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a  b  s  t  r  a  c  t

Dysregulation  in  the  glutamatergic  function  is considered  a major  contributor  to  hyperexcitatory  neu-
ronal networks  in  mesial  temporal  lobe  epilepsy  (MTLE).  Studies  in  animal  models  of MTLE  have  shown
positive  outcomes  of augmenting  group  2-metabotropic  receptor  functions  that  can  regulate  neuronal
excitability  from  extrasynaptic  locations.  To  assist  in efficient  translation  of these  findings  to the  clinical
settings,  we  aimed  to characterise  the  expression  of  mGluR2/3  receptors  in  the brain  areas  relevant  to
MTLE.  mGluR2/3  density  was  determined  by  autoradiographic  techniques  using  [3H]-LY341495  at  vari-
ous cross-sectional  timepoints  following  kainic  acid-induced  status  epilepticus  (KASE)  covering  the  acute,
latent  and  chronic  phases  of epilepsy  pathogenesis.  We  found  a significant  reduction  in the mGluR  den-
sity in  the  CA1  and  temporal  cortex  during  the acute  (2 day)  timepoint  after  SE in  KASE  rats  whereas  a
reduced  receptor  density  was  only  found  in temporal  cortex  during  the  latent  period  (7 day).  During  the
late  latent  phase  (14 day),  a generalised  increase  in the  receptor  density  was  found  in widely  distributed
brain  areas  of  KASE  rats.  Finally,  in the  chronic  periods  (day  42  and  84) a significant  decrease  was  seen
in  the  stratum  lacunosum  moleculare  in  the  KASE  rats.  Moreover,  mGluR2/3  density  in the  CA1  regions
strongly  correlated  with  the  neuronal  cell  scores  in  the  hippocampal  regions.  Our  findings  suggest  a  time
dependent  evolving  pattern  of  mGluR2/3  density  during  the  pathogenesis  of  MTLE  and  provide  insights
for  utilising  this  data  for in  vivo  imaging  to predict  the  specific  timepoints  and  responsiveness  to  the
therapy  targeting  mGluR2/3.

©  2016  Elsevier  B.V.  All  rights  reserved.

1. Introduction

Mesial temporal lobe epilepsy (MTLE) is the most common form
of focal epilepsies, which in around 40% of the patients is refractory
to the currently available treatments. A hyperexcitable network in
epilepsy is supported by severe glutamatergic dysfunction that can
contribute to generation of spontaneous recurrent seizures, cell
death, aberrant neuroplasticity as well as promotion of neuroin-
flammation (Eid et al., 2008). An overshoot of glutamate mediated
excitatory neurotransmission is controlled via negative feedback
mechanisms mainly mediated by G protein coupled metabotropic
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glutamate receptors such as mGluR2/3 autoreceptors, which inhibit
the release of presynaptic glutamate (Aronica et al., 1997; Cartmell
and Schoepp, 2000). Preclinical studies have demonstrated positive
results with the use of mGluR2/3 agonists and positive allosteric
modulators in epilepsy and associated comorbid neurological dis-
orders suggesting a strong potential as a target for antiepileptic
medication (Alexander and Godwin, 2006; Caulder et al., 2014;
Nicoletti et al., 2015). To translate these findings to clinical settings,
the expression levels of these receptors at various time points over
the development of chronic epilepsy need to be evaluated. This is
important due to the reports of alterations in the receptor prop-
erties or associated channelopathies in epilepsy that could modify
the responsiveness of certain antiepileptic medications (Bethmann
et al., 2008). Hence, with the prospective to provide preclinical
data which could be translated to the clinic by means of in vivo
PET imaging in the future, this study aimed to evaluate the density
of the metabotropic mGlu2/3 receptors by autoradiograpy using
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[3H]-LY341495, a selective radiolabelled ligand of mGluR2/3. Fur-
thermore, the density of these receptors at various time points
during epileptogenesis was correlated with the neuropathological
hallmarks of epilepsy.

2. Material and methods

2.1. Induction of status epilepticus (SE), video-EEG monitoring
and analysis

A total of 76, seven-week old Wistar Han male rats were used
for the induction of kainic acid-induced SE (KASE) as described in
Amhaoul et al. (2015). Briefly, the animals were repeatedly admin-
istered low-dose subcutaneous injections of kainic acid (initial
dose 5 mg/kg, subsequent doses 2.5 mg/kg). After 45 min  of initial
injection 2.5 mg/kg kainic acid was administered every half hour
until the first convulsive seizures (class 4 or 5 on Racine’s scale
(Racine, 1972)) were observed in these rats. After 4 h of continu-
ous SE diazepam (4 mg/kg) was administered intraperitoneally to
reduce seizure severity. Average dose received by all animals was
13.56 ± 1.01 mg/kg. The severity of SE did not differ considerably
between animals and all animals that underwent SE were included
for the study. The procedures adhered to the guidelines by the Euro-
pean Ethics Committee (decree 86/609/CEE) and were approved
(2014-39) by the local ethical committee. The rats used for the
chronic epilepsy time points (42 and 84 days) were implanted
with epidural screw electrodes and monitored for video-EEG for
at least 100 h and sacrificed subsequently. EEG was analysed as
described previously (Amhaoul et al., 2015). For each experimental
time points, brains were collected for immunohistochemical analy-
sis of microglial activation by OX42 and CD68 staining, astrogliosis
by GFAP staining and neuronal loss by NeuN staining as previously
described (Amhaoul et al., 2015). Data comparing the microglial
activation, astrogliosis and cell loss between control and KASE ani-
mals have been published in Amhaoul et al. (2015), which is used
in this study for correlation with mGluR2/3 expression.

2.2. Autoradiography and image analysis

mGluR2/3 expression was detected by in vitro autoradiography
using a selective radiolabelled ligand [3H]-LY341495 (American
Radiolabeled Chemicals, USA, donated by Janssen Pharmaceuti-
cals). From each animal, two slides with consecutive brain sections
were used for ligand incubation. One slide was incubated with
2 nM concentration of [3H]-LY341495 to evaluate the values for
the total binding. The other slide was incubated with a mixture of
2 nM [3H]-LY341495 and 100 �M glutamate to measure the non-
specific binding. After washing steps with buffer and distilled water
to remove unbound tracer, the sections were air-dried and exposed
together with a [3H]-standard to a Kodak Biomax film (GE Life Sci-
ences, Belgium) for a period of 10 weeks. After the exposure period,
films were developed manually. The autoradiographic films were
digitalized using an Epson V700 photo scanner (Seiko Epson Cor-
poration, Japan). The specific binding for the labeled compound
was calculated as previously described (Amhaoul et al., 2015). Since
there was high variation in the absolute values of the control ani-
mals within the time points, all data are presented after normalising
with the absolute values from the caudate putamen. An exception
was on day 14 when temporal cortex was used for normalisation
since there was a significant difference in the absolute values in
caudate putamen between the control and KASE rats.

2.3. Statistical analysis

Mann–Whitney U test was performed to determine statistical
differences in mGluR2/3 density between control and KASE ani-

mals. No adjustments were made for multiple comparisons and
data was considered statistically significant for p ≤ 0.05. Spear-
man’s rank correlation test was  used to relate in the KASE group
between the mGluR2/3 binding and neuropathological alterations.

3. Results and discussion

mGlu2/3 receptor density was investigated in brain regions of
interest by evaluating the specific binding of the mGlu2/3 radioli-
gand [3H]-LY341495 at various cross-sectional time points after
KASE: during the acute (2 days after SE), latent (7 and 14 days after
SE) and chronic phase of epilepsy (42 and 84 days after SE) (Fig. 1).

During the acute phase (day 2) after induction of SE, a signif-
icant decrease in the receptor density was  observed in the CA1
(p = 0.041) and temporal cortex (amygdala and piriform cortex)
(p = 0.002) (Fig. 1D). Similarly a significant reduction was observed
in the temporal cortex (0.019) during the latent phase (day 7)
of epilepsy (Fig. 1E). In this study we  have used [3H]-LY341495,
which does not discriminate between mGluR2 and mGLuR3. The
mGluR2 are autoreceptors that are mainly expressed on the presy-
naptic terminals whereas the mGluR3 are mainly present on glial
cells (Niswender and Conn, 2010). Since an increase in the mGluR3
in association with the activated glial cells has been reported
during the acute and early epileptogenesis phase (Aronica et al.,
2000; Mudo et al., 2007), a reduction in the mGluR2/3 expression
observed in this study might have been underestimated. mGluR2
levels regulate glutamate neurotransmission by controlling its
release from the presynaptic terminals. A decreased level of these
receptors would contribute to the development of hyperexcitable
reverberatory networks in the two regions via both perforant path
as well as the temporoammonic pathway (Coulter et al., 2011).

Postsynaptic responses (fEPSP) and the amplitude of popula-
tion spikes have been shown to increase during the latent phase
whereas a reduction has been shown in the CA1 region during the
epileptic phase in the pilocarpine rat model of epilepsy (El-Hassar
et al., 2007). Accordingly, despite an initial reduction of mGluR2/3
density in the limbic structures, a generalised increase in receptor
density was  observed in several brain regions of the KASE rats (p
values: dentate gyrus-0.029, Thalamus-0.045) at the 14 day time
point (Fig. 1F & Supplementary Fig. 1). The levels of neuroinflam-
mation in the KASE model, peaks during this time point (Amhaoul
et al., 2015) and thus might have contributed to the increased recep-
tor density via mGluR3. However a direct attempt to correlate the
receptor density observed in some of the regions, where signifi-
cant alterations were observed at this particular time point, with
neuroinflammation did not reveal a significant positive correlation
(mGluR vs OX42 scores in hippocampus: r = −0.82, p = 0.066). Alter-
natively in our KASE model, it is around this time point (day 14)
when the spontaneous seizures start appearing. Although a direct
mechanism underlying this finding is difficult to establish, it could
be hypothesized that a generalised increase of mGluR2/3 may rep-
resent a compensatory mechanism of the brain, which when fails,
leads to the development of spontaneous recurrent seizures.

During the chronic period (day 42 (p = 0.005) and 84 (p = 0.010)
after SE) of epilepsy, a significant decrease was seen in the KASE
rats for the mGluR2/3 density in the stratum lacunosum molec-
ulare (SLM), which is the afferent input to the CA1 hippocampal
sub-region (Fig. 1G and H). In an attempt to put these findings in
the context of the available literature regarding mGluR2/3 expres-
sion, it is noted that previous studies using immunohistochemistry
as well as in situ hybridization have resulted in discordant findings
due to the reasons discussed in a recent review (Dedeurwaerdere
et al., 2015). During the acute (day 2) and latent phase (day 7),
we observed a reduction in mGluR binding, mainly in the CA1
region and the temporal cortex. On the contrary, other studies using
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