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Exploring spatiotemporal patterns of epileptiform discharge in hippocampal
slice using multi-electrode arrays
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Abstract: To investigate the spatiotemporal properties of epileptiform activity in vitro, 400 um-thick transverse hippocampal slices
were prepared from juvenile rat and planar multi-electrode array (MEA) containing 60 electrodes was used to record the electrical
activity induced by bath application of high potassium artificial cerebrospinal fluid (ACSF) on slices. Following successful induction
of epileptiform bursts, phenobarbital sodium was applied to test for its inhibitory effects on bursting activity in different regions of
slice. Region-specific characteristics of epileptiform activity and anticonvulsant actions of phenobarbital sodium in the hippocampal
network were determined by comparing the population activity obtained from MEA. The results showed that: (1) 15 min after high-
K" ACSF application, rhythmic and synchronous epileptiform bursts could be detected from all CA sub-regions. Quantitative analysis
indicates that the firing patterns of different CA sub-regions were not statistically different (P>0.05). However, no bursting activity
was recorded from granular cells in dentate gyrus, only sparse spikes were observed, with frequency significantly lower than that in CA
regions (P<0.05). (2) The high-K*-induced bursting activity could last for more than 40 min with stable bursting activities. (3) Bath
application of 60 pmol/L phenobarbital sodium inhibited the bursting activities on hippocampal slice. Bursting activities in CA3c and
CAL were firstly suppressed. 10 min after the phenobarbital sodium application, strong bursting activities persisted only in some of
pyramidal cells in CA3a and CA3b. These results show that MEA could be applied for studying the spatial and temporal properties
of epileptiform activity in vitro, as well as the region-specific effects of anti-epileptic drugs.
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Fig. 1. Multi-electrode array (MEA) and micrograph of rat hippocampal slice. A: Overview of a 60-electrode MEA. External dimensions
are 5 cmx5 cm. 1: The quartz glass; 2: The connecting pads; 3: The glass ring; 4: The patterned area containing the electrodes. B: Electrode
field of the MEA with 60 electrodes (30 um diameter, 200 um spacing). C: Optical picture of an acute hippocampal slice on MEA. CA
regions (CA1, CA3a, CA3b, CA3c) and dentate gyrus (DG) locations are indicated by solid lines. Scale bar, 200 pum.
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Fig. 2. Epileptiform bursting activity induced by high K* perfusion in hippocampal slice using multi-electrode arrays. A: Screenshot of

multi-electrode recording for hippocampal slice presented in Fig. 1C. Each window represents the recording from one electrode (*: the
electrode switched off due to noise). B: Representative example of a burst after field potential was filtered by a 200 Hz high-pass filter.
C: Inter-spike interval (ISI) histogram during bursting. The vertical dotted line marks 95 percent of I1SIs within burst. Inset: linear regression

of the logarithmic ISI probability distribution indicates an exponential distribution. D: Raster plot of spike timing for 150 typical
epileptiform bursts. B, C and D are analyses performed on data recorded from electrode #74.
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Fig. 3. Steady state of high K* -induced epileptiform bursting activity in hippocampal slice using multi-electrode arrays. A: Spike frequency.
B: Burst count per minute. C: Burst duration. D: Number of spikes per burst. The first blank circle in each plot represents baseline for
each parameter. Filled circles indicate data points per 30 s. Data were recorded from CA3a region (n=9).
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Table 1. Comparisons of discharge parameters among different hippocampal regions

Areas Spike frequency (Hz) Burst count per minute Burst duration (ms) Number of spikes per burst
CAl 5.24+1.34 14.43+1.98 29.01+5.45 7.60£1.48

CA3a 7.37+2.02 15.32+£2.73 36.63+4.13 9.58+1.20

CA3b 7.42+1.25 15.65+1.96 42.29£4.00 11.52+1.59

CA3c 6.36+1.08 14.90+2.70 39.03+£3.81 9.95+1.02

DG 1.76+0.46* N.A. N.A. N.A.

Mean=SEM. "P<0.05 vs all CA sub-regions, two-way ANOVA, 6 electrodes for each subfield from 6 slices. N.A.: Not available as no
burst was detected from this area.

BE— D HENE], 65400 CA3a 15 CA3D XA Ay e 2R B Ll . KDL, T Sh gl i ic 5
THAHUR (I 4C) 5 AE4325 10 min 5, JUAT CA3R fitysfa = R AR T R0/ 26 6 26 300 22 1 o (1 16
A b X4 XA T IR SR SRR OB D). gy s d sk, SRTTT, ORI B A A e T
AR TEI X P, T T ) A 8 4 P 3

3 Wit S T 38 R L (R BB A T 1 i
KB BEA AN TG TR AU O R OB s R AT, AT R e 2



168

A= 2#3 Acta Physiologica Sinica, April 25, 2010, 62(2): 163-170

Burst count per minute

B4, RO LG B0 a5 3 R0 5 00 A [0 DXl P T T3 P (40 s R

Fig. 4. Inhibitory effects of phenobarbital sodium (60 pmol/L) on high K*-induced epileptiform activity in different regions of hippocampal
slice. A: Contour plot of bursting activity during sustained high K* perfusion. B: 3 min after drug application. C: 7 min after drug application.
D: 10 min after drug application. Dashed line in each plot indicates positions of CA pyramidal cell layer and DG granular cell layer. Different

hippocampal regions are indicated. Burst count per minute is color-coded.
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