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Abstract Enhanced excitability manifested by seizures and
epilepsy is one of the characteristic features of the fetal alcohol
spectrum disorders (FASD). Here, we examined network
excitability using a high-potassium model in the hippocampal
slices prepared from the postnatal days of P7–9 rats treated
with ethanol. Ethanol was administered at 6 g/kg intraperito-
neally 12 h before the slice preparation. The extracellular field
potential recordings from the hippocampal slices using
multishank silicon probes placed along CA3-CA1 axis were
performed in the interface chamber. We found that elevation
of the extracellular potassium from 3.5 to 6 mM evoked
seizure-like clonic or tonic-clonic discharges in 77 % of the
slices from the ethanol-treated animals and only in 15% of the
slices from the control animals. Further elevation of the extra-
cellular potassium to 8.5 mM evoked epileptiform activity in
92 and 69 % of the slices from the ethanol-treated and the
control animals, respectively. The current source density
profile and the multiple unit activity analysis pointed on the
CA3 hippocampal region as a generator of the epileptiform
activity. Thus, the hippocampal slices from the ethanol-treated
neonatal rats display enhanced excitability and could serve as
a FASDmodel to study the early epileptiform transformations
following exposure to ethanol.
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1 Introduction

Fetal alcohol spectrum disorders (FASD) is a common term
used to describe a range of adverse developmental outcomes
that may occur in a person whose mother was consuming
alcohol during pregnancy. FASD is associated with several
comorbidities including epilepsy. Seizures are observed with
a frequency of 3–21 % in children with FASD [1]. The mech-
anisms underlying the epileptic phenomena associated with
FASD are not fully understood. Carlen and colleagues have
recently reported that 1st trimester equivalent alcohol expo-
sure in pregnant mice dams leads to an enhanced excitability
in hippocampal slices prepared from their springs, manifested
by the enhancement of the sharp waves, a shift in the
excitatory/inhibitory balance towards excitation and increased
excitability of CA3 pyramidal cells [2]. Whether 3rd trimester
equivalent alcohol exposure, known to be associated with
massive neuroapoptosis and long-term alterations in hippo-
campal functions [3, 4], leads to an enhanced hippocampal
excitability remains unknown, however. Here, we addressed
this question through the exploration of the excitability using
an elevated potassium model in the hippocampal slices pre-
pared from the rat pups shortly after the exposure to ethanol.

2 Material and Methods

This work has been carried out in accordance with EU
Directive 2010/63/EU for animal experiments and all the pro-
tocols were approved by INSERM (N007.08.01) and KSMU
(N9-2013). Wistar rats of both sexes from postnatal days (P)
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7–9 were used. Ethanol was administered intraperitoneally at
a dose of 6 g/kg (20 % normal saline solution). The control
animals received the same volume of saline. After the treat-
ment, both the ethanol-treated and the control pups were kept
in a thermostated box at 36 °C. Twelve hours after the ethanol
or the saline administration, the animals were anesthetized
with isoflurane, decapitated, and the brains were rapidly
removed to oxygenated (95 % O2–5 % CO2) ice-cold
(2–5 °C) artificial cerebrospinal fluid (ACSF) of the fol-
lowing composition (in mM): NaCl 126, KCl 3.5, CaCl2
2, MgCl2 1.3, NaHCO3 25, NaH2PO4 1.2, and glucose
11 (pH 7.4). The six hundred-μm-thick horizontal slices
were cut using a Vibratome (VT 1000E; Leica, Nussloch,
Germany). The slices were kept in oxygenated ACSF at
room temperature (20–22 °C) for at least 1 h before use.
For recordings, the slices were placed into a modified
interface chamber [5] on a plastic mesh with 1-mm high
perfusion space underneath the mesh and, on the inner
side, they were superfused with oxygenated ACSF at
33.5–34 °C at a flow rate of 2–4 ml/min. The recordings
were performed simultaneously from a pair of the control
and the post-alcohol slices. The extracellular recordings of
the local field potentials (LFP) and the multiple unit
activity (MUA) were performed using 16 shank silicon probes
with 100-μm separation distance between the shanks. The
data were stored in PC and were analyzed using Matlab
routines. The data are expressed as mean ± SE; the level of
significance p was set at 0.05.

3 Results and Discussion

This report is based on the recordings from the 26 hippocampal
slices prepared from the P7–9 rat pups including 13 slices from
the ethanol-treated and 13 slices from the control animals.
Under control conditions, all the slices prepared from both the
control and the ethanol-treated rat pups displayed spontaneous
giant depolarizing potentials (GDPs), alterations to which are
described in the companion paper (this issue). Elevation of the
extracellular concentration of potassium from 3.5 to 6 mM
evoked epileptiform discharges in the majority of the slices
(77 %) from the P7–9 ethanol-treated animals (10/13 slices)
and in 15 % of the slices from the P7–9 control animals (2/13
slices) (Fig. 1). The high-potassium-induced discharges were
characterized either by recurrent clonic-like bursting or tonic-
clonic-like electrographic phenotype. The clonic-like bursts
occurring at 0.1–1.5 Hz were composed of multiple population
spikes, recruiting most of the neuronal firing of CA3 and CA1
neurons, and regularly. The tonic-clonic episodes typically
started with large amplitude population spikes followed by
population spikes occurring initially at 10–20 Hz and slowing
down through the tonic phase, with further transition to the
clonic-like discharges. The current source and multiple unit

density analysis indicated that the CA3 region heralds the
population activity and suggested activation of the recurrent
collateral synapses and the Schaffer collaterals in the
hippocampal network synchronization (Fig. 1d, e). In the
CA3 region, the population spikes were characterized by a
sink (1) in the CA3 pyramidal cell layer (Fig. 1e), which
coincided with a burst of the CA3 multiple unit activity
MUA (Fig. 1f) suggesting that it is generated by the sum-
mation of the somatic action currents in the nearby CA3
pyramidal cells. CA3 sink 1 was followed by sink 2 in
stratum radiatum of CA3, likely generated by the recurrent
collateral synapses (Fig. 1d). At about 10 ms delay, sinks 3
and 4 occurred in CA1 region in strata pyramidale and
radiatum, respectively. Sink 3 coincided with the MUA burst
in the CA1 pyramidal cell layer and thus was likely generated
by the summation of CA1 units as homologous sink 1 in CA3.
Sink 4 was likely a result of activation of CA3-CA1 Schaffer
collateral synapses and CA1-CA1 collaterals [6]. Together,
these results indicate that the population discharges were
initiated in the CA3 region, were supported by the local excit-
atory circuits, and drove the CA1 region.

Further increase in the extracellular potassium concentration
to 8.5 mM evoked epileptiform activity in 92 % of the slices
from P7–9 ethanol-treated rats (12/13) and in 69% of the slices
from P7–9 control rats (9/13) (Fig. 1b). Interestingly, none of
the slices prepared from the P5–6 ethanol-treated or control
animals displayed epileptiform activity after the extracellular
potassium elevation to 6 mM, the increase in the extracellular
potassium concentration to 8.5 mM triggered the epileptiform
events in 25 % of the slices (1/4) both in the control and the
ethanol-exposed rats. In slices prepared from P18–21 rats,
epileptiform activity was observed in 14 % (1/7) from control
and 43 % (3/7) from ethanol-exposed rats after elevation of the
extracellular potassium concentration to 6 mM and in 43 %
(3/7) of slices from both groups after elevation of potassium
to 8.5 mM (Fig. 1b). These findings are in keeping with the
bell-shaped developmental profile of seizure-like activity in the
high-potassium model [7], and they indicate on increased
excitability in slices prepared from the ethanol-treated animals,
which is most prominent in P7–9 animals.

We also explored the acute effects of ethanol in slices
prepared from P7–9 control rats. In this series of experiments,
epileptiform events were evoked by elevation of extracellular
potassium to 8.5 mM in the absence of ethanol in 80 % (4/5)
of slices that was similar to the seizure occurrence in the series
of experiments described above. In the presence of ethanol
(100 mM), seizure-like activity was evoked by elevated to
8.5-mM extracellular potassium only in 20 % (1/5) of slices.
Interestingly, following washout of ethanol in the presence of
elevated potassium (8.5 mM) epileptiform activity was
observed in 80 % of slices (4/5). These findings indicate that
ethanol exerts acute inhibitory actions on the epileptiform
activities. However, slices prepared from the ethanol-treated
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rats 12 h after ethanol administration and which were incubated
in the ethanol-free ACSF displayed enhanced excitability (see
above) indicating that in addition to the acute seizure-
suppressing effect, ethanol also exerts delayed pro-epileptic
actions which are most prominent in P7–9 age group.

4 Conclusions

Thus, 3rd trimester equivalent alcohol exposure in the rat
model results in a robust increase in the hippocampal excit-
ability revealed by almost a fivefold increase of the occurrence
of seizure-like activity in the high-potassium model in the
slices prepared from the rat pups 12 h after the ethanol expo-
sure. Our results suggest that the epileptiform transformations,
which are characteristic of FASD, start emerging shortly after

the alcohol exposure and may reflect an impairment of the
GABAergic mechanisms reported previously [8].
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