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RESUMO

Os transtornos de humor e o temperamento emocional (como medo e raiva)
apresentam tracos compartilhados, como proposto no modelo de Lara e
colaboradores. Uma vez que medo e raiva sdo expressées que também podem ser
observadas em animais, a utilizacdo de situacbes comportamentais que possam
analisar parametros relacionados com essas duas caracteristicas pode ser Util para
testar hipoteses acerca das suas bases biologicas bem como da sua relevancia em
transtornos do humor. O objetivo geral desse estudo foi investigar camundongos
com baixa e alta atividade exploratéria (LE e HE, respectivamente) em relacdo as
suas diferencas neurobiologicas. Especificamente, o objetivo foi verificar se LE e
HE diferem quanto a hiperlocomog&o induzida por cafeina (30 mg/kg), anfetamina
(1 e 2 mg/kg), apomorfina (2 mg/kg) e dizocilpina (0,25 mg/kg). Em relacdo ao
periodo de habituacdo foram observadas diferencas significativas (p<0,05; ANOVA
de medidas repetidas) entre os grupos LE e HE, confirmando que camundongos LE
e HE diferem quanto a procura por novidade. No entanto, ndo foram encontradas
diferengas significativas entre os grupos LE e HE quanto a resposta a
hiperlocomocédo induzida por todas as drogas, nas doses utilizadas nesse estudo.
Essa resposta equivalente indica que os sistemas em que essas drogas atuam
(dopaminérgico, adenosinérgico e glumatérgico) ndo parecem contribuir de modo
significativo para a diferenca de fendtipo dos camundongos LE e HE, o que ndo
exclui a possibilidade de que diferencas significantes possam ser caracterizadas ao
se utilizar drogas que tenham acdo em diferentes sistemas de neurotransmissores
e/ou com a andlise de comportamentos de maior complexidade e especificidade.
Portanto, a continuidade deste estudo prevé o uso de outras drogas (opioides e
serotonérgicas) e a analise de comportamentos mais especificamente associados ao

medo e raiva, como a ansiedade, agressividade e dependéncia ao reforco.

Palavras-chave: temperamento, diferencas individuais, atividade no campo aberto,

anfetamina, cafeina, dizocilpina, apomorfina



INTRODUCAO

1.1 Personalidade e comportamento

O conceito de personalidade vem sendo definido como “a organizacdo dinamica
dos sistemas psicofisicos presentes no individuo que determinam, de forma Unica,
sua adaptacdo ao ambiente” (Allport, 1937). Tendo em vista essa definicdo, modelos
tedricos de personalidade geralmente sdo Uteis na predicdo e tratamento de
transtornos psiquiatricos, uma vez que visam a explicar o comportamento humano
ndo sO na sua normalidade, mas também nos quadros de transtornos psicologicos
(Bond, 2001).

A busca por modelos que possam explicar de forma mais adequada o
comportamento e os aspectos da personalidade humana ndo é um assunto recente na
historia da ciéncia. Muito tempo ja se passou desde que Hipdcrates, baseando-se em
suas observacdes da fisiologia corporal, postulou suas idéias sobre medo e
melancolia como tracos do temperamento humano (Akiskal, 2005). InUimeros
modelos surgiram ao longo do tempo, dando suas contribui¢fes para que algum dia
se chegue a um entendimento maior sobre 0 comportamento humano como um todo
e, a cada novo modelo que surge, as lacunas que antes eram deixadas pelos modelos
anteriores vao eventualmente sendo preenchidas.

Lara e colaboradores (2006 a,b), tendo como base os modelos de Cloninger e
Akiskal, propuseram um modelo tedrico que classifica o espectro comportamental
em um modelo bidimensional envolvendo dois eixos principais de modulagédo: medo
e raiva (Figura 1).

Nesse modelo, o0 medo é responsavel pela inibicdo do comportamento, agindo
como um “freio” para as tomadas de decisbes. Correlacionando com o modelo
psicobioldgico de temperamento (Cloninger, 1993), o medo esta altamente
relacionado a evitacdo de dano ou Harm Avoidance (HA), uma vez que ambos 0s
que esta associado com pensamento pessimista, atitudes passivas e/ou preventivas
como inseguranca, medo do desconhecido, timidez, baixa energia e fadiga em
excesso. Dessa maneira, individuos que apresentam baixo medo tendem a ser mais

otimistas, confiantes, extrovertidos, enérgicos, seguros de si e, de uma maneira geral,



mais propensos a correrem riscos enquanto que, de maneira oposta, individuos com
alto medo tendem a maior recluséo, timidez, preocupacao e apresentam uma Vvisao
mais negativa do ambiente ao seu redor.

A raiva e a vontade/desejo seriam responsdveis pela ativacdo do
comportamento e, novamente correlacionando com o modelo de Cloninger (1993),
estdo altamente relacionados a procura por novidade ou Novelty Seeking (NS).
Ambos 0s tracos envolvem impulsividade, irritabilidade, curiosidade e
extravagancia. Assim sendo, pessoas com alta raiva/vontade sdo mais impulsivas,
dominantes, atentas, focadas e passionais, ao contrario de pessoas com baixa
raiva/vontade que apresentam caracteristicas mais passivas, tendendo a um
comportamento mais calmo, beirando a apatia em determinados casos.

Uma vez que medo e raiva se apresentam como dois eixos dimensionais
independentes, qualquer combinagdo entre eles é possivel e, desse modo, se obtém

um amplo espectro do comportamento humano (Figura 1).
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Figura 1: Modelo bidimensional de medo e raiva e temperamentos afetivos. Retirado de Lara DR et
al., 2006 — Toward an integrative model of the spectrum of mood, behavioral and personality
disorders based on fear and anger traits: 1. Clinical implications

Um temperamento mais irritadico, por exemplo, pode ser entendido como

resultado de alta raiva combinada com um trago moderado de medo; ja um



temperamento mais ansioso poderia resultar da combinacdo de tracos de

personalidades de alto medo com raiva moderada.

1.2.1 Bases neurobioldgicas do medo e da raiva

Medo e raiva sdo emocdes bem conservadas evolutivamente entre as espécies
(Cloninger, 1993) e estdo envolvidas com as areas limbicas, que servem
principalmente como forma de modulagcdo das atividades mentais tanto superiores
como inferiores. A amigdala € um nucleo subcortical responsavel entre outras
funcBes pelo reconhecimento do medo (Garret e Chang, 2008), possuindo extensa
comunicagdo com areas sensoriais do cérebro, incluindo aferéncias visuais, auditivas,
somato-sensorias e gustatérias, e eferéncias para areas responsaveis por respostas
autondmicas como aumento das funcbes cardiaca e respiratdria. Em termos de
raiva/vontade, outras areas particularmente relevantes incluem a area tegmentar
ventral, o nucleo accumbens e o cortex frontal.

Em relagdo a participacdo de neurotransmissores, o medo e altamente
influenciado pelos sistemas serotoninérgico, noradrenérgico e GABAEérgico,
enquanto que a raiva/vontade parece ser predominantemente regulada pelos sistemas

dopaminérgico e glutamatérgico (Figura 2) (Lara et al., 2006 b).

Low
fear

+5-HT(tr)
NA({tT/p)

Labile
(ADHD)

Dysphoric
Cyclothymic

Depressive

Figura 2: Correlacdes neuroquimicas de medo e raiva. Retirado de Lara DR et al., 2006 b — Toward
an integrative model of the spectrum of mood, behavioral and personality disorders based on fear and
anger traits: Il Implications for neurobiology, genetics and psychopharmacological treatment



Outros mediadores quimicos também parecem ter relacdo com medo e raiva;
por exemplo, a adenosina possui atividade no sistema nervoso central e pode induzir

uma gama de sintomas tais como ansiedade e hiperatividade (Bond 2001).

1.2.2 Medo e raiva em transtornos psicolégicos

De acordo com o modelo de Lara e colaboradores (2006 a,b), tracos de medo e
raiva/vontade podem se encontrar desregulados ou acentuados nos individuos
acometidos por transtornos de personalidade e de humor. Da mesma forma, alguns
distdrbios psicoldgicos seriam influenciados pelo padrdo de comportamento normal
do individuo.

Em quadros de mania, por exemplo, alguns sintomas como comportamento de
alta energia, temperamento expansivo, alta impulsividade e tendéncia a acdes de
risco podem ser interpretados principalmente como um trago intenso de baixo medo,
enquanto que a tendéncia a irritabilidade, procura por satisfacdo e objetividade de
idéias estaria mais relacionado a alta raiva. Episodios de depressdo, tristeza,
anedonia, fadiga e sentimentos de desvalia seriam derivados de alto medo, enquanto
que a apatia e o retardo psicomotor estariam associados a baixa raiva.

Analisando os diferentes transtornos de personalidade e humor e fazendo a
transposicdo para o modelo de medo e raiva, foi possivel propor que muitos desses
transtornos apresentam tracos compartilhados (Figura 3): transtorno de personalidade
borderline, cleptomania e transtorno de personalidade anti-social sdo exemplos de
disturbios que apresentam em comum altos indices de raiva. Esse traco comum
poderia explicar por que medicamentos indicados para tratar um tipo especifico de
transtorno também apresentam resultados positivos ao serem utilizados em outros

tipos de transtorno.



Externalizing

(STEREOTYPY)

Low fear
(RECKLESS
IMPULSIVITY) - 0pp D

High anger
(APPETITIVE
Y IMPULSIVITY)

Emotional

lability instability

Low ange
(LOW DRIVE
AND FOCUS)

ry
High fear
(COMPULSIVITY)

Internalizing

Figura 3: Medo e raiva em transtornos comportamentais e de personalidade ASPD = antisocial
personality disorder, Opp. D = oppositional defiant disorder; Exc sex = excessive/eccentric sexual
behavior, Conduct D = conduct disorders, PPD = paranoid personality disorder, SUD = substance
(ab)use disorder, Path gamb = pathological gambling, Exc buying = excessive buying or shopping,
NPD—narcissistic personality disorder, Hys = histrionic personality disorder, OthBD = other
behavioral disorders (e.g. excessive ['mygdale use, self-inflicting behavior, skin picking, pyromania,
pedophilia, antisocial acts, intermittent explosive disorder, excessive skin tanning, Tourette syndrome,
autism), Bul/BE = bulimia and binge eating, Klept = kleptomania, BPD = borderline personality
disorder, PTSD = post-traumatic stress disorder, SocPh = social phobia, OCD = obsessive compulsive
disorder, Panic = panic attacks and disorder, GAD = generalized anxiety disorder, BDD—body
dysmorphic disorder, HYP = hypochondriasis, AN = anorexia nervosa, OPD = obsessive personality
disorder, DPD = dependent personality disorder, APD — avoidant personality disorder, SAD —
separation anxiety disorder. ‘BPD’, ‘GAD’, ‘OCD’ and ‘SocPh’ denote atypical forms of the disorder.
Note that the traditional “compulsive” nomenclature was substituted for “excessive” if related to high
anger (e.g. excessive buying or sexual behavior). . Retirado de Lara DR et al., 2006 a — Toward an
integrative model of the spectrum of mood, behavioral and personality disorders based on fear and
anger traits: 1. Clinical implications

1.2.3. Medo e raiva em animais

Uma vez que medo e raiva/vontade ndo sdo caracteristicas exclusivamente
humanas, a observacdo desses comportamentos em animais e a utilizacdo de testes
que possam analisar parametros de comportamento relacionados com essas
caracteristicas comportamentais sdo extremamente Uteis para testar hipoteses acerca
das bases bioldgicas do medo e da raiva, sua relevancia em transtornos psicologicos
e o efeito de psicofarmacos.

De acordo com Kazlauckas e colaboradores (2005) a atividade exploratoria

no teste de campo aberto com objeto central serve como modelo para diferenciar
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camundongos de acordo com padrdes de comportamento que representam diferentes
temperamentos: o estudo correlacionou o desempenho de animais no campo aberto
com niveis de ansiedade e agressividade verificados em modelos comportamentais
relevantes. De acordo com os resultados obtidos, animais que apresentam uma maior
taxa de exploracdo ao objeto no campo aberto apresentaram maior procura por
novidade, baixa evitacdo ao dano e alta agressividade, enquanto que 0s animais com
menor taxa de exploracdo ao objeto no campo aberto apresentaram comportamento
exatamente oposto, com menor procura por novidade, alta evitagédo ao dano, baixa
agressividade e em alguns casos comportamento submisso. Desse modo, animais
com alta atividade exploratoria possuem caracteristicas que podem defini-los como
tendo baixo medo e alta raiva/vontade, enquanto que os animais com baixa atividade

exploratoria apresentam alto medo e baixa raiva/vontade.

1.3. Modelos animais de mania e psicose

O uso de drogas psicoativas em modelos animais é uma maneira de se avaliar as
bases neuroquimicas de diversos tipos de doencas. Por exemplo, a utilizacdo de
anfetamina, que entre outros efeitos induz hiperatividade motora ao promover a
liberacdo de dopamina, € um dos modelos animais relacionados a mania. Outros
modelos experimentais de mania comumente utilizados incluem a administragéo
aguda de cafeina, apomorfina e dizocilpina: cafeina atua como um antagonista ndo
seletivo de receptores adenosinéergicos do tipo A; e Aza; apomorfina é um agonista
dopaminérgico ndo seletivo que se liga a receptores D; e D»; dizocilpina € um
antagonista de receptores glutamatérgicos do tipo NMDA (n-metil-d-aspartato).
(REFS)
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2. OBJETIVOS

2.1 Objetivos gerais

Considerando alta raiva/vontade e baixo medo como caracteristicas
predominantes em pacientes que apresentam quadros de mania, e que baixa
raiva/vontade e alto medo sdo mais freqlientemente observados em pacientes com
depressdo, aliado ao grande interesse na modelagem animal desses transtornos, o
objetivo geral desse estudo foi dar inicio a identificacdo de eventuais diferencas

neurofarmacoldgicas em camundongos com alta e baixa atividade exploratéria.
2.2 Objetivos especificos
Verificar se camundongos com baixa e alta atividade exploratéria diferem

quanto & hiperlocomocdo induzida por anfetamina, cafeina, apomorfina, e

dizocilpina.
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3. ARTIGO CIENTIFICO

Ledo Garcia, CR; Kazlauckas, V; Elisabetsky, E; Lara, DR; Do mice with distinct
behavioral patterns respond differently to psychoactive drugs? I. Response to
caffeine-, amphetamine-, apomorphine- and dizocilpine-induced

hyperlocomotion.
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Abstract

Recently, Lara et al. (2006 a,b) proposed a theoretical model in which
behavior can be organized in a bidimensional model involving two axis: fear and
anger/drive, in which fear is responsible for inhibitory behaviors, acting as a “brake”
in decision making, whereas anger/drive initiate behavior. Fear is highly correlated
with harm avoidance (HA), since pessimism, fear of the uncertain, timidity and low
energy or fatigability are characteristics related with both fear and HA. Because fear
and anger can also be observed in animals, the analysis of these two behavioral traits
can be useful for testing hypothesis on the biological basis for fear and anger, and its
relation to human mood disorders. The purpose of this study was to verify if mice
with low and high exploratory activity (LE and HE) differ in regard to the
hyperlocomotion induced by amphetamine, caffeine, dizocilpine, and apomorphine.
Significant differences between LE and HE groups regarding habituation were seen
in 4 out of 6 experiments, confirming that LE and HE mice differ in novelty-seeking
behavior. However no significant differences were observed in the response of LE
and HE mice in regard to the hyperlocomotion induced by any of the drugs and
dosages here used. This equivalent responses indicate that the sensitivity of these
systems in LE and HE mice is not clearly distinct. Further studies using drugs acting
on other neurotransmitter systems, or other behavioral analyses of greater complexity
and better specificity than locomotor activity should be performed to better study the

neurobiological differences LE and HE mice.

Keywords: temperament, individual differences, open-field activity, anfetamine,

caffeine, dizocilpine, apomorphine
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1. Introduction

The search for psychological models that could more adequately explain
human behavior and aspects of human personality has been present throughout the
science history. Recently, Lara et al. (2006 a,b) proposed a theoretical model in
which the behavioral spectrum is organized in a bidimensional model involving two
axis: fear and anger/drive. In this model, fear is responsible for inhibitory behaviors,
acting as a “brake” in decision making. Fear is highly correlated with harm
avoidance (HA), since pessimism, fear of the uncertain, timidity and low energy or
fatigability are characteristics related with both fear and HA. Individuals presenting
low fear are usually more optimistic, confident, outgoing and energetic, more likely
to undertake risks, while individuals with high fear tend to be more recluse, shy,
concerned and usually present a more negative life perspective. Anger/drive would
be responsible for initiating behaviors, being highly correlated with novelty seeking
(NS). Both anger and NS involve impulsivity, irritability, curiosity, extravagance and
search for immediate gratification. Individuals with high anger tend to be more
impulsive, authoritative, focused and passionate, unlike those characterized by low
anger/drive, who tend to be more passive, calm and, in some cases, apathetic. Since
fear and anger/drive are in this model two interdependent axis, many combinations
are possible, representing a wide spectrum of human behaviors as well as related
psychopathologies.

Mood disorders have shared traits with temperaments characterized in terms
of fear and anger/drive. For instance, some of the symptoms of mania, like expansive
mood, high energy, pressure to talk and risk taking behavior can be interpreted as of
very low fear, whereas irritable, pleasure-seeking and goal directed behavior would
be better associated with excessive anger. In depressive episodes, the commonly
observed symptoms of sadness, anhedonia and worthlessness could be correlated
with high fear, while apathy and psychomotor retardation are associated with very
low anger.

Evolutionarily, fear and anger are well conserved emotions (Cloninger,
1993), related to the limbic system. The amygdale is the subcortical area responsible
for fear recognition (Garret & Chang, 2008), effectively communicating with sensory

areas of the brain (including afferents from visual, auditory, somatosensory, and
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gustatory afferents) and the autonomic nervous system (efferent to brain areas
modulating heart and respiration rates). Regarding anger, particularly relevant areas
are the ventral tegmental area, the nucleus accumbens and the frontal cortex.

Regarding the neurochemical basis of these two emotional dimensions, fear is
much influenced by the serotonergic, noradrenergic and GABAergic systems,
whereas anger seems to be mostly regulated by the dopaminergic (associated with
rewarding and novelty seeking) and glutamatergic systems (Lara et al., 2006b). Other
modulatory neurotransmitters are likely to be related to fear and anger, including
adenosine (which induces anxiety and hyperactivity).

Since fear and anger/drive can be observed in animals, the utilization of tasks
to analyze parameters related with these two traits can be useful for testing
hypothesis on biological basis for fear and anger, and its relation to human mood
disorders. According to Kazlauckas et al. (2005), the exploratory activity in an open-
field with a central object is an adequate strategy to differentiate mice according to
behavioral patterns that represent temperament types: animals with a higher object
exploration rate — represented as the time spent in the central area of the open-field —
showed more behavioral traits of NS, less HA and higher aggressiveness, whereas
animals with low exploratory activity rates show the opposite behavior: less NS, high
HA and low aggressiveness. Therefore, mice with high exploratory activity can be
classified as having low fear and high anger/drive, while mice showing low
exploratory behavior can be classified as having high fear and low anger/drive.

Considering the trait similarities in terms of fear and anger/drive of mood
disorders such as mania and depression, as well as the usefulness of modeling these
disorders in animals, characterizing neuropharmacological differences in mice
presenting low and high exploratory behavior can be of interest. Since noradrenaline,
dopamine and adenosine have been associated with fear, anger, HA and NS, the
purpose of this study was to verify if mice with low and high exploratory activity
differ in regard to the hyperlocomotion induced by amphetamine, caffeine,
dizocilpine, and apomorphine.
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2. Methods

2.1 Animals

Experiments were performed with 80 CF1 male adult mice (8 weeks old, 35-
45 g), housed six to eight per cage with food and water ad libitum, under controlled
laboratory conditions (12 h light/dark cycle, lights on at 8:00 am, 21 + 2 °C). All
animal experiments were conducted between 9:00 am and 6:00 pm. Experiments and
animal handling were in accordance with institutional animal care guidelines and the
principles of laboratory animal care as stated in the Guide for the Care and Use of
Laboratory Animals. Efforts were made in order to use the minimal amount of mice
necessary for experiments and reduce their suffering. Before every experiment the

mice were habituated to the experimental room for 30 min prior to the experiment.

2.2 Behavioral separation of high and low exploratory mice

2.2.1 Open-field with a central object

This test was used to separate two extreme mice populations regarding
exploration of an object in a new environment (Kazlauckas, 2005). The animal was
placed in an open-field (50 cm x 50 cm x 50 cm) with an object (a white cylinder of
1.5 c¢cm radius and 6 cm high) placed on the center of the arena to stimulate
exploration. Exploratory behavior (the time spent by the animal in and out of an
imaginary center square of 30 cm x 30 cm) was recorded for 5 min and analyzed by
ANY-MAZE software. Eighty mice were screened, and 24 animals were selected
from each extreme of exploratory behavior (the 12 least and the 12 most explorers)
to compose the low (LE) and high (HE) exploratory groups, respectively. Mice
remained in their home cages without changing housemates until the end of all the

experiments.
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2.3 Pharmacological treatment and locomotor activity

2.3.1 Open-field

Mice were placed in the same open-field (except that object free) apparatus as
above and the locomotor activities of four mice were analyzed simultaneously, being
two LE and two HE mice. The distance traveled by each animal was calculated by
ANY-MAZE for 150 min. The first 60 min were considered as habituation;
following this period mice received an i.p. injection (10 ml/kg) of saline (0.9% NacCl,
LE/HE n=12), amphetamine (1.0 mg/kg, LE/HE n=12 ; 2.0 mg/kg, LE/HE n=12),
dizocilpine (0.25 mg/kg, LE/HE n=10), caffeine (30 mg/kg, LE/HE n=10) or
apomorphine (2 mg/kg, LE/HE n=10) and were immediately back to the apparatus
for another 90 min, considered as locomotion. At least one drug-free week was
allowed between experiments. All drugs used were purchased from Sigma/RBI (St.
Luis, MO, USA).

2.4 Statistical Analyses

Prisma Graph-Pad was used for the statistical analyses. Student’s t-test was used to
analyze the percentage of time spent in the center of the open-field of LE and HE
mice. To evaluate the effects of drugs in habituation and locomotion repeated
measures analysis of variance (ANOVA-RM) was used, with time as the repeated
measure and temperament as the independent variable. Sudent’s t-test was used to
compare LE and HE locomotor activity at a given time. p<0.05 was adopted for

significance.

3. Results

The mean percentage of time spent in the center area of the open field (mean
+ S.D.) for the whole group (n=80) was 37.9+8.9%; the higher and lower cut-off
values for the top and low activity groups of 12 mice were >47% and <29.3%. The
mean percentage of time spent in the center of the open field was significantly
different (t=13.37, p<0.0001) for LE and HE, with 23.9+6% for LE and 49.1+2.6%
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for HE (Fig. 1A). There was no difference in the locomotor activity (total distance)
between LE and HE (Fig. 1B) (t=1.203, p>0,05). The remaining 56 animals (those
having between 29.3% and 47% of the time spent in the center of the open-field)
were kept throughout the experiment in order to maintain the home cages for all
animals.

The effect of treatments on locomotor activity for LE and HE is shown in Fig.
2. Regarding the habituation (pre-drug) period, ANOVA-RM showed significant
differences between LE and HE in pre-saline (F 110=4.47; p<0.05), pre-amphetamine
1 mg/kg (F1110=4.42; p<0.05), pre-amphetamine 2 mg/kg (F1110=5.77; p<0.05), pre-
apomorphine (F1,90=5.46; p<0.05),but not in pre-dizocilpine (F19,=1.76; p>0.05) and
pre-caffeine (F190=3.59; p>0.05). T-test showed that such differences were due to
limited time points. Regarding the locomotion period, no significant differences were
found between LE and HE following treatment [saline (Fi176=1.42; p>0.05),
amphetamine 1 m/kg (F1176=0.02; p>0.05), amphetamine 2 mg/kg (F1176=1.52;
p>0.05), dizocilpine (F1144=0.35; p>0.05), caffeine (F1144=1.39; p>0.05),
apomorphine (F1 144=0.21; p>0.05)].

4. Discussion

Significant differences between LE and HE groups regarding habituation
were seen in 4 out of 6 experiments. Since in this initial period mice were adapting to
the environment, it is not surprising that the particular characteristics in exploratory
activity that characterize LE and HE mice would lead to different habituation rates.
These results are in agreement with Kazlauckas et al. (2005), confirming that LE and
HE mice differ in novelty-seeking behavior. In studies with rats, in which animals
are classified according to their response to a new environment (low response and
high response, LR and HR respectively) this same difference in habituation was
observed (Piazza et al., 1989, 1991; Gingras & Cools, 1997; Antoniou et al., 2004).
As observed by Kazlauckas et al. (2005) and confirmed in this study, after habituated
to a new environment LE and HE mice are no longer different in regard to

locomotion.
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No significant differences were observed in the response of LE and HE mice
in regard to the hyperlocomotion induced by any of the drugs and dosages here used.
This equivalent response may indicate that the sensitivity of the systems modulated
by these drugs is not clearly distinct in LE and HE mice

In relation to amphetamine, Piazza et al. (1989, 1991) reported that, when
exposed to doses of 0.3 and 1.5 mg/kg, HR rats showed a greater response in
locomotor activity compared to LR rats. Gingras & Colls (1997), in a dose response
study with amphetamine, also found a significant difference with the dose 1.5 mg/kg,
but no significant differences with 0.5, 1.0 and 2.0 mg/kg. Nevertheless, Antoniou et
al. (2004) using the same amphetamine dose of 1.5 mg/kg did not find differences in
locomotor activity between LR and HR rats in response to amphetamine. Although
differences in methods for differentiating LR/HR and LE/HE exist, as well as
potential differences in rats and mice, taken together this data suggest that
exploratory behavioral traits are not well correlated with the sensitivity of these
animals to amphetamine.

Differences in the behavioral substrates for diverse psychopathologies as well
as differences in the outcome of clinical responses to medication could suggest
different baselines of specific neuronal circuitry and/or different influences of
neurotransmitters systems. Regarding the anger dimension, Post (1995) showed that
dopamine D, antagonists reduce aggressiveness, novelty seeking and mania
symptoms. It is also reported that medications acting on glutamatergic pathways,
such as the AMPA receptor blocker topiramate, can be useful in treating some
impulsive or anger-related behaviors. In relation to fear, Joyce et al. (1994) examined
the Cloninger’s model and its ability to predict the outcome of patients with major
depressive disorder. It was found that patients with high harm avoidance and reward
dependency had better chance of a favorable response to treatment with either
clomipramine or desipramine. There are also drugs that seem to modulate both fear
and anger: according to Fredholm et al. (2005), caffeine can induce or aggravate a
range of symptoms from both the fear and anger domains, such as anxiety, panic
attacks and possibly hypomania or mixed states.

Despite the results found in this initial approach, we can not reject the
possibility of different results by using other types of neurotransmitter systems.

Accordingly, Antoniou et al. (2008) through neurochemical analyzes reported
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significant differences in serotonin levels at cortical areas of LR compared to HR,
with HR showing a reduced serotoninergic turnover ratio in the prefrontal cortex
than LR. The use of behaviors of greater complexity and better specificity than
locomotor activity may also reveal differences between LE and HE. For instance, it
has been documented that HR rats have a higher propensity to self administration for
amphetamine (Piazza et al. 1989, 1991; Kleuber et al. 2001) and cocaine (Davis et al.
2008).

5. Conclusion

In this first approach of our study no obvious differences were found, which
does not exclude the possibility that different results would have been obtained with
drugs acting on other neurotransmitter systems or different doses of the same drugs.
It is important to consider that the use of behaviors of greater complexity and better
specificity than locomotor activity may reveal differences between LE and HE.
Therefore, analyses of behaviors more specifically associated with fear and
anger/drive, such as anxiety, aggressiveness, and response to rewards such as

palatable food and/or sucrose consumption, are warranted.
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Figure 1: Performance of low and high exploratory mice in the open-field with a
central object. (A) Percentage of time spent in central area. Dots represent individual
mice (white, low exploratory; gray, high exploratory) and dash represents mean
values. **p<0.001 (Student’s t-test). (B) Total distance traveled during the

experiment. Data expressed as meanzS.D.

Figure 2: Locomotor activity of high and low exploratory mice acutely treated with
(A) saline, (B) amphetamine (1 mg/kg), (C) amphetamine (2 mg/kg), (D) dizocilpine
(0.25 mg/kg), (E) caffeine (30 mg/kg) or (F) apomorphine (2 mg/kg) after 60 min of
habituation period in a novel environment. Data expressed as meant S.E.M.
*=p<0.05 (Student’s t-test).
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4. CONCLUSAO E PERSPECTIVAS

Iniciamos com esse trabalho a investigacdo da relacdo comportamental de
roedores na resposta a modelos animais de psicopatologias. A triagem inicial se
mostrou eficaz em separar 0s animais de acordo com suas caracteristicas
comportamentais. Foi possivel separar camundongos em dois grupos que
apresentaram caracteristicas distintas na atividade exploratoria. No entanto, a
administracdo de drogas comumente utilizadas em modelos de hiperlocomocdo nédo
mostrou qualquer diferenga entre os grupos quanto ao aumento da atividade
locomotora induzida em camundongos separados por baixa e alta atividade
exploratoria.

Os resultados encontrados ndo excluem a possibilidade de que diferencas
significativas entre os dois grupos de camundongos possam ser obtidas ao se utilizar
drogas que tenham acdo em diferentes sistemas de neurotransmissores ou ao se
utilizar comportamentos de maior complexidade e melhor especificidade. Portanto,
analise de comportamentos mais especificamente associada ao medo e raiva, como a

ansiedade, agressividade e dependéncia ao reforco, sdo necessarios.
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Define abbreviations that are not standard in this field at their first occurrence in the
article: in the abstract but also in the main text after it. Ensure consistency of
abbreviations throughout the article.

The following abbreviations or their properly prefixed multiples and submultiples
may be used without definition in the text, tables or figures (Notice to contributors,
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* The authors also certify that formal approval to conduct the experiments described
has been obtained from the animal subjects review board of their institution and
could be provided upon request.

* The authors further attest that all efforts were made to minimize the number of
animals used and their suffering.

« If the ethical standard governing the reported research is different from those
guidelines indicated above, the authors must provide information in the submission
cover letter about which guidelines and oversight procedures were followed.
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