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receptors in patients with bipolar disorder (BPD) or major depression (MD) and in animal models of
stress. Additional data suggest that the glutamatergic system and AMPA receptors specifically, have an
important role in modulating the therapeutic effects of mood stabilizers. Further research on the role of
AMPA receptors in mood regulation can be done using AMPAKkines, positive modulators of AMPA

ﬁg’e V!S:/‘jeS:clisor ders receptors. AMPAKines have been studied for cognitive enhancement in neurodegenerative disorders and

Mania some were also examined in preclinical studies of mood disorders. In that context, the present study was

Animal model designed to test the effects of the AMPAkine CX717 in a strain specific battery of tests for mania-like

Behavior behaviors.

AMPA receptors Methods: Black Swiss male mice were sub-chronically treated with 5 different doses of CX717 or vehicle
and tested in a battery of behavioral tests including spontaneous activity, sweet solution preference,
resident-intruder, forced swim and amphetamine-induced hyperactivity.

Results: Data show that CX717 doses of 30 mg/kg and above, but not lower, reduce activity levels.

Moreover, 45 mg/kg and above reduce interactions in the resident-intruder test and ameliorate

amphetamine-induced hyperactivity.

Conclusions: The results therefore show a partial effect of CX717 on manic-like behavior, somewhat

similar to previously demonstrated effects of atypical antipsychotic drugs in this strain. It is therefore

suggested that further work related to AMPAKkines in the treatment of affective disorders might be

warranted.

© 2015 Institute of Pharmacology, Polish Academy of Sciences. Published by Elsevier Sp. z o.0. All rights
reserved.

Introduction one system that might be relevant to these changes is the

o . . . . glutamate system [2]. Glutamate is the main excitatory neuro-
Affective disorders, major depression (MD) and bipolar disorder  transmitter in the central nervous system (CNS) and plays a critical
(BPD) are serious mental illnesses with high prevalence and e in various forms of neuronal plasticity [1,3]. The glutamate
significant impact on patients, their families and the entire society. system includes a variety of receptors amongst which is the AMPA
Despite the importance of affective disorders, little is known about (a-amino-3-hydroxy-5-methyl-4-isoxazoleprorionate) group of
their underlying mechanisms or the way by which effective  jonotropic receptors. This class of receptors mediates the majority
medications exert their effect. One interesting hypothesis regard- of excitatory synaptic transmission in the CNS [3] and its
ing the pathophysiology of mood disorders is that at least in part  rafficking plays an important function in neuronal plasticity
they are caused by impaired neuronal plasticity in the brain [1] and [4,5]. AMPA receptors are highly expressed throughout the CNS,
and are found mainly in regions of the brain that have been
_— suggested to be involved in mood regulation such as the prefrontal
Eorreipzr;dmg ‘;”Fhog@ faacil (8, Einat) cortex and hippocampus [5-7]. This distribution suggests that
-mail address: haim mta.ac.1 . kinat). . .
URL: https://www.mta.ac.il/en/lecturers/1468/Pages/default.aspx AMPA receptors may have a role in mood modulation [8].
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Indeed, data support the involvement of AMPA receptors in
mood regulation. For example, some studies have found increased
levels of glutamate in blood and frontal cortex of patients suffering
from BPD or MD [9,10]; studies using brain imaging found reduced
levels of glutamate in the anterior cingulate cortex of depressed
patients during a depressive episode [11] as well as abnormalities
in regional glutamate, glutamine and GABA in patients with
depression [12]. Several studies indicated a reduction in GIuR1, a
subunit of the AMPA receptor, in the prefrontal cortex and striatum
of subjects with BPD and MD [6,13].

Animal model studies showed increased glutamate levels in the
hippocampus and amygdala in stressed animals [14,15]. Others
demonstrated that prenatal stress, an animal model known to
induce depression-like behavior, significantly attenuated GluR1
phosphorylation [16] and reduced mRNA expression of the
glutamate transporters EAAT2 and EAAT3 in the hippocampus,
striatum and frontal cortex [16]. These data are in accordance with
post-mortem studies of BPD patients demonstrating reduced
EAAT3 and EAAT4 transcripts expression [17].

A different set of data also suggests that the glutamatergic
system and AMPA receptors specifically, have an important role in
modulating the therapeutic effect of mood stabilizers. Lithium, the
prototypic mood stabilizer, has diverse effects on AMPA receptors,
including modulation of receptor levels in rats [3,18] and
enhancement of surface cross-linked GIuR1 and GIuR2 in the
hippocampus [19]. Both lithium and the anticonvulsant mood
stabilizer valproate exert major effects on intracellular signaling
cascades that regulate AMPA receptor trafficking [20,21], and
lamotrigine, another anticonvulsant mood stabilizer, is thought to
decrease glutamate release and increase AMPA receptor expres-
sion [12]. Moreover, a study by Gould and colleagues [19] showed
that NBQX, a competitive AMPA receptor antagonist, attenuated
lithium'’s effect in the forced swim test. An interesting recent study
further supports the involvement of AMPA receptors in mood by
showing that altered RNA editing efficiency of AMPA receptors
results is affective-like behavioral changes in mice [22].

An additional approach to further explore AMPA receptors
involvement in mood regulation is by using AMPAkines. AMPA-
kines are positive modulators of AMPA receptors, which bind
allosterically to GluR1-GluR4 subunits and slow the rate of AMPA
receptor deactivation or desensitization [23], enhance the currents
and prolong the duration of AMPA receptor-mediated responses
both in vitro and in vivo [12,24]. Because AMPAkines have no
agonist actions the drugs are only effective with a background of
transmission in progress [25]. Therefore, it is likely that their
principal site of action will reflect the brain areas that are involved
in ongoing behavior [26]. AMPAkines have been studied for
cognitive enhancement in neurodegenerative disorders and some
were also examined in preclinical studies of mood disorders [12].

Related work with animals showed that AMPAkines reduced
spontaneous, unmotivated exploratory behavior in a novel or
familiar environments [27], attenuated stereotypic rearing in-
duced by methamphetamine and decreased hyperactivity induced
by amphetamine [28,29] as well as methamphetamine-induced
rotational behavior after sensitization [26]. Other studies have
shown that AMPAKkines reduced immobility in the forced swim test
and the tail suspension test in mice [30,31], increased social
sniffing in the mouse social approach task [32] and reduced
submissive behavior [12]. Moreover, some data showed that
AMPAKkines increased brain-derived neurotrophic factor (BDNF)
expression and cell proliferation in the CNS, suggesting a
neurotrophic and neuroprotective effect [33]. These outcomes
were similar to the repeatedly demonstrated effects of both mood
stabilizers and antidepressant drugs on the adult brain.

Further work with animal models can contribute to the
understanding of AMPAKines activity in the context of BPD but

there are only few valid models for mania and for response to mood
stabilizers. One model that was suggested in the last few years
includes the utilization of a battery of tests representing specific
behavioral domains of mania in the black Swiss mice strain. This
model has relatively good face validity as black Swiss mice show a
variety of mania-like behaviors compared with other strains,
including high preference for sweet solution modeling increased
reward seeking behavior, low anxiety levels in the light/dark box
and the elevated plus-maze modeling high risk taking behavior,
high aggression levels in the resident-intruder test or the social
interaction test modeling aggressive and intrusive behavior, low
immobility levels in the forced swim test modeling increased vigor
and goal directed activity and high motor sensitivity to amphet-
amine modeling the enhanced sensitivity to psychostimulant
drugs [34-38]. Moreover, the model has some predictive
(pharmacological) validity as it responds to the mood stabilizers
lithium and valproate [38] as well as to the atypical antipsychotics
olanzapine, risperidone and asenapine [37,39,40] but not to the
prototypic antidepressant imipramine [38]. Moreover, the model
responded at least in part to interventions with compounds that
are related to some of the novel ideas regarding the therapeutic
actions of mood stabilizing drugs including compounds that affect
GSK [39] and PKC [41] activity. Last but not least, the model has
some construct (etiological) validity as it was demonstrated that
compared with other mice strains, black Swiss mice have lower
levels of frontal cortex beta-catenin [37], a transcription factor that
had been implicated in the therapeutic effect of mood stabilizers
[42].

The present study was therefore designed to use the black Swiss
mice model and evaluate the possible effects of AMPAkines on
affective-like behaviors in a battery of tests.

Materials and methods
Animals

Male, black Swiss (BS) mice (Taconic Farms, NY, USA), 7-8
weeks old were transported to our laboratory where experimen-
tation started no less than 1 week later, to allow for appropriate
acclimatization time. Mice were singly housed in a colony room
with constant temperature (22 & 1 °C), 12/12 light dark cycle (lights
on/off at 0730/1930) and ad-lib food and water. Single housing was
necessary because of the sweet solution preference test (see
description below). Separate cohorts of mice were used for
experiment 1 and for experiment 2. All experimental procedures
were conducted according to NIH guidelines and approved by the
University of Minnesota Institutional Animal Care and Use Committee
(Protocol no. 0801A2581). The BS mice strain was selected for the
experiments as it was repeatedly demonstrated to be an advanta-
geous strain for the modeling of some of the domains of mania and for
effects of mood stabilizing drugs [37,38].

Drugs

The AMPAkine CX717 (generously donated by Cortex Pharma-
ceuticals, SF, CA, USA) was dissolved in 33% HPCD solution by
sonication for 1 h at 50 °C. Drug was administered to mice via
intraperitoneal (IP) injection twice a day, at 8:00 a.m. and at 6:00
p.m., for 3 days prior to the start of behavioral experiments and
throughout the days of experimentation (as described below).
Doses of CX717 were 3 mg/kg, 10 mg/kg or 30 mg/kg for
experiment 1 and 45 mg/kg and 60 mg/kg for experiment 2. The
initial doses were selected based on previously demonstrated
behavioral effects of CX717 [43] and based on unpublished
information from Cortex Pharmaceuticals. The higher doses (tested
in experiment 2) were selected based on the results of experiment
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1. All doses were diluted to injection volume of 10 ml/kg. Control
group for each experiment was treated with the same volume of
33% HPCD solution. AMPAKkines were repeatedly demonstrated to
cross the blood brain barrier after peripheral administration [28]
and enter the brain within minutes [44]. To the best of our
knowledge, the effects of CX717 on affective-like behavior in
animals were not previously reported but the compound was
shown to restore primate impaired cognitive performance caused
by sleep deprivation [45].

Whereas AMPAkines were shown to have acute effects on
rodents’ behavior [26], behavioral changes that might be more
relevant to affective disorders were demonstrated after a week or
more of daily administration [46] and repeated administration of an
AMPAkine was essential to rescue mice from neurodegenerative
processes [47]. Accordingly, we selected to test a sub-acute
administration regimen with 3 days of administration prior to the
first behavioral test. There were a number of reasons for this
selection: (1) there is only minimal previous behavioral data on the
effects of CX717 on mice behavior and it is unclear whether acute
administration can be effective in our model. (2) The model includes
a number of tests and therefore animals receive treatment during
the testing days. Hence, in this design a real acute testing is possible
only for the first behavioral test and not for the following ones. (3)
Previous studies with this model utilized similar designs with sub-
acute drug administration prior to the first behavioral test. d-
Amphetamine sulfate (SIGMA, St. Lewis, MI, USA) was dissolved in
saline and injected IP at a 1.0 mg/kg dose and 10 ml/kg volume.
Amphetamine was administered acutely, immediately before the
start of the test. Control animals received an equal volume of saline.

Behavioral tests

Order of treatment and tests

To evaluate the behavioral effects of CX717, mice were tested in
a consecutive battery of tests for mania-like behaviors, as done
previously with mood stabilizers and atypical antipsychotics
[37,38,40]. Tests started after 3 days of drug administration, were
conducted one per day and were ordered from least to more
intrusive to minimize the effects of each test on the following ones
[48,49]. The order of tests was spontaneous activity, sweet solution
preference, resident-intruder test, forced swim test, and amphet-
amine-induced hyperactivity. Specific description of these tests is
detailed below. Drug administration continued throughout the
days of behavioral experiments.

Spontaneous activity

Mice were placed in 50 x 25 x 20cm automated activity
monitors (Opto3, Columbus Instruments, Columbus, OH, USA)
for a 60 min session where activity was recorded as beam breaks
using infrared detectors. At the end of the session mice were
returned to their home cages and the boxes were wiped clean with
a 10% alcohol solution.

Sweet solution preference test

Mice were supplied with a bottle of 1% saccharin solution
(SIGMA, St. Lewis, M1, USA) for 48 h on top of the regular supply of
water and food. Saccharin concentration was selected based on
previous work with BS mice [35,38]. Weights of saccharin solution
and water bottles were taken at the beginning of the experiment
and every 24 h thereafter providing 3 measures at time zero, after
24 h and after 48 h. Sweet solution preference was calculated daily
as the ratio of saccharin out of total liquid consumption.

Resident-intruder test
Resident mice were transferred in their home cages to an
experimental room where cage covers were removed. After a 5-

min adaptation period, a smaller, previously group-housed mouse
(i.e., intruder), was placed into the resident’s cage and behavior
was digitally recorded from above for a 10-min session. Recordings
served to manually score resident’s aggressive interactions
(defined as attempts to bite, actual bite, boxing postures and
wrestling postures) and non-aggressive social interactions (de-
fined as other types of body contact including sniffing, allogroom-
ing and body contact). Behaviors performed when not interacting
were not scored. The resident’s aggression score was calculated as
the ratio of aggressive interactions out of total (aggressive + non-
aggressive) interactions. At the end of the session the intruder was
removed and placed back in its home cage, the resident’s cage was
covered and both mice were returned to the colony room. To
minimize harm to animals, mice were briefly separated with a
plastic probe by the experimenter when attacks became vicious
and included significant biting. Hence, total attack time was not
scored and only numbers of aggressive and non-aggressive
interactions were scored from recordings. This method was
previously shown to be sensitive enough to demonstrate the
effects of mood stabilizers in this test [50].

Forced swim test (FST)

Mice were placed for a 6-min session in a vertical cylindrical
plastic container (25 cm tall x 18 cm diameter), filled to a depth of
15 + 1 cm with tap water at 22 + 1 °C. This depth was sufficient to
ensure that mice could not escape or touch the floor of the container.
At the end of the session, mice were removed from the water, dried
with a paper towel, and placed back in their home cage. Water in the
container was changed after each session. Sessions were digitally
recorded from the side and the last 4 min of each session were scored
using an automated acquisition and analysis software (Biobserve,
Bonn, Germany). Scored behaviors were defined as active (swim and
struggle) versus passive (floating with only minimal movements
needed to keep head above water) behaviors.

Amphetamine-induced hyperactivity

Mice were administered with amphetamine or vehicle and
immediately placed in activity monitors for a 60 min session,
where activity was recorded as described above for the spontane-
ous activity test.

Statistical analysis

Data for spontaneous activity (activity counts), sweet
solution preference (preference ratio), forced swim test (immo-
bility time) and resident intruder test (total interaction time and
aggression ratio) were analyzed using one way analysis of
variance (ANOVA) with CX717 dose as main factor. Data for the
amphetamine-induced hyperactivity test were analyzed using
two-way ANOVA with CX717 dose and amphetamine treatment
as main factors. When ANOVA showed significant effects it was
followed by post hoc LSD tests. Level of significance for all tests
was set as p < 0.05.

Results
Experiment 1

As shown in Table 1, sub-chronic administration of 30 mg/kg
CX717 but not the lower doses resulted in a significant reduction in
spontaneous activity. None of the doses had significant effects in
the sweet solution preference test, forced swim test and resident-
intruder test (Table 1). As expected, amphetamine administration
resulted in a significant increase in activity levels but this effect
was not influenced by the administration of 3, 10 or 30 mg/kg
CX717 (Table 1).
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Table 1
Behavioral effects of lower doses of CX717.

Test Vehicle 3 mg/kg

10 mg/kg 30mg/kg Statistics

Spontaneous activity 27384107 (11) 2706 +277 (11)
(infrared beam
breaks in 60 min)

Sweet solution
preference (mean

preference across 48 h)

0.74+0.015 (12) 0.72+£0.018 (12)

Forced swim test 27+8(12) 20+5 (12)
(immobility time, s)

Resident-intruder

Total interactions 37+2(12) 32+3(12)

Aggression ratio 0.38+0.07 (12) 0.27 £0.05 (12)

Test Sal Amph Sal Amph Sal

3025 +£241 (11) 18994222 (11) F(3,40)=4.78, p<0.01;

Post hoc 30 mg/kg #all
other groups
F(3,44)=0.48, p=0.7

0.69+0.02 (12) 0.72+0.03 (12)

1243 (11) 24+7(12) F(3,43)=1.03, p=0.39

33+3(11) 32+3(12) F(3/43)=0.72, p=0.55

0.29+0.07 (11) 0.39+0.07 (12) F(3,43)=0.86, p=0.47
Amph Sal Amph Statistics

Amphetamine-induced
hyperactivity (infrared
beam breaks in 60 min);
n=6/group

1449+240 3329+527 1511+223 4840+914 1809+457 4946+1005 1979+636 3173+954 Amph: F(1,40)=23.2, p<0.001;

CX717: F(3,40)=0.95, p=0.43;
Interaction: F(3,40)=1.11, p=0.36

Numbers in parenthesis represent the number of animals in the group.

Table 2
Behavioral effects of higher doses of CX717.

Test Vehicle 45 mg/kg

60 mg/kg Statistics

Spontaneous activity 3261+264 (10)
(infrared beam
breaks in 60 min)
Sweet solution preference 0.68+0.01 (10)
(mean preference
across 48 h)

Forced swim test 60+19 (10) 45411 (10)
(immobility time, s)

Resident-intruder

Total interactions 39+2(10) 25+3(10)

Aggression ratio 0.25+0.06 (10)

1518192 (10)

0.65+0.03 (10)

0.37£0.06 (10)

2301 +286 (10) F(2,27)=12.13, p<0.001

Post hoc 45 mg/kg # veh (p < 0.001);
60 mg/kg # veh (p <0.02);

45 mg/kg # 60 mg/kg (p < 0.04)

0.65+0.02 (10) F(2,27)=0.6, p=0.56

5211 (10) F(2,27)=0.16, p=0.85

21+5(10) F(2,27)=7.4, p<0.003.
Post hoc: Veh #45mg/kg (p <0.01);
Veh # 60 mg/kg (p <0.001)

0.27 +0.07 (10) F(2,27)=1.1, p=0.36

Test Sal Amph Sal Amph Sal Amph Statistics
Amphetamine-induced 1733 +£439 8127 +1108 2116 +453 2067 +513 2318 +270 2190+376 Amph: F(1,23)=16.8, p<0.001;
hyperactivity (infrared (n=5) (n=4) (n=4) (n=5) (n=5) (n=4) CX717: F(2,23)=13.6, p<0.001;

beam breaks in 60 min);
n=6/group

Interaction: F(2,23)=18.7, p <0.001.
Post hoc: Veh-Amph # all other
groups (p <0.001)

Numbers in parenthesis represent the number of animals in the group.

Experiment 2

As demonstrated in Table 2, the sub-chronic administration of
higher doses of CX717, both 45 and 60 mg/kg, resulted in a
significant reduction in spontaneous activity, significant reduction
in total interactions in the resident-intruder test and significant
amelioration of amphetamine-induced hyperactivity. CX717 had
no effects in the sweet solution preference test, in the forced swim
test and on the aggression measure in the resident-intruder test
(Table 2).

Discussion

The present data demonstrate that sub-chronic administration
of higher doses of CX717 result in the amelioration of some manic-
like behaviors in black Swiss mice. These behaviors include
spontaneous activity, number of interactions in the resident-
intruder test and amphetamine-induced hyperactivity. CX717 did
not affect sweets solution preference or immobility time in the
forced swim test and did not influence the aggression ratio in the
resident-intruder test.

Previous work in the BS mice strain showed that similar
batteries of tests can distinguish the effects of different drugs used
for BPD. Whereas lithium had an effect to reduce sweet solution
preference and attenuate amphetamine-induced hyperactivity, it
had no effect on spontaneous activity, in the FST, in the light/dark
box or in the resident-intruder test [38]. Treatment with valproate
had a different profile and it reduced sweet solution preference and
increased immobility time in the FST but had no effect on
spontaneous activity, amphetamine-induced hyperactivity, light/
dark box or resident-intruder tests [38]. An additional drug that is
used in the treatment of mania, the atypical antipsychotic
risperidone, was effective only in the amphetamine-induced
hyperactivity test [37] whereas another atypical antipsychotic,
asenapine reduced amphetamine-induced hyperactivity and
decreased vigor in the FST [40]. Hence, the fact that CX717 did
not affect the entire battery does not preclude its possible
antimanic potential.

BPD includes both mania and depression and the current study
examined the effects of CX717 in a battery of behavioral tests
representing manic-like behavior but not in other tests that
represent depression-like behavior. However, a number of
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different AMPAKkines were previously demonstrated to have
antidepressant-like effects in animals including reduction in
immobility in the FST and TST [30,31], increase in social behavior
[32] and reduction in submissive behavior [46]. Moreover,
AMPAkines induced increase in BDNF expression and cell
proliferation in the adult brain [33]. These effects are similar to
those demonstrated for antidepressant drugs when used in similar
tests [51,52]. In addition, AMPAkines were shown to have some
antimanic-like effects in animal models including attenuation of
stereotypic rearing after an acute methamphetamine injection
[28], decrease in amphetamine-induced hyperactivity [29] and
reduction in methamphetamine sensitization-induced rotational
behavior [26]. Taken together, these data suggest that AMPAKkines
may have both antidepressant-like and antimanic-like effects and
therefore might fulfill the definition of a mood stabilizer. Our
current data support this possibility.

The present study describes behavioral changes under drug
treatment and therefore cannot implicate any specific mechanism
by which CX717 exerts its effects. Leading theories suggest that the
effects of manipulating the glutamatergic system in mood
disorders are related to enhancing synaptic plasticity and cellular
resilience [53]. Indeed AMPAkines were demonstrated to increase
synaptic plasticity and increase BDNF levels [33,47]. As increased
plasticity had been repeatedly implicated as a central mechanism
in the therapeutic effects of mood stabilizers [54] it is possible to
hypothesize that this is the mechanism through which CX717 acts
to alter behavior in the present study. Further experiments are
needed to examine this possibility.

It is possible that some limitations may hinder the ability to
interpret the present results. One limitation is the fact that CX717
reduced spontaneous locomotion in the open field test. This
reduction might suggest a generalized effect on activity levels and
consequently influence the results in other tests, including the
social interaction and the amphetamine-induced hyperactivity
tests. However, in the BS strain, baseline locomotor activity is
higher than in some other strains [38,55] and therefore can be
considered a part of their manic-like profile that is modified by
potential mood stabilizers [41]. Moreover, higher baseline activity
that is modified after mood stabilizers treatment is also shown in
other mice strain-based models for mania [56]. Moreover, reduc-
tion in activity levels of rodent models is not an uncommon feature
for antimanic drugs and is in fact quite typical to treatment with
atypical antipsychotic drugs that are considered today first line
medication for bipolar mania [57]. For example, both clozapine and
olanzapine were demonstrated to reduce spontaneous activity as
well as drug-induced activity [58]. Yet, at least for the higher doses,
the effects of CX717 to reduce amphetamine-induced hyperactivi-
ty were much larger after amphetamine than for spontaneous
activity. In the spontaneous activity test the 45 mg/kg dose
reduced activity by approximately 50% and the 60 mg/kg dose
reduced activity by approximately 30% but for the amphetamine-
hyperactivity test both the 45 mg/kg and the 60 mg/kg doses
reduced activity by 75% (Table 2). One more point that suggests
that the effects on spontaneous activity are not a significant
limitation is that these effects were demonstrated only in the first
test but not in the control (non-amphetamine animals) tested in
the amphetamine-hyperactivity test (Table 2). Accordingly, it may
be suggested that the effects in the first test are more related to
exploration rather than activity or that the effects on general
activity tolerate across the additional treatment days. Regardless
of the possible reasons, CX717 did not reduce locomotor activity
levels of the non-amphetamine mice during the amphetamine-
induced hyperactivity test suggesting that the effects are specific
to the mania-like behavior.

Another limitation of the present study is the absence of CX717
brain level measurements or a measure of AMPA receptor activity.

CX717 was administered via IP injections (ie. administered
peripherally) and because brain levels or activity were not
evaluated we cannot assure it reached the target brain areas or
acted there. Yet, AMPAkines were repeatedly demonstrated to
cross the BBB and reach the brain within minutes after peripheral
administration [44,59]. Additionally, the administration of CX717
was previously demonstrated to have behavioral effects suggesting
it crossed into the brain [43,60].

Additional constraint of the present study is that CX717 was
administered only in a sub-chronic regimen whereas affective
disorders are chronic illnesses that require chronic treatment and
most mood stabilizers and antidepressants exert their therapeutic
effect only after weeks of treatment [61]. Therefore, to better
simulate the disorders and their treatment, it might have been
beneficial to also test the effects of chronic administration.
Nevertheless, other drugs that act on the glutamatergic system
were found to have a rapid antidepressant effect after acute
administration [12] and it is possible that glutamatergic com-
pounds may act on mood faster than serotonergic or noradrenergic
drugs, suggesting a therapeutic advantage to those drugs.
However, this suggestion needs careful examination because
acute administration of serotonergic and noradrenergic agents was
also shown to have antidepressant-like effect in animal models
[62].

Conclusion

In accordance with previous results with other AMPAKkines, the
data presented here support an antimanic-like effect of CX717. It is
therefore postulated that AMPAkines may present a group of
compounds with potential application as mood stabilizers. Further
exploration of the range of effects of these compounds on behavior
and on brain systems related to affective disorders is still needed to
examine this possibility but considering the need for novel and
more efficacious mood stabilizers, such exploration might be of
significant value.

Funding
There was no external funding available to support this study.
Conflict of interest

Authors declare no conflict of interest relevant to this study.
Prof. Einat and Dr. Flaisher-Grinberg are faculty members in
academic institutions with no other sources of income or
relationship with external companies. Ms. Kara is a Ph.D. student
in Prof. Einat’s laboratory and is not receiving any income from
non-academic resources. None of the authors has any financial and
personal relationships with other people or organizations that
could inappropriately influence (bias) the work.

Acknowledgement

The authors would like to thank Cortex Pharmaceuticals for the
free supply of CX717.

References

[1] Carlson PJ, Singh JB, Zarate CAJJr, Drevets WC, Manji HK. Neural circuitry and
neuroplasticity in mood disorders: insights for novel therapeutic targets.
NeuroRx 2006;3(1):22-41.

[2] Machado-Vieira R, Ibrahim L, Henter ID, Zarate CAJjr. Novel glutamatergic
agents for major depressive disorder and bipolar disorder. Pharmacol Biochem
Behav 2012;100(4):678-87. Epub 2011 Sep 25.

[3] Du], Gray NA, Falke CA, Chen W, Yuan P, Szabo ST, et al. Modulation of synaptic
plasticity by antimanic agents: the role of AMPA glutamate receptor subunit
1 synaptic expression. ] Neurosci 2004;24(29):6578-89.


http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0315
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0315
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0315
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0320
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0320
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0320
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0325
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0325
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0325

N.Z. Kara et al./ Pharmacological Reports 67 (2015) 928-933 933

[4] Snyder GL, Allen PB, Fienberg AA, Valle CG, Huganir RL, Nairn AC, et al.
Regulation of phosphorylation of the GluR1 AMPA receptor in the neostriatum
by dopamine and psychostimulants in vivo. ] Neurosci 2000;20(12):4480-8.

[5] Du], Creson TK, Wu LJ, Ren M, Gray NA, Falke C, et al. The role of hippocampal
GIuR1 and GluR2 receptors in manic-like behavior. ] Neurosci 2008;28(1):68-79.

[6] Beneyto M, Kristiansen LV, Oni-Orisan A, McCullumsmith RE, Meador-Wood-
ruff JH. Abnormal glutamate receptor expression in the medial temporal lobe
in schizophrenia and mood disorders. Neuropsychopharmacology 2007;32(9):
1888-902.

[7] Ng WX, Lau 1Y, Graham S, Sim K. Neurobiological evidence for thalamic,
hippocampal and related glutamatergic abnormalities in bipolar disorder: a
review and synthesis. Neurosci Biobehav Rev 2009;33(3):336-54.

[8] Bleakman D, Alt A, Witkin JM. AMPA receptors in the therapeutic management
of depression. CNS Neurol Disord Drug Targets 2007;6(2):117-26.

[9] Kishimoto H, Yamada K, Iseki E, Kosaka K, Okoshi T. Brain imaging of affective
disorders and schizophrenia. Psychiatry Clin Neurosci 1998;52(Suppl.):S212-4.

[10] Dickerson F, Stallings C, Vaughan C, Origoni A, Khushalani S, Yolken R.
Antibodies to the glutamate receptor in mania. Bipolar Disord 2012;
14(5):547-53.  http://dx.doi.org/10.1111/j.399-5618.2012.01028.x.  Epub
2012 Jun 6.

[11] Auer DP, Putz B, Kraft E, Lipinski B, Schill J, Holsboer F. Reduced glutamate in
the anterior cingulate cortex in depression: an in vivo proton magnetic
resonance spectroscopy study. Biol Psychiatry 2000;47(4):305-13.

[12] Lapidus KA, Soleimani L, Murrough JW. Novel glutamatergic drugs for the
treatment of mood disorders. Neuropsychiatr Dis Treat 2013;9:1101-12.
http://dx.doi.org/10.2147/NDT.S36689. Epub 2013 Aug 7.

[13] Meador-Woodruff JH, Hogg AJJJr, Smith RE. Striatal ionotropic glutamate
receptor expression in schizophrenia, bipolar disorder, and major depressive
disorder. Brain Res Bull 2001;55(5):631-40.

[14] Paul IA, Skolnick P. Glutamate and depression: clinical and preclinical studies.
Ann N Y Acad Sci 2003;1003:250-72.

[15] Reznikov LR, Grillo CA, Piroli GG, Pasumarthi RK, Reagan LP, Fadel J. Acute
stress-mediated increases in extracellular glutamate levels in the rat amyg-
dala: differential effects of antidepressant treatment. Eur ] Neurosci
2007;25(10):3109-14.

[16] Zhang XH, Jia N, Zhao XY, Tang GK, Guan LX, Wang D, et al. Involvement of
pGluR1, EAAT2 and EAAT3 in offspring depression induced by prenatal stress.
Neuroscience 2013;250:333-41. http://dx.doi.org/10.1016/j.neuroscience.
2013.04.031. Epub May 18.

[17] McCullumsmith RE, Meador-Woodruff JH. Striatal excitatory amino acid
transporter transcript expression in schizophrenia, bipolar disorder, and
major depressive disorder. Neuropsychopharmacology 2002;26(3):368-75.

[18] Gray NA, Du J, Falke CS, Yuan P, Manji HK. Lithium regulates total and synaptic
expression of the AMPA glutamate receptor GIuR2 in vitro and in vivo. Ann N Y
Acad Sci 2003;1003:402-4.

[19] Gould TD, O’Donnell KC, Dow ER, Du ], Chen G, Manji HK. Involvement of AMPA
receptors in the antidepressant-like effects of lithium in the mouse tail suspen-
sion test and forced swim test. Neuropharmacology 2008;54(3):577-87.

[20] Coyle JT, Duman RS. Finding the intracellular signaling pathways affected by
mood disorder treatments. Neuron 2003;38(2):157-60.

[21] Du ], Gray NA, Falke C, Yuan P, Szabo S, Manji HK. Structurally dissimilar
antimanic agents modulate synaptic plasticity by regulating AMPA glutamate
receptor subunit GluR1 synaptic expression. Ann N Y Acad Sci 2003;1003:
378-80.

[22] Kubota-Sakashita M, Iwamoto K, Bundo M, Kato T. A role of ADAR2 and RNA
editing of glutamate receptors in mood disorders and schizophrenia. Mol Brain
2014;7:5.

[23] Lynch G. Glutamate-based therapeutic approaches: ampakines. Curr Opin
Pharmacol 2006;6(1):82-8.

[24] Arai AC, Kessler M. Pharmacology of ampakine modulators: from AMPA
receptors to synapses and behavior. Curr Drug Targets 2007;8(5):583-602.

[25] Arai A, Guidotti A, Costa E, Lynch G. Effect of the AMPA receptor modulator
IDRA 21 on LTP in hippocampal slices. Neuroreport 1996;7(13):2211-5.

[26] Hess US, Whalen SP, Sandoval LM, Lynch G, Gall CM. Ampakines reduce
methamphetamine-driven rotation and activate neocortex in a regionally
selective fashion. Neuroscience 2003;121(2):509-21.

[27] Davis CM, Moskovitz B, Nguyen MA, Tran BB, Arai A, Lynch G, et al. A profile of
the behavioral changes produced by facilitation of AMPA-type glutamate
receptors. Psychopharmacology (Berl) 1997;133(2):161-7.

[28] Larson ], Quach CN, LeDuc BQ, Nguyen A, Rogers GA, Lynch G. Effects of an
AMPA receptor modulator on methamphetamine-induced hyperactivity in
rats. Brain Res 1996;738(2):353-6.

[29] Johnson SA, Luu NT, Herbst TA, Knapp R, Lutz D, Arai A, et al. Synergistic
interactions between ampakines and antipsychotic drugs. ] Pharmacol Exp
Ther 1999;289(1):392-7.

[30] Li X, Tizzano JP, Griffey K, Clay M, Lindstrom T, Skolnick P. Antidepressant-like
actions of an AMPA receptor potentiator (LY392098). Neuropharmacology
2001;40(8):1028-33.

[31] Li X, Witkin JM, Need AB, Skolnick P. Enhancement of antidepressant potency
by a potentiator of AMPA receptors. Cell Mol Neurobiol 2003;23(3):419-30.

[32] Silverman ]JL, Oliver CF, Karras MN, Gastrell PT, Crawley JN. AMPAKINE
enhancement of social interaction in the BTBR mouse model of autism.
Neuropharmacology 2013;64:268-82.

[33] Lauterborn JC, Truong GS, Baudry M, Bi X, Lynch G, Gall CM. Chronic elevation
of brain-derived neurotrophic factor by ampakines. ] Pharmacol Exp Ther
2003;307(1):297-305.

[34] Hiscock KM, Linde JA, Einat H. Black Swiss mice as a new animal model for
mania: a preliminary study. ] Med Biol Sci 2007;1(2):1-6.

[35] Flaisher-Grinberg S, Overgaard S, Einat H. Attenuation of high sweet solution
preference by mood stabilizers: a possible mouse model for the increased
reward-seeking domain of mania. ] Neurosci Methods 2009;177(1):44-50.

[36] Flaisher-Grinberg S, Einat H. A possible utilization of the mice forced swim test
for modeling manic-like increase in vigor and goal-directed behavior. ] Phar-
macol Toxicol Methods 2009;59(3):141-5.

[37] Hannah-Poquette C, Anderson GW, Flaisher-Grinberg S, Wang ], Meinerding
TM, Einat H. Modeling mania: further validation for black swiss mice as model
animals. Behav Brain Res 2011;223(1):222-6.

[38] Flaisher-Grinberg S, Einat H. Strain specific battery of tests for separate
behavioral domains of mania. Front Psychiatry 2010;1(Article 10):1-10.

[39] Kalinichev M, Dawson LA. Evidence for antimanic efficacy of glycogen
synthase kinase-3 (GSK-3) inhibitors in a strain specific model of acute mania.
Int ] Neuropsychopharmacol 2011;6:1-17.

[40] Ene HM, Kara NZ, Einat H. The effects of the atypical antipsychotic asenapine in
a strain-specific battery of tests for mania-like behaviors. Behav Pharmacol
2015 [e-pub ahead of print].

[41] Einat H. Partial effects of the protein kinase C inhibitor chelerythrine in a
battery of tests for manic-like behavior in black Swiss mice. Pharmacol Rep
2014;66(4):722-5.

[42] Gould TD, Picchini AM, Einat H, Manji HK. Targeting glycogen synthase kinase-
3 in the CNS: implications for the development of new treatments for mood
disorders. Curr Drug Targets 2006;7(11):1399-409.

[43] Zheng Y, Balabhadrapatruni S, Masumura C, Darlington CL, Smith PF. Effects of
the putative cognitive-enhancing ampakine, CX717, on attention and object
recognition memory. Curr Alzheimer Res 2011;8(8):876-82.

[44] Staubli U, Rogers G, Lynch G. Facilitation of glutamate receptors enhances
memory. Proc Natl Acad Sci U S A 1994;91(2):777-81.

[45] Porrino LJ, Daunais JB, Rogers GA, Hampson RE, Deadwyler SA. Facilitation of
task performance and removal of the effects of sleep deprivation by an
ampakine (CX717) in nonhuman primates. PLoS Biol 2005;3(9):e299.

[46] Knapp R], Goldenberg R, Shuck C, Cecil A, Watkins ], Miller C, et al. Antide-
pressant activity of memory-enhancing drugs in the reduction of submissive
behavior model. Eur ] Pharmacol 2002;440(1):27-35.

[47] Simmons DA, Rex CS, Palmer L, Pandyarajan V, Fedulov V, Gall CM, et al. Up-
regulating BDNF with an ampakine rescues synaptic plasticity and memory in
Huntington’s disease knockin mice. Proc Natl Acad Sci U S A 2009;106(12):
4906-11.

[48] Bailey KR, Rustay NR, Crawley JN. Behavioral phenotyping of transgenic and
knockout mice: practical concerns and potential pitfalls. ILAR ] 2006;
47(2):124-31.

[49] Crawley JN. Behavioral neuroscience. In: Crawley JN, McKay ], editors. Current
Protocols in Neuroscience. New York: Wiley Interscience; 2007.

[50] Einat H. Establishment of a battery of simple models for facets of bipolar
disorder: a practical approach to achieve increased validity, better screening
and possible insights into endophenotypes of disease. Behav Genet
2007;37(1):244-55.

[51] Cryan JF, Holmes A. The ascent of mouse: advances in modelling human
depression and anxiety. Nat Rev Drug Discov 2005;4(9):775-90.

[52] Schmidt HD, Duman RS. The role of neurotrophic factors in adult hippocampal
neurogenesis, antidepressant treatments and animal models of depressive-
like behavior. Behav Pharmacol 2007;18(5-6):391-418.

[53] Sanacora G, Zarate CA, Krystal JH, Manji HK. Targeting the glutamatergic
system to develop novel, improved therapeutics for mood disorders. Nat
Rev Drug Discov 2008;7(5):426-37.

[54] Bachmann RF, Schloesser RJ, Gould TD, Manji HK. Mood stabilizers target
cellular plasticity and resilience cascades: implications for the development of
novel therapeutics. Mol Neurobiol 2005;32(2):173-202.

[55] Juetten ], Einat H. Behavioral differences in black Swiss mice from separate
colonies: implications for modeling domains of mania. Behav Pharmacol
2012;23(2):211-4.

[56] Scotti MA, Lee G, Stevenson SA, Ostromecki AM, Wied TJ, Kula DJ, et al.
Behavioral and pharmacological assessment of a potential new mouse model
for mania. Physiol Behav 2011;103(3-4):376-83.

[57] Fountoulakis KN, Kasper S, Andreassen O, Blier P, Okasha A, Severus E, et al.
Efficacy of pharmacotherapy in bipolar disorder: a report by the WPA section
on pharmacopsychiatry. Eur Arch Psychiatry Clin Neurosci 2012;262(Suppl.
1):1-48.

[58] Gleason SD, Shannon HE. Blockade of phencyclidine-induced hyperlocomo-
tion by olanzapine, clozapine and serotonin receptor subtype selective antago-
nists in mice. Psychopharmacology (Berl) 1997;129(1):79-84.

[59] Granger R, Staubli U, Davis M, Perez Y, Nilsson L, Rogers GA, et al. A drug that
facilitates glutamatergic transmission reduces exploratory activity and
improves performance in a learning-dependent task. Synapse 1993;15(4):
326-9.

[60] Boyle J, Stanley N, James LM, Wright N, Johnsen S, Arbon EL, et al. Acute sleep
deprivation: the effects of the AMPAKINE compound CX717 on human cogni-
tive performance, alertness and recovery sleep. ] Psychopharmacol 2012;
26(8):1047-57.

[61] Sadock JB, Sadock VA. Kaplan and Sadock’s Synopsis of Psychiatry. 10th ed.
Philadelphia: Lippincott & Williams; 2007.

[62] Porsolt RD, Bertin A, Jalfre M. “Behavioural despair” in rats and mice: strain
differences and the effects of imipramine. Eur J Pharmacol 1978;51(3):
291-4.


http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0330
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0330
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0330
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0335
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0335
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0340
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0340
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0340
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0340
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0345
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0345
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0345
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0350
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0350
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0355
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0355
http://dx.doi.org/10.1111/j.399-5618.2012.01028.x
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0365
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0365
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0365
http://dx.doi.org/10.2147/NDT.S36689
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0375
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0375
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0375
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0380
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0380
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0385
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0385
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0385
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0385
http://dx.doi.org/10.1016/j.neuroscience.  2013.04.031
http://dx.doi.org/10.1016/j.neuroscience.  2013.04.031
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0395
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0395
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0395
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0400
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0400
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0400
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0405
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0405
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0405
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0410
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0410
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0415
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0415
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0415
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0415
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0420
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0420
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0420
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0425
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0425
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0430
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0430
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0435
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0435
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0440
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0440
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0440
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0445
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0445
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0445
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0450
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0450
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0450
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0455
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0455
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0455
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0460
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0460
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0460
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0465
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0465
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0470
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0470
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0470
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0475
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0475
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0475
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0480
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0480
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0485
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0485
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0485
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0490
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0490
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0490
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0495
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0495
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0495
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0500
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0500
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0505
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0505
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0505
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0510
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0510
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0510
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0515
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0515
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0515
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0520
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0520
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0520
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0525
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0525
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0525
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0530
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0530
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0535
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0535
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0535
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0540
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0540
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0540
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0545
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0545
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0545
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0545
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0550
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0550
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0550
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0555
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0555
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0560
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0560
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0560
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0560
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0565
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0565
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0570
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0570
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0570
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0575
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0575
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0575
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0580
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0580
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0580
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0585
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0585
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0585
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0590
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0590
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0590
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0595
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0595
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0595
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0595
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0600
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0600
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0600
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0605
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0605
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0605
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0605
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0610
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0610
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0610
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0610
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0615
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0615
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0620
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0620
http://refhub.elsevier.com/S1734-1140(15)00037-7/sbref0620

	Partial effects of the AMPAkine CX717 in a strain specific battery of tests for manic-like behavior in black Swiss mice
	Introduction
	Materials and methods
	Animals
	Drugs
	Behavioral tests
	Order of treatment and tests
	Spontaneous activity
	Sweet solution preference test
	Resident-intruder test
	Forced swim test (FST)
	Amphetamine-induced hyperactivity

	Statistical analysis

	Results
	Experiment 1
	Experiment 2

	Discussion
	Conclusion
	Funding
	Conflict of interest
	Acknowledgement
	References


