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Temperament is the heritable and relatively stable pattern of basic emotions, such as fear and anger. We explored behaviora
ice to select distinct phenotypes with extremes of temperament. In a new environment (open-field) with a central object, two gr
ice from 79 screened were separated according to high or low exploration of the object to compose the high and low explorato

espectively. Their performance was mostly identical in the same task 1 week later and still distinguishable 8 months later, sug
resence of trait or temperamental features. These mice were further tested in other behavioral tasks. Compared to low explorator
xploratory mice were less anxious in the light/dark task and the elevated plus maze, showed increased locomotion in an open-fiel
heir performance along trials in the Lashley maze (with appetitive stimulus) and had higher latency to step-down in the inhibitory
ask (with aversive stimulus). High exploratory mice were aggressive in the intruder test, whereas low exploratory mice were non-
r submissive. These results show that individual differences in temperament influence a range of behaviors in mice. The behav
f low and high exploratory mice resembled the depressive and hyperthymic temperaments of patients with unipolar depression
isorders, respectively, which may be relevant for modeling mood disorders.
2005 Elsevier B.V. All rights reserved.
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. Introduction

Temperament is the heritable and relatively stable bias
egarding automatic impulses in response to basic associa-
ive stimuli, such as punishment and novelty, which give rise
o basic emotions, such as fear and anger[1]. These tem-
eramental characteristics are essentially the same in man
nd other mammals and influence exploratory behavior[1].
arm avoidance and novelty-seeking are independent dimen-
ions of temperament that can be expressed in various de-
rees[2]. Harm avoidance is associated with fearfulness,

∗ Corresponding author. Tel.: +55 51 33203545; fax: +55 51 333203612.
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low energy, pessimism and timidity[2], whereas novelty
seeking is expressed as curiosity, impulsivity, active av
ance of conditioned signals of punishment and appetitiv
proach in response to novelty and reward, being relat
anger.

Selection based on exploratory behavior is a useful to
study the biological bases of temperament or personalit[3].
Based on these inter-individual behavioral differences,
chogenetic selection has been employed to study the
of temperament in rodents, such as the Roman high (R
and low (RLA) avoidance rats[3] and aggressive and no
aggressive mice[4]. In the Roman rat line, which have be
selected according to performance on two-way active a
ance, RHA show less emotional reactivity and conditio
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fear, higher novelty-seeking behavior, increased alcohol and
sugar intake and higher levels of labyrinth exploration than
RLA [5]. Similarly, aggressive (SAL) mice adopt defensive
burying, higher rearing and exploration, in contrast to a pas-
sive strategy and high immobility/freezing of non-aggressive
mice [4]. These results suggest that RHA and aggressive
rodents show ‘disinhibited’ temperaments, whereas RLA
and non-aggressive rodents are ‘inhibited’. These rodent
lines have reinforced the idea that extremes of a natu-
ral temperament variation have distinct behavioral, pharma-
cological, physiological and neuroendocrinological profiles
[3].

In this work, we used a single screening task consisting of
exploration of an object in a new environment to distinguish
two groups of mice, willing to represent extremes of tem-
perament, i.e., high and low exploratory mice, respectively.
The basic assumption is that the pattern of exploratory be-
havior results from a combination of harm avoidance (fear)
and novelty-seeking (curiosity) temperaments. The screen-
ing task was repeated to verify stability over time, which
should occur for temperament/trait features[1]. Moreover,
other behavioral and cognitive characteristics were evaluated
to verify if additional expected features are also expressed in
the same animals.
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2.3. Behavioral parameters tested in low and high exploratory
mice

2.3.1. Open-field without central object, followed by inclusion
of an object

In the same apparatus as described above, mice were placed in the
open-field without any object, where their spontaneous locomotor’s
reaction to the novel environment was measured for 5 min. Then, an
object (a 300 mL plastic cup) was placed in the center and analysis
continued for another period of 5 min for determination of time spent
in the center of the field as described above.

2.3.2. Light/dark anxiety test
This anxiety test was conducted in 30 cm× 60 cm× 30 cm Plex-

iglas shuttle boxes with translucent covers. Each box was divided
in two equal-sized compartments by a wall with a 12-cm wide open
door. One compartment was painted white and brightly illuminated,
and the other one was painted black with very dim light. Time spent
and the number of entries in each compartment were recorded for
10 min[7].

2.3.3. Elevated plus maze test
The apparatus was made of black-painted Plexiglas, with four

elevated arms (40 cm from the floor, 65 cm long and 14 cm wide)
arranged at right angles (cross-like disposition). Two opposite arms
were enclosed by 45-cm high walls, and the other two were open (no
walls). The maze had a central 5.2 cm× 5.2 cm square platform that
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. Materials and methods

.1. Animals

Experiments were performed with 79 CF1 male adult mice (s
ng at 16 weeks old, 35–45 g), housed four per cage and ke

12 h light/12 h dark cycle with food and water available ad
itum, except during behavioral testing and when specified o
ise. All behavioral experiments occurred during the light ph
etween 11:00 am and 6:00 pm and were in accordance wit

nstitutional animals care protocols and the principles of labora
nimal care as stated in the Guide for the Care and Use of Labo
nimals.

.2. Behavioral separation of high and low exploratory mice

.2.1. Open-field with a central object
This test was used to separate two extreme mice popula

egarding exploration of an object in a new environment[6]. The
nimal was placed in an open-field (50 cm× 50 cm× 50 cm) with
n object (a white cylinder of 1.5 cm radius and 6 cm high) pla
n the center of the arena to stimulate exploration. Explorator
avior was recorded for 5 min and a software registeringX andY
orizontal coordinates at four frames per second analyzed the
pent by the animal in and out of an imaginary center squa
0 cm× 30 cm. Seventy-nine mice were screened, and 15 an
ere selected from each extreme of exploratory behavior (the
nd the least explorers) to compose the high and low explor
roups, respectively. These 30 animals were tested again i
ame apparatus 1 week and 8 months later. Mice remained in
ome cages without changing housemates until the end of b

oral testing 8 months later.
ave access to all arms. The illumination above the central pla
as 85 lux. Each mouse was placed in the central square fac
pen arm. Number of entries in each arm (when all four paws
ntered the arm) and time spent in each arm were recorded for
adapted from[8]).

.3.4. Tail suspension test
Mice were suspended by the tail using adhesive tape an

bserver unaware of the group being tested recorded immo
ime for 10 min (adapted from[9]). Immobility time was defined a
he total duration that animal showed no movement and is consi
measure of helplessness.

.3.5. Intruder Test
Mice were tested for aggressive behaviors in a resident–int

aradigm[8]. The intruders were those mice with intermediate
ormance in the screening test (exploration of an object in a
nvironment) from another cage. All animals were tested only o
esides observation of dominant and subordinate roles, laten

he first aggressive act and cumulative duration of all aggre
outs by resident mice toward intruder mice were recorded.
esident mouse was left alone in the home cage for 2 min b
lacing the intruder. Mice were observed for 15 min or until
ccurrence of an attack.

.3.6. Inhibitory avoidance
The apparatus was a 50 cm× 25 cm× 25 cm plastic box with

platform (2 cm high and 4 cm× 6 cm wide) placed at the cen
10]. The floor consisted of parallel 0.1 cm caliber stainless stee
paced 1.0 cm apart. In the training session, animals were plac
he platform and the latency to step down the four paws on the
as recorded; when stepping down, mice received three 0.2 m
crambled foot shock (with a 1 s intershock interval). Test se
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was performed 24 h after training and the step-down latency (to
a ceiling of 180 s) was recorded. No shock was given in the test
session.

2.3.7. Lashley III maze
The Lashley III maze consists of a start box, four interconnected

alleys and a goal box containing a food reward. Over trials, the la-
tency of mice to locate the goal box tends to decrease, as do their
errors (i.e., wrong turns or retracing). Lashley asserted that mice’s
performance in this maze reflected a sequence of learned motor
responses that were dependent on egocentric navigation. Animals
were acclimated and trained on six successive days. On the accli-
mation day, each mouse was placed in the four alleys of the maze,
but the openings between the alleys were blocked so that the ani-
mals could not navigate the maze. Each animal was confined to the
start and subsequent two alleys for 4 min and for 6 min in the last
(goal) alley, where three food pellets were present. This acclimation
period promotes stable and high levels of activity on the subsequent
training day. Mice were food-deprived for 16 h before each trial. On
the first day, each animal was placed in the start box and allowed
to traverse the maze until it reached the goal box and consumed a
single food pellet. After consuming the food, the animal was re-
turned to its home cage and the apparatus was cleaned. A ceiling
time of 300 s was used, after which the mouse was placed in the
goal box with the food pellet. This procedure was repeated in the
subsequent four days. Both the latency and errors (i.e., a turn in
an incorrect direction, including those that result in path retracing)
to enter the goal box were recorded on each trial (adapted from
[
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3. Results

After screening 79 mice in the task involving reaction to
novelty (time spent around a central object) in a new envi-
ronment, the top and bottom 15 mice regarding time spent
in the center of the open-field were selected and defined as
high and low exploratory, respectively. The mean time of
the whole group (n= 79) in the center of the open-field was
20.2± 14.3% (mean± S.D.), and the higher and lower cut-
off values for these 15 mice were >30% and <11%, respec-
tively. The remaining 49 animals (between 11% and 30% time
in the center of the open-field) were kept to maintain the home
group of high and low exploratory mice and were later used
as intruders in the aggression test. In order to confirm that
these behavioral traits were reproducible, the same task was
performed 1 week later (17 weeks of age). Indeed, the two
selected groups remained very distinct (t= 5.32;P< 0.001) in
the second trial (Fig. 1), and mice performance in the first and
second trials had a correlation of 0.70 (Pearson correlation;
P< 0.001) (Table 1). Two mice from the high exploratory
group which spent less than 11% of the time in the center of
the open-field in the second trial and one mouse from the low
exploratory group that spent more than 30% in the second trial
were excluded from further behavioral testing (final sample
size of 13 and 14 in the high and low exploratory groups, re-
spectively). When this task was repeated 8 months later, their
p
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.4. Order of tasks

These tasks were performed in the following order, with inter
f 1–3 weeks: screening task (open-field with central object),

ition of screening task, open-field without central object (follow
y inclusion of object), light/dark anxiety test, elevated plus m

est, tail suspension task, inhibitory avoidance, Lashley III maz
ntruder test. Finally, the screening task was repeated 2 month
he last task.

.5. Statistical analysis

Student’st-test was used in experiments with continuous m
ure and symmetric distribution of data to compare both gro
general linear model with repeated measures was used to

are performance in the Lashley maze with trials as the rep
easure. The improvement in the maze was analyzed in a

is of variance with latency, number of returns to anterior c
or and number of errors through days as within-subjects fa
phericity was assumed for all analyses, except for the numb
rrors analysis, which was corrected with the Greenhouse–G
psilon. Inhibitory avoidance performance was analyzed
ilcoxon for within and Mann–Whitney for between group d

erences because a ceiling time was used. In the intruder
isher’s exact test (2× 3) was conducted for aggressive beh

or using three definitions: attack, absence of attack and b
ttacked. Correlations between these tests were analyzed
earson’s and Spearman’s tests for parametric and non-para
ata, respectively.P< 0.05 was considered statistically sign
ant.
erformance was still significantly different (t= 2.2;P< 0.05)
ith a correlation with the first trial of 0.43 (Pearson corr

ion;P< 0.05), showing that this behavior is relatively sta
ver time.Fig. 1 shows the results of all 27 mice in the
hree trials.

Other behavioral measures putatively related to
lty were tested in these two groups. In the open-

est without a central object (reactivity to a novel en
onment), high exploratory mice showed a significa
igher locomotor activity compared to low exploratory m
high exploratory mice 7075.6± 382.8, low explorator

ig. 1. Performance of low and high exploratory mice in the open-field
central object. Three experiments were performed with the same m

ges 16, 17 and 52 weeks. Mice were categorized in high (n= 13) and low ex
loratory groups (n= 14) in the first experiment (16 weeks) according to t
erformance. Dots represent individual mice (white, low exploratory;
igh exploratory) and dash represents mean values.*P< 0.05;** P< 0.001.
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Table 1
Correlations (Rvalues) of individual (n= 27) performance across tasks

1st OF 2nd OF 3rd OF No object Object Locom ELC TLC TST PMXOA PM TOA InAv LSL

1st OF 0.70** 0.43* 0.26 0.48** 0.59** 0.60** 0.71** −0.12 0.51** 0.41* 0.36 −0.46
2nd OF 0.70** 0.26 0.15 0.67** 0.42* 0.37 0.31 −0.34 0.24 0.19 0.30 −0.31
3rd OF 0.43* 0.26 0.16 0.25 0.10 0.20 0.19 0.05 0.04 −0.10 0.09 −0.31
No object 0.26 0.15 0.16 0.32 0.32 0.16 0.21 0.22 0.19 0.10 0.17 −0.35
Object 0.48* 0.67** 0.25 0.32 0.47* 0.05 0.13 −0.22 0.31 0.31 0.09 −0.26
Locom 0.59** 0.42* 0.10 0.32 0.47* 0.47* 0.41* −0.21 0.42* 0.42* 0.21 −0.29
ELC 0.60** 0.37 0.20 0.16 0.05 0.47* 0.86** 0.001 0.38* 0.40* 0.54** −0.30
TLC 0.71** 0.31 0.19 0.21 0.13 0.41* 0.86** 0.11 0.49** 0.53** 0.36 −0.26
TST −0.12 −0.34 0.05 0.22 −0.22 −0.21 0.001 0.11 −0.08 −0.15 −0.13 0.12
PM XOA 0.51** 0.24 0.04 0.19 0.31 0.42* 0.38* 0.49** −0.08 0.88** 0.35 −0.16
PM TOA 0.41* 0.19 −0.10 0.10 0.31 0.42* 0.40* 0.53** −0.15 0.88** 0.25 −0.10
InAv 0.36 0.30 0.09 0.17 0.09 0.21 0.54** 0.36 −0.13 0.35 0.25 −0.33
LSL −0.46* −0.31 −0.31 −0.35 −0.26 −0.29 −0.30 −0.26 0.12 −0.16 −0.10 −0.33

OF, open-field; No object, open-field without object; Object, open-field with object after habituation; ELC, entries in the light compartment; TLC, time in the
light compartment; TST, tail suspension test; PMXOA, entries in the open arms in the plus maze; PMTOA, time in open arms, InAv, inhibitory avoidance;
LSL, Lashley maze latency in the last trial.
Pearson correlations for all variables, except for inhibitory avoidance, where Spearman Rho was calculated.

∗ Correlation is significant at the 0.05 level (two-tailed).
∗∗ Correlation is significant at the 0.01 level (two-tailed).

mice 5324.5± 511.1—means± S.E.M.; t= 2.74; P< 0.05)
(Fig. 2), and this result was statistically correlated with re-
sults of 1st open-field (r = 0.59;P< 0.01). However, the time
in the center of the open-field in the habituation period with-
out the center object was not statistically different between
both groups (t= 1.35;P= 0.19). In contrast, when the central
object was introduced after the 5 min habituation phase, time
in the center of the open-field was again higher in the high
exploratory group (t= 2.36;P< 0.05—Fig. 3). Therefore, the
behavioral difference between high and low exploratory mice
was at least partly related to the presence of an object to
be explored. However, both mice groups showed increased
object exploration if preceded by the 5 min habituation pe-
riod compared to their previous trial when 17 weeks of age,
but it only reached statistical significance in low exploratory
mice (P= 0.07 for high exploratory andP< 0.01 for low ex-
ploratory mice).

F en-
fi 5 min
w es.
*

In the elevated plus maze, high exploratory mice exhibited
significantly higher entries in open arms than low exploratory
mice (t= 2.69;P< 0.05) but time spent in open arms failed to
reach statistical significance (t= 1.77;P= 0.08) (Fig. 4). Time
and number of entries in the closed arm were not statistically
different between groups (P= 0.08 and 0.70, respectively).
In the light/dark test, high exploratory animals entered more
times and spent more time in the light compartment compared
to low exploratory mice (t= 3.61 and 4.04, respectively; both
P< 0.001) (Fig. 5).

The intruder test was performed with high and low ex-
ploratory mice against mice with intermediate performance
in the screening test (time in the center of the open-field
>11% and <30%). Nine out of the 13 high exploratory mice
showed aggressive and dominant behavior towards the in-
truder. In contrast, none of the low exploratory mice attacked
the intruder and two were attacked by and subordinated to
the intruder. Due to the absence of attacks by the low ex-
ploratory group, latency to attack and cumulative aggressive

F high
e eeks
o cing
a

ig. 2. Locomotor activity of low and high exploratory mice in the op
eld without central object. Spontaneous locomotion was recorded for
hen mice were 19 weeks of age (n= 27). Dash represents mean valu
P< 0.05.
ig. 3. Dot-plot of time spent in the center of an open-field in low and
xploratory mice before and after placing a central object. Mice (19 w
ld) explored an open-field for 5 min, followed by another 5 min after pla
central object (n= 27).*P< 0.05.
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Fig. 4. Dot-plot of elevated plus maze task in low and high exploratory mice.
(A) Number of entries and (B) time spent in the open arms. Mice were 21
weeks old (n= 27). Horizontal bars represent means.*P< 0.05.

bouts could not be compared between groups. Fisher analysis
shows a significant difference between groups (P< 0.001).

In the Lashley maze task, which evaluates performance in
a maze stimulated by food, high and low exploratory mice
showed a similar latency to find the reward in the first trial
(t= 0.59; P= 0.56). In the four subsequent trials, low ex-
ploratory mice failed to improve performance in the maze
(F(4, 52) = 1.11;P= 0.36), in contrast to high exploratory
mice, which improved performance as shown by the signifi-
cant lower latency to find the food reward between first and
fifth trial (F(4, 48) = 2.98;P< 0.05). Furthermore, high ex-
ploratory mice were statistically different from the low ex-
ploratory in the fourth and fifth trial (t= 2.42 and 2.77, re-
spectively;P< 0.05) (Fig. 6). Moreover, the number of wrong
entries declined trial-dependently in high exploratory group
(7.6± 1.1 to 3.2± 0.7; F(4, 28.3) = 7.47,P< 0.01) but not
in the low exploratory (6.1± 0.7 to 4.7± 0.6;F(4, 52) = 1.1;
P= 0.36).

In the inhibitory avoidance task, latency to step down in
the training session was similar for both groups. In the test
session, both low and high exploratory mice improved per-
formance as shown by their increase in step-down latency
(P< 0.01) compared to the training session. However, in the
test session high exploratory mice showed a higher latency to
step down when compared to low exploratory mice (Z= 2.2;
P< 0.05) (Fig. 7). Together, these tasks show that high ex-

Fig. 5. Dot-plot of light/dark task in low and high exploratory mice. (A)
Number of entries and (B) time spent in the light compartment. Mice were
25 weeks old (n= 27). Horizontal bars represent means.** P< 0.001.

ploratory mice have higher cognitive performance and/or
more appetitive approach towards reward and more avoid-
ance of conditioned punishment.

In the tail suspension test, immobility is considered a mea-
sure of helplessness, persistence and depressive state. In this
task, immobility time of high exploratory (mean± S.E.M.:
145± 14 s) and low exploratory (154± 8 s) mice were not
statistically different (t= 0.599;P= 0.55).

Fig. 6. Performance of low and high exploratory mice in the Lashley maze.
Low and high exploratory mice were tested for five daily consecutive trials
for time latency to reach the goal box. Values are shown as means± S.E.M.
M es.
ice were 38 weeks old (n= 27).*P< 0.05, ANOVA with repeated measur
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Fig. 7. Inhibitory avoidance in low and high exploratory mice. In the training
day, mice received a foot-shock after stepping down from the platform and
were tested 24 h later. Mice were 44 weeks old (n= 27). *P< 0.01 between
training and test session;#P< 0.05 between high and low exploratory mice.

Table 1shows correlations between tasks (except for the
intruder test), which are mostly in agreement with the direct
comparisons between groups.

4. Discussion

The present results confirm that individual behavioral dif-
ferences can be categorized in mice, reflecting temperamen-
tal traits that influence a range of behaviors and task per-
formances. Also, performance in the main task used to sep-
arate extremes of temperament was reproducible and rela-
tively stable over time, as expected for such trait features.
Exploratory behavior motivated by a central object was used
to enhance the contribution of the novelty-seeking compo-
nent in the new environment, which is by itself anxiogenic.
This selection strategy also differentiated groups in terms
of locomotor response in a novel environment (without a
central object), which is another parameter used as a mea-
sure of exploratory behavior and novelty-seeking[7]. The
differential load of novelty-seeking characteristics between
groups was confirmed in other tasks, since high exploratory
mice showed more aggression (against intruders), avoidance
of conditioned punishment (electric footshock) and appeti-
tive approach to reward (food). Moreover, the contribution of
h med,
s e and
l lso,
a both
g as
c nced
r be-
t tail
s elp-
l an in-
e trate-
g t
i ing
t non-
a

In contrast to other screening procedures (e.g., active
avoidance task, aggressive behavior), our strategy to select
temperamental extremes is relatively non-stressful (5 min ex-
ploration of an open-field with an object). Therefore, mice
can be easily and rapidly selected and used thereafter without
having experienced a significant event that may alter their fu-
ture behavioral responses, such as suffering repetitive shocks
or being defeated[14]. Since the basic emotional responses
(e.g., fear, anger) involved in our screening task have been
shown to have a high genetic influence[1,3], such strategy
may allow the study of biological substrates of temperament
without the need for psychogenetically selected lines/strains.

Matzel et al.[11] have recently shown in a group of 56
mice a positive correlation between exploration of the center
of an open-field with four out of five tasks of learning and
memory, including the Lashley maze and inhibitory avoid-
ance task. In our study, using a design where high and low
exploratory were pre-selected, high exploratory mice also
showed a better performance in the Lashley maze and in-
creased latency to step-down in the test session of the in-
hibitory avoidance task. These results can be interpreted both
as higher learning ability or memory, but also as higher avoid-
ance of conditioned punishment (as in the inhibitory avoid-
ance task) and increased appetitive approach to reward (as in
the Lashley maze), as predicted in the temperament model by
Cloninger et al.[2]. Importantly, high exploratory mice were
l hich
m osal
b ous
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un-
d tiate
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arm avoidance in our screening procedure was confir
ince tasks mostly based on fear (elevated plus maz
ight/dark test) clearly differentiated both mice groups. A
s a 5 min habituation increased object exploration in
roups (Fig. 3), initial anxiety by the novel environment w
ertainly involved and may have played a more pronou
ole in low exploratory mice. Interestingly, no difference
ween high and low exploratory mice was found in the
uspension test, which is thought to reflect levels of h
essness, but also persistence, cognitive perception of
scapable situation and adoption of energy conserving s
ies, similarly to the forced swimming test[12]. This resul

s in disagreement with the results of the forced swimm
est in aggressive and non-aggressive mice, in which
ggressive showed higher immobility time[13].
ess anxious and showed higher latency to step down, w
ay seem counterintuitive, but is coherent with the prop
y Cloninger et al.[2]. In contrast, rats selected as anxi

n the plus maze had higher retention scores in the inhib
voidance task than non-anxious rats[15].

Several investigations and observations show that
erlying temperaments can predispose to and differen
nipolar from bipolar mood disorders. Studies with the fo
imensional model by Cloninger et al.[2] showed that bipola
atients highly express novelty-seeking characteristics

ated to anger), whereas harm avoidance (related to fe
ore evident temperamental feature of patients with unip
epression[16–20]. Thus, a strategy based on extreme t
eramental features can be useful to improve animal m
ls for bipolar disorder and unipolar depression. In this
ard, the profile of high exploratory mice (high nove
eeking/low harm avoidance) is compatible with the
erthymic temperament[21] or the disinhibited phenotyp

hought to predispose to bipolar disorder[22]. On the othe
and, behavioral characteristics of low exploratory mice
ovelty-seeking/high harm avoidance) resembles the de
ive temperament[21], which is related to patients wi
nipolar depression or the inhibited phenotype propos
recede unipolar depression[22]. Considering that both tem
erament and propensity for a mood disorder have a pos
ommon high genetic influence[2,23,24]and that tempera
ent and mood are closely related, the selection of extr
f temperament may be useful for the development o

mal models for mood disorders. Such strategy may f
odeling the natural and likely neurobiological substr
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accounting for differences in temperament and possibly ge-
netic predisposition to different mood disorders.

In conclusion, the selection of extremes of temperament
from a simple and non-stressful task of object exploration
differentiates groups of mice with particular behavioral char-
acteristics, allowing the investigation of neurobiological sub-
strates of temperament. Also, such inter-individual differ-
ences may be relevant to improve validity of animal models
for mood disorders.
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