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ABSTRACT

Learning processes are extensively studied in behavioral neuroscience. As experimental models, Morris Water Maze
(MWM) and Spontaneous Alternation (SA) represent two of the most frequently used laboratory tests to respectively
address spatial vs non-spatial tasks. Severa factors have been shown to impact on those learning, including strain, gen-
der, apparatus, conditioning, vision, lighting conditions and stress level. In order to focus on the later, we compared the
acquisition of two learning tasks (MWM and SA) in BALB/c and A/J mice, which are known as fearful and
stress-sensitive strains. Here, we report that BALB/c mice exhibited higher performances than A/J mice in the MWM
(i.e. spatial reference memory task), whereas A/J mice performed better in the SA (i.e. spatial working memory task).
These results indicate dissociated processes in the acquisition of spatial vs non-spatia tasks, and emphasize a varying

influence of emotional reactivity on different forms of cognition.
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1. Introduction

Emotions are commonly described as the processes where-
by brain could evaluate stimuli, basically as pleasant or
unpleasant [1-3], promoting either approach or avoidance
behaviors, thus supporting individual adaptation and sur-
vival. Such a key role in behavioral guidance and deci-
sion making is growingly been emphasized [1,2], and it
emotions are now commonly regarded as adaptive proc-
esses signaling relevant cues about environmental changes.
However, assessment of emotions remains a difficult task
[4], and especidly in non-human animals where verba
information is unavailable. Nevertheless, human and non-
human darwinian emotions share many biobehavioral
features [5]. This evolutionary common ground allows the
investigation of emotional state by using anima models
[4].

It has been argued that emotions represent a warning
system and a way to optimize action [6]. That is the rea
son why animals could exhibit very different behaviors
under normal or stressful conditions. Throughout the
evolution of species, some behavioral mechanisms were
selected on the basis of their significant survival benefit.
Such behaviors like fear-induced freezing or fleeing are
considered are widespread evolutionary stable strategies

"Corresponding author.

Copyright © 2012 SciRes.

[7,8]. The selection of the final response (i.e. freezing or
fleeing) is largely dependent on actual emotiona arousal
triggered by environmental cues. Emotions act as potent
factors for rapid adaptive decision making processes.
Therefore, they represent modulatory tools for cognition
rather than inhibitory factors.

Advances in psychology and neurosciences have also
shown that core cognitive functions such as learning and
memory share many complex interactions with emotional
processes. For example, patients suffering from various
mood disorders also express memory impairments, and
corresponding animal models were developed [4,5] to
better understand the mechanisms underlying these rela
tions. Among the diverse experimenta tests designed to
assess learning and memory in animals, two main cate-
gories of tests consist in reference versus working mem-
ory tasks [9,10], especialy in rodent studies [11-16].
Morris Water Maze (MWM) [17] and Spontaneous Al-
ternation (SA) [18] for example became standard tasks to
explore such functions. Indeed, they are versatile and
alow many variaions to assess specific processes and/or
factors (e.g. pharmacologica agents, genetic background
and neurological preparation).

While those behavioral models were generally designed
for rats, mice are nowadays the main anima model in
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behavioral neurosciences. Many mice strains are avail-
able, which constitute as many convenient models to
assess the roles and functions of various bio-behavioral
systems. A growing set of literature shows strain differ-
ences of performances in different experimental para
digms [14-16,19-26]. For instance, it is commonly con-
sidered that BALB/c and A/J mice albino strains have
lower performances in mazes due to impaired visua ca
pabilities, thus leading other strains such as C57BL6 [27]
to be preferred. Nevertheless, the poor visual capabilities
of BALB/c and A/J mice are not necessarily the only
factor that could account for their learning performances.
Many factors and individual characteristics are known to
influence learning, such as strain, gender, apparatus fea
tures, conditioning set, perceptive capabilities, lighting
and stress [14-16,21,22,28-30]. More specifically, BALB/c
and A/J are known to for displaying high emotional reac-
tivity compared to other mouse strains. Using two stan-
dard forms of reference and working memory tasks (i.e.
MWM and SA respectively), the aim of the present study
was to further understand the differences in learning
performances of two mice strains, respectively BALB/c
and A/J mice, regarded both as highly emotional and
poor learners. We aimed to show in that the relativity of
the “poor learner” label of these strains by demonstrating
that in specifics conditions of testing, they can express
efficient learning. Indeed, whereas these strains are com-
monly used in many stress studies [31], additiona infor-
mation about their respective learning performances
would be needed to better differentiate the potentialities
of these animal models, especialy in the scope to better
understand the relations between cognition, emotions and
stress. Using two different forms of standardized spatial
tasks (i.e. Morris water maze and spontaneous alternation)
involving partly different cognitive processes (i.e. refer-
ence memory and working memory respectively), we
showed that each strain performed better in a specific
task.

2. Materialsand M ethods
2.1. Animals

A total of 10 male BALB/c mice (Janvier®, France) and
10 male A/J mice (Harlan®, France) were used in this
study. Ice were 7-week old at their arrival to the labora-
tory and 10-week old at the time of testing. Prior to test-
ing, they were housed in groups of 5, in standard cages
containing food pellets and water Ad libitum. They were
housed in a room kept at constant temperature (21°C +
1°C) on a12/12 controlled light/dark cycle with lights on
a 6 am. Animals of the two strains were randomized
and tested each day at 2 p.m. After each day of testing,
mice returns into the rearing room in the conditions de-
scribe above. All experiments were carried out in accor-
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dance with the European Community Council directive
86/609/EEC.

2.2. Apparatuses

2.2.1. MorrisWater Maze
The apparatus consisted of a circular pool (diameter: 90
cm; high: 30 cm) filled with opaque water (23°C + 1°C)
in which a platform (7 x 6 cm) is located 20 cm from the
border in order to unable escape possibility. The water
used in each tests was kept at constant temperature (23°C
+ 1°C) and removed every day after the end of the session.
Pool was divided in 4 equal quadrants G, A1, A2, O,
which respectively represent the goal quadrant (in which
the platform is located), the two adjacent quadrants and
the opposite one. The experimental room was lighted with
a halogen lamp (85 lux), and various fixed visual cues
were available 85 cm from the pool, on the walls.

2.2.2. Spontaneous Alternation

To run spontaneous alternation, an X-maze apparatus
was used. An X-maze consisted of four wooden arms (10
cm wide; 60 cm long; 10 cm height), with a 90 angle
between two adjacent arms. The maze surface was cov-
ered with sawdust to make the apparatus less aversive.
The experimental room was lighted with a halogen lamp
(85 Ix), and provided various visual cues fixed on sur-
rounding walls.

2.3. Behavioral Recordings

2.3.1. MorrisWater Maze

In this task BALB/c (n = 10) and A/J mice (n = 10) had
to learn the location of the hidden platform. The time to
find the platform was recorded and used as the main
learning parameter.

During familiarization session, platform was located 1
cm above the water (i.e. in a visible position) in the G
guadrant. Mice were maintained 60 seconds on the plat-
form and were successively placed in the water at the
different starting points (A1, A2, O). During the learning
phase, platform was concealed one centimeter under the
water level. The learning phase consisted in one learning
session per day during 4 consecutive days. One session
consisted in three trials, respectively departing from O,
A1l and A2 quadrants in a random order. If a mouse did
not find the platform after 60 seconds, it was brought out
the water to the platform. Mice were allowed to rest dur-
ing 60 sec on the platform at the end of each trial, before
the beginning of the next trial.

Probe test was undertaken 24 hr after the end of the
conditioning process. During the probe test, there was no
platform in the pool. The test begun with the introduction
of mice in the center of the pool. The time spent in each
quadrant was recorded within the 60-sec period of ob-
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servation. Samples for probe test, samples sizes of each
group of mice were decreased to n = 8 due to accidental
mortality.

2.3.2. Spontaneous Alternation

This paradigm uses the spontaneous tendency of mice to
move from one arm of the maze to another. At the begin-
ning of the test, BALB/c (n = 8) and A/J (n = 8) mice
were placed at the center of the maze and the sequence of
entries into the three arms was recorded over a period of
10 min, an arm entry being determined as the four paws
within that arm. The total humber of arm entries was
recorded and the spontaneous alternation score was cal-
culated as the number of alternations (i.e. entriesin three
different arms consecutively) divided by the total number
of possible alternations (i.e. total number of arm entries-
two) and multiplied by 100.

2.4. Statistical Analyses

To alow a valid use of parametric statistical tests, nor-
mality and homoscedasticity of data was checked before
each test, using Shapiro-Wilk’s and Bartlett's tests re-
spectively. When parametric assumptions were not satis-
fied, data were submitted to a Log10 transform to reach
the criteria. Learning performances of mice in the MWM
were analyzed with a two-way repeated ANOVA (strain
x training session). When main analysis showed a sig-
nificant effect of one of the main factors, post-hoc pair-
wise analyses were done using the Holm-Sidak proce-
dure. The differences between strains in the probe test
were analyzed with unpaired Student’s t-test. Student’s
t-test was also used to analyze spontaneous alternation
scores, number of arm entries and alternation percentage
in the SA (within and between subjects comparisons re-
spectively). Comparisons between strains were done using
unpaired t-tests while comparisons of performances of
each strain with random scores were done using one-sam-
plet-tests.

3. Reaults
3.1. MorrisWater Maze

Figure 1 shows the mean latency to reach the hidden plat-
form during acquisition sessionsin BALB/c (n = 10) and
A/Jmice (n = 10). A two-way repeated ANOVA showed
a significant difference in latency to find the hidden
platform between the two strains (Fys4 = 5.365; p =
0.033), revedling a globally shorter latency in BALB/c
mice compared to A/J (mean latencies: 24.97 sec vs
35.15 sec respectively). It also showed a significant dif-
ference for latency to find the hidden platform between
training day (Fsss = 5.093; p = 0.004). Post-hoc com-
parisons showed that latency to find the platform was
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significantly smaller from session 4 relative to session 1
in BALB/c (Holm-Sidak’s p = 0.004) but not in A/J mice
(Holm-Sidak’s p = 0.178). Moreover, test showed that
latency to find the platform was not significantly differ-
ent between the two strains on session 1 (Holm-Sidak’s p
= 0.382), but was significantly shorter in BALB/c mice
for session 4 compared to A/J mice (Holm-Sidak’s p =
0.034).

Figure 2 illustrates performances of BALB/c (n = 8)
and A/J mice (n = 8) in the probe test. Independent Stu-
dent’s t-test showed that BALB/c express significantly
longer swimming time in the goa quadrant (G) com-
pared to A/J (t = 2.274; df = 14; p = 0.0392).

Learning MWM
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Figure 1. Mean (+SEM) escape latencies (in seconds) on
successive sessions. Each point represents the aver age score
over three trials. (a) Indicates significant difference inside
A/J group (n = 10); (b), (c) Indicate significant difference
inside BALB/c group (n = 10); : p < 0.01: significant dif-
ference between the two strainsin session 4.
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Figure 2. Mean (+SEM) time spent in each quadrant (sec-
onds) during probe test. G isthe goal quadrant, A1 and A2
are the adjacent quadrants, and O isthe opposite quadrant.
(a)-(c) Indicate significant difference between quadrant in-
side BALB/c group (n = 8); (d) Indicate significant differ-
ence between quadrants inside A/J group (n = 8); ***: p <
0.001: significant difference between the two strains in
quadrant G and O.
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3.2. Spontaneous Alternation

BALB/c mice (n = 8) showed an aternation rate (mean +
SEM: 54.4% + 3%) not significantly different from aran-
dom arm entries sequence (one-sample t-test: t = 1.4667;
df = 7; p = 0.1859). On the contrary, A/J mice (n = 8)
expressed a significantly higher alternation rate (mean +

SEM: 70.8% = 4.2%) than BALB/c mice (unpaired t-test:

t = 3.177; df = 14; p = 0.0067), and significantly differ-
ent from a random arm entries sequence (one-sample
t-test: t = 4.9524; df = 7; p = 0.0017). Finaly, the total
number of arm-entries was however higher in BALB/c
mice compared to A/J mice (unpaired t-test: t = 5.168; df
= 14; p = 0.0001).

4. Discussion

In this study, we compared learning performances of two
strains of mice (BALB/c and A/J) known for their high
emotional reactivity and poor learning skills. Each strain
was submitted to a spatial memory task (MWM) and a
spatial working memory learning task (SA).

Results showed that contrary to A/J mice, BALB/c
learned the location of the MWM hidden platform in 4
days (Figure 1). Probe test has shown that BALB/c ex-
press better abilities to restore the learning information
than A/J strain. Moreover, results of spontaneous alterna-
tion test were the opposite, and A/Js performances in
this test were significantly better than BALB/c.

Stress studies involve a limited choice of mice strains
(including BALB/c and A/J mice), which are selectedon
the basis of their sensitivity to stressors [31]. In addition,
throughout the literature BALB/c and A/J strains are
commonly considered as unable or very inefficient in spa
tial task resolution [21]. Thiswork shows that in the con-
trary, these strains are able to efficiently learn a task, but
with opposite potentialities, BALB/c performing better
than A/J in spatial reference task while A/J mice were
better than BALB/c in spatial working task. Since the
strains tested in this study are commonly used for their
high emotional reactivity, our results can be discussed in
terms of relations between emotion and learning [32].
Indeed, our results point out a relation between strain
(BALB/c vs A/J), and learning type (spatia vs non-spa
tial). BALB/c and A/J are known to exhibit low locomo-
tor activity and high level of emotional reactivity com-
pared to other mouse strains [21]. Such an emotional
reactivity is generally expressed in mazes as wall hug-
ing, floating [5,14,16,19-21,29,33-38] or anxiety-like be-
haviors [15,27]. However, supporting the differences
showed in our results, few studies revea that BALB/c
have better learning performances than A/J throughout
spatia learning [36]. Interestingly, it has been shown that
A/J mice exhibit a higher emotional reactivity than
BALB/c. It was indirectly reviewed by severa authors
which showed a differentiation between those two strains
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for example in the open field test or anxiety like behavior
[19,21,37,39,40]. Hence, the less emotionally reactive
strain tested in our study (i.e. BALB/c) expressed better
performances in the spatial MWM task, thus further sup-
porting the known inverse relation between sensitivity to
stress and spatial cognition.

As suggested by the germinal works of Donald Hebb
[41], performances in many tasks (hence cognitive proc-
esses), are a function of the degree of emotional arousal.
Indeed, a general rule was described in which emotional
arousal influences performances with an inverted U-shape
relation, where lowest and highest emotional loads are
associated with lowest performances (i.e. poor motiva-
tion to solve the task and inhibitory emotional over-load
respectively). However, our results support previous sug-
gedtions that such emotion-cognition relation would not
be uni-dimensional, but would be task-dependent.

In conclusion, our study shows that whereas consid-
ered as poor learners, BALB/c and A/J mice can perform
efficiently in different learning tasks. More specificaly,
our results revealed that BALB/c mice performed better
than A/J mice in a spatial learning task (MWM) while
A/J mice acquired faster a non-spatial task (SA). Consid-
ering the fact that BALB/c and less emotionally reactive
than A/J mice, this suggests that the influence of emo-
tional arousal on cognition (inhibition or facilitation) de-
pends on the nature of the task (reference vs working mem-
ory) and involved neural substrates (e.g. hippocampus).

Indeed MWM and SA as spatia and non-spatial tasks
are respectively hippocampus-dependent and non-de-
pendent. Conveniently, influence of emotion and stress
on hippocampus has been extensively studied [13,32-35,
42,43]. Indeed many studies have investigated and dem-
onstrated so far the impairment of hippocampus spatial
learning in response to stress procedure such as learned
helplessness or chronic mild stress [13,44]. Furthermore,
limbic system islargely implicated in emotional response.
Particularly the amygdala and aso the hippocampus in
fear context [45-48]. This link is very consistent with the
behavioral differentiation observed between those two
strains. In fact our results are in line with an inverse rela-
tionship between hippocampus processing efficiency and
HPA axis activity.

If conflicting hippocampal activations between emo-
tional and spatia processes could constitute a substantial
hypothesis to understand why a lower emotional arousal
would alow better performances in spatial tasks, further
studies would be then needed to better understand why
high emotiona arousal would be beneficial to a dis-
criminant task.
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