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Childhood absence epilepsy (CAE) is associated with interictal co-morbid symptoms including abnormalities in
social behaviour. Genetic Absence Epilepsy Rats from Strasbourg (GAERS) is a model of CAE that exhibits physi-
ological and behavioural alterations characteristic of the human disorder. However, it is unknown if GAERS dis-
play the social deficits often observed in CAE. Sociability in rodents is thought to be mediated by neural circuits
densely populated with T-type calcium channels and GAERS contain a missense mutation in the Cav3.2 T-type
calcium channel gene. Thus, the objective of this study was to examine the effects of the clinical stage pan-T-
type calcium channel blocker, Z944, on sociability behaviour inmale and femaleGAERS and non-epileptic control
(NEC) animals. Female GAERS showed reduced sociability in a three-chamber sociability task whereas male
GAERS, male NECs, and female NECs all showed a preference for the chamber containing a stranger rat. In drug
trials, pre-treatment with 5 mg/kg of Z944 normalized sociability in female GAERS. In contrast, female NECs
showed impaired sociability following Z944 treatment. Dose-dependent decreases in locomotor activity were
noted following Z944 treatment in both strains. Treatment with 10 mg/kg of Z944 altered exploration such
that only 8 of the 16 rats tested explored both sides of the testing chamber. In those that explored the chamber,
significant preference for the stranger rat was observed in GAERS but not NECs. Overall, the data suggest that T-
type calcium channels are critical in regulating sociability in bothGAERS andNEC animals. Future research should
focus on T-type calcium channels in the treatment of sociability deficits observed in disorders such as CAE.

© 2016 Elsevier Inc. All rights reserved.
Keywords:
Absence epilepsy
Sociability task
GAERS
T-type calcium channels
1. Introduction

Childhood absence epilepsy (CAE) is characterized by losses in con-
sciousness that can co-occur with mild clonic movements and automa-
tisms during bilateral spike and wave discharges (SWD's) concomitant
with seizure activity (Pavone et al., 2001). Similar to other epilepsies,
CAE is associated with interictal co-morbid impairments including cog-
nitive (Caplan et al., 2009; Henkin et al., 2005; Killory et al., 2011;
MacEachern et al., 2017; Mandelbaum and Burack, 1997; Pavone et al.,
2001) and language deficits (Caplan et al., 2009), aswell as social behav-
iour abnormalities (Caplan et al., 2009). The GAERS model of absence
epilepsy, but not its related NEC strain, exhibits similar SWD character-
istics of CAE (Marescaux et al., 1992; Tringhamet al., 2012). Previous re-
search has shown that GAERS also display the cognitive and psychiatric-
like phenotypes associated with epilepsy (Bouilleret et al., 2009; Dezsi
an, Department of Physiology,
ada.
).
et al., 2013; Jones et al., 2008; Jones et al., 2010; Marks et al., 2016a;
Marks et al., 2016b; Powell et al., 2014, but see also Marques-Carneiro
et al., 2014); however, it is unknownwhether they demonstrate the so-
cial deficits observed in CAE. Social deficits occur in approximately 23%
of CAE patients (Caplan et al., 2008). In adulthood, individuals with ab-
sence epilepsy are significantly more socially isolated (Olsson and
Campenhausen, 1993). These social deficits occur regardless of seizure
control (Nickels, 2015). Therefore, the first objective of the present
study was to assess sociability in the GAERS model.

T-type calcium channels are abundantly expressed in the circuits im-
plicated in mediating rodent social behaviour including the amygdala,
olfactory bulb, piriform cortex, and lateral septum (Ferguson et al.,
2001; Talley et al., 1999). Morphometric abnormalities have been ob-
served in the amygdala of GAERS further suggesting the possibility of
disrupted social behaviour in these animals (Bouilleret et al., 2009). Sei-
zures in GAERS are produced by abnormalities in thalamocortical circu-
ity at least in part due to gain-of-function missense mutation in the
Cav3.2 T-type calcium channel gene (Cain et al., 2015; Powell et al.,
2009). In support, the pan-T-type calcium channel blocker, Z944, sup-
presses seizure activity in GAERS (Tringham et al., 2012). Further,
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Z944 administration not only suppresses seizure activity, but also im-
proves cognitive deficits observed in GAERS, specifically, visual and
crossmodal memory deficits (Marks et al., 2016a). Given the role of T-
type calcium channels in GAERS neuropathology and the cognitive im-
provements observed in GAERSwith Z944 treatment, examining the ef-
fect of Z944 on social behaviour in GAERS is warranted. The objective of
this studywas to examine dose-dependent effects of Z944 on sociability
in GAERS and NEC rats using a three chambered sociability task (Millan
and Bales, 2013; Nadler et al., 2004). Social interaction in this task is
measured by preference to explore a cage containing a stranger rat as
opposed to an empty cage. This sociability task is ideal in that social in-
teraction is initiated by the test animal and placement of the stranger
animal in a wire cage ensures aggressive behaviours between animals
is limited (Crawley, 2007). The work demonstrated sociability deficits
in GAERS animals. Further, sociability deficits in GAERS were reversed
by Z944 administration.

2. Materials and methods

2.1. Animals

For all experiments, GAERS and NEC rats (12–20weeks of age) were
used (University of Saskatchewan Lab Animal Services Unit, Saskatoon,
Canada) (Marks et al., 2016b). Rats were maintained in a temperature
controlled room (21 °C) on a 12 hour day-night cycle (lights on at
7 am) with ad libitum access to standard rat chow and water. All rats
were housed in groups of 2 or 3 in standard polypropylene cages. Exper-
imental procedures were conducted in accordance with the Canadian
Council on Animal Care guidelines for humane animal use andwere ap-
proved by the University of Saskatchewan Animal Research Ethics
Board.

2.2. Drug preparation

The characterization and synthesis of Z944 is described in Tringham
et al. (2012). Z944was prepared daily in a solution of 10% dimethyl sulf-
oxide (DMSO; Sigma Aldrich, St. Louis, MO) and 90% sodium
carboxymethyl cellulose (0.5% in saline, Sigma Aldrich). Injections
were administered intraperitoneally at 5 ml/kg in doses of either
5 mg/kg or 10 mg/kg. The highest dose of Z944 was chosen based on
previous research demonstrating significant blockade of GAERS seizure
activity at the 10 mg/kg dose without altering the state of alertness
(Tringham et al., 2012). Injection of Z944 or vehicle was performed
15 min prior to the habituation phase of sociability testing.

2.3. Three chambered social interaction apparatus

The apparatus (150 cm by 40 cm by 40 cm tall) was constructed
from black corrugated plastic (Fig. 1). The two side chambers were
each 60 cm by 40 cm, while the middle chamber was 30 cm by 40 cm.
The middle chamber's walls were made of Plexiglas sheets 12 cm
Fig. 1. Schematic of the three-chambered sociabili
long. The rat cages were constructed of ¾″ plywood painted black,
wire mesh, and metal rods. The cages had a diameter of 18 cm and a
height of 20 cm. The cage height was extended to 40 cm through the
use of vertically placed metal rods to discourage climbing.

2.4. Sociability task procedure

Prior to behavioural testing, rats were handled for 5 min/day for
3 days. The testing apparatus was cleaned with 70% ethanol between
trials. For the drug naive sociability trials, 23 GAERS (12 male, 11 fe-
male) and 22 NEC (12 male, 10 female) animals were used. For the
Z944 trials, 28 female GAERS (11 control, 9 5 mg Z944 treatment, 8
10 mg Z944 treatment) and 37 female NEC (12 control, 12 5 mg Z944
treatment, 13 10 mg Z944 treatment) animals were used. Animals
that did not complete the sociability task, defined as not visiting both
the stranger and empty cage, were not included in the results. In total,
4 GAERS treated with the 5 mg/kg dose and 8 GAERS treated with
10 mg/kg of Z944 were removed (total N's listed above account for
these removals).

The sociability task used was adapted from previously published
protocols (Cutuli et al., 2015; Nadler et al., 2004). Briefly, animals
were given a habituation session to the apparatus (10min) immediately
before the sociability task. Each sociability trial began by placing the test
rat into themiddle chamber of the interaction apparatus. Dividers were
in place to prevent entry into either of the side chambers. A stranger rat
of the same strain and sexwasplaced into oneof the two rat cages in the
side chambers. The side placement of the stranger rat and empty cage
were randomized and counterbalanced. Test animals had no previous
interaction with stranger animals for this task. After 3 min, the dividers
were removed and the test rat was given 10 min to freely explore the
entire apparatus. The trial was tracked using Noldus Ethovision XT
11.5 to determine: time spent in direct social contact with either the
stranger rat containing cage or the empty cage, number of entries into
the direct social interaction zones, total distance moved, and latency
to first entry into the direct social interaction zones. Direct interaction
with either the stranger or empty cagewas considered to have occurred
when the test rat's nose entered a 2 cm circle around either of the two
cages.

2.5. Data analysis

All figures summarize means with the error bars representing stan-
dard error of themean (SEM). SPSS Version 20 for Windows (IBM) was
used for statistics. A discrimination ratio (DR) was used to calculate the
frequency and duration ratios. The DR formula: (stranger rat cage −
empty cage) / (stranger rat cage + empty rat cage) is adapted from
DRs used to quantify preferential exploration of novel objects
(Ballendine et al., 2015; Cazakoff and Howland, 2011; Howland et al.,
2012). Positive DR values indicate a preference for the stranger cage
whereas negative DR values indicate a preference for the empty cage.
Repeated measures analysis of variance (ANOVA) with 2 min Time
ty test. See Materials and methods for details.
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bins as a within-subjects factor were initially run for all analyses to ex-
plore whether Strain, Sex, or Treatment interacted with performance
over time. Given that Time did not interact with the other factors, uni-
variate ANOVAs were run for distance travelled, stranger cage explora-
tion, empty cage exploration, frequency DR, and duration DRs with
Strain, Sex, or Treatment as the between-subjects factors where appro-
priate. Analysis of latency to exploration of the stranger and empty
cages were performed using univariate ANOVAs with Strain, Sex, or
Treatment as the independent variables where appropriate. Post hoc
analyseswere performedusing t-testswith a Bonferroni correction (sig-
nificance set to 0.0125). One sample t-tests comparing to a mean of 0
were used to determine whether frequency or duration DR was signifi-
cantly above chance levels (Ho et al., 2015; Winters and Reid, 2010),
thus directly assessingwhether a specific group demonstrated evidence
of sociability. Effect size was calculatedwith partial η2 which represents
the total variability in each dependent variable that can be attributed to
the independent variables. Partial η2 values of 0.01, 0.06, and 0.14 are
considered small, medium and large effect sizes. Unless stated other-
wise, statistical significance was set at p ≤ 0.05.
Fig. 2.Distance travelled, latency to stranger and empty cage exploration, total stranger and emp
and female GAERS and NECs. Overall GAERS travelled significantly less distance than NECs (*p b

GAERS took significantly longer to explore the empty cage compared toNECs (*p b 0.05; C).Mal
C). FrequencyDRwas significantly above chance levels formale and female NECs (*p b 0.05; F) a
to female animals (#p b 0.05; G). Male GAERS and NECs showed significantly increased duratio
3. Results

3.1. Drug naïve trials

Distance travelled within the testing arenawas analyzed (Fig. 2A). A
significant between-subjects main effects of both Strain (F(1,41) =
5.42, p = 0.025, partial η2 = 0.117) and Sex (F(1,41) = 14.22, p =
0.001, partial η2 = 0.258) revealed that GAERS travelled significantly
less distance than NECs and males travelled significantly less distance
than females overall.

Latency to first exploration of both the stranger and empty cage
were analyzed. Although the effects of Strain and Sex on latency to ex-
plore the stranger cage were non-significant (all p ≥ 0.211; Fig. 2B), it
took significantly longer for GAERS (F(1,41) = 11.04, p = 0.002, partial
η2 = 0.212) and males (F(1,41) = 5.29, p = 0.027, partial η2 = 0.114)
to explore the empty cage compared toNEC and female animals, respec-
tively (Fig. 2C).

The total time spent exploring the stranger or empty cage was ana-
lyzed (Fig. 2D, E respectively). All main effects and interactions for total
ty cage exploration, frequency and duration discrimination ratios (DR) for drug naïvemale
0.05; A) andmales travelled significantly less distance than female animals (#p b 0.05; A).
es took significantly longer to explore the empty cage relative to female animals (#p b 0.05;
nd female GAERS (*p b 0.05; F). Duration DRwas significantly increased inmale compared
n DRs relative to chance levels of exploration (*p b 0.05; G).
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time spent exploring either the stranger or empty cagewere non-signif-
icant (all p ≥ 0.053). Analysis of the DR for the frequency for which the
stranger cage was explored in relation to the empty cage (Fig. 2F) re-
vealed nonsignificant differences in Strain, Sex, and the Strain by Sex in-
teraction (all p ≥ 0.058). A significant between-subjects main effect of
Sex (F(1,41) = 4.84, p = 0.033, partial η2 = 0.106) was found with
analysis of the DR for the duration of time spent exploring the stranger
cage in relation to the empty cage (Fig. 2G). Overall, males spent signif-
icantlymore time exploring the stranger cage relative to the empty cage
compared to females. Further analyses using one sample t-tests com-
paring frequency and duration DRs to a mean of 0 (Fig. 2F, G) showed
significant frequency of exploration of the stranger cage above chance
in males of both the NEC (t(11) = 4.10, p = 0.002) and GAERS (t(11)
= 3.69, p = 0.004) strains. Duration of exploration of the stranger
cage was also significantly above chance in males of both strains: NEC
(t(11)= 4.75, p = 0.001), GAERS (t(11) = 2.77; p= 0.018). However,
significant exploration of the stranger cage was only found in NEC fe-
males for the frequency DR (t(9) = 2.32, p = 0.045). Thus, GAERS fe-
males showed no evidence of preferentially exploring the cage
containing the stranger rat.

3.2. Z944 trials

Although female GAERS did not show significantly impaired perfor-
mance relative to female NECS, female GAERS did display a deficit in so-
ciability relative to chance performance. Thus, Z944 trials were
performed in female animals. The 10 mg/kg dose of Z944 impaired the
ability of approximately half the animals to perform the sociability
task. In light of this we analyzed the data using only the vehicle and
5 mg/kg Z944 groups. The means and standard errors of the means of
the distance travelled, stranger and empty cage latencies to explore,
total stranger and empty cage exploration times, and frequency and du-
ration DR for the 10 mg/kg group are summarized in Table 1.

Analysis of the distance travelled within the testing arena revealed
significant between-subjects main effects of Strain (F(1,40) = 10.93, p
= 0.002, partial η2 = 0.215) and Treatment (F(1,40) = 36.11, p b

0.001, partial η2 = 0.474; Fig. 3A). Over the entire testing session, NEC
animals travelled significantly more distance than GAERS. Also, both
NEC andGAERS animals treatedwith the 5mg/kg dose of Z944 travelled
less distance overall relative to vehicle treated animals. Although laten-
cy to first exploration of the stranger cage was not significantly affected
by either Strain or Treatment (all p ≥ 0.110; Fig. 3B), a significant Strain
by Treatment interaction was found for the latency to first exploration
of the empty cage (F(1,40) = 5.33, p = 0.026, partial η2 = 0.118; Fig.
3C). However, post hoc analyses failed to reach significance for individ-
ual between group comparisons. A significant main effect of Treatment
(F(1,40) = 5.99, p = 0.019, partial η2 = 0.130) and a significant Strain
by Treatment interaction (F(1,40) = 10.74, p = 0.002, partial η2 =
0.212) was found for total stranger cage exploration (Fig. 3D). Post
hoc analyses revealed GAERS treated with 5mg/kg Z944 showed signif-
icantly increased total stranger cage exploration relative to vehicle
treated GAERS (t(18) = −2.99, p = 0.008). A significant Strain by
Treatment interaction was also found for total time spent exploring
the empty cage (F(1,40) = 7.73, p = 0.008, partial η2 = 0.162; Fig.
3E). Post hoc tests showed vehicle treated GAERS spent significantly
more time exploring the empty cage relative to vehicle treated NECs
(t(21)=−3.53, p= 0.002). A significant between-subjects interaction
Table 1
The means and standard errors of the means (SEM) for total distance travelled, latency to stran
quency and duration discrimination ratios (DR) for 10 mg/kg Z944 injected GAERS and NEC fe

Strain Total distance (cm) Stranger latency (s) Empty latency (s)

NEC Mean 3235.22 27.57 60.28
SEM 103.74 6.52 30.74

GAERS Mean 2315.58 103.23 325.15
SEM 195.39 39.22 80.83
of Strain and Treatment was found for the frequency DR (F(1,40) =
5.56, p=0.023, partial η2= 0.122; Fig. 3F). However, post hoc compar-
isons between the groups did not reach significance. A similar pattern of
results was found for duration DR with a significant between-subjects
interaction of Strain and Treatment (F(1,40) = 7.13, p = 0.011, partial
η2=0.151; Fig. 3G). In contrast to the post hoc results for the frequency
DR, post hoc analyses for the duration DR revealed that GAERS treated
with vehicle show significantly reduced duration DR compared to vehi-
cle treated NECs (t(21) = 4.06, p = 0.001). One sample t-test analyses
showed that although only vehicle treated NECs showed significant
preference for the stranger cage as demonstrated by significant frequen-
cy DR (t(11) = 4.79, p = 0.001) and duration DR (t(11) = 6.11, p b

0.001) compared to chance, only GAERS treated with 5 mg/kg Z944
showed significant stranger cage preference, duration DR (t(8) =
2.44, p = 0.041).

4. Discussion

We first characterized the sociability of drug naïve male and female
GAERS and NEC animals. A significant decrease in total distance trav-
elled was found for both male and female GAERS (Fig. 2A). However,
an impairment in sociability was only found in female GAERS (Fig. 2F).
We then examined the effects of acute treatment with the clinical
stage pan-T-type calcium channel blocker Z944 (either 5 mg/kg or
10 mg/kg) on sociability in female GAERS and NECs. A significant de-
crease in distance travelled following Z944 treatment was noted in
both strains (Fig. 3A). The 5 mg/kg dose of Z944 rescued sociability im-
pairments in GAERS and decreased performance in NECs (Fig. 3D, F, G).

4.1. Sociability deficits in drug naïve female GAERS

Sociability deficits were found in female GAERS as demonstrated
through a non-significant frequency of preference for the stranger
cage relative to chance levels of exploration. Indeed, it has been docu-
mented that social abnormalities occur in rodent models of epilepsy.
For example, interictal spikes in male juvenile rats, resulting from re-
peated injections with bicuculline methiodine into the prefrontal cor-
tex, are associated with a failure to show preference for a stranger rat
as opposed to a novel object in an opposing cage using a similar sociabil-
ity task as the one used for the present study (Hernan et al., 2014). Sim-
ilarly, seizure-prone male and female El mice displayed significantly
decreased investigation of a familiar conspecific in a multi-day sociabil-
ity task (Lim et al., 2007). Further, relative to controls, bothmale and fe-
male neonatal Wistar rats submitted to pilocarpine induced seizures
showed significantly reduced preference for the stranger chamber rela-
tive to the empty chamber in the sociability task when tested as adults
(Castelhano et al., 2013; Castelhano et al., 2015).

The sociability deficit noted in female GAERS is consistentwith social
abnormalities found in epileptic patient populations. A review of 45
studies on social competence in children with epilepsy confirmed defi-
cits in social adjustment, social performance and social skills in both
male and female children (Rantanen et al., 2012). Within the studies
reviewed, some demonstrate that certain impairments may be worse
in female children. For example, not only were children with epilepsy
significantlymore likely to display decreased social competence relative
to a healthy control group, but femalesweremore likely to displaymore
disrupted social competence than males with epilepsy (Jakovljevic and
ger and empty cage exploration, total stranger and empty cage exploration, and total fre-
males.

Stranger exploration (s) Empty exploration (s) Frequency DR Duration DR

139.61 107.16 0.13 0.17
26.48 33.31 0.20 0.20
200.16 68.77 0.50 0.46
37.16 31.06 0.24 0.25



Fig. 3.Distance travelled, latency to stranger and empty cage exploration, total stranger and empty cage exploration, frequency and duration discrimination ratios (DR) for female GAERS
andNECs treatedwith vehicle (Veh) or 5mg/kg Z944. GAERS travelled significantly less distance thanNECs (*pb 0.05; A) and animals treatedwith 5mg/kg Z944 travelled significantly less
distance than vehicle treated animals (#p b 0.05; A). GAERS treated with 5 mg/kg Z944 spent significantly more time exploring the stranger cage relative to vehicle treated GAERS (*p b

0.05; D). Vehicle treated GAERS spent significantly more time exploring the empty cage relative to vehicle treated NECs (*p b 0.05; E). Only NECs treated with vehicle showed significant
frequency DR relative to chance performance (*p b 0.05; F). Vehicle treated GAERS displayed significantly reduced duration DR compared to vehicle treated NECs (#p b 0.05; G). Both
vehicle treated NECs and 5 mg/kg Z944 treated GAERS demonstrated significant duration DR exploration above chance levels (*p b 0.05; G).
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Martinovic, 2006). Although we did not correlate female GAERS behav-
iour with changes in estrous cycle, future research should consider in-
vestigating whether alterations in sociability behaviour are dependent
on cycling hormones in female animals.

We replicated previous findings that show significant decreases in
locomotor behaviour in GAERS relative to NEC animals. Both male and
female GAERS travel less distance in an open field task and elevated
plus maze (Bouilleret et al., 2009; Dezsi et al., 2013; Jones et al., 2008;
Marks et al., 2016b; Powell et al., 2014). Further, male and female
GAERS also spend significantly less time exploring objects in a
crossmodal object recognition task (Marks et al., 2016a). It should be
noted that a decrease in locomotor behaviour alone cannot explain
the decrease in sociability found in female GAERS as male GAERS also
showed decreased locomotor behaviour yet performed the sociability
task similarly to NECs. Decreased locomotor behaviour in GAERS could
be indicative of enhanced anxiety during task performance. Indeed,
GAERS have increased anxiety-like behaviour in the elevated plus
maze (Dezsi et al., 2016; Jones et al., 2008; Marks et al., 2016b; Powell
et al., 2014), open field (Bouilleret et al., 2009; Dezsi et al., 2013; Dezsi
et al., 2016; Jones et al., 2008; Marks et al., 2016b; Powell et al., 2014),
and in response to startling acoustic stimuli (Jones et al., 2010; Marks
et al., 2016b, c). Consistent with these data, the present study found la-
tency to first exploration of the empty cage was significantly higher in
GAERS, which could be interpreted as increased neophobic behaviour.
Although increased anxiety in female GAERS relative to male GAERS
could explain the reduced approach behaviour towards a novel conspe-
cific, we have previously reported similar levels of anxiety in both male
and female GAERS (Marks et al., 2016b). Further, both male and female
GAERS showed similar latencies to exploration of the stranger cage that
were non-significant from NEC performance. These results suggest that
impaired sociability behaviour in female GAERS is likely not the result of
increased anxiety in these animals.

4.2. Sociability deficits in female GAERS are reversed by Z944

The T-type calcium channel blocker, Z944, significantly reversed so-
ciability deficits in female GAERS as demonstrated through not only a
significant increase in stranger cage exploration relative to vehicle
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treated GAERS, but also a significant increase in duration DR relative to
chance levels of exploration. To our knowledge, this is the first report of
a reversal of sociability deficits with a T-type calcium channel blocker.
We have previously demonstrated that 10 mg/kg of Z944 significantly
reversed unimodal and crossmodal object recognition memory deficits
in GAERS, an effect that was not attributable to changes in seizures dur-
ing task performance (Marks et al., 2016a). Chronic treatment with the
anticonvulsant and T-type calcium channel blocker, ethosuximide
(MacDonald and Kelly, 1995), has also been shown to reverse anxiety-
like behaviours in GAERS (Dezsi et al., 2013). In contrast, Z944 impaired
sociability performance in NEC animals. This pattern of results mirrors
our previously reported effects of Z944 on NEC animals where we ob-
served impaired crossmodal object recognition memory (Marks et al.,
2016a). The culmination of these effects suggests T-type calcium chan-
nel blockers may be effective at reversing behaviours consistent with a
psychiatric phenotype in GAERS animals. However, theremay be an op-
timal level of T-type calcium channel activity required for non-impaired
functioning in the NEC strain. Future research should determinewheth-
er alterations in sociability in GAERS are related to a reduction in sei-
zures produced by Z944 treatment, or through an effect of T-type
calcium channel regulation on behaviour directly.

Social behaviour in rodents is complex, and is believed to involve a
circuit including the amygdala, olfactory bulb, piriform cortex, and lat-
eral septum (Ferguson et al., 2001), all areas where T-type calcium
channels are expressed (Talley et al., 1999). There is evidence to suggest
that Cav3.2 T-type channels contribute to the regulation of N-methyl-D-
aspartate receptor (NMDAR) transmission as enhanced glutamatergic
transmission occurs with expression of the childhood absence epilep-
sy-linked mutant Cav3.2 channel, hCav3.2 (C456S) (Wang et al.,
2015). NMDAR dysfunction may underlie sociability deficits observed
in psychiatric disorders such as schizophrenia (Lee and Green, 2016).
For example, genetically modified mice with NMDAR hypofunction
andwildmice treatedwith the NMDAR antagonist, MK801, showed de-
creased preference for the strangermouse in the sociability task (Halene
et al., 2009;Moy et al., 2013). Importantly, reductions in sociabilitywere
not attributable to increased anxiety (Halene et al., 2009). This finding
suggests there may be an optimal level of NMDA functioning required
for sociability. Given that GAERS display a mutation in the Cav3.2 T-
type calcium channel (Powell et al., 2009), the reversal of sociability be-
haviour in GAERS by Z944 may be mediated through altered NMDAR
functioning. Future research should determine whether a pathological
enhancement in glutamatergic function also results in sociability
deficits.

Treatment with Z944 significantly reduced locomotor behaviour in
both GAERS and NEC animals as demonstrated by decreased distance
travelled during the task. Although the 10 mg/kg dose did not signifi-
cantly decrease locomotor activity relative to the 5 mg/kg dose (statis-
tics not shown), the 10 mg/kg dose did disrupt the ability of GAERS to
successfully perform the sociability task. A possible explanation for
this effect is that Z944 dose-dependently increases drowsiness in both
strains since T-type channels are known to contribute to sleep oscilla-
tions (Crunelli et al., 2014). Other T-type calcium channel blockers,
such as TTA-A2, suppress wakefulness and are considered as potential
therapeutics for sleep disorders (Kraus et al., 2010). However, the ef-
fects of Z944 on drowsiness have been previously explored and at a
10 mg/kg acute systemic dose the delta brainwaves observed during
drowsiness were not observed, nor did it significantly increase mea-
sures of sedation in rats (Tringham et al., 2012). Alternatively, there is
some evidence to suggest that decreased T-type calcium channel func-
tioning may affect motor performance. For example, motor impair-
ments have been observed in Cav3.1 KO mice (Ly et al., 2013). An
increase in anxiety-like behaviour could also explain reduced locomo-
tion in GAERS and NEC animals; however, latency to explore the strang-
er cage was not significantly increased which would be consistent with
an anxiety-like phenotype. Future research should examine the effects
of Z944 directly on measures of anxiety, and locomotor behaviours
such as the rotarod test (Ly et al., 2013). Further, investigating the ef-
fects of a lower dose of Z944 may circumvent alterations in locomotor
behaviour while still increasing sociability in GAERS.

5. Conclusion

In the present series of experiments, we demonstrated sociability
deficits in female GAERS that were reversed by an acute dose of
5 mg/kg of Z944. In contrast, we observed decreased sociability in
NECs treated with Z944. Decreased locomotor activity was noted in
GAERS as well as in animals treated with Z944. Overall, this study sug-
gests T-type calcium channels play a critical role in the regulation of so-
cial behaviour, and may be a fruitful target for therapeutics aiming to
treat neurological and psychiatric illnesses characterized by deficits in
social behaviour such as CAE, autism, and schizophrenia.
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