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Oscar Langendorff Institute of Physiology, University of Rostock, Rostock, Germany

SUMMARY

Purpose: Temporal lobe epilepsy (TLE) is associated with

changes in hippocampal function/morphology. These

changes often manifest as a decline in cognitive abilities,

which in animal models is reflected in reduced spatial

learning and up-regulation or down-regulation of synaptic

plasticity. Beyond this, however, changes also occur in

other, extralimbic structures, as has been shown on the

neurochemical level. Here, our aim was to test whether

functional changes occur also in corticostriatal synaptic

communication, also because the striatum is instrumen-

tal in motor planning and coordination and hence serves

important nonlimbic functions.

Methods: We analyzed corticostriatal long-term potenti-

ation (LTP) in brain slices of pilocarpine-treated rats after

status epilepticus (SE). To determine whether chronic

seizures, or SE itself, impact basal ganglia function, tissue

was investigated (1) shortly after SE (3–5 days, acute

group), and (2) after chronic epilepsy had been established

(chronic group, 4–10 weeks after SE).

Key Findings: Early after SE, only little synaptic plasticity

emerged. In the chronic group, however, LTP was

enhanced significantly in the SE group versus control prep-

arations. Using pharmacologic blockade of N-methyl-D-

aspartate (NMDA) receptors, LTP in chronically epileptic

tissue could be dissected into an early, NMDA-dependent

and a late, NMDA-independent phase, which reverted to

LTD with additional dopamine D1/D5 receptor blockade.

Significance: We conclude that chronic limbic epilepsy

goes along also with functional alterations in extralimbic

structures such as the striatum.

KEY WORDS: Pilocarpine, NMDA receptor, Dopamine

receptor, Corticostriatal.

The acute administration of a high dose of pilocarpine in
rodents is an experimental model widely used to study the
pathophysiology of seizures (Turski et al., 1983). Rodent
models of pilocarpine model of epilepsy have provided a
wealth of information regarding electrophysiologic, neuro-
chemical, and behavioral characteristics associated with sei-
zure activity (al Tajir & Starr, 1991; Kirschstein et al.,
2007), most particularly in the structures primarily affected
by the manipulation, that is, hippocampus, subiculum, and
entorhinal cortex, showing, for example, reduction of syn-
aptic plasticity. Chronic epilepsy, therefore, is associated
with functional alterations in the structures affected. How-
ever, evidence is mounting that indicates that in chronic
epilepsy, the physiology and pharmacology of many more
systems are altered. Such a chronic and widespread alter-
ation of brain function with epilepsy is important to consider
in the development of, for example, antiepileptic drugs,

which may act differently in normal versus chronically epi-
leptic brain. In the present study, our aim was to test for such
functional alterations in systems not primarily involved in
hippocampal epilepsy. We, therefore, investigated cortico-
striatal synaptic communication, since the striatum is a
major recipient of cortical afferents in the basal ganglia, and
its neurons receive glutamatergic synaptic contacts from
almost all areas of cerebral cortex (Gerfen, 1992; Goldman-
Rakic, 1983). More importantly, in a genetic model of
absence epilepsy, the corticostriatal network has been
shown to show rhythmic activity in phase with cortical
spike-wave discharges (Slaght et al., 2004). In addition,
neurochemical investigations suggest that changes also
occur in extralimbic structures such as thalamic dorsome-
dial nuclei (Kubova et al., 2001) and corpus striatum
(Turski et al., 1988; up-regulation of D2 receptors), and con-
versely, the striatum receives extensive input from limbic
structures (Smith & Bolam, 1990). Temporal lobe epilepsy
(TLE), in turn, is known to be associated with cognitive
changes (Grunwald & Kurthen, 2006). Long-term potentia-
tion (LTP) and long-term depression (LTD) are believed to
reflect processes of learning and memory formation (Bliss
& Collingridge, 1993) and hence cognitive abilities; conse-
quently, alterations of hippocampal LTP have been
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observed in TLE models of epilepsy, as well as in human tis-
sue from epilepsy patients. Therefore, (Kirschstein et al.,
2007) have reported that metabotropic glutamate receptor
(mGluR)–dependent LTD is considerably impaired after
status epilepticus (SE) in CA1 region of the hippocampus.
(Arida et al., 2004) have demonstrated that the late form of
LTP was also strongly impaired in CA1 region of the hippo-
campus in a pilocarpine model of epilepsy. Although LTP
has also been found at corticostriatal synapses on medium
spiny neurons, both in vitro and in vivo (Partridge et al.,
2000; Reynolds & Wickens, 2002), and indeed, in one
report TLE was even found to be associated with an apparent
up-regulation of D2 dopaminergic transmission in rat stri-
atum (Turski et al., 1988), no data exist on whether TLE is
actually able to influence synaptic plasticity in the striatum.
In the present study, we show that LTP in dorsomedial stria-
tum was profoundly enhanced in rats that were subjected to
pilocarpine after 4–10 weeks of pilocarpine treatment,
whereas corticostriatal LTP was not significantly changed
in pilocarpine rats after 3–6 days of pilocarpine treatment.

Methods

Pilocarpine-induced status epilepticus
All procedures were performed according to the guide-

lines laid down by the Animal Care and Use Committee
at the Rostock University. A sustained SE was induced in
young male Wistar rats (�30 days, 140–150 g; Charles
River, Sulzfeld, Germany). First, all animals received
methyl scopolamine nitrate (1 mg/kg, i.p.) to reduce
peripheral cholinergic effects. After 30 min, pilocarpine
hydrochloride was applied (340 mg/kg, i.p., in 0.9% NaCl
saline) to induce SE, which was terminated 40 min after
onset by injection of diazepam (4–10 mg/kg, i.p.; denoted
as PILO group). If SE did not develop within 60 min, ani-
mals were reinjected (170 mg/kg, i.p.). In some animals,
even with reinjections, no SE developed. These animals
served as further controls to differentiate cholinergic and
SE effects (PILO without SE group). Animals of the con-
trol (CTRL) group were treated an identical manner, but
were injected with saline alone instead of pilocarpine. The
rats were tended and fed with glucose solution for 1 day
and kept in separate cages. For experiments on acute
effects of SE (acute group), animals were investigated
3–5 days after pilocarpine treatment (or equivalently, after
injections for CTRL and PILO w/o SE groups). Effects of
chronic epilepsy after SE were determined in animals
4–10 weeks after SE (chronic group). For this, animals
were video-monitored for occurrence of spontaneous
seizures, starting �14 days after pilocarpine treatment.
Most rats that had experienced SE developed chronic,
spontaneous seizures. Only rats that experienced at least
three generalized stage 5 seizures documented with video-
monitoring were used for electrophysiologic experiments,
which were conducted 4–10 weeks after SE.

Corticostriatal slice preparation and maintenance
The study was conducted in randomized fashion, so that

PILO, CTRL, and PILO w/o SE, as well as chronic and
acute groups were investigated in no particular order. Ani-
mals were deeply anesthetized with diethyl ether, decapi-
tated, and brains were dissected out quickly. Preparation of
horizontal rat brain slices followed procedures described
earlier (Kohling et al., 2004). Briefly, the brains were
quickly removed and chilled in ice-cold artificial cerebro-
spinal fluid (ACSF) containing, in mM: NaCl 125, NaHCO3

26, KCl 4, NaHPO4 1.25, CaCl2, 2, MgCl2 1.3, and glucose
10. ACSF was bubbled with carbogen (95% O2, 5% CO2) to
maintain a pH of 7.4. The brain was trimmed on the dorsal
side at an angle of approximately 40 degrees from the hori-
zontal and glued to a Vibratome based on that side (Integra-
slice 7,550 mm; Campden Instruments Ltd, Loughborough,
United Kingdom). From this slanted tissue block, angulated,
500 lm slices were made that 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 h and then
for another 1 h at 32–33�C. The rest of the slices were trans-
ferred to an incubation submersion-type bath filled with the
same ACSF as stated earlier. The recording was conducted
in the dorsomedial striatum, and was performed after at least
2.5–3 h of incubation.

Stimulation and recording
Field excitatory postsynaptic potentials (fEPSPs) were

obtained from the dorsomedial striatum. The dorsomedial
part of the striatum was chosen, as it receives most of the
motor-cortical input (Nobrega et al., 2002). A glass micro-
pipette recording electrode was used for recording. Signals
were processed and digitized with a Power1401 A/D con-
verter using Signal 2.16 software (CED, Cambridge, United
Kingdom). Stimulation at 0.033 Hz was conducted at the
white matter of the cortex using double-twisted insulated
platinum wires (50 lm diameter). Stimulus strength was set
at 50% of saturating intensity. Under these conditions, we
obtained typical evoked field potential responses, consisting
of an initial, small presynaptic fiber volley and a subsequent
synaptically mediated, negative going potential (Flagmeyer
et al., 1997) of )0.2 to )0.8 mV amplitude at 50% saturat-
ing stimulation intensity. The synaptic latencies, measured
from beginning of stimulus artifact to initial deflection of
the synaptic potential, were 3.87 € 0.13 ms (CTRL),
3.97 € 0.17 ms (PILO w/o SE), and 3.8 € 0.12 ms (PILO)
in the acute group; and 4.3 € 0.78 ms (CTRL),
4.6 € 0.394 ms (PILO w/o SE), and 4.75 € 0.19 ms (PILO)
in the chronic group, matching well with fEPSPs observed
by other groups and corresponding to latencies of synap-
tically evoked EPSPs in intracellular recordings both
in vitro and in vivo (Charpier & Deniau, 1997; Flagmeyer
et al., 1997; Sergeeva et al., 2003). To gauge the degree of
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paired-pulse-facilitation (PPF), the ratio between the ampli-
tudes of the second and the first fEPSPs was calculated,
using paired stimuli 40 ms apart. Following 10–15 min of
stable baseline, LTP was induced with high-frequency stim-
ulation (4 · 100 Hz, 1 s duration, with 10 s intervals) at the
same stimulation intensity as used for single fEPSP. The
initial slopes of the fEPSPs were measured, with mean
slopes of )0.16 to )0.2 mV/ms in the different groups (cf.
D’Alcantara et al., 2001), and then expressed as a percent-
age of baseline level, calculated from an average of the last
10 min of the baseline recording period. The degree of LTP
for each experiment was measured as the average of the last
10 min of the post-HFS (high-frequency stimulation), that
is, from data 50–60 min after HFS. Data were expressed as
means € SEM. Statistical analysis was done with the aid of
SigmaStat software (SPSS Inc, Chicago, IL, U.S.A.) per-
forming Student’s t-test (unpaired), Mann-Whitney U-test
or one-way analysis of variance (ANOVA) with repeated
measurements, and differences were considered significant
when p < 0.05.

Chemicals and solutions
All chemicals used for physiologic solutions were pur-

chased from Sigma (Taufkirchen, Germany). The specific
NMDA receptor antagonist D-2-amino-5-phosphonopent-

anoate (D-AP5) and the D1/D5 dopamine receptor blocker
SCH23390 were purchased from Tocris (Bristol, United
Kingdom). Stock solutions of 100 mM D-AP5 and
SCH23390 were prepared in bi-distilled water.

Results

Corticostriatal LTP in acute phase of post-SE epilepsy
Because previous work has shown that striatal LTP can

be induced with 100 Hz HFS (Akopian & Walsh, 2006; Par-
tridge et al., 2000), we used this paradigm to determine
whether SE and ensuing chronic epilepsy can alter synaptic
plasticity in striatum. In the acute group of animals, directly
after SE, HFS induced moderate LTP in all groups, (PILO,
PILO w/o SE and CTRL), which was not significantly
different among them (p > 0.05, ANOVA). LTP reached
levels of 1.11 € 0.06 (CTRL, n = 10), 1.13 € 0.07 (PILO
w/o SE, n = 9), and 1.18 € 0.08 (PILO, n = 11) (Fig. 1A).
Synaptic plasticity in the corticostriatal pathway is thus not
altered by SE within the acute post–status phase.

Corticostriatal LTP in the chronic phase of
TLE after SE

Although during the silent phase after SE, no changes in
corticostriatal plasticity were observed, we speculated that

A B

Figure 1.

LTP at corticostriatal synapses from chronically epileptic rats is strongly increased. Dot plots (means ± SEM) of relative field postsyn-

aptic potential (fEPSP) slopes from 10 min before to 60 min after high-frequency stimulation (HFS) of cortical afferents to dorsomedi-

al striatum. HFS was delivered at time point ‘‘0.’’ Insets: Original field potential recordings from dorsomedial striatum of paired

stimulus induced fEPSP obtained at time points 1 and 2 during the course of the experiment (i.e., shortly before and �60 min after

HFS). Traces are superimposed to illustrate differences in amplitudes and slopes. (A) Data obtained from tissue 3–5 days after induc-

tion of SE (acute group) by intraperitoneal pilocarpine injection (PILO, black circles) or tissue of age-matched animals that had under-

gone pilocarpine injection, but did not develop SE (PILO w/o SE, gray circles), as well as from animals only having been injected saline

(CTRL, white circles). (B) Data obtained from corresponding tissues 4–10 weeks after SE (chronic group).
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during the chronic phase of post-SE temporal lobe epilepsy,
the recurring seizures might alter corticostriatal communi-
cation. Indeed, after establishment of chronic epilepsy
(chronic group) LTP was significantly enhanced in pilocar-
pine-treated rats (p < 0.02; ANOVA, Fig. 1B), but not in
the PILO w/o SE and CTRL groups, suggesting a specific
effect of chronic epilepsy rather than pilocarpine treatment
or SE alone. Therefore, fEPSPs after LTP induction were
increased to 1.24 € 0.11 (CTRL, n = 7), 1.25 € 0.09 (PILO
w/o SE, n = 8), and to 1.81 € 0.20 (PILO, n = 8) (Fig. 1B).
Post hoc tests (Holm-Sidak method) confirmed significant
differences between PILO versus CTRL and PILO versus
PILO w/o SE (p < 0.05), but not between CTRL and PILO
w/o SE groups. Chronic epilepsy, hence, increases cortico-
striatal plasticity.

Pre- or postsynaptic mechanism of LTP
To test whether LTP under these conditions was pre- or

postsynaptically mediated, paired-pulse stimulation experi-
ments were performed. Paired-pulse facilitation (PPF) is
thought to result from residual Ca2+ from prior activation
facilitating further vesicle fusion (Zucker, 1999). Hence,
PPF is thought to reflect presynaptic changes. As Table 1
shows, the degree of facilitation was not different between
values before and after LTP induction in each of the CTRL,
PILO w/o SE, or PILO tissues in the either acute group or
chronic groups (t-test, p > 0.05). Although the PILO w/o
SE tissue in the chronic group appeared to display paired-
pulse depression rather than facilitation (and significantly
so when tested against PILO and its corresponding acute
group; see legend Table 1 for details), the absence of shifts
of the paired-pulse ratio before and after LTP induction in
all groups indicates that corticostriatal LTP in general, and

the enhancement of corticostriatal LTP with chronic epi-
lepsy in particular, are likely to be postsynaptic in nature.

Contribution of NMDA and dopamine receptors to LTP
To determine whether LTP in the chronically epileptic

state is NMDA receptor mediated, we blocked this receptor
pharmacologically prior to LTP induction in tissue from the
chronic group. Because experiments did not differ between
CTRL and PILO w/o SE groups, we continued our pharma-
cologic experiments using PILO and age-matched CTRL
groups only to limit the number of experimental animals.
With NMDA receptor blockade, the weak LTP expressed in
the CTRL groups was further reduced, reaching values close
to those before HFS (1.24 € 0.11, n = 7 no treatment versus
1.17 € 0.05, n = 6, D-AP5; n.s., ANOVA, Fig. 2A). In the
CTRL group, LTP is confirmed to be mainly NMDA recep-
tor dependent (Wickens, 2009). In the PILO groups, how-
ever, NMDA-receptor blockade resulted in an incomplete
reduction of LTP (1.81 € 0.20, n = 8 no treatment versus
1.42 € 0.16, n = 6, D-AP5), which remained significantly
above pre-LTP levels (t-test, p < 0.001) and thus suggests
the existence of NMDA-receptor–independent LTP in
chronic epileptic tissue. Interestingly, this NMDA-recep-
tor–independent LTP emerged only after 20–30 min, that is,
in the late phase of LTP, suggesting that LTP maintenance
mechanisms in chronically epileptic tissue are largely
NMDA independent (Fig. 2B).

Subtracting data obtained under NMDA blockade from
those without (Fig. 2, inset) quantifies the NMDA-depen-
dent component of LTP, which decreased within 30 min to
reach a steady levels of 0.05 in CTRL, and 0.38 in PILO
tissue in absolute terms, thus roughly 50% of total LTP
reached in the PILO group, but no LTP in the CTRL group.
Again, this shows an NMDA-independent component of
LTP only in the PILO group.

Because dopamine signaling via D1-receptors is thought
to contribute to induction of LTP in corticostriatal prepara-
tions (Wickens, 2009), we tested this hypothesis using
D1/D5-receptor blockade (SCH23390; 10 lM) concomitant
to the NMDA-receptor blockade. As Fig. 2 demonstrates,
parallel blockade of both receptors abolished LTP alto-
gether in CTRL tissue (1.04 € 0.09, n = 6, ANOVA, not
significant from the other groups) and even disclosed mod-
erate LTD in epileptic tissue (0.81 € 0.10, n = 6; which was
significant when compared to experiments without receptor
blockade, p < 0.02, ANOVA with Holm-Sidak all pairwise
comparisons; but not significantly different from NMDA-
receptor blockade alone). We can, therefore, confirm that
D1/D5 receptors also substantially contribute to late
NMDA-independent LTP.

Discussion

The main observation in our experiments is that cortico-
striatal LTP, although hardly expressed in normal tissue and

Table 1. Paired-pulse ratios of fEPSP as indicating

pre- versus postsynaptic mechanisms of LTP

CTRL PILO without SE PILO

Acute

Before LTP 1.03 ± 0.04 1.06 ± 0.03 1.19 ± 0.03

After LTP 1.04 ± 0.05 1.02 ± 0.06 1.14 ± 0.02

Chronic

Before LTP 1.11 ± 0.14 0.80 ± 0.13a,b 1.30 ± 0.09

After LTP 0.99 ± 0.07 0.82 ± 0.13a 1.12 ± 0.11

Paired-pulse ratios are given before and after induction of corticostriatal
LTP in preparations from CTRL, PILO w/o SE, and PILO animals. Number of
experiments is 10, 9, and 11 (acute group; CTRL, PILO without SE, and PILO,
respectively) and 7, 5, and 8 (chronic group; CTRL, PILO without SE, and
PILO, respectively); a decrease of the ratios after LTP induction (i.e., a paired-
pulse depression) would indicate a presynaptic change contributing to LTP. In
most groups, values >1 indicate paired-pulse facilitation (PPF) both before and
after LTP, ruling out presynaptic changes. Only in the PILO w/o SE group, on
average, paired-pulse depression (PPD) was seen, which made this group dif-
fer significantly different both from the other two within the chronic group
(ap < 0.05 in ANOVA, with Holm-Sidak post-testing between PILO w/o SE
and PILO yielding p < 0.02), and from its corresponding group in the acute
group (bp < 0.05, t-test), possibly confirming age-related shifts in paired-pulse
ratio, which is reported to decrease with increasing age (Akopian & Walsh,
2006).
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preparations from animals early before expression of
chronic epilepsy, is strongly enhanced with chronic epilepsy
resulting from pilocarpine-induced SE. This condition is
usually associated with functional alterations in hippocam-
pal and other limbic structures. As already indicated by
experiments on a genetic absence epilepsy model, epileptic
discharges can acutely drive corticostriatal activity, induc-
ing rhythmic synaptic drive within the basal ganglia net-
work (Slaght et al., 2004). Our observation now provides
evidence that chronic epilepsy, and, more specifically con-
ditions mimicking TLE, may also be associated directly
with long-lasting alterations of basal ganglia motor control
via alterations of synaptic plasticity in these extralimbic
structures.

What is the possible mechanism of LTP induction in stri-
atal structures from epileptic animals? Under normal condi-
tions, LTP in the striatum is thought to be NMDA-receptor
dependent, albeit some controversy exists as to whether it
can be induced at all in normal ionic conditions, since some
authors report it to only emerge when Mg2+ is depleted from
the ACSF (Centonze et al., 2001), whereas others challenge

this notion (Partridge et al., 2000), particularly also in the
in vivo situation, where LTP was reported to be physiologic
(Charpier & Deniau, 1997; Mahon et al., 2004). One possi-
ble explanation for this discrepancy is that due to specific
differences in dopamine D2-receptor expression, a receptor
whose activation is thought to prevent LTP, while support-
ing LTD (Centonze et al., 2001), high-frequency stimula-
tion favors LTD induction in dorsolateral and LTP
induction in dorsomedial striatum (Partridge et al., 2000).
Furthermore, because spike timing is critical for LTP versus
LTD generation, also stimulation-paradigm differences
might account for the divergence in plasticity expression as
seen in different laboratories (Akopian & Walsh, 2006;
Pawlak & Kerr, 2008), as well as in both 0-Mg2+ and normal
ionic conditions, LTP in corticostriatal synapses was shown
to be NMDA-receptor dependent (Centonze et al., 2001;
Partridge et al., 2000). For the CTRL group, this is largely
confirmed by our study, since the degree of LTP remaining
after NMDA blockade was just above 5%, and not signifi-
cantly different from the situation with NMDA and D2

receptor blockade, that is, no LTP. However, in epileptic

A B

Figure 2.

In the chronic group, LTP is dependent on NMDA and dopamine D1/D5-receptors and both NMDA-receptor–dependent and inde-

pendent phases of LTP at corticostriatal synapses from chronically epileptic rats are increased. Dot plots (means ± SEM) of relative

field postsynaptic potential (fEPSP) slopes from 10 min before and to 60 min after HFS of cortical afferents to dorsomedial striatum.

HFS was delivered at time point ‘‘0.’’ Circles: experiments without NMDA-receptor blockade. Hexagons: experiments conducted

while NMDA-receptors were blocked by D-AP5 (50 lM). Triangles: Experiments with concomitant blockade of NMDA- and D1/D5

receptors. (A) Data obtained from CTRL tissue 4–10 weeks after saline injection. (B) Data from chronically epileptic group, that is,

epileptic tissue of age-matched animals that had experienced SE and were now presenting with chronic epilepsy. Inset: Plots obtained

by subtracting data with NMDA-receptor blockade from those without to yield the NMDA-receptor–dependent fraction of LTP.

Black circles: PILO (NMDA-dependent LTP �0.38 of total of �0.8), white circles: CTRL (NMDA-receptor–dependent LTP �0.05 of

total of 0.2).
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animals, at least in tissue from older animals (chronic
group), LTP only in the early phase was significantly
blocked by D-AP5. In the late phase (after �30 min), how-
ever, a substantial proportion of NMDA-receptor–indepen-
dent LTP emerged. Therefore, although in the nonepileptic
CTRL group, the differences between untreated tissue and
experiments with receptor blockade were not significant,
and hence NMDA-independent LTP appears to be absent,
sizeable LTP remained under NMDA-receptor blockade in
the epileptic group. We, therefore, conclude that under
epileptic conditions, a different functional state is estab-
lished, which allows NMDA-receptor–independent LTP to
emerge.

What factors could contribute to the emergence of
NMDA-receptor–independent LTP? While under 0-
Mg2+-conditions, NMDA-receptor activation is known
to be a necessary, but not sufficient, condition for LTP
expression in the striatum (Centonze et al., 2003);
under normal ionic conditions other receptors may con-
tribute, although presynaptic effects can be excluded,
since paired-pulse ratios were unaffected by LTP induc-
tion. Reports on loss of NMDA-receptor–mediated com-
ponents of EPSP from day 26 onward (Partridge et al.,
2000) indicate that among others, also aging may con-
tribute to a reduced role of NMDA receptors. In line
with experiments showing dopamine D1-receptor abla-
tion abolishing NMDA-mediated LTP (Centonze et al.,
2003), also here we show that blockade of D1/D5 receptors
alone prevents LTP induction in both CTRL and PILO tis-
sue. More importantly, under D1/D5 receptor blockade con-
comitant to NMDA-receptor suppression in chronically
epileptic tissue, also the NMDA-receptor–independent
residual LTP was lost, moreover, disclosing significant
LTD in this group, as would be expected if only D2 recep-
tors remain active (Centonze et al., 2001; Pisani et al.,
2005). A TLE-associated up-regulation of D2 dopaminergic
transmission in rat striatum, as shown by (Turski et al.,
1988), albeit in another model, might explain why after
abolishing D1-mediated transmission, D2-receptor-medi-
ated LTD can emerge all the more in epileptic tissue, as
compared to controls with supposedly normal D2 receptor
density, although somewhat conflicting evidence suggests
that after electroconvulsive shock (i.e., a state similar to a
seizure), LTD might actually be impaired (De Murtas et al.,
2004). In summary, while in CTRL tissue, D1/D5 receptors
appear to be important for LTP induction, and NMDA-
receptor activation is necessary but not sufficient for this
(Wickens, 2009); in PILO tissue, while dopamine receptors
seem necessary for LTP induction, NMDA-receptor activa-
tion apparently is not.

What could be the overall impact of the findings? The
main point certainly is that chronic epilepsy alters brain
function in structures that at first sight may not be directly
involved in the epileptic process. As a general consequence,
one must consider the ‘‘epileptic’’ brain to have physiologic

and pharmacologic properties different from the ‘‘normal’’
brain—a fact that is important to consider when choosing
animal models for the development of novel therapeutic
strategies. Much more speculatively, the specific changes
seen in this investigation may link limbic seizures to dyston-
ic motor symptoms, a link that needs to be investigated
further in future studies.
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