3630

recorded from neighboring regions[10]. Briefly, the spike 
trains were represented as “0–1” sequences (bin-width = 1 
ms), where “1” means that there is one spike in the time bin 
of interest and “0” means that there is no spike in that bin. 
Then the normalized cross-correlation function was applied 
in accordance with previous reports[16] as follows: 
  
 
                                                                                              

. 
                                                                                                                                                      
                                                        

Measurements are expressed as mean ± SEM in the 
text. Statistical comparisons were made using Student’s t-
test or one-way ANOVA with a significance level of P <0.05 
(SPSS 13.0). 

RESULTS                                                

Properties of High-K+-Induced Epileptiform Discharges
After the hippocampal slices were exposed to high-K+ (8.5 
mmol/L) ACSF for 10–15 min, repetitive epileptiform dis-
charges were recorded from all CA regions (Fig. 1B). The 
repetitive discharges appeared at intervals of 2–15 s and 
consisted of an FP and a cluster of MUA which were super-
imposed on the FP (Fig. 1C). 

The neuronal firing activity recorded from different sub-
regions became synchronized after the high-K+-induced ep-
ileptiform discharges began. Two parameters were used to 
quantify the bursting activity (MUA): burst count per minute 
and burst duration. After stable discharges were induced 
by increased [K+]o (at least 10 min after the appearance of 

Fig. 1. Epileptiform discharges induced by high-K+ artificial cerebrospinal fluid. A: An acute hippocampal slice mounted on an MEA. Each 
black dot represents one electrode. The slice is divided into CA3c, CA3b, CA3a, CA1 and DG sub-regions. B: Typical MEA recording of 
epileptiform discharges from the slice shown in (A). Each data window shows the recording from one electrode. C: Example of a 
single epileptiform discharge evoked by 8.5 mmol/L [K+]o recorded by electrode 37 (E37) with signals recorded at the CA3 pyrami-
dal cell layer before (top trace), and after filtering for field potential (FP) components (1–100 Hz band-pass filter, middle trace) and 
multi-unit activity (MUA; 200 Hz high-pass filter, bottom trace). D: Duration of high-K+-induced MUA from pyramidal cells of dif-
ferent CA regions. Mean values of durations were calculated based on 10-min recording of stable discharges (n = 5 slices). There 
were no significant differences among the MUA durations in different sub-regions (ANOVA).
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discharges), burst activity occurred through the whole slice 
synchronously with burst durations ranging from 30 to 100 
ms. Burst frequency was 20.2 ± 2.8 bursts/min (n = 5 slic-
es). The durations of the bursts from different CA regions 
were: 51.0 ± 4.1 ms for CA3a, 53.4 ± 5.1 for CA3b, 49.5 
± 7.8 for CA3c, and 45.6 ± 2.3 for CA1 (P >0.05, ANOVA 
for repeated measures, n = 5 slices; Fig. 1D). Perfusion of 
these slices with normal ACSF (~5 min) quickly abolished 
most of the spontaneous activity (n = 5 slices).

Initiation and Propagation of High-K+-Induced Epilepti-
form Discharges in Hippocampal Slices 
We next investigated the initiation and propagation of the 
epileptiform discharges. Fig. 2 shows an example from a 
representative slice. Electrodes E68, E67, E75, E74, E63, 
E43, E34, E25 and E16 situated at the pyramidal cell layer 

were chosen for analyzing the initiation and propagation 
of the discharges (Fig. 2A). By comparing the timing of the 
negative peaks of the FPs, we found that the initiation site 
of the discharges along the pyramidal cell layer in this slice 
was in the CA3a area, and the discharges spread bi-direc-
tionally to the CA1 and CA3c regions (Fig. 2B). The MUA 
recorded from different sub-regions became synchronized 
after the high-K+-induced discharges appeared. Cross-
correlation analysis was used to compare the relative time 
delays of the synchronized MUA (Fig. 2C shows represen-
tative cross-correlation histograms derived from electrodes 
E68, E74, E43 and E16 located in the CA3a, CA3b, CA3c 
and CA1 sub-regions along the pyramidal layer). Positive 
time-delays indicated that CA3a (E74) signals preceded 
firing in other CA sub-regions, indicating that the initiation 
site of epileptiform discharge was in CA3a in this slice. 

Fig. 2. Initiation and propagation of epileptiform discharges induced by high-K+ artificial cerebrospinal fluid. A: Representative hippocam-
pal slice and positions of the electrodes. Electrodes E68, E67, E75, E74, E63, E43, E34, E25 and E16 situated along the pyramidal 
cell layer were chosen for analyzing the initiation and propagation of the discharges. B: Relative timing of the negative peaks of 
field potentials (FPs) showed that the discharges initiated from CA3a (E74) and propagated to CA3c and CA1. C: Cross-correlation 
of multi-unit activity (MUA) in CA3a versus other CA areas showed the relative time delays of the signals after 8.5 mmol/L [K+]o 
application (binwidth = 1 ms). D: Statistics of propagation speeds measured from FPs and MUA showed that anterograde propaga-
tion speeds were slower than retrograde speeds (n = 5, *P <0.05, paired t-test). 
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This is compatible with the direct comparison of negative 
peaks of the FPs presented in Fig. 2B. Data from five slices 
showed that the discharges presented similar bi-directional 
propagation patterns. The discharges were initiated in the 
CA3a–b sub-regions and propagated to the CA1 and CA3c 
sub-regions. The time-delays of FPs and MUA between 
electrodes were measured to calculate the propagation 
speeds of the discharges. We found that the time delays of 
these two components both increased in proportion to the 
distance (defined as the length of pyramidal cell layer be-
tween recording electrodes, Fig. 2D). In the example shown 
in Fig. 2A, the anterograde (CA3a–b to CA1) speeds were 
63.2 mm/s (FP) and 66.8 mm/s (MUA), and the retrograde 
(CA3a–b to CA3c) speeds were 69.0 mm/s (FP) and 92.2 
mm/s (MUA). Comparing the propagation speeds of the FP 
and MUA, we found that highly synchronous MUA propa-
gated faster than FPs from the initiation site to the other 
sites [anterograde: 53.0 ± 18.0 mm/s (FP), 70.8 ± 22.4 mm/s 
(MUA), t =–6.182, df =97, P =0.0000; retrograde: 73.5 ± 
13.1 mm/s (FP), 99.7 ± 26.2 mm/s (MUA), t = –8.993, df = 
97, P = 0.0000, paired t-test, n = 5 slices; Fig. 2D]. In addi-
tion, both MUA and FPs showed faster retrograde than an-
terograde propagation (FP, t = –8.812, df = 97, P = 0.0000; 

MUA, t = –8.626, df = 97, P = 0.0000, paired t-test).
To confirm the existence of pacemakers in the CA3 

sub-area, we performed another set of experiments on 
slices in which the Schaffer collaterals between CA3 and 
CA1 were cut. The results showed that this abolished FPs 
as well as MUA in CA1, while neither the initiation nor the 
propagation direction of the discharges within the CA3 sub-
region was affected (Fig. 3). Similar results were obtained 
from another two slices.

Pharmacological Effects of VPA on High-K+-Induced 
Epileptiform Discharges
After the establishment of stable epileptiform discharges for 
at least 10 min, sodium VPA (100 μmol/L) was applied[17] 
to the slice. Burst frequency, burst duration and propaga-
tion speeds in the slice were measured before, during and 
after VPA application. In one typical slice, the frequencies 
of epileptiform discharges before, during and after VPA ap-
plication were 14/min (control), 20/min (VPA) and 22/min 
(washout) respectively. The durations of the discharges 
were 63.4 ms (control), 61.6 ms (VPA) and 61.9 ms (wash-
out). The statistical results showed that neither the burst 
frequency nor the duration of discharges was influenced by 

Fig. 3. Sectioning the Schaffer collaterals between CA3 and CA1 abolished epileptiform discharges in CA1 but not in CA3. A: Schematic 
diagram of experimental incision. B–D: Raw data (B), FPs (C) and MUA (D) of discharges recorded by electrodes in the CA3c, 
CA3b, CA3a and CA1 sub-regions after sectioning Schaffer collaterals between CA3 and CA1. Some of the positive wave was 
erased in order to highlight the negative wave.
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the application of VPA for 15–20 min (Fig. 4). 
The effects of VPA on the bi-directional propagation 

speeds were measured by comparisons of FP negative 
peaks and cross-correlation analysis of time delays mea-
sured from MUA. The anterograde and retrograde speeds 
during and after 100 μmol/L VPA application in a typical 
slice are presented in Table 1. The anterograde speed was 
not significantly influenced by the application of VPA, but 
the retrograde speed decreased during VPA perfusion. The 
VPA-induced suppression of retrograde propagation speed 

of epileptiform discharges partially recovered after 15–30 
min of drug washout (P <0.05, paired t-test, n = 5 slices; 
Fig. 4, Table 2).

DISCUSSION

Application of MEA to Recording Epileptiform Dis-
charges in vitro      
The application of MEA has greatly facilitated studies of the 
spatiotemporal properties of local networks in epileptiform 
discharges[12,16,18-20]. Similar to the signals recorded with tra-
ditional electrodes[10,15], epileptiform discharges are recorded 
as MUA characterized by a rapid series of action potentials 
superimposed on an FP (Fig. 1C). These discharges are 
thought to have a common electrophysiological basis with 
the interictal spikes on the EEG in vivo[10]. MEA offers the 
possibility of monitoring the epileptiform discharges in dif-
ferent sub-regions of rat hippocampal slices and thus pro-
vides information on the spatiotemporal dynamics of these 
discharges.

In order to investigate the spatiotemporal characteris-

Table 1.  The bi-directional propagation speeds (mm/s) of a 
typical slice

                FP            MUA

                      Anterograde   Retrograde    Anterograde  Retrograde

High-K+ 65.0 40.1 44.5 76.2

VPA 48.2 29.8 40.2 12.9

Washout 50.6 40.3 41.7 51.5

FP, field potential; MUA, multi-unit activity; VPA, valproate.

Table 2.  Statistical results of VPA effects on high-K+-induced epileptiform discharges

          Burst frequency (%)      Burst duration (%)                                                Propagation speed (%)
 
                                                                                                                              FP                                            MUA 

                                                                                                   Anterograde                Retrograde             Anterograde               Retrograde

High-K+         100         100         100        100         100         100

VPA   95.2 ± 14.9   105.1 ± 7.9   65.4 ± 12.8   59.4 ± 6.1   69.8 ± 14.6   63.0 ± 16.6

Washout 104.0 ± 16.3   108.7 ± 4.3   63.3 ± 13.5 113.9 ± 9.0   70.6 ± 18.2   73.9 ± 8.5

FP, field potential; MUA, multi-unit activity; VPA, valproate.

Fig. 4. Effects of 100 μmol/L sodium valproate (VPA) on high-K+-
induced epileptiform discharges. Burst duration, burst 
frequency and propagation speeds before, during and after 
application of 100 μmol/L VPA. All data were normalized to 
the parameters during stable discharges before drug ap-
plication. Ante: anterograde propagation speed; FP, field 
potential; MUA, multi-unit activity; Retro: retrograde propa-
gation speed. *P <0.05, paired t-test, n = 5 slices.
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tics and dynamics of the induced epileptiform discharges, 
the hippocampal slices were divided into CA3c, CA3b, 
CA3a, CA1 and DG sub-regions according to the cytoarchi-
tecture reported in previous studies[1]. In the present study, 
the burst durations and frequencies were averaged from 
data recorded by two adjacent electrodes located in each 
sub-region (CA3a, CA3b, CA3c and CA1) along the pyrami-
dal cell layer. Data from all electrodes along the pyramidal 
layer were used for analyzing the initiation and propagation 
of the discharges. The main results of our study were that: 
(1) discharges were predominantly initiated in the CA3a–
b region, and propagated bi-directionally to the CA1 and 
CA3c areas when the slices were exposed to high-K+; (2) 
disconnection of CA3 from CA1 abolished the discharges 
in CA1 without disrupting the initiation of discharges in 
CA3; and (3) when 100 μmol/L sodium VPA was added, the 
speed of the high-K+-induced propagation was reduced, but 
the rate and duration of discharges were not influenced. 

Firing Patterns of Epileptiform Discharges
A recurrent network of excitatory connections, excited 
by the activation of non-NMDA and NMDA glutamatergic 
ionotropic receptors, rapidly recruits neurons into the burst 
onset[4]. Burst activity in the hippocampus can also induce 
long-term changes in functional synaptic connections, in-
cluding the potentiation of excitatory synapses between 
pyramidal neurons and potential functional decreases in 
inhibitory synaptic connections[21,22]. The comprehensive 
effect of these changes is to enhance the excitability of 
the neuronal network, and they play significant roles in 
epileptogenesis. Neuronal burst activity occurs in various 
epilepsy models[3,15,23]. In our study, large-scale synchro-
nous epileptiform discharges composed of MUA and FPs 
emerged abruptly after perfusion with high-K+ ACSF (Fig. 
1C), with MUA reflecting the excitability in a small group of 
neurons and FPs in the EEG band representing synaptic 
interaction[24]. Cross-correlation analyses based on MUA re-
corded from different electrodes showed time delays of the 
activity in different areas, which indicated the propagation 
of neuronal discharges from the initiation site to the sur-
rounding areas. On the other hand, repetitive synchronized 
discharges were observed at intervals of 2–15 s in slices 
during continuous superfusion with high-K+ ACSF. A previ-
ous study had suggested that the interval between epilep-
tiform discharges depends on the time-course of vesicle 

replenishment after a burst[25]. Therefore, cell firings (MUA) 
and synaptic activity (FPs) were both involved in the gen-
eration of the discharges. 

Initiation of Epileptiform Discharges in Acute Hip-
pocampal Slices 
Many regions have been identified as initiation sites of epi-
leptiform discharges in vitro, including CA3[1,10,26], entorhinal 
cortex[27] and subiculum[28]. Different experimental methods, 
epileptic models or animal strains could account for the 
identification of different epileptogenic foci[29,30]. In the pres-
ent study, we specifically focused on high-K+ ACSF-induced 
epileptiform discharges in hippocampal slices using MEA 
recordings. The initiation site of the discharges was de-
termined by comparing the time-delays of negative peaks 
of FPs as well as cross-correlations of MUA timing. Our 
results showed that the initiation site along the pyramidal 
cell layer was in the CA3a–b sub-region (Fig. 2). Sectioning 
the Schaffer collaterals between CA3 and CA1 abolished 
the bursting activity in CA1, but had no effect on the firing 
activity in CA3 (Fig. 3). These results indicate that the dis-
charges induced by 8.5 mmol/L [K+]o arise from the CA3a–b 
sub-area in the slice, compatible with previous reports that 
pacemaker neurons in these sub-areas play a critical role 
in the initiation of hippocampal epileptiform discharges[1,10]. 

Propagation Patterns of Epileptiform Discharges in 
Acute Hippocampal Slices
Two propagation patterns of epileptiform discharges have 
been reported in hippocampal slices: unidirectional or bi-
directional propagation initiated from the CA3 region[10,27]. 
Our results showed that epileptiform discharges induced by 
high-K+ in rat hippocampal slices propagated bi-directionally 
from the initiation site (CA3a–b) to the CA1 and CA3c sub-
areas. In the propagation process, a small excitatory syn-
aptic input to the follower site can recruit a subset of the 
neuronal population, mostly bursters, into firing. Once a 
critical number of neurons are recruited into the discharge 
zone, the activity of their neighboring neurons becomes 
synchronous and spatially integrated. The propagation 
speed of epileptiform discharges is dependent on the in-
tegration time required to bring the successive neurons to 
firing threshold, which is influenced by the structure of the 
network, synaptic efficiency and the biophysical properties 
of the cell membrane[4]. The more quickly each neighboring 
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neuron is recruited, the faster the discharge may propagate[8]. 
NMDA and non-NMDA receptors (AMPA receptors and 

kainate receptors) are the main glutamatergic receptors 
involved in epilepsy. Studies have reported that NMDA-
receptor-dependent discharges propagate at about one 
fifth of the conduction velocity of non-NMDA-receptor-
dependent events[9]. We found that MUA and FPs recorded 
from different electrodes along the pyramidal cell layer 
both showed high temporal correlation during epileptiform 
discharges (Fig. 2B, C). FPs propagated slower than MUA 
(Fig. 2D), which suggests the presence of FP/spike dis-
sociation during epileptiform synchronization; this has 
been found during the induction of long-term potentiation 
in the hippocampus[31]. In our study, the discharges were 
initiated in the CA3a–b region, and propagated to CA1 
(anterograde) and CA3c (retrograde). When non-NMDA 
and NMDA receptors were activated in the high-K+ model, 
interictal activity showed faster retrograde than anterograde 
propagation (Fig. 2D). A previous study showed differ-
ent regional expression of AMPA receptor subunits along 
the two pathways of the hippocampal pyramidal layer[32]. 
Therefore, we postulate that the anterograde propagation 
(from CA3a–b to CA1) might be preferentially mediated by 
NMDA-receptor-dependent transmission, while non-NMDA-
receptor-mediated transmission plays a more important 
role in the retrograde propagation (from CA3b to CA3c) in 
the hippocampal loop. 

Effects of VPA on High-K+ACSF-Induced Epileptiform 
Discharges  
VPA is one of the major antiepileptic drugs commonly used 
in clinical practice. During bath application of VPA at a level 
comparable to the concentration in cerebrospinal fluid for 
chronic treatment in human brain[17], some aspects of the 
epileptiform discharges (e.g. burst frequency and dura-
tion) were not influenced (Fig. 4). Similar results have been 
found in the 4-aminopyridine model[33,34]. These findings are 
in line with clinical evidence obtained by investigating the 
relationship between the interictal spiking rate and antiepi-
leptic drug levels, which found that drug levels that influ-
ence seizure occurrence do not decrease the spiking rate 
(interictal epileptiform discharges)[35]. In the present study, 
we also found that VPA at a clinically-relevant concentra-
tion was sufficient to suppress the retrograde propagation 
of epileptiform discharges, but did not significantly affect 

the anterograde propagation speed (Fig. 4). Dzhala et al. 
reported that the transition from interictal activity to ictal-
like sustained epileptiform discharges is preceded by an 
increase in the speed of discharge propagation[10]. So our 
results imply that VPA at 100 μmol/L can prevent the occur-
rence of ictal discharges by reducing the retrograde propa-
gation speed of interictal epileptiform discharges. 

In our experiments, we found that the bi-directional 
propagation speeds of epileptiform discharges in hip-
pocampal slices were different (Fig. 2D). In the VPA ap-
plication experiments, the effects of VPA on propagation 
speeds also showed differences in the two directional path-
ways (Fig. 4). As VPA suppresses the responses mediated 
by glutamate receptors (NMDA receptors)[36], the more glu-
tamate receptors present, the stronger the effects of VPA. 
So we postulate that the effects of VPA on bi-directional 
propagation speed may reflect its inhibitory effects on the 
glutamate receptors. This implies that VPA should be used 
even in the chronic period, especially when interictal spiking is 
still observed in the EEG.
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