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Dezsi, ¶NihanC�arc�ak, **Filiz Onat, ‡§Benôıt Martin, *Terence J. O’Brien, †Antoine Depaulis, and

*Nigel C. Jones

Epilepsia, 55(12):1959–1968, 2014
doi: 10.1111/epi.12840

Dr. Kim Powell heads
the Molecular Epilepsy
Group in The
Department of
Medicine at The
University of
Melbourne, Australia.

SUMMARY

Objective: Originally derived from aWistar rat strain, a proportion of which displayed

spontaneous absence-type seizures, Genetic Absence Epilepsy Rats from Strasbourg

(GAERS) represent the most widely utilized animal model of genetic generalized epi-

lepsy. Here we compare the seizure, behavioral, and brain morphometric characteris-

tics of four main GAERS colonies that are being actively studied internationally: two

from Melbourne (MELB and STRAS-MELB), one from Grenoble (GREN), and one

from Istanbul (ISTAN).

Methods: Electroencephalography (EEG) recordings, behavioral examinations, and

structural magnetic resonance imaging (MRI) studies were conducted on GAERS and

Non-Epileptic Control (NEC) rats to assess and compare the following: (1) characteris-

tics of spike-and-wave discharges, (2) anxiety-like and depressive-like behaviors, and

(3) MRI brainmorphology of regions of interest.

Results: Seizure characteristics varied between the colonies, with MELB GAERS

exhibiting the least severe epilepsy phenotype with respect to seizure frequency, and

GREN GAERS exhibiting four times more seizures than MELB. MELB and STRAS-

MELB colonies both displayed consistent anxiety and depressive-like behaviors rela-

tive to NEC. MELB and GREN GAERS showed similar changes in brain morphology,

including increased whole brain volume and increased somatosensory cortical width.

A previously identified mutation in the Cacna1h gene controlling the CaV3.2 T-type

calcium channel (R1584P) was present in all four GAERS colonies, but absent in all

NEC rats.

Significance: This study demonstrates differences in epilepsy severity between GAERS

colonies that were derived from the same original colony in Strasbourg. This multi-

institute study highlights the potential impact of environmental conditions and/or

genetic drift on the severity of epileptic and behavioral phenotypes in rodentmodels of

epilepsy.
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Since its original description in 1982,1 the Genetic
Absence Epilepsy Rats from Strasbourg (GAERS) has
emerged as a well-accepted and studied rat model of genetic
generalized epilepsy (GGE) with absence seizures. Many
studies have since characterized the behavioral, electro-
physiologic, pathophysiologic, and pharmacologic features
of the model, which closely resemble the human condition
(for reviews see Danober et al.2 and Marescaux et al.3). GA-
ERS were derived from a Wistar rat line in Strasbourg, in
which about 30% of animals displayed spontaneous spike-
and-wave discharges (SWDs) on cortical electroencephalog-
raphy (EEG) accompanied by simultaneous behavioral
arrest,1 characteristic of absence seizures. These rats were
selectively inbred for the presence of this epileptic phenotype
so that 100% of progeny spontaneously express SWDs.1

Such seizures were initially described to emerge around 4–
5 weeks of age and then to increase in duration and fre-
quency within the first 6 months.3,4 In parallel, a control
strain was bred from the same initial colony, called the Non-
Epileptic Control (NEC), to be free of any spontaneous
SWDs, even when followed for more than a year.3 These two
closely related strains represent a uniquely powerful tool for
studies attempting to identify neurobiologic, behavioral, or
molecular mechanisms that are etiologically associated with
the pathogenesis of epilepsy. Since their characterization
30 years ago, four main colonies of GAERS and NEC have
been established in Strasbourg, Grenoble, Melbourne, and
Istanbul that could have experienced phenotypic drift.

The GAERS epileptic phenotype appears to be polygeni-
cally determined based on the complex inheritance patterns
seen in crossbreeding studies.3,5 One genetic variant has
been demonstrated to be strongly associated with the epilep-
tic phenotype in GAERS, a splice variant-specific gain-of-
function mutation in the Cacna1h gene (R1584P) control-
ling CaV3.2.

6 This is in line with the role of low-threshold
calcium channels in the generation of thalamocortical oscil-
lations,7,8 and with human studies where numerous muta-
tions were reported on the same gene in human GGE
patients with absence seizures.9–11 GAERS were originally
described to have no major neurologic or neurocognitive
deficits.12 However, more recently, behavioral anomalies
reminiscent of elevated anxiety and depression, and also
psychotic-like features, were reported in the Melbourne col-
ony of these animals, modeling the psychiatric comorbidi-
ties commonly seen in humans with GGE.13 Furthermore,
using magnetic resonance imaging (MRI), structural brain
abnormalities in GAERS were reported in the Melbourne
colony, which may be relevant to affective disturbances
observed in these rats.14

It is not clear whether these additional traits are associ-
ated with the epileptic phenotype of GAERS per se, or spe-
cific to one of the colonies of GAERS. In addition, studies
from Melbourne document the first emergence of seizures
at around 10 weeks of age,13 much later than the earlier

reports or recent studies in GREN (Jarre et al., in prep),
suggesting drift in the epileptic phenotype. The aim of this
study was to compare, as best as logistically possible, the
four different colonies of GAERS and NEC rats for different
features associated with this model: (1) EEG characteristics
of the seizures; (2) behavioral comorbidities, and (3) brain
MRI morphologic features.

Materials and Methods
Animals

Male and female NEC and GAERS were sourced from
four separate colonies that all derived from the original
GAERS strain in Strasbourg, but at different dates (Fig. 1).
These include colonies from the Department of Medicine
(Royal Melbourne Hospital), The University of Melbourne
(MELB); from Inserm 666 in Strasbourg but bred in the
Department of Zoology and housed from weaning in the
Department of Medicine, The University of Melbourne
since 2007 (STRAS-MELB); from the Department of Phar-
macology and Clinical Pharmacology, Marmara University,
Istanbul (ISTAN); and from the Grenoble Institute of Neu-
roscience (GREN). All experimental procedures were
approved by local ethics committees, in accordance with
local ethical guidelines: the Melbourne Health Animal Eth-
ics Committee for procedures involving MELB and
STRAS-MELB; the Marmara University Ethical Commit-
tee for Experimental Animals for ISTAN; and the Grenoble
Institute of Neuroscience ethical committee for GREN.
Adequate measures were taken to minimize pain and dis-
comfort. Animals were housed at a constant temperature of
22°C on a 12 h light and dark cycle (lighting switched on
between 6 a.m.–6 p.m. in all facilities) with ad libitum
access to food and water.

Genomic DNA Extraction and Genotyping PCR
Genomic DNA purification and genotyping polymerase

chain reaction (PCR) was performed in Melbourne, Austra-
lia, and at Rennes, France using slightly different protocols
described in Data S1. All protocols used the same PCR and
sequencing primers as described previously.6

EEG seizure phenotyping

Surgeries
Electrode implantation surgery to enable EEG recordings

was performed in all four colonies of rats under similar con-
ditions, using methods similar to those described previ-
ously.6 The number of GAERS from each colony that
underwent surgery for implantation of EEG electrodes is as
follows: MELB n = 7; STRAS-MELB n = 5; GREN
n = 12; ISTAN n = 12. Prior to surgery, each rat was anaes-
thetized with ketamine 75 to 100 mg/kg, i.p., and xylazine
10 mg/kg, i.p., or diazepam 0.4 mg/kg, i.p., and xylazine
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10 mg/kg, i.p., or isoflurane 5%. Each rat was then placed
into a stereotactic frame and a midline incision was made on
its scalp to expose the skull. Six extradural electrodes com-
prising gold-plated sockets attached to stainless steel screws
(o.d. 1 mm; Plastics One, Roanoke, VA, U.S.A.) were
implanted into the skull: one on either side anterior to
bregma and superior to the frontal cortex about 2–4 mm
from midline; one on either side posterior to bregma and
superior to the parietal or occipital cortices; and one refer-
ence electrode on either side posterior to bregma and supe-
rior to the cerebellum. The electrodes were fixed to the skull
using dental cement (Vertex-Dental, Zeist, The Nether-
lands), and animals were left to recover for at least 1 week
before EEG recordings were obtained.

EEG recordings
EEG recordings were conducted on GAERS when they

were between 5 and 7 months old, by which time, according
to the literature, seizure phenotype has stabilized in all colo-
nies.4,15,16 Each rat was connected to the EEG recording
system with cables that allowed free movement around the
cage. Rats were habituated to the EEG recording apparatus
and field setup for at least 24 h before undergoing morning
recordings (between 8 a.m. and 12 p.m.). All recordings
were performed in a quiet environment with minimal dis-
ruptions. The analyzed recordings lasted 60–90 min after a
20 min habituation of the animals once connected to the
EEG set up, as per our previous studies.6,13,17,18 They were
performed using software systems native to each institution:
EEG studies from MELB and STRAS-MELB were
recorded using Compumedics EEG acquisition software

(Compumedics, Melbourne, Australia) unfiltered and digi-
tized at 512 Hz; EEG studies from ISTAN using Powerlab
8S System (ADI Instruments, Oxford, United Kingdom)
and amplified with a BioAmp ML 136 (ADI Instruments),
filtered between 0.3 and 120 Hz, digitized at 1,000 Hz; and
EEG studies from GREN using Deltamed Coherence 3NT
(Natus, Paris, France), filtered between 0.3 and 120 Hz and
digitized at 512 Hz. All recordings were subsequently stan-
dardized and converted to European Data Format (.edf)
before analysis.

Spike-and-Wave Discharge (SWD) analysis
All EEG recordings were sent to Melbourne and were

analyzed by a single investigator (H.T.) blinded to colony.
Analysis was performed using the automated software pack-
age SWC-finder (PLC van den Broek, Electronic Research
Group, Radboud University, Nijmegen, The Netherlands),
and then manually confirmed using standard criteria for
classification of seizures in GAERS: namely, an SWD burst
of amplitude greater than three times baseline, frequency of
7–12 Hz, and duration longer than 0.5 s.2,3,6 For each trace,
three variables were analyzed: percentage of time spent in
seizure activity, number of seizures per minute, and mean
seizure duration (s).

SWD cycle frequency analysis
Each EEG recording was analyzed for cycle frequency of

the SWDs by a single investigator blinded to colony, using
Clampex 10.2 software (Molecular Devices, Sunnyvale,
CA, U.S.A.). For each trace, the mean cycle frequency
within a discharge was taken from 10 seizures with a mini-

Figure 1.

Genealogic tree of the GAERS

colonies. The GAERS andNEC strains

originated from Strasbourg in 1982,

and over time, sister colonies were

developed (listed across the top of the

diagram). The years that these

colonies were initiated align with the

timeline on the left of the diagram. The

MELB colony was obtained fromHull

(United Kingdom) in 2003, which had

obtained their colony from Strasbourg

in around 1993. The MELB colony has

been bred for 24 generations in

Melbourne. GREN, ISTAN, and

STRAS-MELBwere obtained directly

from the original Strasbourg colony in

2002, 2004, and 2008 and have been

bred independently for 23, 8, and 9

generations, respectively. Each facility

independently controls the rates of

breeding, explaining the variance in the

number of filial generations. F = Filial

(number of generations inbred).
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mum of 100 spikes per seizure and a minimum latency inter-
val of 5 s between each seizure start time. For a number of
traces where there were <10 seizures matching the above
criteria, either less seizures, seizures with shorter latency
intervals, or seizures with fewer events were used.

Behavioral phenotyping
The behavioral phenotyping was performed on 20-

week-old female rats from the two NEC and GAERS
colonies maintained in Melbourne (i.e., MELB and
STRAS-MELB), because comparison between animal
behavioral testing at different facilities has questionable
interpretation due to environmental and experimenter
effects.19 NEC (MELB n = 15; STRAS-MELB n = 8)
and GAERS (MELB n = 13; STRAS-MELB n = 8) from
both colonies underwent a series of tests to assess anxi-
ety-like and depression-like behavior previously reported
to be abnormal in the MELB colony.14,16 For this current
study, all behavioral testing was performed in the same
facility using identical methodology that we have
described previously.13 On the days of testing, animals
were brought into the testing environment and allowed to
acclimatize for at least 30 min. Methods for Open Field
Test, Elevated Plus Maze, and Sucrose Consumption
behavioral tests can be found in Supporting Information.

Morphologic brain phenotyping—Magnetic Resonance
Imaging (MRI)

Structural abnormalities on MRI have been reported
previously in MELB GAERS.14 Here we compared
brain morphology for NEC and GAERS from three col-
onies using in vivo MRI: MELB, STRAS-MELB, and
GREN. Our volumetric analyses focused on brain
regions that had previously been shown to differ
between GAERS and NEC, such as the somatosensory
cortex, but did not include other regions implicated in
seizure generation, such as the thalamus. We did not
image the ISTAN colony due to limitations in access to
an MRI facility and the lack of NEC in this colony.
The number of animals that underwent MRI scans from
each colony was as follows: NEC (MELB n = 5;
STRAS-MELB n = 8; GREN n = 6) and GAERS
(MELB n = 3; STRAS-MELB n = 8; GREN n = 6).
Methods for MRI acquisition and analysis can be found
in Data S1.

Statistical analysis
One-way analysis of variance (ANOVA) with Bonfer-

roni post hoc testing was used to evaluate the statistical
significance of differences in seizure parameters among
all four colonies. Two-tailed Mann-Whitney t-test was
used to evaluate the statistical significance of differences
in behavioral and morphologic parameters. Data are
shown as mean � standard error of the mean (SEM)
with statistical significance set at p < 0.05.

Results
Figure 1 shows the genealogic tree representing the

progenitor GAERS and NEC strains and colony derivations.
The Hull (United Kingdom) laboratory obtained GAERS
from Strasbourg around 1993, and the MELB colony
obtained rats from Hull in 2002; however, the number of
generational breeding prior to MELB obtaining the colony
could not be acquired, thus the MELB colony has been bred
for 24 generations since acquiring the strains from Hull.
Details on the number of generational breeding are known
for the other three colonies and are shown in Figure 1.

All four GAERS colonies carry the CaV3.2 R1584P
mutation

A mutation in exon 24 of the T-type calcium channel
CaV3.2 gene (R1584P) has been identified previously in
the MELB colony, and this mutation has shown to have
a splice-variant dependent gain-of-function effect,
whereby channels were faster to recover from channel
inactivation and had greater charge transference during
high-frequency bursts,6 suggesting that the R1584P muta-
tion plays a significant role in the absence epilepsy phe-
notype of GAERS. Sequencing analysis of exon 24 of
GAERS and NEC (or Wistar rats from ISTAN) from the
other three colonies revealed that all GAERS (GREN
n = 4; ISTAN n = 3; STRAS-MELB n = 5) are homozy-
gous for the R1584P mutation and all NECs (or Wistar
rats) (GREN n = 5; ISTAN n = 2; STRAS-MELB
n = 5) are null for the R1584P mutation, confirming con-
sistency of this mutation in all GAERS.

SWD characteristics vary among colonies
A representative EEG trace from each colony showing

characteristics of a typical SWD is shown in Figure 2. The
seizure characteristics for the four colonies are summarized
in Figure 3. One-way ANOVA revealed that colony
(MELB, STRAS-MELB, ISTAN, and GREN) accounted
for a statistically significant effect on the percentage of time
in seizure activity (Fig. 3A, p < 0.0001), mean duration of
each seizure event (Fig. 3B, p < 0.001), and frequency of
seizures (Fig. 3C, p < 0.01). Specifically, following post
hoc testing, we found the following: (1) GREN spent signif-
icantly more time in seizure activity than all other colonies
(Fig. 3A, p < 0.05, GREN vs. ISTAN; p < 0.01 GREN vs.
STRAS-MELB; p < 0.0001 GREN vs. MELB); (2) MELB
spent significantly less time in seizure activity than ISTAN
or GREN (Fig. 3A, p < 0.001 for ISTAN and p < 0.0001
for GREN); (3) MELB and STRAS-MELB experienced sig-
nificantly shorter seizures than either ISTAN (Fig. 3B,
p < 0.01 and p < 0.05, respectively) or GREN (Fig. 3B,
p < 0.01 and p < 0.05, respectively); and (4) MELB had
significantly less frequent seizures than STRAS-MELB or
GREN (Fig. 3C, p < 0.01 for both).
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One-way ANOVA also revealed that colonies signifi-
cantly differed when comparing the mean cycle frequency
of SWDs (Fig. 3D, p < 0.0001). Specifically, following
post hoc testing, we found that MELB had a significantly
higher mean cycle frequency of SWDs than all the other col-
onies (Fig. 3D, p < 0.001 for all). No NEC rats fromMELB
or STRAS-MELB colonies exhibited spontaneous SWDs in
our 90 min recordings.

GAERS from two colonies both exhibit anxiety-like and
depressive-like behaviors

To avoid any confounding effects of testing and breeding
environment on the animals’ behavior, only NEC and GA-
ERS from the two colonies raised in Melbourne (i.e., MELB
and STRAS-MELB) were subjected to behavioral testing.
We were particularly interested in determining whether
behavioral phenotypes reported previously were consistent
across colonies relative to the appropriate NEC strain.

In the open-field test, GAERS from both colonies spent
less time in the exposed area (Fig. 4A, p < 0.05 for MELB;
p < 0.01 for STRAS-MELB) than their NEC counterparts,
indicative of elevated anxiety. In addition, GAERS from

both colonies demonstrated reduced locomotor activity in
the open field test, traveling shorter distances in the area
(Fig. 4B, p < 0.01 for MELB and STRAS-MELB). In the
elevated plus maze, MELB GAERS spent significantly less
time in the exposed arms (Fig. 4C, p < 0.05) and GAERS
from both colonies traveled less distance compared to NEC
(Fig. 4D, p < 0.01 for MELB and STRAS-MELB). In addi-
tion, we measured the number of entries made into the
closed arms, but this was not statistically different between
colonies or strains (NEC MELB = 21.7 � 3.1 entries; GA-
ERS MELB = 14.8 � 1.7; NEC STRAS-MELB =
17.0 � 2.3; GAERS STRAS-MELB = 19.9 � 1.6,
p > 0.05 for all comparisons). We next performed correla-
tive analyses between the open-field and plus maze tests.
However, although the group differences are robust, we
found no correlations between distance traveled in the open-
field and elevated plus maze tests (p = 0.11), or percentage
of time in the exposed areas of the open-field and elevated
plus maze (p = 0.35). This suggests that these tasks exam-
ine different behavioral measures.20 When we assessed
anhedonic behavior in the sucrose preference test, results
showed that GAERS from both colonies consumed less
sucrose than NEC rats (Fig. 4E, p < 0.001 for MELB;
p < 0.05 for STRAS-MELB).

Brain morphologic changes are similar between colonies
GAERS from both the MELB and GREN colonies had

larger brains than NEC (Fig. 5A, p < 0.05 for both colonies)
and thicker somatosensory cortices than NEC (Fig. 5B,
p = 0.07 for MELB; p < 0.05 for GREN). There was no
significant difference in whole brain volume or somatosen-
sory cortical width between NEC and GAERS from the
MELB-STRAS colony (Fig. 5A, B).

Discussion
This study compared the genotype, seizure, behavioral,

and brain morphologic phenotypes between the four main
GAERS colonies that are actively being maintained and
studied in different laboratories worldwide. We confirmed
that the CaV3.2 R1584P mutation previously reported in the
MELB colony of GAERS6 was also found in the three other
colonies—STRAS-MELB, GREN, and ISTAN—but not in
any of the NEC (or Wistar) strains. This confirms that this
splice variant specific gain-of-function mutation is a consis-
tent feature of the GAERS strain, and has not drifted from,
or occurred since, the original separation of the lines in
~1993.6 This mutation is in line with human studies,9–11 and
the role of CaV3.2 in neuronal oscillations that have been
found to be involved in the generation of absence seizures in
the thalamocortical circuit.7,8 However, significant variabil-
ity in the seizure phenotypes between the colonies was dem-
onstrated, indicating that other factors also play an
important role in determining the epileptic phenotype of
GAERS. Indeed, a previous study established that the

Figure 2.

Representative EEG traces from each GAERS colony showing typi-

cal characteristics of a spike-and-wave discharge.
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epileptic phenotype of GAERS is polygenically deter-
mined5 and the GAERS R1584Pmutation is correlated only
to the number of seizures, not the seizure duration or age of
onset, indicating that other mutations are involved in con-
tributing to the GAERS epileptic phenotype.6 The nature of
the variants and the mechanisms by which they lead to
absence epilepsy remain to be determined. The universality
of the genotype in the GAERS colonies strongly suggests
that this mutation does not play any role in mediating the
variability observed in the seizure, behavioral, and morpho-
logic phenotypes.

Absence seizure phenotype varies between GAERS
colonies

Here, we showed that the seizure phenotype of GAERS
varies considerably between the different colonies. Most
striking was the fourfold difference in the percentage of
time spent in seizure activity between GAERS from the
Melbourne colony (MELB), which displayed the weakest

seizure phenotype, and GAERS from the Grenoble colony.
The SWD of GAERS MELB also had a higher “spike” fre-
quency within the seizures compared to the other three colo-
nies, which may be due to the shorter duration of their
SWD. The spike frequency within SWD is higher during the
first few seconds of the seizure and then decreases to
7 Hz,21 and because the GAERS MELB have shorter sei-
zures, the calculated average over the entire seizure would
be weighted toward a faster frequency. The variability in
SWD phenotype could be explained by at least three nonmutu-
ally exclusive influences. Despite GAERS being a genetically
determined model, it is likely that environmental conditions
associated with the different animal facilities contribute to the
altered electrophysiologic phenotypes across the colonies.
First, rearing and housing animals in different conditions,
including stressful or enriched environments, has been shown
to influence epilepsy outcomes in models of both absence22

and focal epilepsy23–26 syndromes. Second, housing animals
in different environments could result in transgenerational

A B

C D

Figure 3.

Seizure characteristics differ between

the GAERS colonies. EEG recordings

from four GAERS colonies were

analyzed for (A) percentage of time

spent in seizure activity; (B) individual

seizure duration (s); (C) number of

seizures per minute; and (D) spike

frequency per discharge (Hz).

*p < 0.05, **p < 0.01,

***p < 0.001, ****p < 0.0001One

way ANOVAwith Bonferroni

Multiple Comparisons post hoc test.
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inheritance of the epilepsy phenotype being passed onto
subsequent generations. This has been shown for other dis-
orders,27 and our unpublished observations suggest this may
be true of absence epilepsy. Third, in addition to the poten-
tial environmental influences discussed and environment
crossed with or combined with gene interactions, the

observed phenotypic variation could be the consequence of
genetic drift.28,29 This explanation roughly explains the rank
order of seizures (Fig. 3) related to the generational proxim-
ity of the other GAERS colonies to the original Strasbourg
GAERS population, which could be assumed to have under-
gone less genetic drift than the Melbourne rats.

A

C

E

D

B

Figure 4.

GAERS display depressive-like and

anxiety-like behaviors. NEC and

GAERS fromMELB and STRAS-MELB

colonies underwent testing for

anxiety-like and depressive-like

behaviors. (A) Percentage of time

spent in the exposed area of the

open-field test; (B) total distance

traveled (m) in the open field test;

(C) percentage of time spent in

exposed arms in the elevated plus

maze; (D) total distance traveled (m)

in the elevated plus maze. (E) Sucrose

consumption test per weight of rat.

*p < 0.05, **p < 0.01, ***p < 0.0001

Two-tailed Mann-Whitney t-test.
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Strain consistency in behavioral outcomes
We found that the two GAERS colonies tested (MELB

and STRAS-MELB) both demonstrated greater anxiety-like
behavior than their NEC counterparts, as evidenced by less
time spent in the exposed area of the open field test, less
time in the exposed arms of the elevated plus maze, and
reduced exploratory activity in both tests. These results are
consistent with those reported previously from the MELB
colony.13,14,16 We also demonstrated similar profiles with
respect to anhedonic behavior, with GAERS MELB and
GAERS STRAS-MELB exhibiting less preference for
sucrose than their respective NEC controls. It is interesting
to note that the colonies themselves appeared to differ in
their anxiety levels, with animals from STRAS-MELB
demonstrating greater anxiety on the open-field test that
those from MELB. This comparison was not the primary
motivation of the study, but it is encouraging that the rela-
tive difference in anxiety levels between GAERS and NEC
are sufficiently robust to withstand the influence of different
colony upbringing. Extrapolating this, it will be important
to systematically examine the ISTAN and GREN colony
animals for anxiety-like and depressive-like phenotypes in
future explorations. In the current study, we only behavior-
ally tested animals raised in Melbourne, thereby avoiding
any differences in testing facility and environmental
upbringing associated with different facilities that may
influence behavioral outcomes and interpretation. However,
if the behavioral phenotype of GAERS is robust, which
seems to be the case, this should be identifiable across facili-
ties, such as in the ISTAN and GREN colonies.

GAERS pathophysiology is associated with cortical
abnormalities

We identified that in both MELB and GREN colonies,
GAERS had a thicker somatosensory cortex than NEC, in
agreement with our previous finding.14 We have shown
recently that the somatosensory cortex is a critical site for
the initiation of absence seizures in GAERS and that neu-
rons of the deep layer of this region show evidence of

hyperexcitability.21,30 From the somatosensory cortex,
SWDs spread rapidly to the motor cortex and the ventrolat-
eral nuclei of the thalamus. Using functional MRI (fMRI)
coupled with EEG recordings, we showed that this region
has an increased blood volume in GAERS during SWDs,
as measured by the blood oxygen level–dependent (BOLD)
effect.31 Furthermore, pharmacologic inhibition of the
somatosensory cortex by local application of tetrodo-
toxin32 or neuropeptide Y33 suppresses absence seizures.
More recently, we showed that interlaced synchrotron-gen-
erated microbeams applied on this region in GAERS
reduced the occurrence of absence seizure for up to
5 months, whereas the same treatment was without effect
when applied on the motor cortex or the ventrolateral thal-
amus.34 Further explorations are required to understand
what pathophysiologic alterations could underlie the thick-
ening of the somatosensory cortex as observed by MRI.
One potential explanation is altered neuronal cytoarchitec-
ture in this region, such as has been described in the
WAG/Rij rat model of absence epilepsy.35 Another ques-
tion is whether the morphologic alterations are associated
with the cellular mechanisms underlying absence seizures.
Because we did not observe consistent morphologic
changes in all of the GAERS colonies, it seems unlikely
that any identified changes are exclusively required for the
expression of absence epilepsy, or the behavioral pheno-
type. However, MRI may not be the most appropriate
method to detect subtle neuronal alterations.

Our studies here were limited by a number of factors
relating to the challenges of comparing animals from differ-
ent facilities across the world. We made our best efforts to
be conservative with our experiments, standardizing the
EEG recording and performing in vivo MRI with objective
measurements. Unfortunately, we could not perform mor-
phologic analyses on the ISTAN GAERS due to lack of
access to an MRI (therefore prohibiting in vivo scanning),
and because this colony does not maintain a line of NEC
rats, so the appropriate comparator could not be assessed.
Environmental influences may influence the measurement

A B

Figure 5.

Brain morphology varies between the

GAERS colonies. NEC and GAERS

fromMELB, STRAS-MELB, and

GREN colonies had MRI scans to

identify changes in brain morphology.

(A)Whole brain volume (mm3) and

(B) somatosensory cortical thickness

(mm). *p < 0.05 Two-tailed Mann-

Whitney t-test.
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of seizures performed in different labs (although all analy-
ses were done by a single investigator). In this case, we
should consider that environmental conditions may influ-
ence the data that we have generated, although we con-
trolled the environment and vigilance of the animals to the
extent possible during the EEG recordings. With respect to
behavior, we examined only affective outcomes in normo-
cycling female rats, and female sex hormones can influence
affective behaviors in rodents.36 Therefore, we cannot
assume that our findings necessarily hold for males. How-
ever, in our previous report,13 we studied both males and
females from the MELB colony, finding no difference
between the sexes. In addition, although we made no mea-
surement of the estrous stage of the animals in our study, it
is likely that at the time of testing, the estrous stages of the
rats were randomly distributed throughout the cycle. There-
fore, the influence of sex hormones on behavior would act
as a source of variance to our data, rather than a systematic
bias.

In conclusion, this study demonstrates that different
colonies of GAERS and NEC had significantly different
seizure characteristics, despite being derived from the
same original strains and carrying the same genetic
mutation in CaV3.2, which has previously been
shown to be associated with seizure expression in the
GAERSMELB colony. Many of the morphologic and
behavioral effects relative to NEC rats are consistent
across the different colonies. The observed variability in
the epilepsy phenotype is likely due to either contrasting
breeding/housing environments, and/or genetic drift
occurring despite maintenance of selective breeding pro-
grams. We encourage researchers publishing results from
the GAERS strain in the future to highlight which strain
was used for their studies.
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