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Abstract

Temperament is the heritable and relatively stable pattern of basic emotions, such as fear and anger. We explored behavioral features
mice to select distinct phenotypes with extremes of temperament. In a new environment (open-field) with a central object, two groups of 15
mice from 79 screened were separated according to high or low exploration of the object to compose the high and low exploratory groups
respectively. Their performance was mostly identical in the same task 1 week later and still distinguishable 8 months later, suggesting the
presence of trait or temperamental features. These mice were further tested in other behavioral tasks. Compared to low exploratory mice, hic
exploratory mice were less anxious in the light/dark task and the elevated plus maze, showed increased locomotion in an open-field, improve
their performance along trials in the Lashley maze (with appetitive stimulus) and had higher latency to step-down in the inhibitory avoidance
task (with aversive stimulus). High exploratory mice were aggressive in the intruder test, whereas low exploratory mice were non-aggressive
or submissive. These results show that individual differences in temperament influence a range of behaviors in mice. The behavioral profil
of low and high exploratory mice resembled the depressive and hyperthymic temperaments of patients with unipolar depression and bipola
disorders, respectively, which may be relevant for modeling mood disorders.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction low energy, pessimism and timidif2], whereas novelty-
seeking is expressed as curiosity, impulsivity, active avoid-
Temperament is the heritable and relatively stable bias ance of conditioned signals of punishment and appetitive ap-
regarding automatic impulses in response to basic associaproach in response to novelty and reward, being related to
tive stimuli, such as punishment and novelty, which give rise anger.
to basic emotions, such as fear and andér These tem- Selection based on exploratory behavior is a useful tool to
peramental characteristics are essentially the same in marstudy the biological bases of temperament or persori&ljty
and other mammals and influence exploratory behdtior Based on these inter-individual behavioral differences, psy-
Harm avoidance and novelty-seeking are independent dimen-chogenetic selection has been employed to study the bases
sions of temperament that can be expressed in various deof temperament in rodents, such as the Roman high (RHA)
grees[2]. Harm avoidance is associated with fearfulness, and low (RLA) avoidance rat8] and aggressive and non-
aggressive micgd]. In the Roman rat line, which have been
* Corresponding author. Tel.: +55 51 33203545; fax: +55 51 333203612, S€lected according to performance on two-way active avoid-
E-mail addressdrlara@pucrs.br (D.R. Lara). ance, RHA show less emotional reactivity and conditioned
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fear, higher novelty-seeking behavior, increased alcohol and2.3. Behavioral parameters tested in low and high exploratory
sugar intake and higher levels of labyrinth exploration than mice

RLA [5]. Similarly, aggressive (SAL) mice adopt defensive

burying, higher rearing and exploration, in contrast to a pas- 2.3.1. Open-field without central object, followed by inclusion

sive strategy and high immobility/freezing of non-aggressive ©f an object _ _ _
mice [4]. These results suggest that RHA and aggressive Inthesameapparatus_asdescrlbeda_bove,mlcewereplacedlnthe
rodents show ‘disinhibited’ temperaments, whereas RLA open-field without any object, where their spontaneous locomotor’s

and non-aqaressive rodents are ‘inhibited’. These I,Odemreaction to the novel environment was measured for 5 min. Then, an
. 99 . . ’ object (a 300 mL plastic cup) was placed in the center and analysis
lines have reinforced the idea that extremes of a natu

aal e - " continued for another period of 5 min for determination of time spent
ral temperament variation have distinct behavioral, pharma- i, the center of the field as described above.

cological, physiological and neuroendocrinological profiles

[3]. 2.3.2. Light/dark anxiety test

In this work, we used a single screening task consisting of  This anxiety testwas conducted in 30 sn60 cmx 30 cm Plex-
exploration of an object in a new environment to distinguish iglas shuttle boxes with translucent covers. Each box was divided
two groups of mice, willing to represent extremes of tem- in two equal-sized compartments by a wall with a 12-cm wide open
perament, i.e., high and low exploratory mice, respectively. door. One compartment was painted white and brightly illuminated,
The basic assumption is that the pattern of exploratory be-and the other one was painted black with very dim light. Time spent
havior results from a combination of harm avoidance (fear) and t_he number of entries in each compartment were recorded for
and novelty-seeking (curiosity) temperaments. The screen-10min{7].
ing task was repeated to verify stability over time, which
should occur for temperament/trait featufék Moreover, ~ 2-3:3- Elevated plus maze test _ _ _
other behavioral and cognitive characteristics were evaluated The apparatus was made of black-painted Plexiglas, with four

to verify if additional expected features are also expressed inelevatEd arms (40.cm from the floor, 65¢m long and 14 cm wide)
. P P arranged at right angles (cross-like disposition). Two opposite arms
the same animals.

were enclosed by 45-cm high walls, and the other two were open (no
walls). The maze had a central 5.2 en®.2 cm square platform that
gave access to all arms. The illumination above the central platform

2. Materials and methods was 85 lux. Each mouse was placed in the central square facing an
open arm. Number of entries in each arm (when all four paws had

2.1. Animals entered the arm) and time spent in each arm were recorded for 5 min
(adapted fronj8]).

Experiments were performed with 79 CF1 male adult mice (start-
ing at 16 weeks old, 35-45g), housed four per cage and kept on2.3.4. Tail suspension test
a 12h light/12 h dark cycle with food and water available ad li- Mice were suspended by the tail using adhesive tape and an
bitum, except during behavioral testing and when specified other- observer unaware of the group being tested recorded immobility
wise. All behavioral experiments occurred during the light phase time for 10 min (adapted froff®]). Immobility time was defined as
between 11:00am and 6:00 pm and were in accordance with ourthe total duration that animal showed no movementandis considered
institutional animals care protocols and the principles of laboratory a measure of helplessness.
animal care as stated in the Guide for the Care and Use of Laboratory

Animals. 2.3.5. Intruder Test

Mice were tested for aggressive behaviors in a resident—intruder

2.2. Behavioral separation of high and low exploratory mice paradign8]. The intruders were those mice with intermediate per-
formance in the screening test (exploration of an object in a new

2.2.1. Open-field with a central object environment) from another cage. All animals were tested only once.
This test was used to separate two extreme mice populationsBesides observation of dominant and subordinate roles, latency to
regarding exploration of an object in a new environmi@ht The the first aggressive act and cumulative duration of all aggressive
animal was placed in an open-field (50 &0 cmx 50 cm) with bouts by resident mice toward intruder mice were recorded. The

an object (a white cylinder of 1.5 cm radius and 6 cm high) placed resident mouse was left alone in the home cage for 2 min before
on the center of the arena to stimulate exploration. Exploratory be- placing the intruder. Mice were observed for 15min or until the
havior was recorded for 5min and a software registeXrandY occurrence of an attack.

horizontal coordinates at four frames per second analyzed the time

spent by the animal in and out of an imaginary center square of 2 3.6. Inhibitory avoidance

30cmx 30cm. Seventy-nine mice were screened, and 15 animals  The apparatus was a 50 ci25 cmx 25 cm plastic box with
were selected from each extreme of exploratory behavior (the mostgy platform (2 cm high and 4 cw 6 cm wide) placed at the center
and the least explorers) to compose the high and low exploratory [10]. The floor consisted of parallel 0.1 cm caliber stainless steel bars
groups, respectively. These 30 animals were tested again in thisspaced 1.0 cm apart. In the training session, animals were placed on
same apparatus 1 week and 8 months later. Mice remained in theirthe platform and the latency to step down the four paws on the grid
home cages without changing housemates until the end of behav-was recorded; when stepping down, mice received three 0.2 mA, 2s
ioral testing 8 months later. scrambled foot shock (with a 1 s intershock interval). Test session
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was performed 24 h after training and the step-down latency (to 3. Results
a ceiling of 180s) was recorded. No shock was given in the test

session. After screening 79 mice in the task involving reaction to
novelty (time spent around a central object) in a new envi-
2.3.7. Lashley lll maze ronment, the top and bottom 15 mice regarding time spent

The Lashley lll maze consists of a start box, four interconnected in the center of the open-field were selected and defined as
alleys and a goal box containing a food reward. Over trials, the la- high and low exploratory, respectively. The mean time of
tency of mice to locate the goal box tends to decrease, as do theirthe whole groupr{=79) in the center of the open-field was
errors (i.e., wrong turns or retracing). Lashley asserted that mice’s 20.2+ 14.3% (mear S.D.), and the higher and lower cut-

performance in this maze reflected a sequence of learned motor

. Co . i >309 <119 -
responses that were dependent on egocentric navigation. AnlmaISOf-IE values for these 15 mice were >30% and <11%, respec

were acclimated and trained on six successive days. On the accli-_t'vely' The remaining 49 a_nlmals (between 11% an_d 30%time
mation day, each mouse was placed in the four alleys of the maze,in the center of the open-field) were kept to maintain the home
but the openings between the alleys were blocked so that the ani-group of high and low exploratory mice and were later used
mals could not navigate the maze. Each animal was confined to theas intruders in the aggression test. In order to confirm that
start and subsequent two alleys for 4 min and for 6 min in the last these behavioral traits were reproducible, the same task was
(goal) alley, where three food pellets were present. This acclimation performed 1 week later (17 weeks of age). Indeed, the two
period promotes stable and high levels of activity on the subsequentselected groups remained very distirict §.32;P < 0.001) in
training day. Mice were food-deprived for 16 h before each trial. On the second trialfig. 1), and mice performance in the firstand
the first day, each animal was placed in the start box and allowed goconq trials had a correlation of 0.70 (Pearson correlation;
to traverse the maze until it reached the goal box and consumed aP<0.001) Table 3. Two mice from the high exploratory

single food pellet. After consuming the food, the animal was re- ! o - -
turned to its home cage and the apparatus was cleaned. A ceilinggroup which spent less than 11% of the time in the center of

time of 300's was used, after which the mouse was placed in the € OPen-field in the second trial and one mouse from the low
goal box with the food pellet. This procedure was repeated in the €Xploratory group thatspent more than 30% inthe second trial
subsequent four days. Both the latency and errors (i.e., a turn inWere excluded from further behavioral testing (final sample
an incorrect direction, including those that result in path retracing) Size of 13 and 14 in the high and low exploratory groups, re-
to enter the goal box were recorded on each trial (adapted from spectively). When this task was repeated 8 months later, their

[11]). performance was still significantly differertt{2.2;P < 0.05)
with a correlation with the first trial of 0.43 (Pearson correla-
2.4. Order of tasks tion; P<0.05), showing that this behavior is relatively stable

over time.Fig. 1 shows the results of all 27 mice in these

These tasks were performed in the following order, with intervals three trials.
of 1-3 weeks: screening task (open-field with central object), repe-  Other behavioral measures putatively related to nov-
titio_n of s_creening_task, ppen-field Wit_houtcentral object (followed elty were tested in these two groups. In the open-field
by inclusion of object), light/dark anxiety test, elevated plus maze test without a central object (reactivity to a novel envi-

_test, tail suspension task, |nh|b|tpry avoidance, Lashley Il maze and ronment), high exploratory mice showed a significantly
intruder test. Finally, the screening task was repeated 2 months after, . L .
the last task. higher locomotor activity compared to low exploratory mice

(high exploratory mice 70754 382.8, low exploratory
2.5. Statistical analysis

1004

Student’st-test was used in experiments with continuous mea- 90 ] &2 *

sure and symmetric distribution of data to compare both groups. T g,/

A general linear model with repeated measures was used to com- E 704

pare performance in the Lashley maze with trials as the repeated ‘G«':; 604 e &

measure. The improvement in the maze was analyzed in analy- S 504 e

sis of variance with latency, number of returns to anterior corri- £ 404 & A 8

dor and number of errors through days as within-subjects factors. OEJ 30 O%D = -

Sphericity was assumed for all analyses, except for the number of E 20 '4 gl D A

errors analysis, which was corrected with the Greenhouse-Geisser "~ 10- Q% m_ & ';; &

epsilon. Inhibitory avoidance performance was analyzed with 0-—C0d&k: COCOITD 000—0

Wilcoxon for within and Mann—Whitney for between group dif- 16 weeks 17 'waeks 92 Wooks
(n=27) {(n=27) (n=27)

ferences because a ceiling time was used. In the intruder test,

.Flsher.s ei(lf?Ct tedstf.(gt.S) V\./asttcorllduc;[ed for a}g]gl:ssll(ve bdefg)a\(- Fig. 1. Performance of low and high exploratory mice in the open-field with
lor using three demnnitions. attack, absence of attack an €INg 5 central object. Three experiments were performed with the same mice at

attacked. Correlations between these tests were analyzed withyges 16,17 and 52 weeks. Mice were categorized in high.8) and low ex-

Pearson's and Spearman’s tests for parametric and non-parametrig|oratory groupsr(= 14) in the first experiment (16 weeks) according to their
data, respectivelyP<0.05 was considered statistically signifi- performance. Dots represent individual mice (white, low exploratory; gray,
cant. high exploratory) and dash represents mean valiRs0.05;™ P<0.001.
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Table 1
Correlations R values) of individual = 27) performance across tasks

1stOF 2ndOF 3rd OF Noobject Object Locom ELC TLC TST XOA PM.TOA InAv LSL

1st OF 070™ 0.43 0.26 048" 059" 0.60" 0.71" —0.12 051" 0.41 0.36 —0.46
2nd OF 070" 0.26 015 067" 042 0.37 031 -0.34 024 019 030 -0.31
3rd OF 043 0.26 016 025 010 020 019 005 004 —-0.10 009 -0.31
No object 026 015 016 032 032 016 021 022 019 010 017 -0.35
Object 048" 0.67" 0.25 032 047 0.05 013 -0.22 031 031 009 -0.26
Locom 059" 042 0.10 032 047 0.47 041" —0.21 042 042 021 —0.29
ELC 060" 037 020 016 005 047 0.86" 0.001 Q38 0.40° 0.54" —0.30
TLC 071" 031 019 021 013 041 0.86" 0.11 049™ 0.53" 0.36 —0.26
TST -012 -034 005 022 —-022 -021 0001 Q11 —0.08 —0.15 -0.13 012
PM_XOA 051" 024 004 019 031 042 0.38 0.49" —0.08 088™ 0.35 —0.16
PM_TOA 0.41 0.19 —0.10 010 031 042 0.40° 0.53" —0.15 088" 0.25 -0.10
InAv 0.36 030 009 017 009 021 054" 036 -0.13 035 025 —-0.33
LSL -046 -031 -031 -0.35 —-026 -029 -030 —026 012 -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 compartmentd lLGhg
light compartment; TST, tail suspension test; XIDA, entries in the open arms in the plus maze; FMA, time in open arms, InAy, 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 5324.5t 511.1—meang S.E.M.; t=2.74; P<0.05) In the elevated plus maze, high exploratory mice exhibited
(Fig. 2), and this result was statistically correlated with re- significantly higher entries in open arms than low exploratory
sults of 1st open-field ¢ 0.59;P<0.01). However, thetime  mice ¢=2.69;P <0.05) but time spent in open arms failed to
in the center of the open-field in the habituation period with- reach statistical significance<{1.77;P=0.08) Fig. 4). Time

out the center object was not statistically different between and number of entries in the closed arm were not statistically
both groupst(=1.35;P=0.19). In contrast, when the central different between group?E0.08 and 0.70, respectively).
object was introduced after the 5 min habituation phase, time In the light/dark test, high exploratory animals entered more
in the center of the open-field was again higher in the high times and spent more time in the light compartment compared
exploratory groupt(=2.36;P <0.05—Fig. 3). Therefore,the  to low exploratory micet(=3.61 and 4.04, respectively; both
behavioral difference between high and low exploratory mice P<0.001) Fig. 5).

was at least partly related to the presence of an object to The intruder test was performed with high and low ex-
be explored. However, both mice groups showed increasedploratory mice against mice with intermediate performance
object exploration if preceded by the 5min habituation pe- in the screening test (time in the center of the open-field
riod compared to their previous trial when 17 weeks of age, >11% and <30%). Nine out of the 13 high exploratory mice
but it only reached statistical significance in low exploratory showed aggressive and dominant behavior towards the in-

mice (P=0.07 for high exploratory ang < 0.01 for low ex- truder. In contrast, none of the low exploratory mice attacked
ploratory mice). the intruder and two were attacked by and subordinated to
the intruder. Due to the absence of attacks by the low ex-
10000 - ploratory group, latency to attack and cumulative aggressive
9000 - " e
2 8000 @ L &
% 7000 - . 90 O low exploratory 8
= O a\? 807 @ high lorats
6000 — prag igh exploratory )
£ 5, 5 7 o .
£ 5000 o 60— 9
8 ; o -
= _ — le]
g 4000 2 5 e a
E 30004 8 T 40+
o . =
3 2000 g™ o L
= B= RN 8 o
1000 - . 9 o)
- 8 & "
0 0 teusa a Com
low exploratory high exploratory no object with object

Fig. 2. Locomotor activity of low and high exploratory mice in the open-  Fig. 3. Dot-plot of time spent in the center of an open-field in low and high
field without central object. Spontaneous locomotion was recorded for 5min €xploratory mice before and after placing a central object. Mice (19 weeks
when mice were 19 weeks of age<(27). Dash represents mean values. 0ld) exploredan open—fi*eld for 5 min, followed by another 5 min after placing
“P<0.05. a central objectr(=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 (1= 27). Horizontal bars represent meai2< 0.05.

bouts could not be compared between groups. Fisher analysi
shows a significant difference between groups 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 trialtE 2.42 and 2.77, re-
spectivelyP <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)=7.47P<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 mige@.2;
P<0.05) Fig. 7). Together, these tasks show that high ex-

V. Kazlauckas et al. / Behavioural Brain Research 162 (2005) 272-278
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25 weeks oldif= 27). Horizontal bars represent meafig® < 0.001.

gloratory 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 (meanS.E.M.:
145+ 14 s) and low exploratory (15# 8 s) mice were not
statistically different{=0.599;P=0.55).

250+
—#— low exploratory
—O— high exploratory

200+

150+

100+

Latency to enter the goal box (sec)

(o))
o

3
Trials

Fig. 6. Performance of low and high exploratory mice in the Lashley maze.
w and high exploratory mice were tested for five daily consecutive trials
for time latency to reach the goal box. Values are shown as me&mis.M.
Mice were 38 weeks oldv= 27)." P<0.05, ANOVA with repeated measures.



V. Kazlauckas et al. / Behavioural Brain Research 162 (2005) 272-278 277

2 28: (] low exploratory *x In contrast to other s_creening.procedures (e.g., active
Xz [ avoidance task, aggressive behavior), our strategy to select
g 707 [ high exploratory temperamental extremes is relatively non-stressful (5 min ex-
3 28: # j ploration of an open-field with an object). Therefore, mice
§ pes] can be easily and rapidly selected and used thereafter without
2 a5 *x having experienced a significant event that may alter their fu-
<§ 20 [ ture behavioral responses, such as suffering repetitive shocks
£ 10 ’_l_'_L‘ I or being defeatefil4]. Since the basic emotional responses
0 1 (e.g., fear, anger) involved in our screening task have been
Training Test

shown to have a high genetic influendg3], such strategy
Fig. 7. Inhibitory avoidance in low and high exploratory mice. In the training m_ay allow the study of biological §UbStrateS of te_mperam_ent
day, mice received a foot-shock after stepping down from the platform and Without the need for psychogenetically selected lines/strains.
were tested 24 h later. Mice were 44 weeks @ld £7)."P<0.01 between Matzel et al.[11] have recently shown in a group of 56
training and test sessioff < 0.05 between high and low exploratory mice.  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
4. Discussion as higher learning ability or memory, but also as higher avoid-
ance of conditioned punishment (as in the inhibitory avoid-
The present results confirm that individual behavioral dif- ance task) and increased appetitive approach to reward (as in
ferences can be categorized in mice, reflecting temperamenthe Lashley maze), as predicted in the temperament model by
tal traits that influence a range of behaviors and task per- Cloninger et al[2]. Importantly, high exploratory mice were
formances. Also, performance in the main task used to sep-less anxious and showed higher latency to step down, which
arate extremes of temperament was reproducible and relainmay seem counterintuitive, but is coherent with the proposal
tively stable over time, as expected for such trait features. by Cloninger et al[2]. In contrast, rats selected as anxious
Exploratory behavior motivated by a central object was used in the plus maze had higher retention scores in the inhibitory
to enhance the contribution of the novelty-seeking compo- avoidance task than non-anxious rgts].
nent in the new environment, which is by itself anxiogenic. Several investigations and observations show that un-
This selection strategy also differentiated groups in terms derlying temperaments can predispose to and differentiate
of locomotor response in a novel environment (without a unipolar from bipolar mood disorders. Studies with the four-
central object), which is another parameter used as a meadimensional model by Cloninger et f2] showed that bipolar
sure of exploratory behavior and novelty-seek|iify The patients highly express novelty-seeking characteristics (re-
differential load of novelty-seeking characteristics between lated to anger), whereas harm avoidance (related to fear) is
groups was confirmed in other tasks, since high exploratory more evident temperamental feature of patients with unipolar
mice showed more aggression (against intruders), avoidancedepressionl16—20] Thus, a strategy based on extreme tem-
of conditioned punishment (electric footshock) and appeti- peramental features can be useful to improve animal mod-
tive approach to reward (food). Moreover, the contribution of els for bipolar disorder and unipolar depression. In this re-
harm avoidance in our screening procedure was confirmed,gard, the profile of high exploratory mice (high novelty-
since tasks mostly based on fear (elevated plus maze andeeking/low harm avoidance) is compatible with the hy-
light/dark test) clearly differentiated both mice groups. Also, perthymic temperamerj21] or the disinhibited phenotype
as a 5 min habituation increased object exploration in both thought to predispose to bipolar disord22]. On the other
groups Fig. 3), initial anxiety by the novel environmentwas hand, behavioral characteristics of low exploratory mice (low
certainly involved and may have played a more pronounced novelty-seeking/high harm avoidance) resembles the depres-
role in low exploratory mice. Interestingly, no difference be- sive temperamenf21], which is related to patients with
tween high and low exploratory mice was found in the tail unipolar depression or the inhibited phenotype proposed to
suspension test, which is thought to reflect levels of help- precede unipolar depressif#2]. Considering that both tem-
lessness, but also persistence, cognitive perception of an inperament and propensity for a mood disorder have a possibly
escapable situation and adoption of energy conserving strate€ommon high genetic influend2,23,24]and that tempera-
gies, similarly to the forced swimming tefdi?]. This result ment and mood are closely related, the selection of extremes
is in disagreement with the results of the forced swimming of temperament may be useful for the development of an-
test in aggressive and non-aggressive mice, in which non-imal models for mood disorders. Such strategy may favor
aggressive showed higher immobility tirffts]. modeling the natural and likely neurobiological substrates

Table 1shows correlations between tasks (except for the
intruder test), which are mostly in agreement with the direct
comparisons between groups.
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accounting for differences in temperament and possibly ge-[10] Dall'lgna OP, Da Silva AL, Dietrich MO, Hoffmann A, de Oliveira
netic predisposition to different mood disorders. RV, Souza DO, et al. Chronic treatment with caffeine blunts
In conclusion, the selection of extremes of temperament ~ the hyperlocomotor but not cognitive effects of themethyl-

. . . aspartate receptor antagonist MK-801 in mice. Psychopharmacolo
from a simple and non-stressful task of object exploration 2033.166.258_%3 g yenop i

differentiates groups of mice with particular behavioral char- [11] matzel LD, Han YR, Grossman H, Karnik MS, Patel D, Scott N, et
acteristics, allowing the investigation of neurobiological sub- al. Individual differences in the expression of a “general” learning
strates of temperament. Also, such inter-individual differ- ability in mice. J Neurosci 2003;23:6423-33.

ences may be relevant to improve validity of animal models [12] West AE. Neurobehaviorr?ll studies of for(_:ed swimming: the role

f d disorders of learning and memory in the forced swim test. Prog Neuropsy-

or moo ’ chopharmacol Biol Psychiatr 1990;14:863-77.

[13] Veenema AH, Meijer OC, de Kloet ER, Koolhaas JM, Bohus BG.
Differences in basal and stress-induced HPA regulation of wild
house mice selected for high and low aggression. Horm Behav
2003;43:197-204.

[14] Miczek KA, Covington 3rd HE, Nikulina Jr EM, Hammer RP. Ag-
gression and defeat: persistent effects on cocaine self-administration
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