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Abstract

'The onset of spontaneous seizures in temporal lobe epilepsy is associated with an altered hippocampal circuitry. Neurochemical investigations have demonstrated that
changes also occur in corticostriatal synaptic pathways. Since the striatum plays a major role in procedural learning, it is of particular interest whether dyskinetic motor
dysfunction sometimes associated with epilepsy is indeed due to epilepsy-associated changes of basal ganglia function. Here, we analyzed corticostriatal long-term
potentiation (L'TP) in brain slices from pilocarpine-treated rats 4-10 weeks after status epilepticus. We stimulated corticostriatal fibers and recorded field potentials
in the dorsomedial striatum. We found that LTP was significantly enhanced in slices from pilocarpine-treated rats as compared to control preparations. In chronically
epileptic tissue, GABAA receptor blockade was not able to significantly enhance LTP any further. By contrast, in control slices it was able to strongly boost LTP.
We conclude that epilepsy has a profound effect on the corticostriatal synaptic pathway, and that GABAA receptors lose their regulatory and suppressive role in

synaptic plasticity in the dorsomedial striatum.

Introduction

Understanding the pathogenesis of temporal lobe epilepsy largely
relies on the use of animal models such as the experimental epilepsy
which occurs after a pilocarpine-induced status epilepticus [1].
Virtually all studies using animal models of epilepsy have focused on
the hippocampus which is primarily affected [2,3]. Striatal pathology in
experimental epilepsy, in turn, has generally not received the same level
of attention. Only a few reports have addressed this issue and provided
evidence that changes do occur within the basal ganglia. Activity-
dependent changes in synaptic strength such as long-term potentiation
(LTP) are widely accepted as key mechanisms for information storage
in the brain [4], and LTP can indeed be induced at corticostriatal
glutamatergic synapses [5,6]. The striatum is a brain region that is
critical for controlling e.g. voluntary motor behaviors, formation of
habits, drug addiction [7-9], and the dorsomedial part of the striatum
has been shown to be key area for dystonic pathology in experimental
models [10]. Therefore, synaptic plasticity of dorsomedial corticostriatal
synapses appears to represent an adequate neural correlate of motor
learning processes [5], and a possible marker of dystonic pathology
[10]. Recently, we have reported that LTP in the dorsomedial striatum
was profoundly upregulated in chronically epileptic tissue [11]. In
the present study, we asked whether GABAA receptors might also be
involved in alterations of synaptic plasticity following pilocarpine-
induced status epilepticus. We confirmed an enhancement of LTP in
epileptic tissue, and more importantly found this enhancement could
be mimicked by GABAA receptor blockade in control slices.

Experimental procedure
Status epilepticus model

A sustained status epilepticus (SE) was induced in young male
Wistar rats (~30 days, 140-150 g; Charles River, Sulzfeld, Germany).
First, all animals received methylscopolamine nitrate (1 mg/kg, i.p.)
to reduce peripheral cholinergic effects. After 30 minutes, pilocarpine
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hydrochloride was applied (340 mg/kg, i.p., in 0.9% saline) to induce SE
which was terminated 40 minutes after onset by injection of diazepam
(4-10 mg/kg, i.p.). If SE did not develop within 60 minutes, animals
were reinjected (170 mg/kg, i.p.). Animals of the control group were
identically treated, but were injected with saline instead of pilocarpine.
Rats were tended and fed with glucose solution for 1 day and kept in
separate cages. All procedures were performed according to national
and international guidelines on the ethical use of animals (European
Council Directive 86/609/EEC).

Brain slice preparation

Electrophysiological experiments were conducted 4-10 weeks after
SE. Preparation of horizontal rat brain slices followed procedures as
described earlier [12]. Briefly, the brains were quickly removed and
chilled in ice-cold artificial cerebrospinal fluid (ACSF) containing (in
mM) NaCl 125, NaHCO, 26, KCI 4, NaH PO, 1.25, CaCl, 2, MgClL
1.3 and glucose 10 gassed with carbogen (95% O,, 5% CO,). The
brain was trimmed on the dorsal side at an angle of approximately
40° from the horizontal and glued to a vibratome based on that side
(Integraslice 7550MM, Campden Instruments Ltd). From this slanted
tissue block, angulated 500 um slices were made which contained the
motor cortex and entire striatum, with connections between these two
regions still intact. Immediately after the slicing, slices were transferred
to the interface-type recording chamber and were incubated at room
temperature for at least 1 hour and then for another 1 hour at 32-33°C.

Correspondence to: Riidiger Kohling, Rostock University Medical Center, Oscar
Langendorff Institute of Physiology, 18057 Rostock, Germany, Tel: +49-381-494-
8000, Fax: +49-381-494-8003, E-mail: ruediger.koehling@uni-rostock.de

Key words: corticostriatal LTE gabazine, excitatory postsynaptic, potential,
pilocarpine

Received: January 12, 2016; Accepted: January 29, 2016; Published: February
01, 2016

Volume 1(1): 3-6



Avchalumov Y (2016) Loss of GABAergic control of corticostriatal LTP following status epilepticus

The remaining slices were transferred to an incubation submersion-
type bath filled with ACSF.

Electrophysiological recordings

Recordings were performed following an equilibration of at least
2.5-3 hours. Field excitatory postsynaptic potentials (fEPSPs) were
obtained from the dorsomedial striatum using a glass micropipette
recording electrode filled with ACSF. Signals were processed and
digitized using a micro1401 A/D converter controlled by Signal 2.16
(Cambridge Electronic Design, Cambridge, UK). The white matter of
the cortex was stimulated at a rate of 0.033 Hz with a bipolar insulated
platinum wire electrode (50 pm diameter). Stimulus strength was set at
50% of saturating intensity. Following 10-15 minutes of stable baseline,
long-term potentiation (LTP) was induced with high- frequency
stimulation (HFS, 4 x 100 Hz, 1 s duration, with 10 s intervals) at the
same stimulation intensity as used for single fEPSP recordings. The
initial slopes of the fEPSPs were measured, and then expressed as a
percentage of baseline level, calculated from an average of the last
10 minutes of the baseline recording period. The degree of LTP for
each experiment was measured as the average of the last 10 minutes
of the post-HFS, i.e. from data 50 to 60 minutes after HFS. Data were
expressed as means + SEM. Statistical analysis was done with the
SigmaStat software (SPSS; Chicago, IL, USA), and differences were
considered significant when P<0.05. All chemicals used for solutions
were purchased from Sigma (Taufkirchen, Germany). The GABAA
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receptor blocker gabazine was purchased from Tocris (Bristol, UK). A
stock solution of 100 mM gabazine was prepared in bi-distilled water.
For the experiments, a final concentration of 3 uM gabazine was used.
We chose this concentration, since we aimed to stay well below 10 uM
to spare tonic GABAergic activity [13], and to get closer to the ID50 of
0.44 uM reported for cultured, isolated neurones [14], which, however,
would necessitate unrealistically prolonged incubation times in 500 pm
thick slice preparations.

Results

Corticostriatal axons terminate on both medium spiny neurons and
GABAergic, fast- spiking striatal interneurons [15]. Hence, GABAergic
activity within the striatum might influence the propensity to obtain
corticostriatal LTP. Since we were interested in the contribution of
GABAA receptor activation to corticostriatal LTP in control and
epileptic tissue, we first confirmed our previous results, i.e. the LTP
enhancement in slices taken from pilocarpine-treated rats. When high-
frequency stimulation (HFS) was applied to control slices, we found
an increase in the fEPSP slope to 110 + 6% of baseline after 60 minutes
of follow-up (n=12, open symbols in Figures 1A and 1D). As has been
reported previously [11], slices from pilocarpine-treated animals
showed significantly enhanced levels of LTP (156 + 10% of baseline,
n=9, closed symbols in Figures 1A and 1D; P<0.01). This difference,
however, was completely lost when the specific GABAA receptor
blocker gabazine (3 uM) was used throughout the experiment. In
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Figure 1. Effect of GABA p receptor inhibition on corticostriatal LTP. (A) Long-termpotentiation (LTP) at corticostriatalsynapses from chronically epileptic rats (Pilocarpine, closed circles)
is significantly enhanced compared to control issue (Control, open circles). Dot plots (means = SEM) of relative field potential (fEPSP) slopes of cortical afferents to the dorso medial
striatumare shown from 10 minutes before to 60 minutes after high-frequency stimulation (HFS, indicated by a narrow). Insets: Original field potential recordings from dorso medial striatum
obtained at time points 1 and 2 during the course of the experiment (i.e. shortly before and ~60 minutes after HFS). (B,C) LTP is enhanced in control preparations (open circles) under
conditions of GABA A receptor blockade, but is unalteredinslices from pilocarpine-treatedrats (closed circles). Dot plots (means = SEM) of relative fEPSP slopes are shown for gabazine-pre
incubated slices (panel B) as well as for experiments documenting the temporal development of gabazine treatment to assess fEPSP changes induced by GABA A receptor inhibition (panel
C). HFS was applied at time point “0” (indicated by a narrow). Sample traces demonstrate the increase of the fEPSP slope in the presence of gabazine (3 uM) in both control and pilocarpine
tissue (panel C) as well as after high-frequency stimulation (panels B and C). (D) Bar graph summarizing the LTP values (i.e. the fEPSP slopes at~60 min after HFS, relative to baseline)
for native conditions, gabazine-pre incubated slices and slices with developing gabazine effect in control tissue (open bars) and tissue from chronicall yepileptic animals (closed bars).
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gabazine-preincubated slices, the time course of the fEPSP potentiation
following HFS was similar in both experimental groups. After 1 hour of
follow-up, LTP levels reached 162 + 13% of baseline (n=14) in controls
and 163 * 8% of baseline (n=12) in pilocarpine-treated rats (Figures
1B and 1D). Interestingly, these values were almost identical with the
LTP level obtained in epileptic tissue without gabazine. Thus, GABAA
receptor-mediated inhibition was present under control conditions,
substantially controlling and suppressing LTP induction. In the
striatum of chronically epileptic animals, however, this GABAergic
inhibition appeared to be down-regulated since gabazine was no
longer able to enhance LTP levels. One potential pitfall in interpreting
these results is that LTP was determined relative to baseline levels
which themselves were established after gabazine-preincubation. We
therefore repeated these experiments and applied gabazine during
the recording to control for pre-incubation effects. Also in these
experiments, GABAergic control of LTP is evident only in control
slices: Following 25 minutes of GABAA receptor inhibition, fEPSP
slopes increased to 126 + 12% of baseline in control tissue (n=6, Figures
1C and 1D), and to 125 + 23% of baseline in slices from pilocarpine-
treated rats (n=6). These data suggest that tonic GABAergic inhibition
is preserved in both control tissue and the epileptic striatum. More
importantly, however, the potentiation of fEPSP slopes after HFS
again reached similar values in both experimental groups (control:
197 £ 36% of baseline, n=6; pilocarpine: 198 + 29% of baseline, n=6;
Figures 1C and 1D), as in pre-incubated slices. Thus, phasic inhibition
occurring during the HFS paradigm rather than tonic inhibition might
be functionally down-regulated in the epileptic striatal network.

Discussion

During the process of epileptogenesis, a number of alterations have
been reported in hippocampal and parahippocampal brain areas [16].
However, extratemporal neural structures such as the basal ganglia
are increasingly recognized as being also involved in chronic synaptic
changes that occur during epileptogenesis. In our previous work, we
addressed corticostriatal LTP in pilocarpine-treated rats and observed
that LTP was significantly enhanced in the striatum of chronically
epileptic rats, while it was hardly expressed in normal tissue [11]. The
present study confirmed these results and further, expands on the role
of GABAA receptor mediated transmission in corticostriatal LTP. The
major finding of the present study is that gabazine enhanced LTP in
control tissue, whereas in pilocarpine-treated rats LTP was practically
unaltered. At first sight, this might suggest disinhibition in control
tissue leading to further increases in excitability (and hence LTP),
while in epileptic tissue, a depolarizing GABAergic component of
synaptic transmission emerging under pathological conditions - as
speculated e.g. in striatal neurons in a model of absence epilepsy [17]
- might be involved. However, two findings argue against this: i. in
the cited absence model, phasic GABAergic activity during spike-and-
wave discharges led to shunting inhibition nevertheless, and not to
augmentation of responses [17], and ii. in the present study, GABAergic
receptor suppression led to significant increases in fEPSP slopes in both
epileptic and control tissue, suggesting substantial tonic inhibition
being preserved also under the condition of chronic hyperexcitability
(e.g. epilepsy). One can speculate that this tonic inhibition is emerging
as a protective response to the pathological discharges, and that once it
is lifted (by receptor blockade), it limits the dynamic range of plasticity,
since the system is already close to saturation. By contrast, in healthy
tissue, phasic inhibition appears to prevail over tonic one, and is indeed
limiting LTP induction (likely via coactivation of cortical projections
of GABAergic striatal neurons known to exert strong feedforward
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inhibition [17,18]. Here, the strong modulation of LTP by GABAA
receptor blockade might suggest that LTP is at least in part resulting
from the activity-dependent modulation of intrastriatal inhibitory
networks [19-21].

In conclusion, our results indicate that epileptogenesis may also
involve brain areas not directly associated with the origin of epileptic
seizures, and more specifically, that phasic inhibitory control keeps
LTP at bay under normal conditions, and is lost in chronically epileptic
tissue.
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