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RESUMO

AlteracGes sobre o comportamento alimentar tém sido relatadas apos
exposicdo a situagdes de estresse. O modelo de estresse cronico variado causa
uma diminuicdo do consumo de alimento doce. Nesta tese, estudamos o
comportamento alimentar em animais submetidos ao estresse crénico variado e
avaliamos alguns pardmetros relacionados ao comportamento alimentar em
animais cronicamente estressados, tais como monoaminas no encéfalo e niveis
séricos de leptina, os quais estdo sabidamente envolvidos no controle da ingestéao
de alimento. Além de utilizarmos ratos machos, ratos fémeas foram estudadas,
assim como a possivel interacdo entre horménios ovarianos e os efeitos do
estresse cronico sobre o comportamento alimentar, pois as respostas fisioldgicas
e comportamentais ao estresse sdo muitas vezes sexualmente dimoérficas. Uma
vez que o estresse crénico variado tem sido sugerido como um modelo de
depressdo em animais, também avaliamos a atividade da Na*,K*-ATPase em
membranas plasmaticas sinapticas e os efeitos do antidepressivo fluoxetina.
Observou-se diminuicdo na ingestdao de alimento doce apés 30 ou 40 dias de
estresse, mas ndo apds 20 dias. Durante o tratamento, ndo houve alteragéo no
consumo de agua e de ragdo padrdo. Animais machos submetidos ao estresse
crénico variado por 40 dias apresentaram aumento no metabolismo de serotonina
e dopamina hipocampais. Observaram-se também um aumento na atividade
dopaminérgica no cortex-frontal e uma diminuicdo no hipotdlamo. Na amigdala,
nao foram observadas alteracdes nos niveis dos neurotransmissores estudados.
As estruturas centrais estudadas podem estar envolvidas de forma direta ou
indireta na regulacéo do apetite e do humor. Ratas fémeas estressadas
cronicamente apresentaram diminuicdo na atividade da enzima Na*,K* -ATPase
no hipocampo, que foi revertida ap6s tratamento de 60 dias de tratamento com
fluoxetina, e este resultado esta de acordo com sugestoes de que a atividade da
Na*,K'-ATPase esteja reduzida em transtornos depressivos e, portanto, reforcam
este modelo como um modelo de depressao em animais. Adicionalmente,

avaliamos a interacdo entre niveis de estradiol e estresse cronico variado em
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relacdo a ingestdo de alimento doce e nos niveis de leptina, um hormdnio
secretado por células adiposas, com papel na regulacdo do apetite. Embora os
animais (ratas ovariectomizadas) recebendo reposicdo com estradiol tenham
apresentado menor ganho de peso, apresentaram aumento no consumo de
alimento doce. Os animais do grupo estressado apresentaram niveis aumentados
de leptina aos 30 dias de estresse, acompanhado da diminuicdo no consumo de
doce. Nesses animais, a reposicdo com estradiol preveniu tanto a reducdo no
consumo de alimento doce quanto o aumento nos niveis de leptina, sugerindo
uma interacdo entre estresse cronico e reposicao com estradiol no que tange ao
comportamento alimentar, especificamente o consumo de alimento doce, e que
essa interacdo pode estar relacionada com alteracbes nos niveis de leptina. A
interagcdo entre tratamento crénico com fluoxetina e niveis de leptina também foi
estudada nesses animais cronicamente estressados. Apos 40 dias de estresse,
iniciou-se o tratamento com fluoxetina, que causou uma redugdo nos niveis de
leptina dos animais controles, sem apresentar alteragcdes nos niveis de leptina dos
estressados. Podemos concluir que o estresse cronico variado pode afetar os
niveis de leptina e que esse efeito é dependente do periodo de exposicdo ao
estresse e da presenca de estradiol, sendo também modulado por fluoxetina. O
efeito do estresse crénico variado sobre o comportamento alimentar manifesta-se
em machos e em fémeas, e necessita mais de 20 dias de exposicdo ao estresse
para se manifestar. E possivel que os efeitos relatados nesta tese estejam
relacionados, pelo menos em parte, com niveis alterados de leptina no soro e com
neurotransmissdo serotoninérgica e dopaminérgica alterada no encéfalo. No
entanto, o mecanismo envolvido neste efeito e a relacdo entre esses parametros

ainda necessita de mais estudos.
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ABSTRACT

Exposure to stress may cause either an increase or a decrease in food intake. It
was observed that chronic variate stress decrease the ingestion of sweet food
when compared to control rats. In this thesis, we aimed to study feeding behavior
in chronically stressed rats and evaluate some parameters related to their feeding
behavior, such as brain monoamines and leptin levels in serum, which are known
to be involved in the control of food intake. Besides using male rats, females were
studied. It was evaluated the possible interaction between stress effects on feeding
behavior and ovarian hormones, since behavioral and physiological responses to
stress are sometimes sexually dimorphic. Since chronic variate stress has been
suggested as a model of depression, we also evaluated Na*,K*-ATPase activity in
hippocampal synaptic plasma membranes, and the effects of an antidepressive,
fluoxetine. Chronic variate stress decreased sweet food intake at 30 and 40 but not
at 20 days of treatment. During the treatment, there were no differences in the
consumption of water and regular food between stressed and control animals.
Increased levels of DOPAC were observed in the frontal cortex and in the
hippocampus, and an increased 5-HIAA/5-HT ratio was also observed in this latter
structure. In the hypothalamus, levels of HVA and DOPAC were decreased, as well
as the DOPAC/DA ratio, while no difference was found in amygdala. Therefore,
chronic variate stress caused decreased dopaminergic neurotransmission in
hypothalamus, and increased dopaminergic neurotransmission in the cortex and
hippocampus, with increased serotonergic activity also in hippocampus. Some of
these modifications may be related to alterations in feeding behavior. Reduction of
hippocampal Na*,K*-ATPase activity was also observed. Treatment with fluoxetine
increased this enzyme activity, and reversed the effect of stress. Chronic fluoxetine
decreased the ingestion of sweet food. This result is in agreement with suggestions
that reduction of Na*,K*-ATPase activity is a caracteristic of depressive disorders.
In addition, we evaluated the interaction between estradiol levels and chronic
variate stress on the intake of sweet food and on serum levels of leptin, a hormone
secreted by the adipose cells with a role in the regulation of body weight. Although
animals receiving estradiol replacement presented smaller weight gain, they
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showed an increased consumption of sweet food. Estradiol replacement in the
stressed group prevented both the reduction observed in sweet food intake and the
increase in leptin levels, suggesting an interaction between chronic stress and
estradiol replacement in feeding behavior, concerning sweet food consumption,
and that this interaction may be related to altered leptin levels. The interaction
between chronic fluoxetine treatment and leptin levels in animals submitted to
chronic variate stress was also studied. After 30 days of chronic stress, the animals
presented increased leptin levels compared to controls, as well as decreased
consumption of sweet food. After this first stress period, the animals received daily
injections of saline or fluoxetine (8mg/kg, i.p.). On the 60th day of fluoxetine
treatment leptin levels were decreased in fluoxetine-treated animals indicating no
effect of stress. In addition, chronic fluoxetine treatment induced a strong reduction
in leptin levels. We conclude that chronic variate stress may affect leptin levels,
and that this effect is dependent on the time of stress exposure, and on the
presence of estradiol, being also modulated by fluoxetine. It is possible that the
chronic variate stress effects reported herein on feeding behavior may be related,
at least in part, with altered leptin levels in serum and aliered serotonergic and
dopaminergic neurotransmission in the brain. Nevertheless, the neurobiological
mechanism involved in this effect and the relationship between all these

parameters still require further studies.
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1.1 Estresse

Na década de 20, Walter Cannon criou o conceito de “luta ou fuga”, que
baseava-se na resposta do organismo a uma situagdo adversa, levando a uma
ativacdo do sistema nervoso simpatico e liberagéo de adrenalina. Em 1936, Hans
Selye introduziu o conceito de "estresse” em biologia, e propds que a resposta ao
estresse seria como uma sindrome produzida por agentes nocivos diversos, e
seria uma resposta ndo especifica para um agente nado especifico. Selye
considerou que o primeiro estagio do estresse seria uma reacéo geral de alarme,
denominada “sindrome da adaptacdo geral’. Esta definicdo foi de grande
importancia para estudos posteriores em relacdo ao estresse, pois serviu de
substrato para outras indagacdes em relacéo ao tema.

Em mamiferos, a resposta ao estresse envolve varios processos, incluindo,
além da ativagdo simpatica, que resultara em liberacdo de adrenalina, o
componente mediado pelo eixo hipotalamo-hipdfise-adrenal (HPA) (Cullinan et al.,
1995). O estresse € um complexo processo com retroalimentacao e mecanismos
de controle, semelhante a quaisquer outros dos sistemas auto-controladores
presentes em nosso organismo. Estes mecanismos afetam muitos processos
organicos, podendo funcionar em situagoes de alarme sempre que exista um real
ou aparente desafio a homeostase do organismo (Ursin e OIff, 1993).

Segundo Ursin e OIff (1993), o conceito de estresse é composto,
multidimensional, constituido de trés principais elementos que podemos identificar
como: a) estimulo estressante, ou estressor; b) sistema de processamento do

estimulo, incluindo experiéncias de estresse subjetivas, e c) resposta ao estresse.



Nao podemos encarar estes trés elementos como estaticos, pois eles interagem
entre si, ficando dificil separa-los. A experiéncia e as caracteristicas das vias de
entrada (inputs) sensoriais relacionadas com a percepcéo do estresse poderiam
ser incluidas como mais um elemento em sua conceituacao. Levine e Ursin (1991)
relatam a importancia da carga emocional relacionada ao estimulo estressante. O
aspecto emocional € de muita importancia e varia com aspectos particulares de
cada individuo. Desta forma podemos visualizar a interrelagéo do sistema limbico
com os sistemas de resposta ao estresse.

Varias vias de entrada (inputs) relacionadas com o estresse convergem
para os neurbnios do nucleo paraventricular hipotalamico (PVN). Estes neurdnios,
que sintetizam, entre outros, o horménio liberador de corticotrofina (CRH) e
arginina-vasopressina, projetam-se para a eminéncia média, onde seus produtos
sao liberados na circulagdo porta, agindo na hipdfise anterior e resultando na
sintese e liberacdo de horménio adrenocorticotréfico (ACTH) e outros peptideos
derivados de um precursor comum, a pro-6pio-melanocortina (POMC). O ACTH,
por sua vez, ativa a biossintese e liberacao de glicocorticéides do cértex da
adrenal (corticosterona nos roedores e cortisol nos primatas). Estes esterdides
possuem uma atuacido extremamente ampla, mediada por receptores
especializados que afetam a expressdo e regulagdo de genes, resultando em
mudancas em varios processos metabdlicos. Entre os eventos observados em
resposta aos glicocorticéides, incluem-se, por exemplo, alteracdes nas respostas
imunoldgicas e processos inflamatdrios, além da resposta ao estresse. Muitos

destes processos s&o requeridos para uma adaptac¢ao e preparacéo do organismo



para lidar com a situacdo estressante, incluindo mudancas na forma de obtengéo
de energia e no metabolismo (Cullinan et al., 1995; Akil & Morano, 1995).

A ativacdo do eixo hipotalamo-hipéfise-adrenal representa a manifestagéo
primdria do estresse, mas deve-se levar em conta que aspectos adicionais da
resposta do sistema nervoso ao estresse, e suas interacdes potenciais, devem ser
considerados para um completo entendimento dos efeitos observados. O aumento
no plasma dos niveis de catecolaminas e cortisol (um dos glicocorticéides) em
conjunto aumentara a produgéo de glicose (Berne & Levy, 1992). A adrenalina
liberada ativara as vias da glicogendlise, enquanto que o cortisol exercera sua
acao para suprir os substratos de aminoacidos para a gliconeogénese. Ambos 0s
processos tém como finalidade a defesa imediata do organismo e irao desviar os
“gastos” de energia periféricos para um melhor desempenho (Marks & Marks,
1996; Berne & Levy, 1992). A ativacao do sistema nervoso simpatico em resposta
a um evento estressante causa um aumento da presséb arterial, broncodilatacdo e
vasoconstricdo periférica. Atividades como as dos tratos gastrintestinal e urinario
sa@o diminuidas (Berne & Levy, 1992). Podemos perceber a importancia destes
hormédnios diante de uma situagao estressante.

Em resposta a um estresse agudo, os glicocorticéides séo liberados a fim
de adaptar o organismo a situagdo estressante, porém uma liberacdo continua
destes hormdnios poderia levar a situacdes patoldgicas (Sapolsky, 1986).

O estresse agudo apresenta uma resposta fisiologica relativamente bem
caracterizada. Por outro lado, para o estudo da integracdo dos varios
componentes do estresse e de seus possiveis efeitos deletérios torna-se

importante o estudo de modelos de tratamento crénico. Sabe-se que o estresse



cronico induz alteragcdes comportamentais, neuroquimicas e endécrinas diferentes
daquelas causadas pelo estresse agudo (Marti et al., 1993). O modelo de estresse
cronico oferece a oportunidade de examinar a plasticidade do organismo,
revelando diferentes possibilidades de adapta¢des (Akil & Morano, 1995).

Os efeitos do estresse cronico diferem em relacdo a natureza do agente
estressor, duracdo do regime de estresse, idade e espécie de animal. Outras
caracteristicas fisiologicas dos estressores como controlabilidade e previsibilidade
sdo importantes (Marti et al., 1993). Existem relatos em relacdo a regularidade da
exposicdo ao estresse cronico, mostrando sua importancia na determinacdo de
variaveis fisiologicas como niveis plasmaticos de corticosterona, glicose e acidos
graxos livres (Marti et al., 1993). Nesse contexto de efeitos deletérios da
exposicdo cronica ao estresse, Sapolsky e colaboradores propéem que as
alteracbes causadas pelo estresse cronico sdo comparaveis as alteracdes
causadas pelo envelhecimento (Sapolsky et al., 1985).

Em nosso laboratério, desenvolvemos um modelo de estresse cronico por
imobilizacdo em ratos. Neste modelo, os animais sédo estressados cinco vezes por
semana, sempre por imobilizacao, durante 1h a cada dia. Alguns efeitos sobre a
memodria foram observados (Xavier, 1995), sendo tarefa-especificos (amnésia na
tarefa de exposicdo ao campo aberto, enquanto ndo se observou efeito nas
tarefas de esquiva ativa de duas vias e esquiva inibitéria).

Um determinante critico para respostas fisiolégicas e comportamentais dos
animais cronicamente estressados € a previsibilidade do agente estressor, o que,
de certa forma, ocorre no modelo descrito acima. Varios autores sugerem que as

respostas fisioldgicas ao estresse podem ser “amortecidas” se o animal tem



informagéo prévia relativa a comeco, duracdo ou término de cada sesséo de
estresse (Konarska et al., 1990). Por esta razdo, também desenvolvemos em
nosso laboratério um modelo que tem como caracteristica principal a
imprevisibilidade, o0 modelo de estresse crénico variavel. Este modelo foi
idealizado com base em trabalhos ja descritos na literatura, porém com algumas
modificagbes (Wiliner et al., 1987; Konarska et al., 1990; Echandia et al., 1988;
Muscat at al., 1992; Jordan et al., 1994; Wiliner and Muscat, 1991; Papp et al.,
1991; Murua e Molina, 1992).

Assim sendo, conforme visto acima, a resposta ao estresse é parte integral
de um sistema bioldgico adaptativo. Respostas comportamentais ou fisiologicas
s80 necessarias para que seres humanos e outros animais enfrentem e
sobrevivam, dentro de limites dinamicos, os freqlientes desafios do ambiente
(Charvat et al., 1964). Essas respostas levam, assim, a varias alteragOes

comportamentais.

1.2 Comportamento Alimentar e Estresse

O comportamento alimentar é fundamental para a manutencdo do
metabolismo energético, sendo necessario para a sobrevivéncia do organismo. O
controle da ingestao de alimento € um processo complexo, multifacetado, que esta
relacionado as demandas energéticas do organismo. Uma série de mecanismos
neuroquimicos e metabdlicos apresenta importantes papéis em relagdo ao
comportamento alimentar. O sitio de regulagdo do comportamento alimentar é

basicamente o hipotalamo (a regido do cérebro responsavel pelo controle da
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homeostasia do organismo). O nucleo paraventricular (PVN) tem-se mostrado
particularmente um importante foco de regulagdo dentro do eixo do hipotalamo
medial, governando tanto o comportamento alimentar quanto o metabolismo
energético, além da atuacao de outros niicleos hipotaldmicos (Bishop et al., 2000).
Esta regulacao é mediada por complexas interagdes entre os érgaos periféricos e
o sistema nervoso central e ainda sofre modulacdes de estimulos ambientais.
Dentre as influéncias periféricas, podemos ressaltar a agédo dos horménios
liberados no trato gastrintestinal (colecistocinina, grelina, somastotatina e
bombesina) (Beck, 2000, Brunetti et al., 2002, Attele et al., 2002; Baba et al., 2000,
Beck, 2001, Yamada et al, 2002) e peptidos liberados pelo pancreas, como
glucagénio e insulina (Orosco, 2000; Strack et al.,1995; Geary, et al., 1996). Os
horménios esteroides, testosterona, estradiol e os glicocorticdides, apresentam
importante influéncia sobre o comportamento alimentar (Tempel et al., 1992,
Bonavera, et al., 1994; Hrupka et al., 1996, Geary & Asarian, 1999, Mystkowski &
Schwartz, 2000). A leptina, hormdnio peptidico liberado das células adiposas,
também € um importante sinalizador periférico envolvido com o comportamento
alimentar (Prolo et al., 1998, Loftus1999; Buchanan et al., 1998). Como exemplos
de regulacao central podemos citar a influéncia de mediadores quimicos como o
CRH e neurotransmissores como a serotonina, a dopamina, a noradrenalina e o
GABA (Brown & Coscina,1984, Koob & Heinrichs 1999;. Currie et al., 2002;
Wirtshafter, 2000, Bishop et al., 2000, Inui, 1999, Zhang et al., 2003, Benoit et al.,
2003, Ahn & Phillips 2002, Backberg et al, 2003), além da presenca de
neuropeptidios como o neuropeptidio Y (NPY), o peptidio relacionado ao gene

cotia (agouti-gene related peptide, AGRP), o horménio concentrador de melanina



(MCH), as orexinas A e B, a galanina, a urocortina e a neurotensina (Kokot &
Ficek 1999, Wirth & Giraudo 2000, Ahima & Osei, 2000, Sahu et al., 2001 Suply et
al., 2001, Rodgers et al., 2002; Kasting et al., 2002, Latchman, 2002). O
comportamento alimentar também sofre influéncias de fatores ambientais que
poderao atuar no nivel emocional, adicionando colorido emocional a uma resposta
fisiolégica, como, por exemplo, o olfato, a percepcao do gosto, a visualizacao da
comida, entre outros fatores. Importante ressaltar que os fatores ambientais nao
se restringem a produzir respostas meramente fisioldgicas. Eles podem atuar
como reguladores, podendo causar modificacdes em relacdo ao comportamento
alimentar, como no caso de um estimulo estressante.

Estudos em animais e humanos demonstraram que a ingestédo de alimento
pode aumentar ou diminuir em resposta ao estresse, e que tal fato dependera da
caracteristica do estressor (duracao, tipo e intensidade) (Macht et al., 2001;
Greeno & Wing, 1996). Varios estudos demonstraram que a exposicao cronica a
agentes estressores pode alterar o consumo de alimento e o peso corporal. Por
exemplo, em animais submetidos ao estresse de choque inescapavel, ocorreu
uma diminui¢do na ingestao de alimento, acompanhada de uma redugéo no peso
corporal, quando comparados com animais estressados por resiricdo e animais
controle (Dess et al.,, 1988). Em nosso laboratério, observamos que animais
submetidos ao estresse crbnico repetido (por contencao) apresentaram um
aumento na ingestdo de alimento doce (Ely et al.,, 1997). Este aumento na
ingestao de doce, sem haver, no entanto, aumento no consumo de ra¢ao padrao,

esté relacionado a caracteristica do agente estressor (tipo e intensidade). Este



efeito foi revertido pela administracao de um ansiolitico, o diazepam. Sugere-se,
entdo, que este modelo de estresse pode causar ansiedade no animal.

Uma vez que, no modelo de estresse crénico citado acima, o agente
estressor € mantido durante 40 dias e o animal é exposto sempre em uma hora
determinada, por um tempo constante, tal caracteristica pode gerar um maior grau
de adaptagdo do animal ao estresse e, desta forma, o efeito sobre o
comportamento alimentar é diferente do observado em outros modelos de
estresse que utiizam outros agentes estressores com caracteristicas
diferenciadas (Katz, 1981; Wiliner, 1991; Konarska et al., 1990, Willner et al,,
1987, Ferreti et al., 1995).

Em modelos de estresse cronico variado, podemos observar um efeito
diferenciado em relagdo ao comportamento alimentar (Gamaro et al., 2003). Este
fato deve-se a caracteristicas do agente estressor.

Sabe-se que em situagdes de estresse ocorre ativagao do eixo hipotalamo-
hipdéfise-adrenal, culminando com a liberacdo de uma série de horménios e
neurotransmissores que visam a manutencéo da homeostase. A resposta primaria
ao estresse se da por meio da liberagdo de CRH do hipotalamo. Este, por sua vez,
tem um efeito inibitério sobre o comportamento alimentar (Koob & Heinrichs,
1999). A ativacdo do sistema nervoso simpatico e a atuacdo do ACTH na glandula
adrenal acarretam a liberagdo de adrenalina e glicocorticdides. Por serem
hormoénios que estimulam a gliconeogénese e a glicogendlise, sinalizam a falta de
glicose no sangue, juntamente com a liberacdo de glucagodnio (Marks & Marks,
1996). Além disso, os glicocorticéides, agindo centralmente, modulam a ingestéo

de alimento por meio de um estimulo que potencializa a acao do NPY, NE e



galanina, via receptores tipo 2 no PVN e em outros sitios hipotalamicos (Ahima &
Osei, 2001). Estudos relatam o envolvimento dos esteréides produzidos pela
adrenal, como a corticosterona e a aldosterona, estimulando a ingestdo de um
alimento especifico. Em animais adrenalectomizados, que apresentam um efeito
de supressédo do comportamento alimentar, implantes de corticqsterona no PVN
estimulam o consumo de carboidratos, enquanto implantes de aldosterona
estimulam o consumo de gordura (Tempel & Leibowitz, 1989). Na periferia, porém,
tais hormonios atuam como inibidores de processos que armazenam energia no
organismo (Strack et al., 1995).

Estudos em humanos tém demonstrado que as experiéncias emocionais
podem levar a um aumento de ingestao de alimento (Yates, 1992). Em resposta a
uma exposicao ao estresse, podemos observar um aumento no consumo de
carboidratos (Levine & Marcus, 1997). Pacientes, quando submetidos ao estresse,
apresentam uma tendéncia de comer mais carboidratos, pois estes podem estar
relacionados a uma melhora do bem-estar do individuo. E, como conseqiiéncia
disso, os pacientes acabam tornando-se obesos. Acredita-se que existe alguma
propriedade neste tipo de alimento que atua via secrecado de insulina e na razéao
de triptofano no plasma, que aumenta a liberacdo de serotonina, a qual esta
envolvida com o controle do humor (Wurtman & Wurtman, 1995), além de
controlar o comportamento alimentar em mamiferos. Em estudos farmacologicos,
farmacos que alteram de uma forma direta ou indireta os niveis pés-sindpticos de
serotonina, causando um estimulo de tais vias, determinam um decréscimo no
consumo de alimento em mamiferos de diferentes espécies (Halford e Blundell,

2000; Arkle & Ebenezer, 2000; Finn et al., 2001; Vickers et al., 2001; Brown et al.,

10



2001). Em contraste, substancias que bloqueiam receptores serotoninérgicos pos-
sinépticos, ou que causam a diminui¢cdo da neurotransmissao serotoninérgica pela
ativacdo de autorreceptores, geralmente aumentam a ingestao de‘alimento. O
consenso geral desenvolvido € que a serotonina apresenta um papel inibitério no
comportamento alimentar (Simansky, 1996). Ja a noradrenalina, atuando sobre
receptores a no PVN, estimula a ingestao de carboidratos (Halmi, 1995, Leibowitz
et al., 1985). Porém, quando a estimulacdo ocorre em receptores B, no
hipotdlamo perifornicial, causa uma diminuicdo no comportamento alimentar
(Leibowitz, 1987, Bishop et al., 2000). E importante ressaltar que muitos dos
neurotransmissores envolvidos na regulagdo do comportamento alimentar
apresentam uma determinada agdo influenciada pela regido e pelo tipo de
receptores aos quais se ligarao, como no caso da noradrenalina, da serotonina e
da dopamina. Assim, geralmente a ativacdo de receptores 5HT1 causa hiperfagia,
enquanto a ativacao de receptores 5HT1g determinam efeitos hipofagicos (Collin et
al., 2000). Existem também relatos sobre o envolvimento de receptbres 5HTzc na
regulacao do comporiamento alimentar, em que pré-tratamento com DOI, agonista
de receptores 5HT,c e 5HT2,, inibe 0 comportamento alimentar estimulado pelo
NPY no PVN (Collin et al 2000, Currie et al, 2002, Bouwknecht et al., 2001; Datla e
Curzon, 1997). A modulagéo da serotonina pode ocorrer via uma inibicado do NPY,
envolvendo receptores do tipo 5HToa ou 5HToc, ou por outros mecanismos que
nao envolvam a participacdo de tal neuropeptidio, que estao relacionados com
receptores 5HT1a g € 5HTp (Currie, et al., 2002). Ja o neurotransmissor GABA

inibbe os disparos de neurbnios dopaminérgicos, inibindo o comportamento
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alimentar. No caso dos opidides endégenos, estes estimulam o comportamento
alimentar quando atuam no PVN (Hoebel, 1979), em geral influenciando a

ingestao de alimentos com alto teor em gordura (Rosmos et al., 1987).

1.3 Estresse e Leptina

A leptina é um horménio peptidico descoberto por Zhang e colaboradores.
(1994), constituido por 167 aminoécidos (Prolo et al., 1998), produzido e liberado
pelas células do tecido adiposo branco via transcricdo do gene ob (Caldefie-
Chézet et al., 2001; Prolo et al., 1998; Zhang et al., 1994). A principal funcéo de tal
horménio consiste na modulacdo de sinais de saciedade, por meio da inibicdo da
sintese de NPY, que estimula o apetite e reduz o gasto energético (Wang et al.,
1998; Yokosuka et al., 1998). Existem varias isoformas para os receptores de
leptina, sendo que o receptor que se acredita mediar os efeitos sobre o
comportaménto alimentar encontra-se distribuido em nucleos hipotalamicos
diferenciados como o ventromedial e o lateral (Mercer et al., 1996 citado Loftus,
1999). O nucleo arqueado é um de seus sitios de acdo, sendo também sitio de
producao do NPY (Thorsell et al., 2002; Buchanan et al., 1998; Prolo et al., 1998;
Jang et al.,, 2000). Devido ao amplo espectro de acao da leptina, uma serie de
funcdes regulatdrias tem sido proposta, além do efeito anorexigénico, como a
regulacdo da homeostase energética e da funcao reprodutiva (Buchanan et al.,
1998). Estudos recentes sugerem uma interacao da leptina com outros sistemas
enddcrinos, fornecendo informagdes sobre o tamanho das reservas de gordura,

atuando como um fator que permite ao organismo desencadear situacoes de alta
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demanda energética, como a puberdade e a reproducéo, somente quando o
tamanho das reservas energéticas for suficiente para garantir o sucesso da
espécie (Casabiell et al., 2001). Além disso, a leptina pode ser produzida em
pequenas quantidades no tecido muscular, na placenta e no estdbmago (Loftus,
1999, Wang et al., 1998; Lepercq et al.,, 1998, Bado et al.,, 1998). Importante
ressaltar que os niveis de leptina encontram-se geralmente mais altos em fémeas
do que em machos, de maneira proporcional a quantidade de tecido adiposo. Tal
dado sugere uma interacao entre o tecido adiposo e o sistema reprodutivo, sendo
possivelmente a liberacao de leptina modulada de diferentes formas em machos e
fémeas, por hormdnios androgénicos e estrogénicos (Casabiell et al., 2001, Prolo
et al., 1998, Mystkowski & Schwartz, 2000).

Tem sido sugerido um papel da leptina na resposta neuroenddcrina ao
estresse (Sandoval & Davis, 2003; Prolo et al.,1998; Inui, 1999). Existem
evidéncias que sugerem uma via de regulacao da leptina sobre o eixo hibotélamo-
hipéfise-adrenal (HPA), em que o ACTH inibe a secrecao de leptina pelo tecido
adiposo e, por sua vez, a leptina aumenta a expressdo e a secrecao do ACTH
(Nowak et al., 2002). O tratamento prolongado com baixas doses de leptina causa
diminuicdo na producdo de ACTH, provavelmente mediado pelo hipotalamo, e
inbbe a resposta da corticosterona ao estresse (Nowak et al, 2002).
Adicionalmente, estudos com animais submetidos ao estresse por contengdo em
um periodo de 3 e 10 dias demonstram que os niveis de leptina encontram-se
mais baixos. Neste estudo, a infusdo de leptina antes e durante o estresse nao
impediu o efeito de perda de peso dos animais, mas diminuiu os niveis de

corticosterona em resposta ao estresse (Harris et al., 2002). A falta de
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glicocorticéides circulantes e /ou aumento da concentracdo de ACTH no plasma
determinam uma diminuicdo da leptina (Spinedi & Gaillard, 1998, Nowak et al.,
2002, Solano & Jacobson, 1999), apoiando uma intima relacao bi-direcional entre
o circuito HPA e o metabolismo do tecido adiposo. Este fato também esta
relacionado com o tipo de estresse associado a muitos fenotipos de obesidade

(Spinedi et al., 1998).

1.4 Hormonios sexuais e resposta ao estresse

A ativacado neuroenddcrina € uma das principais caracteristicas da resposta
ao estresse. Essa resposta é uniforme, mas depende do estimulo estressante
envolvido e de muitos outros fatores, incluindo o género do individuo. Os
horménios gonadais podem exercer influéncia nas respostas comportamentais dos
individuos, uma vez que eles estimulam o eixo HPA, resultando em um dimorfismo
sexﬁal em resposta ao estresse (Kelly et al., 1999). Machos diferem de fémeas em
relacdo a resposta a um estimulo doloroso (Gamaro, et al., 1997, Aloisi, 1997).
Existem também diferencas entre os géneros em relagdo ao comportamento
alimentar, até porque 0s hormoénios sexuais atuam de maneira oposta na
regulacdo do comportamento alimentar, pois geralmente a testosterona atua
estimulando o apetite, enquanto o estrogénio atua inibindo o mesmo (Mystkowski
& Schwartz, 2000). A influéncia dos horménios gonadais esta relacionada também
com a incidéncia de algumas patologias, como no caso de desordens afetivas e

distarbios alimentares (Faraday, 2002; Kornstein et al., 2002).
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Em ratos, os niveis de corticosterona e ACTH, bem como a atividade
funcional do eixo HPA, sao maiores em fémeas do que em machos, em condicdes
basais e de estresse (Jezova et al., 1996). A exposicéo a choques nas patas e a
injecdo aguda de alcool, atuando como agentes estressores, causam um aumento
na secrecdo de ACTH, corticosterona e hormédnios sexuais. Fémeas submetidas
ao choques secretam significativamente mais ACTH quando comparadas aos
machos, sendo esta diferenca abolida apdés o procedimento de retirada dos
ovarios, o que demonstra o envolvimento dos horménios sexuais na ativagdo do
eixo HPA, uma vez que tais horménios podem influenciar a atividade das
glandulas pituitaria e adrenal em algumas circunsténcias (Rivier, 1999).

Em animais submetidos ao estresse por contencédo, agudo ou crénico,
observaram-se diferencas significativas em determinadas areas cerebrais para
receptores glicococorticdides, em que fémeas apresentam mecanismos distintos
de regulacdo de receptores glicocorticdides e mineralocorticoides no hipocampo
apOs estresse cronico: existe maior propensao a ocorrerem alteracdes na
expressao dos receptores glicocorticoides no hipotalamo das fémeas do que no de
machos em resposta ao estresse por contengao (Karandrea et al., 2000).

Estudos recentes em humanos e animais demonstram o envolvimento do
eixo HPA e do eixo hipotalamo-hipdfise-gbnadas (HPG) em processos de
aprendizagem e memoria (Luine, 2002), uma vez que o estresse crbnico pode
causar uma resposta diferenciada dependente do sexo dos animais. Ratos
machos estressados cronicamente apresentaram déficit de meméoria, quando
comparados a fémeas, em testes relacionados com memoria espacial (Luine,

2002). Houve também alteracdes nos niveis de neurotransmissores e seus
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metabolitos de maneira diferenciada em fémeas e machos, sugerindo que as
respostas das aminas podem contribuir para as diferencas sexuais do estresse
sobre a memoria. No modelo de estresse variado empregado neste trabalho,
porém, ndo observamos alteracbes na memoria de animais machos (Gamaro,
1998).

Em fémeas ocorrem variagdes hormonais nas diferentes fases do ciclo
estral (Aloisi, 1997; Freeman, 1994; Geary et al., 1994), o que pode alterar o nivel
de certos neurotransmissores que podem modificar o comportamento do animal.
No pro-estro, por exemplo, observa-se um aumento nos niveis de acetilcolina em
comparacdo com as demais fases do ciclo (Aloisi, 1997), bem como uma
diminuicao nos niveis de noradrenalina no hipocampo e um aumento da atividade
serotoninérgica no sistema septo-hipocampal, o que esta associado a diferencas
sexuais em resposta a ansiedade, comportamentos defensivos e no
comportamento de esquiva inibitéria. Sabe-se que em fémeas a ingestao de
alimento é afetada pelos horménios ovarianos, sendo que niveis altos de estradiol
inibem a ingestao de alimento e diminuem o peso corporal (Bonavera et al., 1994;
Mystkowski & Schwartz, 2000). Desta forma, existem variacdes na ingestao de
alimento, bem como tamanho e numero de refeicées durante o ciclo estral e este
fato deve-se a flutuagdo dos niveis dos hormodnios ovarianos. A ingestdo de
alimento é diminuida no pré-estro, quando os niveis de estrogénio estao elevados.
O contrario é observado nas fases de metaestro e diestro, em que os niveis de
estrogénio caem e a ingestdo aumenta (Varma et al., 1999). A progesterona
exerce um efeito estimulante sobre o apetite, podendo muitas vezes reverter o

efeito inibitdrio causado pelo estradiol (Mystkowski & Schwartz, 2000). Mudancas
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em relacdo ao consumo de alimento e a preferéncia por alimentos adocicados em
mulheres no periodo pré-menstrual tém sido relatadas (Kuga et al., 1999), além de
alteracbes na percepcdo de sacarose, cujo limiar estd diminuido durante a pré-

ovulagédo e aumentado durante a menstruagao e pds-ovulacao (Than et al., 1994).

1.5 Estresse e Transtornos Afetivos

Tem sido sugerido que anormalidades na resposta do eixo hipotalamo-
hipdfise-adrenal podem estar associadas com uma variedade de estados
patolégicos. Transtornos afetivos sdo alguns dos problemas que podem aparecer,
por exemplo, na sindrome de Cushing e na doenca de Addison, patologias estas
que refletem alteracdes nos niveis de glicocorticéides pelo mau funcionamento da
glandula adrenal, acarretando distirbios metabdlicos na utilizagdo de energia e na
resposta ao estresse (Michelson et al., 1995). No caso da depressdo maior, por
exemplo, existe uma hiper-ativacdo do eixo HPA onde ocorre um aumento na
producgao de cortisol e possivel excesso de CRH (Michelson et al., 1995).

Além disso, sabe-se que o estresse pode precipitar o aparecimento de
doencas afetivas ou ser um fator de predisposicao para estas (Malysko et al.,
1994, Ferreti et al., 1995). Os glicocorticoides afetam o comportamento e o humor.
Alteragdes no eixo HPA sdo encontradas em pacientes deprimidos, o que sugere
um papel importanie destes hormonios na etiologia da depressdo e de outras
doencas afetivas (Chalmers et al., 1993). O sistema serotoninérgico também tem
um papel importante em indmeras fungdes cerebrais, incluindo a reacédo ao

estresse, a depressao e a ansiedade (Nishi & Azmitia, 1996).
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Existe uma interrelagdo entre transtornos afetivos e o estresse. O modelo
de estresse cronico variavel, por exemplo, tem sido utilizado na investigacdo
experimental da depressdo (Ferreti et al,, 1995), uma vez que este modelo
mostrou-se capaz de induzir anedonia, um dos efeitos mais importantes
apresentados em transtornos afetivos dessa natureza. Em geral, este efeito é
testado por medidas de consumo de sacarose (Willner et al., 1987),
condicionamento de preferéncia de lugar (Papp et al., 1991; Willner et al., 1992) e
auto-estimulagao intracraniana (Moreau et al., 1992).

A exposicao a estresses agudos e cronicos pode estar associada a
desordens neurolégicas e psicolégicas, que tém sido atribuidas, em parte, a
efeitos neurotdxicos do estresse em neurdnios hipocampais (Moghaddam et al.,
1994). O estresse agudo altera a neurotransmissao das catecolaminas (dopamina,
noradrenalina e serotonina) (Malysko et al., 1994; Paris et al., 1987; Nishi &
Azmitia, 1996; Chaouloff, 1993; Cuadra et al.,, 2001). Pouco se sabe sobre
alteracoes causadas a longo prazo, como situacdes de estresse cronico, sobre a
neurotransmissao serotoninérgica. Considerando a eficacia de inibidores da
recaptacao de tal neurotransmissor no tratamento da depressao, é possivel que a
serotonina possa estar envolvida com o desenvolvimento ou na expressao do
estresse relacionado ao estado depressivo.

Os glicocorticoides liberados por meio da resposta ao estresse induzem a
atividade da enzima triptofano-hidroxilase no nacleo da rafe, estimulando a sintese
e a utilizac&o de serotonina nos terminais sinapticos (Chalmers et al., 1993; Singh
et al., 1990; Chaouloff, 1993). Os dlicocorticdides podem também modular

diretamente a neurotransmissao serotoninérgica por meio da regulacao dos niveis
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de receptores (Biegon et al., 1985). Varios estudos demonstraram que os
receptores para serotonina, no caso os 5HTia, s&0 sensiveis aos niveis de
glicocorticéides circulantes (Nishi & Azmitia, 1996).

A Na" K-ATPase é a enzima responsavel pelo transporte ativo dos ions
sodio e potassio no sistema nervoso central, mantendo o gradiente ibnico
necessario para a excitabilidade neuronal e a regulacdo do volume celuiar. Esta
enzima encontra-se em altas concentracdbes em membranas celulares,
consumindo cerca de 40-50% da energia gerada pelo ATP naquele tecido
(Erecinska & Silver, 1994). Sua atividade esta diminuida em pacientes portadores
de doencas psiquiatricas, como, por exemplo, pacientes com depressao bipolar
(Nayior et al., 1980; Hokin-Neaverson e Jefferson, 1989; Mynett-Johnson et al,,
1998; Wood et al., 1991).

Alguns modelos de estresse cronico variado tém sido propostos como
sendo modelos de inducao de depressdo em animais (Pucilowski et al., 1993; Katz
et al., 1981; Wiliner, 1991). Nestes modelos, os animais sao expostos a diferentes
estressores por varios dias. A resposta a estimulos de recompensa apresenta-se
diminuida nos animais submetidos ao estresse, e tal fato € demonstrado por testes
que mostram reducdo no consumo de solucdes palatédveis, como solucdes
contendo sacarose, o que pode ser interpretado como anedonia, um dos sintomas
do estado depressivo.

Fluoxetina e os antidepressivos que atuam por meio do mecanismo de
inibicdo da recaptacdo da serotonina sdo freqlentemente usados para o
tratamento da depressao (Bergstrom et al.,, 1988). A serotonina (5-HT) esta

intimamente envolvida na patofisiologia de doencgas afetivas (Van Praag et al.,

19



1990), e sua remoc¢do da fenda sinaptica é dependente da captacdo de sédio por
transportadores localizados na membrana plasmatica das células pré- sinapticas
(Worrall & Willians, 1994; Lesch et al., 1993). Existe uma associacéo entre estes e
a atividade da enzima Na*,K-ATPase (Lesch et al., 1993). Dados recentes de
Zanatta e colaboradores (2001) demonstraram'que a administragao cronica de

fluoxetina aumenta significantemente a atividade da enzima Na',K*-ATPase no

cérebro de animais normais.

1.6 Objetivos

Tendo em vista 0 exposto acima, sdo objetivos desta tese:

= avaliar os niveis de aminas biogénicas em machos submetidos ao estresse
cronico variado e relacionar com alteracdes no comportamento alimentar;

» avaliar os efeitos do estresse crbénico varidvel sobre o comportamento
alimentar em fémeas;

* determinar a atividade da enzima Na*,K*-ATPase no hipocampo de fémeas
estressadas cronicamente e em fémeas estressadas e submetidas a um
tratamento cronico com fluoxetina;

» relacionar o efeito comportamental com os niveis séricos de leptina nas
fémeas tratadas com fluoxetina;

* avaliar os efeitos dos horménios ovarianos (especialmente o estradiol) em
relacdo ao comportamento alimentar, na vigéncia da ovariectomia;

» relacionar as alteragdes causadas pelo estresse crbnico variado com o

comportamento alimentar e os niveis de leptina de {émeas ovarectomizadas.
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1.7 Organizacao dos trabalhos que comp6em esta tese

O Capitulo Il aborda os efeitos do tratamento de estresse crdnico variado sobre
os niveis de dopamina e serotonina em diferentes estruturas cerebrais em ratos
machos. Os resultados publicados em Neurochemistry International (42:107-114,
2003) descrevem também o efeito do estresse crbnico variado sobre o
comportamento alimentar, causando a diminuicao do consumo de alimento doce,
acompanhada pela diminuicdo da neurotransmisséo dopaminérgica no hipotalamo
e do aumento da neurotransmissao serotonérgica no hipocampo, sendo também
analisados os niveis destes neurotransmissores em outras estruturas cerebrais.
No Capitulo 1ll foram analisados os efeitos do estresse crbnico variado sobre o
comportamento alimentar em fémeas. Outro parametro avaliado foi a atividade da
enzima Na®,K*-ATPase hipocampal que apresentou-se inibida nos animais
submetidos ao estresse. Os resultadbs publicados em Neurochemical Research,
(28: 1339-1344, 2003) demostraram que o tratamento com fluoxetina reverte a
acao causada pelo estresse sobre a atividade da enzima.

No Capitulo IV foram avaliadas a influéncia do estresse sobre os niveis de leptina
e a interacao entre o tratamento cronico com fluoxetina com os niveis de leptina
dos animais submetidos ao estresse. O artigo que foi submetido para revista
Physiology & Behavior demostra que o efeito inibitério do estresse sobre o apetite,
que ocorre com o0s animais submetidos ao estresse, parece estar relacionado aos

niveis aumentados de leptina. O tratamento com fluoxetina diminuiu os niveis de
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leptina nos animais estressados, ndo apresentando estes animais o efeito do
estresse sobre o comportamento alimentar.

O Capitulo V busca relacionar os efeitos do estresse sobre os niveis de leptina
em animais ovarectomizados que receberam reposicdo hormonal de estradiol. Os
animais submetidos ao estresse apresentaram diminuicdo no consumo de doce,
porém os animais do grupo estressado que recebeu estradiol apresentaram um
aumento no consumo de doce. Os resuitados do artigo, publicados na revista
Pharmacology Biochemistry and Behavior (76: 327-333,2003) descrevem a
possivel interac@o entre a reposicao de estradiol sobre os efeitos do estresse e

niveis de leptina, que também parece ser modulada pelo estradiol.
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Capitulo II - ARTIGO 1

Efeitos do Estresse Cronico Variado sobre o comportamento alimentar
e niveis de monoaminas em diferentes estruturas cerebrais de ratos

Neurochemistry International (2003) 42:107-114
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Abstract

Chronic variate stress was seen to decrease the ingestion of sweet food when compared to control rats. Brain monoamines are known
to be involved in the control of food intake, serotonin appears to be involved in the mechanisms of satiety, and dopamine in mediating
appetite or approach behaviors triggered by incentive stimuli associated with rewards. The effect of chronic variate stress on cerebral
levels of monoamines was also studied in rats. Increased levels of DOPAC were observed in the frontal cortex and in the hippocampus
and an increased 5-HIAA/5-HT ratio was also observed in this latter structure. In the hypothalamus, levels of HVA and DOPAC were
decreased, as well as the DOPAC/DA ratio, while no difference was found in amygdala. During the treatment, there were no differences
in the consumption of water and regular food between stressed and control animals. An increase in the adrenal weight was observed at
the end of the treatment. The results suggest that emotional changes, such as exposure to stress situations can influence feeding behavic
chronic variate stress causes decreased ingestion of sweet food and decreased dopaminergic neurotransmission in hypothalamus. Increas
dopamine metabolite levels in the cortex and hippocampus were also observed and some of these modifications may be related to alteration:s
in feeding behavior.
© 2003 Elsevier Science Ltd. All rights reserved.
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1. Introduction exposed to different weak stressors for several days. The re-
sponse to rewarding stimuli is diminished, as demonstrated
Emotional changes, such as exposure to stress situation®y tests showing reduced sucrose consumption, which is in-
can influence feeding behavior, and several studies haveterpreted as anhedonia. Thus, different models of stress can
demonstrated that chronic exposure to stressors may aldead to different effects concerning feeding behavior.
ter food intake and body weight of rats. For example, in-  Studies in humans have provided further evidence of
escapable shock can affect food intake and reduce weightovereating induced by emotional experiencést¢s, 1992
gain with shocked rats gaining significantly less weight than Increased consumption of carbohydrates has been observed
restrained and not treated raBess et al., 1988 Previously, following exposition to stressLévine and Marcus, 1997
we observed that animals repeatedly stressed by restrainSometimes, patients exposed to stress present the tendency
show increased ingestion of sweet fodely( et al., 1997. to overeat carbohydrates to make themselves feel better.
It should be pointed out, however, that there is a certain This effect is believed to be related to the property of car-
degree of predictability in studies using repeated restraint, bohydrate consumption, acting via insulin secretion and
when compared to models using different stress#asz the “plasma tryptophan ratio” to increase serotonin release,
et al., 1981; Willner, 1991: Konarska et al., 1990: Willner which is also involved in functions, such as mood control
et al., 1987; Ferreti et al., 1999n addition, some models  (Wurtman and Wurtman, 199%nd in controlling feeding
of chronic mild stress have been proposed as models of de-behavior in mammals. In pharmacological studies, drugs
pression in animals studie®(cilowski et al., 1993; Katz  that increase post-synaptic serotonergic stimulation rou-
et al., 1981; Willner, 1990, 1991In these models, rats are tinely decrease food consumption in mammalian species
ranging from rodents to human and non-human primates
* Corresponding author. Tel:55-51-316-5540; fax+-55-51-316-5540.  (Halford and Blundell, 2000; Arkle and Ebenezer, 2000;
E-mail addressgamaro@zipmail.com.br (G.D. Gamaro). Finn et al., 2001; Vickers et al., 2001; Brown et al., 201
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In contrast, agents that block post-synaptic serotonin re- the institutional guidelines and according to the recommen-
ceptors or that diminish serotonergic neurotransmission by dations of the International Council for Laboratory Animal
activating autoreceptors often increase food intake. The Science (ICLAS), and all efforts were made to minimize
general consensus developed, therefore, is that 5-HT serveanimal suffering as well as to reduce the number of animals.
an inhibitory role in feedingSimansky, 1996

Besides serotonin, dopamine is also believed to be in-2.3. Stress model
volved in the control of food intakeJrosco and Nicolaidis,
1992, and stress has been shown to alter normal seroton- Chronic variate stress was modified from other models
ergic and dopaminergic neurotransmissibfalyszko etal.,  of variate stressWillner et al., 1987; Konarska et al., 1990;
1994; Paris et al., 1987; Nishi and Azmitia, 1996; Chauloff, Papp et al., 1991; Muscat et al., 1992; Murua and Molina,
1993; Cuadra et al., 20R1Although little is known about  1992. The animals were divided in two groups: control and
the long-term alterations in these systems caused by chronicstressed. Controls were kept undisturbed in their home cages
stress, the efficacy of serotonin selective reuptake inhibitors quring the 40 days of treatment. A 40-day variate-stressor
in treating depression suggests that serotonin may be in-paradigm was used for the animals in the stressed group. In-
volved in the development or expression of stress-related dividual stressors and length of time applied each day are

depression. In addition, a role for dopamine as part of the isted in Table 1 The following stressors were used: (a)
biochemical basis of depression has also been suggesteg4h of food deprivation; (b) 24h of water deprivation;

(Willner, 1983; Zacharko and Anisman, 1991; Kapur and
Mann, 1992; Tanda et al., 196

At the neurochemical level it is important to correlate
changes in behavior with neurobiological modifications,

Table 1
Schedule of stressor agents used during the chronic treatment

such as altered monoamine activity. The aim of the presentPa of treatment Stressor used Duration
study was to verify the effect of a chronic variate stress 1 Water deprivation 24h
model on feeding behavior (sweet food and standard chow 2 Food deprivation 24h
intake) and on monoamine (serotonin, dopamine and their i :zg:::m gjﬂ
metabolites) levels in different brain regions related to food solation 24h
intake and involved in the stress response. 6 Flashing light 3h
7 Food deprivation 24h
8 Forced swimming 10min
2. Experimental procedures 9 Restraint 1h
10 Water deprivation 24h
. 11 No stressor applied -
2.1. Chemicals 12 No stressor applied -
13 Restraintt- cold 2h
Chemicals for high-performance liquid chromatographic 14 Flashing light 25h
analysis were purchased from Baker (Pittsburg, PA, USA) 12 EOOd gepriva@“ igh_
: orcea swimmin min
and were of analytical grade. 17 solation 9 oah
18 Isolation 24h
2.2. Animals 19 Isolation 24h
20 Water deprivation 24h
Adult male Wistar rats (60 days old; 180—230 g of weight) 2% Food deprivation 24h
were used. Twenty-nine animals were used in the behavioralzg E:;T;gt“ght 32
measurements and 19 rats were used to measure monoaming, Isolation 24h
levels. The experimentally naive animals were housed in 25 Isolation 24h
groups of four or five in home-cages made of Plexiglas ma- 26 Restraint+ cold 1s5h
terial (65 cmx 25cmx 15cm) with the floor covered with ;Z; Eggﬁi‘r’] smming ;gg"”
sawdu;t. They were maintained under a standard dark-light,,q NoO stregsc?r applied -
cycle (lights on between 7:00 and 19:00 h) at room tempera- 3q Food deprivation 24h
ture of 22+ 2°C. The rats had free access to food (standard 31 Restraint 3h
rat chow) and water, except for the stressed group during32 Flashing light 2h
the period when the stressor applied required no food or 33 Water deprivation 24h
water. During thg treatment, the_ingestion of rat chow and 5o ngggjnstjvifnorfmg 2f5min
water was monitored. Body weight was measured at the 3¢ Isolation 24h
beginning and at the end of the treatment. After sacrificing 37 Isolation 24h
the animals, the adrenal gland weight was evaluated as ari8 No stressor applied -
indirect parameter of hypothalamic-pituitary-adrenal axis 3° Flashing light sh
Forced swimming 10 min

activation. All animal treatments were in accordance with
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(c) 1-3h of restraint, as described later; (d) 1.5-2h of re- 2.5. Monoamine measurement
straint at #C; (e) forced swimming during 10 or 15 min,
as described later; (f) flashing light during 120-210min;  The animals were sacrificed by decapitation 24 h after
(9) isolation (2—3 days). Stress application started at differ- the last stress session, to minimize its immediate effects
ent times everyday, in order to minimize its predictability. ~on neurotransmitter metabolism. Brains were quickly re-
Restraint was carried out by placing the animal in a moved and placed on an inverted Petri dish on ice, where
25cmx 7 cm plastic tube and adjusting it with plaster tape hippocampus, frontal cortex (approximately between 1.2
on the outside, so that the animal was unable to move.and 3.2mm anterior to Bregma), hypothalamus (including
There was a 1 cm hole at the far end for breathing. Forcedthe preoptic area), and amygdala were dissected, accord-
swimming was carried out by placing the animal in a glass ing to the atlas byPaxinos and Watson (199&nd frozen
tank measuring 50 cm 47 cmx 40 cm with 30cm of wa-  in aluminum foil (=70°C). On the day of the assay, tis-
ter at 23+ 2°C. Exposure to flashing light was made by sue samples were weighed and sonicated inuZ0RCA
placing the animal in a 50 cm-high, 40 cen60cm open (percloric acid) (amygdala and hypothalamus) or 0O
field made of brown plywood with a frontal glass wall. PCA (hippocampus and frontal cortex) for 3s and cen-
A 40W lamp, flashing at a frequency of 60 flashes/min, trifuged at 4C for 15min at 10,000< g. The pellet was

was used. discarded and dopamine (DA), 3,4-dihydroxyphenylacetic
acid (DOPAC), homovanillic acid (HVA), serotonin (5-HT)
2.4. Consumption of sweet food, water and lab chow and 5-hydroxyindoleacetic acid (5-HIAA) tissue concentra-

tions were analyzed in the supernatants using high pressure

After 40 days of treatment, consumption of sweet food liquid chromatography coupled with electrochemical detec-
was measured in 29 animals (14 controls and 15 stressed)tion (HPLC-EC) (sensitivity 10 and 20 nA and oxidation
The animals were placed in a lightened rectangular box potential 0.85V) as previously describedo(sson et al.,
(40cm x 15cm x 20cm) with a glass ceiling, floor and  1980; Claustre et al., 1986Chromatoghraphic separations
side walls made of wood. Ten Froot loops (Kellodiys were performed using a C18 column (250 nxm.6 mm)
pellets of wheat and corn starch and sucrose) were placeddacked on microparticulate (8m). The mobile phase
in one extremity of the box. Animals were submitted to five consisted of 0.15M citric acid, 0.015% sodium octyl sul-
3min trials, one per day, in order to become familiarized fate, 3.2% acetonitrile (v/v); 1.2% tetrahydrofurane (v/v);
with this food Ely et al., 1997. After being habituated, 1.0 mM EDTA in double distilled water, pH 3.0. The mobile
the animals were exposed to two test sessions, 3 min eachphase was filtered through a Qubh filter, degassed under
when the number of ingested pellets was measured. A pro-vacuum and delivered at a flow rate of 1.0 ml/min. The po-
tocol was established so that when the animal ate part of thesition and height of the peaks in tissue homogenates were
Froot loops (e.g. 1/3 or 1/4) this fraction was considered. measured and compared to jg0samples of an external
These two evaluations were made with the animals submit- calibrating standard solution containing 5ng each of DA,
ted to fasting (during a period of 22 h prior to the behavioral DOPAC, HVA, 5-HT and 5-HIAA. Concentrations of these
task) or with animals fed ad libitum. These evaluations were substances in the samples were calculated and expressed as
made since food deprivation, which is used in many behavior ng/g wet tissue. The activity (turnover) of the dopaminergic
tasks as a motivating stimulus, may also be an acute stressoaind serotonergic systems were expressed as DOPAC/DA,
(Katz et al., 198} Food deprivation increases serum cor- HVA/DA, and 5-HIAA/5-HT rations.
ticosterone levels and decreases dopaminergic activity after
eating food Pothos et al., 1995 2.6. Statistical analysis

Food and water intake were evaluated in stressed and con-
trol rats. The measurements were made before each daily Data were expressed as meai$.E.M. Chow and water
stress session. Data from days when the stressor applied waimtake, and sweet food intake were analyzed using repeated
food or water deprivation were not considered, as well as measures ANOVA. Body weight, adrenal weight, as well as
data obtained immediately following these days. Food intake monoamine levels were analyzed using Studertést.
was measured by weighing the amount of standard chow
put into the feeders and weighing the amount that remained
in them, and is expressed as grams of food consumed pe. Results
animal in 24 h. Since the animals were housed in groups of
four or five per cage, food intake in each of the 10 cages Food and water intake were evaluated in stressed and con-
used in this study was measured and the mean intake wagrol rats (data not shown). Analyzing food and water intake,
averaged across 10-day blocks and expressed as grams akpeated measures ANOVA showed no effect of time, no
food consumed per animal. Liquid intake was measured asdifference between the groups, and no interaction between
the difference between the amount of water put in the drink- group and time P > 0.05 in all cases).
ing bottle and the remaining amount, and is expressed as the Body weight before and after the treatment in 29 ani-
mean intake of liquid per rat in 24 h. mals is shown irig. 1 For body weight, repeated measures
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g 20 4 018 5-HIAA/5-HT ratio, is shown inTable 2 A Student’st-test
© £ revealed a significant effect of the chronic treatment on
04 Lo ©® 5-HIAA/5-HT ratio in hippocampus, with an increased ratio
control stressed in chronic stressed animals({7) = 2.1; P < 0.05). This
_ stress model had no effect upon any of the other structures
|='a;" e"a:!‘ge['jgm _ analyzed (Student'stest, P > 0.05).
adrenakhody weight The effect of chronic variate stress on dopamine and its

Fig. 1. Body weight and adrenal weight after chronic variate stress during metabolite levels in different brain structures, as well as the
40 days. (A) Body weight before and after chronic stress. (B) Adrenal DOPAC/DA and HVA/DA ratios, is shown iffable 3 A
weight and adrenal/body weight ratio after the treatment. Data expressed asStudent’st-test revealed a significant effect of the chronic
mean+ S.E.M. (#) Significantly different from control group (Student's  treatment on DOPAC and HVA levels in hypothalamus
ttest, P < 0.05). (t(17) = 3.2, P < 0.005 for DOPAC; (17) = 2.55,
P < 0.05 for HVA), which were decreased, in addition to
a decreased ratio of DOPAC/DA(L7) = 2.33, P < 0.05).
ANOVA showed an effect of timef{(1, 27) = 1309; P < DOPAC levels were increased in hippocampu€l]) =
0.001], since both groups gained weight and a marginal in- 2.38, P < 0.05) and frontal cortex:(17) = 3.72, P <
teraction between time and treatmefit], 27) = 3.56; P = 0.005). No effect was observed in amygdala £ 0.05 in
0.070]. Adrenal gland weight was measured as an index of all cases).
chronic stress. Studenttstest indicates that adrenal/body
weight ratio was increased in stressed ratd7) = 6.38;

P < 0.005 for the adrenal/body weight ratio]. Table 2
The effect of chronic variate stress upon the intake of The 5-HT, 5-HIAA levels, and 5-HIAA/5-HT ratio in amygdala (AMY),

Froot loops in fasted and non-fasted rats is showfign 2 hypothalamus (HPT), hippocampus (HPC), and frontal cortex (CTX) in
A repeated measures ANOVA revealed a significant effect of control and chronic stressed animals

the chronic treatmentH(1, 27) = 5.13, P < 0.05], where S-HT S-HIAA 5-HIAA/5-HT

the stress determined a decreased intake. The fasted animalsontrol group K = 10)

showed an increased mean intake when compared to nor- AMY 626.0 + 36.1 543.8+ 32.3 0.89+ 0.07
mally fed animals [ (1, 27) = 3102, P < 0.001]. There HPT 624.7+ 48.6 637.8+ 59.7 1.07+ 0.12
was no interaction between stress treatment and fed state 1°¢ 354.14 39.0 376.24 32.0 111+ 0.10

CTX 434.0+ 55.1 300.7+ 16.1 0.87+ 0.18

[F(1,58 = 0.89; P > 0.05], i.e. stress decreased sweet _
food consumption either in the fast or in the fed state. When Chronic stressed groupN(= 9)

oo : . . AMY 626.1 4+ 24.5 585.1+ 31.9 0.94+ 0.04
gon;umptlon is related 'go body weight, thls dgcreased inges- | or 645 34 33.6 5761+ 54.3 0,924 0.09
tion is still observed, with a 19% reduction in the stressed pc 277,04 35.6 37994 34.7 144+ 017"
rats in the fed state, but a smaller (around 5%) reduction in cTx 485.8+ 79.8 322.6+ 24.7 0.84+ 0.14
the fast state. Values are meait S.E.M.

The effect (?f Chronic Varif_ite stress on serotonin and  « significant difference from control group by Studentiest, P <
5-HIAA levels in different brain structures, as well as the 0.05.
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Table 3
Dopamine (DA), DOPAC and HVA levels, and DOPAC/DA and HVA/DA ratios in amygdala (AMY), hypothalamus (HPT), hippocampus (HPC), and
frontal cortex (CTX) in control and chronic stressed animals

DA DOPAC HVA DOPAC/DA HVA/DA
Control group N = 10)
AMY 1135.9 + 125.6 446.1+ 64.5 204.8+ 25.4 0.38+ 0.03 0.20+ 0.04
HPT 235.14 23.7 100.4+ 10.2 130.4+ 25.8 0.51+ 0.10 0.67+ 0.18
HPC 56.3+ 12.9 25.8+ 2.9 34.4+ 14.3 0.72+ 0.19 0.84+ 0.45
CTX 434+ 6.3 34.2+ 3.9 121.4+ 53.2 0.94+ 0.16 437+ 2.50
Chronic stressed groupN(= 9)
AMY 1081.4 + 171.2 332.14 47.1 176.3+ 22.0 0.33+ 0.04 0.21+ 0.05
HPT 245.6+ 59.4 53.7+ 10.45 55.6+ 14.0" 0.25+ 0.04" 0.29 + 0.08
HPC 40.4+ 8.0 52.64 11.4" 58.0+ 12.5 245+ 1.27 2.22+ 0.93
CTX 68.60+ 13.46 87.45+ 13.78" 103.7+ 27.4 1.71+ 0.42 2.32+ 0.85

Values are meatt S.E.M.
* Significant difference from control group by Studenttest, P < 0.005.
T Significant difference from control group by Studenttest,P < 0.05.

4. Discussion increased sweet food ingestioBly et al., 1997, which is
interpreted as an expression of increased levels of anxiety in
In this study, we observed a decreased appetite for sweetchronically stressed animals, since this effect is reversed by
food in response to chronic variate stress, whereas therediazepamEly et al., 1997. On the other hand, some models
was no alteration in the intake of habitual rat chow in of chronic mild stress have been reported to lead to a wide
chronically-stressed rats. Both groups (control and stressedyange of behavioral disturbancd&atz et al., 1981; Willner,
gained weight. The adrenal hypertrophy observed may be1991; Basso et al., 1993ncluding decreased responses to
considered an index of the effectiveness of the stress modelrewarding stimuli, as demonstrated by decreased sucrose
When considering changes in body weight or adrenal consumption \(illner et al., 1987; Ferreti et al., 199and
weight, chronic variate stress has been observed to possiblyplace preference conditionin@4pp et al., 1991, 1992
induce a significant reduced gain in body weight, as well  The chronic mild stress paradigm consists of exposing
as an increase in the adrenal weight after Har(¢o et al., rats to different weak stressors for several days and it is
2007 or 28 days Konarska et al., 1990These last authors  believed to be an animal model of decreased response to
found increased HVA levels in the frontal cortex of ani- rewards (anhedonia)/Gliner, 1990; Daquila et al., 1994
mals submitted to chronic variable stress, but not reducedalthough some authors have not observed a reliable decrease
sucrose intake or preference in non-deprived animals. Ani- in sucrose consumption after chronic mild stregaithews
mals exposed to chronic variable stress which were tested let al., 1995; Nielsen et al., 20Q)0Opossibly because of
week later for sucrose preference (1%) showed a reductiondifferent sensitivity to stress by different rat strains. The
in sucrose preference only when they were later exposedchronic stress model used in the present study was adapted
to restraint Zurita et al., 200R Data from our laboratory  from various models of chronic mild stres@/i{iner et al.,
show reduced consumption of sweet food after at least 301987; Echandia et al., 1988; Konarska et al., 1990; Papp
days of stress. Therefore, it appears that animals submittedet al., 1991; Muscat et al., 1992; Murua and Molina, 1992
to chronic variable stress may present other effects, such aslthough some different stressors were used. The absence
increased adrenals after just 2 weeks of stress, while behav-of predictability of the stressor applied is an important char-
ioral changes, such as the one observed here may need moracteristic of this model and may be related to the different
time to develop. effects observed in these animals when compared to other
Some studies fess et al.,, 1988; Hargreaves, 1990; models in which repeated stress is used and higher consump-
Konarska et al., 1990; Harro et al., 2Q0iave reported tion of sweetfood is observettly et al., 1997; Silveiraetal.,
that chronic exposure to stressors of a certain severity de-2000.
creases food intake and body weight of rats. Despite this, Brain monoamine levels change after acute stress, and
the type, duration or severity of stress and the predictability chronic exposure to stress may present different effects on
of the stressor applied may modify the responses to stresghese neurotransmitters. For example, in the prefrontal cor-
(Hargreaves, 1990; Paré and Redei, 1993; Pucilowski et al.,tex, increased extracellular levels of dopamine are observed
1993; Marti et al., 1994 Morley et al. (1986)proposed that  after acute stres®gtch et al., 1990; Imperato et al., 1992;
stress can lead to either decreased or increased feeding, desorg and Kalivas, 19930n the other hand, chronic stress
pending on the nature of the stressor. For instance, repeateaver several daysroperato et al., 1992; Mangiavacchi et al.,
restraint stress leads to alterations in feeding behavior with 2007) reduces DA output. Studies suggest that mechanisms
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involving central dopamine and serotonin systems are nec-been suggested that the changes in dopamine activity may
essary for a normal eating response to sweet tasting stimulibe related to coping attempts made by the ani@abib and
independently of hunger perceptiddl@ndell, 1991; Orosco  Puglisi-Allegra, 1993 In addition, it has been suggested
and Nicolaidis, 1992; Ahn and Phillips, 1999; Orosco et al., that DA activity in medial prefrontal cortex is influenced
2000; Collin et al., 2000; Voigt et al., 2000; Pitts and Horvitz, by the sensory incentive properties of food, and increases,
2000. signaling the relative salience of food&hn and Phillips,

In this study, an increased serotonergic activity was 1999. This observation contrasts with our observation that
observed in hippocampus in chronic stressed animals. Sincancreased metabolism of dopamine is observed together
the hippocampus is a brain structure with a high density of with decreased appetite for sweet food. On the other hand,
glucocorticoid receptors, this increased serotonergic activ- DA transmission in prefrontal cortex is also enhanced by
ity may be a result of glucocorticoid action in this structure aversive stimuli Di Chiara et al., 1999 as a result, the
(Chalmers et al., 1993; Nishi and Azmitia, 199&n in- alteration observed in frontal cortex in the present study
crease in the levels of glucocorticoid hormones, one of may be an effect of the exposure to the stress model.
the main biological responses to stress, is known to alter Decreased dopaminergic activity (as shown by decreased
serotonin metabolism in the central nervous system and pe-DOPAC/DA and HVA/DA ratios) was observed in hy-
riphery (Paris et al., 1987; Malyszko et al., 1994; Nishi and pothalamus. Dopaminergic and serotonergic activities in
Azmitia, 199§. Increased 5-HT turnover and tryptophan hy- hypothalamus are related to feeding behavidrosco and
droxylase activity, the rate limiting biosynthetic enzyme for Nicolaidis, 1992; Collin et al., 2000; Fetissov et al., 2000;
serotonin, appear to be sensitive to circulating corticosteroid Vry and Schereiber, 2000Dopamine is involved in mo-
levels Singh et al., 1990; Chalmers et al., 1993; Chauloff, tivation and it is believed to mediate appetite or approach
1993. Electrophysiological evidence indicates a direct in- behaviors triggered by incentive stimuli associated with
teraction between 5-HT and corticosteroid-responsive hip- rewards Berridge and Robinson, 1998; Ahn and Phillips,
pocampal neuron®gmitia et al., 1984; Joels and de Kloet, 1999. DA is also involved in mechanisms of inhibition of
1992; Joels et al., 1995; Joels et al., 1JpRemoval of cir- food intake, mainly on lateral hypothalamus, while in the
culating corticosteroids by adrenalectomy results in anatom- medial hypothalamic nuclei it is associated with stimula-
ically specific decreased indices of 5-HT metabolism, while tion of food intake Fetissov et al., 2090 Although the
stressful procedures, which raise corticosteroid levels, causephysiological significance of dopamine release in the hy-
increases in 5-HT turnoveChalmers et al., 1993; Malyszko  pothalamus in food intake regulation remains incompletely
et al., 1994; Nishi and Azmitia, 1996 understood, evidence points to a relationship with the pro-

Enhancing activity at post-synaptic serotonergic receptors cess of hunger and satietpiosco and Nicolaidis, 1992;
reduces the amount of food eaten during a meal and de-Fetissov et al., 2000 Since brain monoamines respond
creases the rate of eatin§ifnansky, 1995 In this study, differently to acute or chronic stress, we do not know at
however, the only structure presenting increased seroton-which time of stress treatment changes in hypothalamic
ergic activity was the hippocampus. In the hippocampus, monoamines develop, or if they coincide with changes in
5-HT is thought to influence mood and also to interact with sweet food consumption. More detailed studies in specific
the brain-pituitary-adrenal axisSiegel, 1993 In addition, hypothalamic regions in this stress model are needed to help
the hippocampus has been implicated in the organization ofto understand the effects of chronic stress on monoamines
meal patternClifton, 2000, with little evidence of an influ- and its relation with eating behavior.
ence on body weight regulation. It is possible that the altered Dopamine seems to regulate food intake by modulat-
serotonergic activity in hippocampus is not related to the ing food reward Klartel and Fantino, 1996; Balcioglu and
decreased sweet food consumption observed after chronidNurtman, 1998 We do not yet know what the effect of
stress, since 5-HT has been shown to be involved in the dopamine receptor antagonists would be on sweet food in-
modulation of feeding behavior mainly in other structures, take in chronically stressed rats, but certainly this is an ex-
such as the hypothalamukegijbowitz et al., 1990; Orosco  periment that would bring some light to the mechanisms by
and Nicolaidis, 1992; Simansky, 1996; Collin et al., 2000; which chronic variable stress acts on feeding behavior. It is
Vry and Schereiber, 200tand the amygdalaP@arker and possible that one of the effects of chronic mild stress is to
Coscina, 2001; Parker et al., 2001 modify, at the neurobiological level, the motivational and/or

In the present study, we observed increased levels ofreinforcing properties of sweet food, in this case decreas-
DOPAC in hippocampus and frontal cortex, suggesting ing the activity of those systems involved in motivation and
an increased catabolism of DA to DOPAC by intraneu- reward.
ronal monoamine oxidase, which may reflect increased These results suggest that chronically stressed rats that
metabolism of dopaminergic neurons in these structures.show decreased motivation toward normally pleasurable
This finding agrees with other reports in the literature which stimuli had a significant decrease in dopaminergic activity in
report that exposure to mild stress increases the dopamin-hypothalamus. It is possible that alterations in monoamine
ergic activity in several brain region3lfierry et al., 1976; activity may help to explain some of the effects of chronic
Jedema and Moghaddam, 1994; Roth et al., 19B&as stress on behavior. The exact neurobiological mechanism
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involved in this effect after chronic stress, and if there is a Echandia, E.L.R., Gonzalves, A.S., Cabrera, R., Fracchia, L.N., 1988. A
relationship between brain monoamines and the anorexic further analysis of behavioral and endocrine effects of unpredictable

effect of chronic stress, still requires further study. chronic stress. Physiol. Behav. 43, 789-795. _
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The effect of a model of depression using female rats on Na*, K™-ATPase activity in hippocampal
synaptic plasma membranes was studied. In addition, the effect of further chronic treatment with
fluoxetine on this enzyme activity was verified. Sweet food consumption was measured to evaluate
the efficacy of this model in inducing a state of reduced response to rewarding stimili. After 40 days
of mild stress, a reduction in sweet food ingestion was observed. Reduction of hippocampal Na™,
K*-ATPase activity was also observed. Treatment with fluoxetine increased this enzyme activity
and reversed the effect of stress. Chronic fluoxetine decreased the ingestion of sweet food in both
groups. This result is in agreement with suggestions that reduction of Na*, K™-ATPase activity is
a caracteristic of depressive disorders. Fluoxetine reversed this effect. Therefore it is possible that
altered Na*, K*-ATPase activity may be involved in the pathophysiology of depression in patients.

KEY WORDS: Na*, K*-ATPase; fluoxetine; chronic mild stress; hippocampus; depression.

INTRODUCTION

Na®, K*-ATPase is the enzyme responsible for
the active transport of sodium and potassium ions in the
nervous system, maintaining the ionic gradient necessary
for neuronal excitability and regulation of neuronal cell
volume. It is present in high concentration in brain cel-
lular membranes, consuming about 40%—-50% of the
ATP generated in this tissue (1), and its activity is
decreased in patients with bipolar affective disorder
and other psychiatric disorders (2-5). Nevertheless, no
determinations of the enzyme activity in experimental
models of depression in animals have been carried out.
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Some models of chronic mild stress have been pro-
posed as models of depression in animals studies (6-8).
In these models, rats are exposed to different weak stres-
sors for several days. The response to rewarding stim-
uli is diminished, as demonstrated by tests showing
reduced sucrose consumption, which is interpreted as
anhedonia. It is interesting to consider that, although in
humans women are more sensitive to this condition than
men (9), most of the studies using animal models of
depression has being done using males.

Fluoxetine, an antidepressant that selectively inhibits
serotonin reuptake (10), is widely used in the treatment
of depression. Serotonin (5-HT) has been implicated in
the pathophysiology of affective disorders (11), and it is
removed from the synaptic cleft by sodium-dependent
uptake through transporters localized in the plasma mem-
brane of presynaptic cells (12,13), in a close associa-
tion with Na*, K*-ATPase activity (12). In this context,
recently we have shown that chronic administration of
fluoxetine significantly increased Na®, K*-ATPase activ-
ity in brain of normal rats (14).
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Considering that most animal models of depression
have used male animals, although females are usually
more susceptible to depression, in the present study we
studied a model of depression (chronic mild stress) using
female rats. We also studied the effect of this model of
depression on Na', K"-ATPase activity in synaptic
plasma membranes from rat hippocampus, with or with-
out chronic fluoxetine administration. In addition, sweet
food consumption was measured to evaluate the efficacy
of this model of chronic stress in inducing a state of
reduced response to rewarding stimili, both after the
chronic stress treatment and during fluoxetine treatment.

EXPERIMENTAL PROCEDURE

Animals. Thirty-six female Wistar rats (60 days old; 180-230 g
of weight) were used for behavioral measures. Eighteen animals were
used in biochemical measures. The experimentally naive animals were
housed in groups of four or five in home cages made of Plexiglas
(65 X 25 X 15 cm) with the floor covered with sawdust. They were
maintained under standard dark-light cycle (lights on between 7:00
and 19:00 h) at a room temperature of 22° = 2°C. The rats had free
access to food (standard rat chow) and water, except for the stressed
group during the period when the stressor applied required no food
or water. All animals treatments were in accordance with the institu-
tional guidelines and according to the recommendations of the
International Council for Laboratory Animal Science (ICLAS), and
all efforts were made to minimize animal suffering and reduce the
number of animals used.

Stress Model. Chronic mild stress model was modified from
other models of mild stress (15-17). The animals were divided in two
groups: control and stressed. Controls were kept undisturbed in their
home cages during the first 40 days of treatment. A variate-stressor
paradigm was used for the animals in the stressed group. The fol-
lowing stressors were used: (i) 24 h of food deprivation; (ii) 24 h of
water deprivation; (iii) 1 h to 3 h of restraint, as described below; (iv)
1.5 to 2 h of restraint at 4°C; (v) forced swimming during 10 or 15
min, as described below; (vi) flashing light during 120-210 min; and
(vii) isolation (2-3 days). Stress application started at different times
every day, to minimize its predictability.

Restraint was carried out by placing the animal in a 25 X 7 cm
plastic tube and adjusting it with plaster tape on the outside, so that
the animal was unable to move. There was a 1-cm hole at the far end
for breathing. Forced swimming was carried out by placing the ani-
mal in a glass tank measuring 50 X 47 X 40 cm with 30 cm of water
at 23° = 2°C. Exposure to flashing light was made by placing the an-
imal in a 50-cm-high, 40- X 60-cm open field made of brown ply-
wood with a frontal glass wall. A 40-W lamp, flashing in a frequency
of 60 flashes/min, was used.

Consumption of Sweet Food. After 40 days of treatment, con-
sumption of sweet food was measured in 36 animals (17 controls and
19 stressed). The animals were placed in a lightened rectangular box
(40 X 15 X 20 cm) with a glass ceiling and floor and side walls made
of wood. Ten Froot Loops (Kellogg’s®—pellets of wheat, cornstarch,
and sucrose) were placed in one end of the box. Animals were subjected
to five 3-min trials, one per day, to become familiarized with this food
(18). During these habituation trials, the animals were under food
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restriction; that is, starting 24 h before the first trial, laboratory chow
offered daily was 90% of normal. After being habituated, the animals
received laboratory chow ad libitum, and 2 days later they were exposed
to a test session, 3 min each, when the number of ingested pellets was
measured. A protocol was established so that when the animal ate part
of the Froot Loops (e.g., % or %) this fraction was considered.
Pharmacological Treatment. Fluoxetine (8.0 mg/kg) or vehicle
(10% Tween 80 in saline) were administered daily IP, between 9 and
10.00 A.M., during a total of 60 days, in animals subjected or not to
chronic stress. This dose of fluoxetine was chosen according to the
literature (19).
Preparation of Synaptic Plasma Membrane from Hippocampus.
The brain was rapidly removed, and the hippocampus was dissected
to prepare synaptic plasma membranes according to the method of
Jones and Matus (20), with some modifications (21). The hippocam-
pus was homogenized in 10 volumes of a 0.32-M sucrose solution
containing 5 mM HEPES and 1 mM EDTA. The homogenate was
centrifuged at 1000 X g for 20 min and the supernatant removed and
centrifuged at 12000 X g for a further 20 min. The pellet was then
resuspended in hypotonic buffer (5.0 mM Tris-HCI buffer, pH 8.1),
incubated at 0'C for 30 min, and applied on a discontinuous sucrose
density gradient consisting of successive layers of 0.3, 0.8, and 1.0 M.
After centrifugation at 69,000 X g for 2 h, the fraction at the 0.8-1.0
M sucrose interface was taken as the membrane enzyme preparation.
Na*, K*-ATPase Activity Assay. The reaction mixture for the Na™*,
K"-ATPase assays contained 5.0 mM MgCl,, 80.0 mM NaCl, 20.0 mM
KCI, and 40.0 mM Tris-HCI buffer, pH 7.4, in a final volume of 200 pl.
The reaction was started by the addition of ATP (disodium salt, vana-
dium free) to a final concentration of 3.0 mM. Control was assayed under
the same conditions with the addition of 1.0 mM ouabain. Na®, K*-AT-
Pase activity was calculated by the difference between the two assays
(21,22). Released inorganic phosphate (Pi) was measured by the method
of Chan et al. (23). Enzyme-specific activities were expressed as nmol
Pi released per minute per milligram of protein. All assays were per-
formed in duplicate, and the mean was used for statistical analysis.
Protein Determination. Protein was measured by the method of
Bradford (24) with bovine serum albumin used as standard.
Statistical Analysis. Data were expressed as mean = SEM. Sweet
food intake was analyzed using Student’s t test for independent sam-
ples. Na*, K*-ATPase activity was analyzed using two-way ANOVA
followed by Duncan’s multiple range test when the F test was sig-
nificant. All analyses were performed using the Statistical Package for
the Social Sciences (SPSS) software.

RESULTS

The effect of 40 days of chronic mild stress upon
the intake of Froot Loops in animals fed ad libitum is
shown in Fig. 1, in the bars representing the con-
sumption of sweet food pellets before the fluoxetine
treatment. There was a significant effect of the chronic
treatment [#(29.32) = 6.29, P <0.001], where the stress
determined a decreased intake. After being subjected
to the feeding behaviour test, animals in both groups
were divided into two other groups (receiving daily ad-
ministration of saline or fluoxetine 8 mg/kg IP), in such
a way that four groups were obtained: control plus
saline, control plus fluoxetine, stressed plus saline, and
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Fig. 1. Mean intake of sweet food (Froot Loops) after chronic mild
stress (mean *= SEM), before and after administration of saline or
fluoxetine (8 mg/kg) IP (n = 12-13 animals/group). A two-way
ANOVA showed an effect of stress exposure (P < 0.05) and of flu-
oxetine treatment (P < 0.001). @ Stressed group differs significantly
from control group before fluoxetine administration (Duncan’s
P < 0.05). A Significantly different from control group receiving
saline (Duncan’s P < 0.05). * Significant effect of fluoxetine treat-
ment (two-way ANOVA, P < 0.01).

stressed plus fluoxetine. During the period when drugs
were administered, stress continued to be applied reg-
ularly to the stressed animals. Figure 1 also shows that,
after 28 days of treatment, the consumption of sweet
food pellets was decreased by the fluoxetine treatment
[two-way ANOVA, F(1,32) = 14.99, P < 0.002].
There was also an effect of the chronic stress treat-
ment [two-way ANOVA, F(1,32) = 4.34, P < 0.05],
but the stressed group receiving fluoxetine presented a
consumption of sweet pellets similar to that of the con-
trol group receiving fluoxetine, as can be observed in
Fig. 1. After 60 days of treatment, results present the
same pattern as those presented in Fig. 1 for 28 days
of treatment (data not shown).

Figure 2 shows that Na®, K™-ATPase activity pre-
sented a significant decrease of around 20% in rats sub-
jected to this experimental model of depression [two-way
ANOVA, F(1,13) = 24.85, P < 0.001 for the stress effect].
Fluoxetine per se significantly increased this enzyme
activity around 20% [two-way ANOVA, F(1,13) = 4.80,
P < 0.05 for the fluoxetine effect]. On the other hand, flu-
oxetine treatment reversed the decreased Na®, K*-ATPase
activity caused by this model of chronic stress.

DISCUSSION

In the present study, we observed a decreased
appetite for sweet food in response to chronic mild stress.
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Fig. 2. Mean = SEM of Na*, K*-ATPase activity (nmol inorganic
phosphate released per min per mg protein) in hippocampal synaptic
membranes of control and stressed rats, treated or not with fluoxetine
(8 mg/kg) (n = 4-5 animals/group). A two-way ANOVA showed an
effect of stress exposure (P < 0.01) and of fluoxetine treatment
(P < 0.05). [ Significantly different from all other groups (Duncan,
P < 0.05). @ Significantly different from control group receiving
saline (Duncan, P < 0.05).

Similar models of chronic mild stress have been reported
to lead to a wide range of behavioral and physiological
disturbances (7,25,26), including decreased responses to
rewarding stimuli, as demonstrated by decreased sucrose
consumption (15,27) and place preference conditioning
(26,28). Most of these studies, however, were done using
males. In addition, it has been reported that Wistar male
rats are more resistent to the chronic variable stress-
induced behavioral effects when concerning hedonic
measures (27). In the present study, we show that Wistar
female rats subjected to variable stress actually present
this reduced consumption of sweet food, which agrees
with studies in humans showing that females are usually
more susceptible to depression (9).

The chronic mild stress paradigm consists of
exposing rats to different weak stressors for several
days, and it is believed to be an animal model of
decreased response to rewards (anhedonia) (8,17),
although in certain cases some authors have not
observed a reliable decrease in sucrose consumption
after chronic mild stress (27,29), maybe because of dif-
ferent sensitivity to stress by different rat strains. The
chronic stress model used in the present study was
adapted from some models of chronic mild stress
(15-17,26,30,31), which are considered models of
depression in animals. The absence of predictability of
the stressor applied is an important characteristic of this
model and may be related to the different effects on
sweet food consumption observed in these animals
when compared to other models, in which the same
stressor is repeatedly used (18,32).
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Fluoxetine treatment started after 40 days of stress.
During the treatment, an effect of fluoxetine was observed
in the number of sweet pellets ingested, which were
decreased both in the control and in the chronically
stressed group. 5-HT has been implicated in the control
of eating behavior and body weight. Enhanced activity at
postsynaptic serotonergic receptors reduces the amount of
food eaten during a meal, decreases the rate of eating and
weight gain, and increases energy expenditure, both in
animals and in humans (33,34). Fluoxetine is also known
to produce anorectic effects (35,36), and its potency as
an anorectic agent paralleles its potency as inhibitor of
5-hydroxytryptamine (5-HT) uptake in vivo (35). This
drug preferentially inhibits the ingestion of carbohydrate,
more than fat or protein (37). A negative feedback loop
exists between the consumption of carbohydrates and the
turnover of 5-HT in the hypothalamus. That is, carbohy-
drate ingestion enhances the synthesis and release of
hypothalamic 5-HT, which in turn serves to control the
size of carbohydrate-rich meals (38).

Sweet food consumption was similar in both
fluoxetine-treated groups, stressed or control, in such a
way that no addition of effects (stress and fluoxetine)
was observed in the group subjected to both treatments.
The fact that the decrease in sucrose consumption by
fluoxetine treatment was unchanged by the addition of
stress might represent a ceiling effect. This is not the
case, however. When tested after 15 days of treatment
with fluoxetine, a different pattern of consumption is
observed. In the saline-treated groups, consumption was
decreased by stress (control group: 5.2 * 0.5, stressed
group 2.8 * 0.8), whereas in the fluoxetine-treated
groups, consumption of sweet food was decreased by
fluoxetine treatment and there was a further decrease
induced by stress (control group + fluoxetine: 1.0 = 0.3,
stressed group + fluoxetine: 0.5 = 0.2). Therefore, at 15
days of treatment, the antidepressive effect of fluoxetine
was not yet evident. These observations may suggest that
fluoxetine treatment for a longer period is able to pre-
vent the effect of stress on this behavior.

Na*, K"-ATPase activity was decreased in hip-
pocampus of animals subjected to chronic mild stress,
which agrees with reports from findings in depressed
patients (39). Because reduction of Na*, K*-ATPase
activity seems to be an important caracteristic of
depressive disorders (39,40), this finding further support
this model of chronic mild stress as an animal model
of depression. In addition, an increase of this enzyme
activity was observed with fluoxetine treatment. This
effect agrees with previous results (14), in which
increased activity of this enzyme was observed after
fluoxetine administration in vivo. Fluoxetine treatment
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reverted the effect of chronic stress on Na*, K™-ATPase
activity, in such a way that animals which were chron-
ically stressed and treated with fluoxetine showed the
same levels of enzyme activity than controls. This is the
first time that a reduction of Na®, K*-ATPase activity
was demonstrated in an animal model of depression, or
after exposure to chronic stress; in addition, Na™, K*-
ATPase activity was reversed to the control levels in
stressed animals. Theses results help to correlate
changes in behavior with neurobiological modifications
at the neurochemical level, which is an important fur-
ther step in animal models of diseases.

Regulation of Na™, K™-ATPase activity is a complex
matter. This activity seem to be regulated by several
factors, including hormones and neurotransmitters
(41-43), such as catecholamines (44) and serotonin (45).
It should be observed that central catecholaminergic
(25,46) and serotonergic (47,48) activity may be modu-
lated by exposure to stress situations. In addition, regu-
lation of Na*, K*-ATPase activity can be divided into a
“short-term” and a “long-term” control (49). Although the
exact underlying mechanisms responsible for our results
are not known, it is possible that the “long-term” control
is involved, because both fluoxetine and stress treatments
were administered during several weeks. This long-term
control could be due to an increased number of pumps,
brought about by a increased protein synthesis or a
decreased protein degradation. This possibility should be
tested in future studies.

It is important to note that the present study
evaluated the effects of repeated stress and fluoxetine
treatment in hippocampus, a region particularly sensi-
tive to stress effects (50). The systems mediating the
5-HT regulatory mechanisms on the Na*, K*-ATPase
activity have been shown to depend on the brain area
and on the particular physiological conditions (45); thus
it is possible that different effects may be found in other
brain regions in these conditions.

Considering repeated stress, different morphologi-
cal and neurochemical effects have been reported in hip-
pocampus. Depression, particularly stress-associated
cases, may result from atrophy of pyramidal neurons in
the hippocampus (51). This atrophy, with reduction in
the number of synapses, may be involved in several
repeated stress effects, including this reduced Na®, K-
ATPase activity. Antidepressant treatments could
reverse this atrophy (52). This possibility deserves further
investigation.

In conclusion, Na™, K*-ATPase activity was inhib-
ited in a depression model in female rats. This result is
in agreement with other evidence from the literature,
suggesting decreased activity of this enzyme to be an
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important caracteristic of depressive disorders (39,40),
in such a way that altered activity of Na*, K*-ATPase
may be involved in the pathophysiology of depression
in patients. In addition, it was observed that fluoxetine
reversed this inhibition. In this context, evidence from
the literature shows increased activity of Na*, K-
ATPase in serotoninergic-rich regions of the brain, such
as cortex, striatum, and hippocampus (53). It is impor-
tant to note, however, that chronic administration of
other drugs used for the treatment of bipolar illness such
as haloperidol, carbamazepine, and lithium also increase
membrane Na*, K*-ATPase activity in rat brain (39,54).
Therefore it is possible that this enzyme activity might
contribute to the therapeutic efficacy of fluoxetine,
because brain Na*, K*-ATPase activity is decreased in
bipolar patients.
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Abstract

GAMARO, G.D.; PREDIGER, M.E.; LOPES, J. ; BASSANI, M.G. ; DALMAZ, C
EFFECTS OF FLUOXETINE TREATMENT ON LEPTIN LEVELS IN RATS SUBMITTED
TO A MODEL OF CHRONIC STRESS Physiol Behav 56(6) 000-000,2003. Stress situations
can influence hormones levels and change behavioral and physiological patterns.
Alterations in feeding behavior are sexually dimorphic and have been related to changes in
monoamine levels. Leptin may interact with stress hormones and with the brain
serotonergic system, possibly affecting feeding behavior of stressed rats. The aim of this
study is fo evaluate the interaction between chronic fluoxetine treatment and leptin levels
in animals submitted to chronic variate stress. Adult female Wistar rats were divided into
control and stressed groups. After 30 days of chronic stress, the animals presented
increased leptin levels compared to controls, as well as decreased consumption of sweet
food. After this first stress period, the animals were subdivided into two groups that
received daily injections of saline or fluoxetine (8mg/kg, i.p.). Body weight was evaluated
before, and after 2, 4 and 8 weeks of fluoxetine treatment. Significant stress x time and
fluoxetine x time interactions were observed, signifying that the difference in weight gain
was higher at the beginning than during the last days of treatment. On the 60th day of
fluoxetine treatment leptin levels were decreased in fluoxetine-treated animals indicating
no effect of stress. We conclude that chronic variate stress may affect leptin levels, and
that this effect is dependent on the time of stress exposure. In addition, chronic fluoxetine
treatment induced a strong reduction in leptin levels. The neurobiological mechanism
involved in this effect after chronic fluoxetine administration and the relationship between
feeding behavior and the effects reported herein require further study.

Key words: fluoxetin; chronic variate stress; leptin; female rats
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Introduction

Exposure to siress may cause either an increase or a decrease in food
intake, depending on the nature of stress (1-4). Models of chronic variate stress
have been observed to induce a decreased appetite for sweet food or palatable
solutions (3;5). However, although, in humans, women are more sensitive to
disturbances in feeding behavior than men (6,7), most of the studies in animal
models have been performed in males (8,9).

Some models of chronic mild stress have been proposed as models of
depression in animals studies (5,10,11,12). In these models, rats are exposed to
different weak stressors for several days. The response to rewarding stimuli is
diminished, as demonstrated by tests showing reduced sucrose consumption,
which is interpreted as anhedonia (5;10). Stress has been shown to alter normal
serotonergic and dopaminergic neurotransmission (13,14). Although less is known
about the long-term alterations in serotonergic neurotransmission caused by
chronic stress, the efficacy of serotonin selective re-uptake inhibitors in treating
depression suggests that serotonin may be involved in the development or

expression of stress-related depression.

In pharmacological studies, drugs that either directly or indirectly increase
postsynaptic serotonergic stimulation routinely decrease the consumption of food
by mammalian species ranging from rodents to human and nonhuman primates
(15-17). In contrast, agents that block postsynaptic serotonin receptors or that
diminish serotonergic neurotransmission by activating autoreceptors often increase

food intake (for a review, see 18). Fiuoxetine, a selective inhibitor of serotonin
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reuptake, is indicated for patients with depression. Furthermore, it may be used in

patients with obesity because it causes weight loss both in laboratory animals and
humans (19, 20).

Leptin is a hormone secreted mainly by the adipose cells and has a role as
a metabolic adaptator in the regulation of body weight. It is believed to establish a
feedback loop between the energy reserves and the hypothalamic centers that
control food intake (21-23). Recent data suggest that, in addition, leptin interacts
with other endocrine systems to provide critical information about the size of the fat
stores (22;24). This hormone participates in the expression of CRH in the
hypothalamus, interacts in the adrenals with ACTH and its levels are regulated by
glucocorticoids (25,26). Therefore, leptin is probably influenced by activation of the
hypothalamo-pituitary-adrenal (HPA) axis, when animals are exposed to stress
situations.

Acute treatment with fluoxetine causeé a decrease in leptin levels, which
has been suggested to be a mechanism for offsetting the appetite suppressing
effects of fluoxetine (27). An interaction between leptin and the serotonergic
system has recently been suggested by studies showing that i.p. leptin
administration increases 5HT metabolism in the rat hypothalamus (28). Leptin
appears to have a direct role in the cells of the dorsal raphe nucleus (17,29),
therefore, apart from directly affecting hypothalamic neurons and, thereby,
regulating body weight, leptin may also affect behavior mediated via the brain

serotonergic system. Thus, leptin may affect body weight indirectly via projections
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from the serotonergic raphe neurons to several hypothalamic regions containing
multiple — 5HT receptors.

The aim of this study was to investigate the leptin response in rats submitted
to chronic fluoxetine treatment (60 days), and the effects of chronic variate stress

on leptin levels after chronic fluoxetine treatment.

Experimental procedures

Animals

Adult, female Wistar rats (60 days old; 200-270 g of weight) were used. The
experimentally-naive animals were housed in groups of 5 in home-cages made of
Plexiglas material (65 x 25 x 15 cm) with the floor covered with sawdust. They
were maintained under a standard dark-light cycle (lights on between 7:00 and
19:00 h) in a room temperature of 22 + 2°C. The rats had free access to food
(standard rat chow) and water, except for the stressed group during the period
when the stressor applied required no food or water. The animals were divided in
two groups: control and stressed. After 30 days of stress, sweet food consumption
was evaluated, in order to confirm the ability of this stress treatment to induce
anhedonia, a symptom of depression. Serum leptin levels were also measured.
Afterwards, both groups were subdivided in saline and fluoxetine treated, and the
animals were submitted to fluoxetine treatment for 60 days.

All animal treatments were in accordance with the institutional guidelines and

according to the recommendations of the International Council for Laboratory
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Animal Science (ICLAS), and all efforts were made to reduce the number of

animals.

Stress Model:

Chronic variate stress was modified from other models of variate stress (30-
33), and followed the protocol already described (3,34). The animals were divided
in 2 groups: Control and Stressed. Controls were handled daily. A 100-day
variate-stressor paradigm was used for the animals in the stressed group. The
following stressors were used: a) 24 h of food deprivation, b) 24 h of water
deprivation, ¢) 1 h to 3 h of restraint, as described below, d) 1.5 to 2 h of restraint
at 4° C, e) forced swimming during 10 or 15 min, as described below, f) flashing
light during 120 to 210 min, g) isolation (2 to 3 days).

Restraint was carried out by placing the animal in a 25 x 7 cm plastic tube
and adjusting it with plaster tape on the outside, so that the animal was unable to
move. There was a 1 cm hole at the far end for breathing. Forced swimming was
carried out by placing the animal in a glass tank measuring 50 x 47 x 40 cm with 30
cm of water at 23 + 2° C. Exposure to flashing light was made by placing the
animal in a 50 cm-high, 40 x 60 cm open field made of brown plywood with a

frontal glass wall. A 40 W lamp, flashing at a frequency of 60 flashes per minute,

was used.

Pharmacological treatment:
After 40 days of chronic stress treatment, each group (control and stressed)

was subdivided into two other groups: (1) Fluoxetine (8.0 mg/kg) or (2) vehicle
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(10% tween 80 in saline) were administered daily i.p., between 9 and 10:00 a.m.,
for a total of 60 days, in animals subjected, or not, to chronic stress. This dose of

fluoxetine was chosen according 1o the literature (35).

Leptin Measurement

The animals were sacrificed by decapitation 24 h after the last stress
session. Trunk blood was collected and serum separated and frozen until the day
of the analysis. Measurement of serum leptin was performed with a commercial

mouse leptin ELISA kit (Crystal Chem. Inc., Chicago, IL, USA).

Statistical analysis
Data were expressed as mean + standard error of the mean (S.E.M.). Leptin

levels were was analyzed using Student’s t test for independent samples (first
experiment) or two-way ANOVA (second experiment). Body weight was analyzed
using repeated measures ANOVA. All analyses were performed using the

Statistical Package for the Social Sciences (SPSS) software.

Results

After 30 days of treatment, some of the animals were sacrificed and serum
leptin levels were measured in female rats subjected to chronic variate stress and
control treatment. Results are shown in Figure 1. Leptin levels were increased in
stressed rats (Student's t test, {(8) = 2.71; P < 0.05). At this time of the treatment,
sweet food consumption was decreased in chronically stressed animals (data not

shown), confirming the effect of this type of stress in this parameter.
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At 40 days of treatment, both groups were subdivided and treated with
saline or fluoxetine (8 mg/kg, i.p.). Body weight was evaluated in the four groups
before fluoxetine treatment started, and after 2, 4 and 8 weeks of treatment.
Weight gain during this treatment is shown in Figure 2. Repeated measures
ANOVA presented a marginal effect of stress treatment [F{1.16) = 4.12; P = 0.059].
There was no effect of fluoxetine [F(1,16) = 0.90; P > 0.05] and no significant
fluoxetine x time interaction [F(1,16) = 0.10; P > 0.05]. The animals gained weight
with a significant effect of time [F(3,48) = 115.48; P < 0.01] and also significant
stress x time interaction [F(3,48) = 17.95; P < 0.01], and fluoxetine x time
interaction [F(3,48) = 3.59; P = 0.02], signifying that the difference in weight gain
compared to controls was higher at the beginning of the treatments, both for
stressed and fluoxetine-treated animals, when compared to the last days of
treatment.

The effect of chronic fluoxetine treatment on serum leptin levels, both in
controls and in animals subjected to variate stress is shown in Figure 3. A two-way
ANOVA revealed a significant effect of fluoxetine treatment [F(1,16) = 7.49; P <
0.02], with no effect of the stress treatment [F(1,16) = 0.009; P > 0.05], and no

interaction between stress exposure and fluoxetine treatment [F(1, 16) =0.155, P>

0.05].

Discussion
in the present study, rats chronically stressed during 30 days presented an
increase in leptin levels. At the same time, chronic stress induced depressive

effects on ingestive behavior, particularly concerning sweet food (3 and the present
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study). Hormonal factors, including glucocorticoids, the hormones secreted during
stress, are known to modulate leptin secretion (36). Dexamethasone, for exampie,
is a powerful stimulator of leptin secretion and leptin mRNA expression in rat
adipose tissue in vitro. Therefore, it is presumed that dexamethasone regulates
leptin at the transcriptional level (37), in such a way that it is probably a long lasting
effect. The present results also show no significant effect of chronic variate stress
on leptin levels after 100 days of treatment. Therefore, it appears that the effect of
chronic variate stress on leptin levels is dependent on the time of siress treatment.

It was also shown that chronic fluoxetine administration decreases serum
leptin levels, both in control rats and in rats subjected to chronic variate stress. This
observation suggests that the effect previously observed by an acute or sub-acute
(7 days) administration of fluoxetine on leptin levels (27) is not amenable to
habituation, since the same effect was observed after 60 days of treatment. Thus,
this study suggests that a chronic fluoxetine treatment is able to induce a
pronounced suppressive effect upon the leptin released to serum.

Apart from directly affecting hypothalamic neurons and, thereby, regulating
body weight, leptin interacts with dorsal raphe neurons, and it has been suggested
that it also may affect behavior via the brain serotonergic system (29), known to
play a role in the regulation of food intake in the hypothalamus, where it interacts
with NPY (38). On the other hand, the mechanism by which chronic treatment with
fluoxetine (which increases extracellular 5HT by preventing its reuptake) is able to
decrease leptin levels is not known, although it has been suggested that the effect
of 5HT on food intake, besides being mediated through NPY neurones, could also

involve an inhibitory action on leptine secretion in the white adipose tissue (27).
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Conversely, these reduced levels of leptin could be a reflection of a reduced
food ingestion in fluoxetine-treated animals, since leptin is believed to provide
information about the size of the fat stores (22;24), establishing a communication
between the energy reserves and the hypothalamic centers that control food intake
(21-23). Fluoxetine decreases appetite by 5HT receptor-mediated mechanisms
(39). Administration of D- fenfluramine, which also increases extracellular 5HT,
increases lipidic oxidation in obese rats (40). As a result of these events
(decreased appetite and increased lipid oxidation), the leptin levels must be
decreased. In this study, however, all animals gained weight across time during
fluoxetine treatment, although the weight gain differed among the groups. The
interaction between time and siress indicates that stressed females gain weight
differently to non-stressed females, and this is consistent with other studies
(31;41;42). In addition, fluoxetine-treated animals gained weight differently in
relation to animals receiving saline, although at the end of the treatment fluoxetine-
treated animals presented body weights similar those of saline-treated animals.
Therefore, a decreased food ingestion is probably not the direct explanation for
reduced leptin levels under these circumstances.

In conclusion, chronic variate stress may affect leptin levels, although this
effect is dependent on the time of stress exposure. In addition, chronic fluoxetine
induced a strong reduction in leptin levels, even at 60 days of treatment. The
neurobiological mechanism involved in this effect of chronic fluoxetine
administration and the relationship between feeding behavior and the effects

reported herein require further study.
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control stressed

Figure 1: Mean serum leptin levels in female rats after 30 days of chronic variate
stress. Data expressed as mean + S.E.M. N = 4-6/group.

* Significantly different from control (Student's ttest, P < 0.05).
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Figure 2: Mean body weight during chronic fluoxetine treatment (8 mg/kg),
measured during 60 days of treatment. Data expressed as mean + SEM. N =5
animals/group. Repeated measures ANOVA presented a marginal effect of stress
treatment [F(1,16) = 4.12; P = 0.059]. There was no effect of fluoxetine. There was
a significant effect of time [F(3,48) = 115.48; P < 0.01] and also a significant stress

x time interaction [F(3,48) = 17.95; P < 0.01}], and a fluoxetine x time interaction

[F(3,48) = 3.59; P=0.02].
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Figure 3: Serum leptin levels in female rats subjected to chronic variate stress
during 100 days, With the concomitant administration of i.p. fluoxetine (8 mg/kg)
during the last 60 days. Data expressed as mean + S.E.M. N = 5 animals/group.

*A two-way ANOVA revealed a significant effect of fluoxetine treatment [F(1,16) =
7.49; P < 0.02]. There was ‘no effect of stress treatment [F(1,16) = 1.16; P > 0.05],
and no interaction between stress exposure and fluoxetine treatment [F(1, 16) =

0.155, P> 0.05].
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Capitulo V— ARTIGO 4

Interacdo entre reposicao de estradiol e estresse cronico sobre o
comportamento alimentar e niveis de leptina
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behavior and on serum leptin
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Abstract

Exposure to stress may cause either an increase or a decrease in food intake. Behavioral and physiological responses to stress, including
alterations in feeding behavior, are sexually dimorphic. This study aimed to evaluate the interaction between estradiol levels and chronic
variate stress on the intake of sweet food and on serum levels of leptin, a hormone secreted by the adipose cells with a role in the regulation of
body weight. Adult female Wistar rats were used. After ovariectomy, the animals received estradiol replacement (or oil) subcutaneously. Rats
were then divided in controls and stressed (submitted to 30 days of variate stress). Consumption of sweet food and of serum leptin was
measured. Although animals receiving estradiol replacement presented smaller weight gain, they showed an increased consumption of sweet
food. Chronic variate stress decreased sweet food intake at 30, but not at 20, days of treatment. Estradiol replacement in the stressed group
prevented both the reduction observed in sweet food intake and the increase in leptin levels. These results suggest that there is an interaction
between chronic stress and estradiol replacement in feeding behavior concerning sweet food consumption, and this interaction may be related

to altered leptin levels.
© 2003 Elsevier Inc. All rights reserved.
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1. Introduction

Food intake depends on several internal and external
variables. Emotional changes such as those induced by the
exposure to stress situations can influence feeding behavior,
causing either an increase or a decrease in food intake,
depending upon the nature of the stress (Varma et al., 1999;
Ely et al., 1997; Gamaro et al., 2003a; Torres et al., 2002).
Several studies have demonstrated that chronic exposure to
stressors may alter food intake and body weight of rats
(Harris et al., 2002; Kant and Bauman, 1993; D’aquila et al.,
1997; Gamaro et al., 2003a,b). Inescapable shock, for
example, can affect food intake and reduce weight gain
with shocked rats gaining significantly less weight than
restrained and untreated rats (Dess et al., 1988). Moreover,
models of chronic mild stress have been reported to have
different effects on feeding behavior depending on the
model. Animals repeatedly stressed by restraint show in-
creased ingestion of sweet food (Ely et al., 1997), while

* Corresponding author. Tel./fax: +55-51-316-5540.
E-mail address: cdalmaz@ufrgs.br (C. Dalmaz).

0091-3057/$ — see front matter © 2003 Elsevier Inc. All rights reserved.
doi:10.1016/j.pbb.2003.08.002

models of chronic variate stress have been observed to
induce a decreased appetite for sweet food or palatable
solutions (Gamaro et al., 2003a,b; Willner, 1991). It should
be pointed out, however, that although in humans women
are more sensitive to disturbances in feeding behavior than
men (Kornstein, 2002; Oliver and Wardle, 1998), most of
these studies in animal models have been carried out in
males (Kelly et al., 1999; Harris et al., 2002).

Several sources of data indicate that behavioral and
physiological responses to stress are sexually dimorphic,
including alterations in feeding behavior (Ely et al., 1997,
Faraday, 2002; Kelly et al.,1999; Than et al., 1994). Ovari-
ectomy produces an increase in body weight and in meal
size in rats (Butera et al., 1993; Bonavera et al., 1994),
which is attenuated by estradiol treatment for 7 days
(Shimizu et al., 1996), and the normal cyclic pattern of
ovarian estradiol secretion leads to tonic and phasic inhib-
itions of feeding (Geary and Asarian, 1999).

Leptin is a hormone secreted mainly by the adipose cells
with a role as a metabolic adaptor in the regulation of body
weight. It is believed to establish a feedback loop between
the energy reserves and the hypothalamic centers that
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control food intake (Prolo et al., 1998; Loftus, 1999; Inui,
1999). Recent data suggest also that leptin interacts with
other endocrine systems to provide critical information
about the size of the fat stores (Lotfus, 1999; Sandoval
and Davis, 2003). As well as participating in the expression
of CRH in the hypothalamus, leptin also interacts with
ACTH in the adrenals and its levels are regulated by
glucocorticoids (Spinedi and Gaillard, 1998; Oates et al.,
2000). Thus, this hormone is probably influenced by acti-
vation of the hypothalamo—pituitary—adrenal (HPA) axis
when animals are exposed to stress situations. The fact that
leptin levels are always higher in females, even after
correcting for body fat content (Chudek et al., 2002;
Machinal-Quelin et al., 2002), suggests that the interaction
between the adipose tissue and the reproductive system is
modulated in a different way in males and females by
androgenic and estrogenic hormones. While some andro-
gens are inhibitors of leptin secretion, estradiol induces a
strong stimulation in adipose tissue (Kristensen et al., 1999;
Machinal-Quelin et al., 2002).

Although previous studies indicate that exposure to stress
presents different effects on feeding behavior, depending on
the gender, little is known about the ability of ovarian
hormones to modulate the responses induced by chronic
stress on feeding behavior or how they influence leptin
levels in these animals. The study presented herein was
conducted to investigate the interaction between estradiol
levels and chronic variate stress on feeding behavior, on the
intake of sweet food, and on serum leptin levels.

2. Experimental procedures
2.1. Animals

Adult female Wistar rats (60 days old; 180-230 g of
weight) were used. Thirty-eight rats were used in the
behavioral measurements and 28 of these animals were
used to measure leptin levels. The animals used to evaluate
leptin levels in each group were randomly chosen. The
experimentally naive animals were housed in groups of four
or five in home cages made of Plexiglas material
(65 x25 %15 cm) with the floor covered with sawdust.
They were maintained under a standard dark—light cycle
(lights on between 7:00 and 19:00 h) at a room temperature
of 22 + 1 °C. The rats had free access to food (standard rat
chow) and water, except for the stressed group during the
period when the stressor applied required no food or water.
During the first days of treatment, the ingestion of rat chow
was monitored. Body weight was measured at the begin-
ning, at the middle, and at the end of the treatment. All
animal treatments were in accordance with the institutional
guidelines and according to the recommendations of the
International Council for Laboratory Animal Science
(ICLAS), and all efforts were made to minimize animal
suffering as well as to reduce the number of animals.

2.2. Surgery

Overiectomy (OVX) was performed in the morning. Rats
were anesthetized with 120 mg/kg ketamine HCI (Dopalen:
Agribrands, Campinas, SP, Brazil) and 16 mg/kg xylazine
(Anasedan: Agribrands), and bilateral ovariectomy was
performed through a single abdominal incision. After a
recovery period of at least 1 week, the animals were
submitted to estradiol replacement or to a sham surgery.

2.3. Estradiol replacement

Briefly, 15 mm medical grade tubing (1.02 mm i.d. X
2.16 mm o.d.; Medicone, Multiplast, Porto Alegre, RS,
Brazil) was filled with 10 ul of 5% (w/v) p-estradiol 3-
benzoate (Sigma, St. Louis, MO) in corn oil and sealed with
silicone. Capsules were soaked in sterile saline overnight
and implanted subcutaneously between the scapulae under
anesthesia. Sham animals were implanted with capsules
containing just oil.

2.4. Stress model

Chronic variate stress was modified from other models of
variate stress (Willner et al., 1987; Konarska et al., 1990;
Papp et al., 1991), as described in Gamaro et al. (2003a).
Animals with estradiol replacement and sham animals were
subdivided in two groups: control and stressed. Controls
were kept undisturbed in their home cages during the
treatment, except for the cleaning of the cages and the
exposure to the behavioral proceedings to measure con-
sumption of sweet food. A 30-day variate-stressor paradigm
was used for the animals in the stressed group. The
following stressors were used: (a) 24 h of food deprivation,
(b) 24 h of water deprivation, (¢) 1-3 h of restraint, as
described below, (d) 1.5-2 h of restraint at 4 °C, (e)
inclination of home cage during 4 or 5 h, as described
below, (f) flashing light during 120-210 min, and (g)
isolation (2—3 days). Stress application started at different
times everyday in order to minimize its predictability.

Restraint was carried out by placing the animal in a
25 X 7-cm plastic tube and adjusting it with plaster tape on
the outside so that the animal was unable to move. There
was a 1-cm hole at the far end for breathing. Exposure to
flashing light was performed by placing the animal in a 50-
cm high, 40 X 60-cm open field made of brown plywood
with a frontal glass wall. A 40-W lamp, flashing at a
frequency of 60 flashes per minute, was used.

2.5. Consumption of sweet food

After 20 and 30 days of treatment, consumption of sweet
food was measured. The animals were placed in a lightened
rectangular box (40 X 15 %20 cm) with a glass ceiling,
floor, and sidewalls made of wood. Ten Froot loops (Kel-
logg’s: pellets of wheat and cornstarch and sucrose) were
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placed in one extremity of the box. Animals were submitted
to 3-min trials, one per day during 5 days, in order to
become familiarized with this food (Ely et al., 1997). After
being habituated, the animals were exposed to two test
sessions, 3 min each, when the number of ingested pellets
was measured. A protocol was established so that when the
animal ate part of the Froot loops (e.g., 1/3 or 1/4), this
fraction was considered.

2.6. Leptin measurement

The animals were sacrificed by decapitation 24 h after
the last stress session. Trunk blood was collected and serum
separated and frozen until the day of the analysis. Measure-
ment of serum leptin was performed with a commercial
mouse leptin ELISA kit (Crystal Chem., Chicago, IL).

2.7. Statistical analysis

Data were expressed as mean £ S.E.M. Data were ana-
lyzed using two-way ANOVA.

3. Results

Body weight was evaluated in the four groups before
stress and estradiol treatments started, after 15 and after 30
days of treatment. Weight gain during the treatment is
shown in Fig. 1. Repeated measure ANOVA showed an
effect of estradiol treatment [ F(1,16)=15.31; P=.01], show-
ing that rats treated with estradiol gained less weight than
animals receiving just the vehicle. There was a significant
Estradiol X Time interaction [F(1,16)=5.94; P<.05] and
also a significant Stress X Time interaction [ F(1,16)=9.98;

[ days 0-15
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30 4 l
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20 |

weight gain (g)
>
1

control stressed
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Fig. 1. Mean weight gain during the first 15 days of treatment and during the
last 15 days of treatment. Data expressed as mean + S.E.M. of weight gain in
grams. A repeated measures ANOVA revealed a significant effect of estradiol
replacement [ F(1,16)=15.31; P=.01], a significant Estradiol X Time inter-
action [ F(1,16)=5.94; P<.05], and a significant Stress X Time interaction
[F(1,16)=9.98; P<.01].
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Fig. 2. Mean intake of sweet food (Froot loops) in ovariectomized female
rats with or without estradiol replacement after chronic variate stress. (A)
After 20 days of exposure to stress; (B) after 30 days of exposure to stress.
Data expressed as mean + S.EM. N=9-10 animals/group. A two-way
ANOVA revealed a significant effect of estradiol replacement at both times
of treatment [20 days, F(1,34)=6.270, P<.02; 30 days, F(1,34)=11.872,
P<.002]. At 30 days of treatment (B), a significant interaction between
estradiol replacement and exposure to chronic stress was also observed
[F(1,34)=5.682, P<.02].

P<.01], signifying that the difference in weight gain,
compared to controls, was higher at the beginning of the
treatments both for stressed and estradiol-treated animals.
The effect of chronic variate stress upon the intake of
Froot Loops in ovariectomized female rats with or without
estradiol replacement is shown in Fig. 2. Consumption of
this type of sweet food was measured both at 20 and 30 days
of stress treatment. A two-way ANOVA revealed a signif-
icant effect of estradiol replacement at both times of
treatment [ £(1,34)=6.270, P<.02 for 20 days of treatment,
and F(1,34)=11.872, P<.002 for 30 days of treatment],
with the hormone determining an increased intake. At 30
days of treatment, a significant interaction between estradiol
replacement and exposure to chronic stress was also ob-
served [ F(1,34)=5.682, P<.02], i.e., while chronic variate
stress induced decreased consumption in OVX animals, this
effect was not observed in rats with estradiol replacement.
The effect of chronic varied stress in decreasing sweet
intake could also be secondary to a decrease in body weight.
Therefore, we compared the ratio consumption of sweet food/
body weight. The results presented a similar effect to the
consumption only (OVX group: 0.0116 + 0.0034; OVX +es-
tradiol: 0.0124 + 0.0037; OVX +stress: 0.0038 + 0.0016;
OVX +stress + estradiol: 0.0149 +0.002). A two-way
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Fig. 3. Serum leptin levels in ovariectomized female rats with or without
estradiol replacement after 30 days of chronic variate stress. Data expressed
as mean + S.E.M. N=5-9 animals/group. A two-way ANOVA revealed a
significant interaction between stress exposure and estradiol replacement
[ F(1,24)=4.396, P<.05], with no effect of the treatments (stress and
estradiol replacement) when separately analyzed.

ANOVA revealed a significant effect of estradiol replacement
[F(1,34)=6.270, P<.02 for 20 days of treatment, and
F(1,19)=4.956, P<.05], with the hormone determining an
increased ratio. A marginal interaction between estradiol
replacement and exposure to chronic stress was also observed
[F(1,19)=3.753, P=.068].

The effect of chronic variate stress on serum leptin levels
in ovariectomized female rats with or without estradiol
replacement is shown in Fig. 3. In OVX rats not submitted
to chronic stress, estradiol replacement increased leptin
levels (marginal significance, Student’s ¢ test, P=.06). A
two-way ANOVA revealed a significant interaction between
stress exposure and estradiol replacement [ F(1,24)=4.396,
P <.05], with no effect of the treatments (stress and estradiol
replacement) when separately analyzed.

4. Discussion

All animals used in this study gained weight with time;
however, the weight gain differed among the groups. The
interaction between time and stress indicates that stressed
females gain weight differently than nonstressed females,
and this is consistent with other studies (Konarska et al.,
1990; Harro et al., 2001; Bowman et al., 2002). In addition,
estradiol-treated rats weighed less than their controls, a
characteristic of the hypophagic effect of estrogen (Bowman
et al., 2002).

The results of the present study show that the effect of
chronic variate stress on sweet food consumption in ovari-
ectomized rats can be modulated by hormonal replacement.
This observation suggests a role of estradiol in the anorectic
properties of chronic variate stress with respect to ingestion
of sweet food.

Consistent with previous findings, when males were used
(Gamaro et al., 2003a), chronic variate stress decreased
ingestion of sweet food after 30 days of treatment. Non-
ovariectomized females submitted to the same procedure

also present a reduction in sweet food intake (Gamaro et al.,
2003b). Feeding behavior after exposure to stress may
depend on the nature and the predictability of the stressor
(Hargreaves, 1990; Paré and Redei, 1993; Pucilowski et al.,
1993; Marti et al., 1994; Morley et al., 1986). Models of
chronic mild stress have been reported to lead to behavioral
disturbances (Katz et al., 1981; Willner, 1991; Basso et al.,
1993), including decreased responses to rewarding stimuli,
as demonstrated by decreased sucrose consumption (Willner
et al.,, 1987; Ferretti et al., 1995) and place preference
conditioning (Papp et al., 1991, 1992). The absence of
predictability of the stressor applied is an important char-
acteristic of this model and may be related to the different
effects observed in these animals when compared to other
models in which repeated stress is used and higher con-
sumption of sweet food is observed (Ely et al., 1997;
Silveira et al., 2000). The present results also show no
significant effect of stress after 20 days of treatment,
although a nonsignificant decrease in sweet food ingestion
may be observed. Therefore, it appears that behavioral
changes such as the one observed here in animals submitted
to chronic variable stress may require some time to develop.

Other studies have observed higher intakes of very sweet
mash and lower rates of eating in animals submitted to
chronic exposure to mild unpredictable stress relative to
controls (Sampson et al., 1992). These results are somewhat
different from the results obtained herein, possibly because
the session length was very different. Furthermore, in the
present data, it is important to point out that the measure-
ment of sweet food consumption was made in a 3-min
section. Therefore, the consumption observed represent the
initial drive of the animals in relation to sweet food, and
agreeing with other studies, this effect may represent de-
creased reactivity to sweetness following chronic exposure
to stress.

In addition to its role in the stress response, the HPA axis
and particularly the glucocorticoid hormone corticosterone
have been shown to play an important role in appetitively
motivated behavior (Barr et al., 2000; Piazza and Le Moal,
1997). Corticosterone is known to modulate feeding behav-
ior, having a stimulatory effect on food intake, particularly
on carbohydrates intake (Tempel and Leibowitz, 1989). This
effect of corticosterone enhancing carbohydrate intake is
opposite to the effect observed in the present study. It is
possible that in rats exposed to chronic stress during a long
treatment, opponent processes prevail, causing a hedonic
shift in the other direction (Solomon and Corbit, 1974). On
the other hand, activation of HPA axis also releases CRH,
which is known to reduce feeding behavior (Koob and
Heinrichs, 1999). Presently, it remains unclear if some of
these different effects of HPA axis stimulation on feeding
behavior is, at least in part, responsible for the present
results.

It should be observed, however, that the pattern of
consumption responses exhibited following stress treatment
was dependent on whether or not subjects received hor-
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monal replacement. After 30 days of variate stress, the
suppressive effects of this treatment on sweet food intake
was evident in the OVX group; however, it was not
exhibited by the group receiving estradiol replacement. An
overall effect of estradiol was also observed. Surprisingly,
estradiol replacement induced a small, but significant,
increase in the consumption of sweet food, although no
effect was observed in the standard chow consumption (data
not shown). In addition, weight gain was smaller in animals
treated with estradiol in accordance with the known ano-
rectic effect of this hormone. Thus, under the conditions of
this task, estradiol replacement led to an increased appetite
for sweet palatable food, although it reduced weight gain.

This differential pattern of ingestive behavior by the
OVX +estradiol stressed group suggests that this model of
chronic variate stress is able to induce a pronounced
suppressive effect on ingestion in ovariectomized rats not
receiving hormonal replacement; while in those rats receiv-
ing hormonal replacement, this effect of chronic variate
stress was prevented. It has been hypothesized that chronic
variate stress reduces intake of sweet food by promoting
decreased responses to rewarding stimuli, a characteristic of
a state of depression (anhedonia) (Willner, 1991; Murua and
Molina, 1992). In the present study, estradiol replacement
modified the effect of stress treatment on sweet food
ingestion by increasing ingestive responses, an effect ob-
served particularly in the stressed group. This effect may be
related to an altered response to the sweet stimulus. Al-
though estradiol is known to reduce intake (Ganesan, 1994;
Wade and Schneider, 1992), gustatory and food habit
changes have been observed during the menstrual cycle in
women (Alberti-Fidanza et al., 1998) and the estral cycle in
rats (Clarke and Ossenkopp, 1998b). Sensitivity to sweet
taste increases with an increase of estradiol. At the same
time, in these studies, with the highest estradiol values, there
was a tendency towards lower energy intake, predominantly
provided by carbohydrates (such as bread) (Alberti-Fidanza
et al., 1998).

Estradiol replacement has been shown to decrease meal
size in rats (Geary et al., 1994; Hrupka et al., 1997). Studies
of meal microstructure after estradiol replacement have
shown that the rate of licking was not changed during the
beginning of the meal but was significantly slower during
the remainder of the meal. Burst size, cluster size, and
interburst interval were lower after estradiol replacement
during 5—7 min of the test meal (Hrupka et al., 1997). In
addition, estradiol is known to reduce meal size and food
intake in female rats, at least in part, by increasing the
satiating potency of CCK (Clarke and Ossenkopp, 1998a;
Eckel et al., 2002), possibly by increasing the central
processing of the vagal CCK satiation signal (Eckel et al.,
2002), and this mechanism of action would explain why
estradiol effects do not occur during the first minutes of a
meal. Since the task used in this study to evaluate feeding
behavior lasted for just 3 min, it is possible that longer
periods would present different effects, with the manifesta-

tion of the anorectic effects of estradiol. In these first
minutes, however, the main effect was an increase in
consumption, maybe as a result of altered sensitivity to
sweet taste, particularly in the chronically stressed group. In
this case, estradiol prevented the reducing effect of chronic
variate stress on sweet food consumption.

The effect of chronic variate stress to decrease sweet
intake has also been hypothesized to be secondary to a
decrease in body weight. The present data are relevant to this
debate (e.g., Willner et al., 1996). Therefore, we evaluate the
ratios sweet food consumption/body weight. The results
show the same pattern of effect of the results observed in
Fig. 2, suggesting that the reduction in body weight is not
enough to explain the decreased consumption of sweet food.

In OVX rats not submitted to chronic stress, estradiol
replacement increased leptin levels, consistent with the
known anorectic effects of estradiol (Ganesan, 1994; Wade
and Schneider, 1992). Females are characterized by signif-
icantly higher plasma leptin concentration than males (Chu-
dek et al., 2002). Recent studies have shown that 17p-
estradiol increases ob mRNA expression and leptin release
in more than 80% (Tanaka et al., 2001; Machinal-Quelin et
al., 2002), although others have reported that plasma con-
centration of estradiol contributes to leptinemia only to a
minor degree (Chudek et al., 2002).

In the present study, chronically stressed rats presented a
nonsignificant increase in leptin levels; while at the same
time, chronic stress induces depressive effects on ingestive
behavior. Hormonal factors, including glucocorticoids, the
hormones secreted during stress, are known to modulate
leptin secretion (Considine et al., 1997). Dexamethasone,
for example, is a powerful stimulator of leptin secretion and
leptin mRNA expression in rat adipose tissue in vitro. The
time lag and the similarity of these two parameters indicate
that dexamethasone presumably regulates leptin at the
transcriptional level (Kristensen et al., 1999) in such a
way that it probably has a long-lasting effect. In addition,
in our chronically stressed group, no effect of estradiol
replacement was observed as opposed to the effect observed
in the control group (as expressed by the significant inter-
action between the treatments). These results suggest an
interaction between the mechanisms of action of these two
treatments with regard to their effects on serum leptin levels.
Interestingly, estradiol replacement, in the stressed group,
prevented both the reduction observed in sweet food intake
and the increase in leptin.

Naturally, although it is possible that leptin could play a
role in the behavioral effects described in the present study,
it becomes clear, by the analysis of the two sets of data,
behavioral and biochemical, that leptin levels are not com-
pletely consistent with the behavioral effects, particularly
the estradiol groups. This interpretation is further compli-
cated by the fact that the neural mechanisms by which
estradiol interferes with food intake remain to be deter-
mined. The effects observed herein may be related to the
known effects of estradiol on leptin biosynthesis and secre-
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tion (Mystkowski and Schwartz, 2000) and indicate that, at
least in estradiol-treated groups, other factors are certainly
involved in the observed effects.

Estradiol treatment has been observed to decrease anxious
behavior (Bowman et al., 2002), an effect which may be
mediated, at least in part, by modifications in the 5-HT
system in response to estradiol treatment (Williams and
Uphouse, 1989; Bowman et al., 2002). As observed above,
estradiol increases the secretion of leptin. In addition, a
greater effect of estrogen on leptin secretion has been
reported in dexamethasone-stimulated cells (Kristensen et
al., 1999). Conversely, the effects of leptin on food intake
have been suggested to be mediated in part by the midbrain
serotonergic systems. Leptin can be selectively accumulated
by serotonergic neurones in the raphe nuclei (Fernandez-
Galaz et al., 2002), and its perfusion induces a significant
increase in 5-HIAA overflow from the hypothalamus (Hast-
ings et al., 2002). In addition, leptin treatment regionally
down-regulates serotonin transporter binding sites in the
brain (Charnay et al., 2000). Thus, a possible interaction
between estradiol-induced leptin secretion and the seroto-
nergic system would be a potential mechanism by which
estradiol may interfere with the effects of chronic stress
observed herein since some models of chronic-mild stress
(such as the one used in the present study) have been
proposed as models of depression in animals studies (Puci-
lowski et al., 1993; Katz et al., 1981; Willner, 1990, 1991)
and serotonin has been implicated in the pathophysiology of
depression (Van Praag et al., 1990). This possibility requires
further study.

In conclusion, an alteration in leptin levels may contribute,
at least in part, to the interaction observed between chronic
stress and estradiol replacement in feeding behavior. The
exact neurobiological mechanism involved in this effect, after
chronic stress, remains to be clarified. In addition, the
existence of a relationship between estradiol and the anorexic
effect of chronic stress also requires further study.
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Situagbes estressantes alteram o comportamento alimentar de maneira
diferenciada de acordo com a caracteristica do agente estressor, podendo causar
aumento ou diminuicdo do apetite (Hargreaves , 1990; Macht et al., 2001 Marti et
al., 1994; Pucilowski et al., 1993; Ely et al., 1997; Gamaro et al., 2003). Em
situacbes de estresse, ocorre a ativacdo do eixo hipotadlamo-hipdfise-adrenal
(HHA), causando a liberacdo de glicocorticoides entre outros hormonios (Akil &
Morano, 1995). Os glicocorticéides, por sua vez, atuam no sistema nervoso central
sobre 0 metabolismo da serotonina e da dopamina (Malyszko et al., 1994, Paris et
al., 1987; Nishi & Azmitia, 1996; Chaouloff,1993; Cuadra et al., 2001). Sabe-se
também que tais hormoénios influenciam o comportamento alimentar (Tempel &
Leibowitz, 1989; Strack et al., 1995), além de estimularem a liberacdo de leptina
(Caldefie-Chézet et al., 2001).

O modelo de estresse abordado nessa dissertacdo apresenta a
caracteristica de imprevisibilidade é, por esta razdo, tem sido sugerido como um
modelo animal de inducdo de depressao (Pucilowski et al., 1993; Katz, 1981;
Wiliner, 1991). A depressao pode ser determinada a partir da presenca de um de
seus sintomas, como a diminuicdo do consumo de solucdes palataveis, podendo
também ser interpretada como uma diminuicdo da resposta a recompensa
(anedonia) (Willner, 1987; D’aquila et al., 1994).

Os animais submetidos a tal modelo de estresse apresentaram uma
diminuicdo no consumo de alimento doce, ndo sendo observadas alteragdes no
consumo de ragdo padrao, como demonstrado no Capitulo ll. Esta alteracéo é
especifica para o alimento doce, podendo ser resultante de uma modificagéo na

neurotransmissdo dopaminérgica e serotonérgica, pois sabe-se que ambos
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neurotransmissores estdo envolvidos na resposta normal para um estimulo de
sabor adocicado, independente da percep¢éao de fome do animal (Blundell, 1991,
Ahn & Phillips, 1999). A dopamina esta envolvida na regulagdo do comportamento
alimentar relacionada com os mecanismos de recompensa e motivagéo (Orosco &
Nicolaidis, 1992; Ahn & Phillips, 1999; Pitts & Horvitz, 2000; Berridge & Robinson,
1998). Ja a serotonina estd envolvida na regulagdo do humor e do apetite,
apresentando, nesse ultimo, um efeito inibitorio, uma vez que atua nos
mecanismos de saciedade do individuo (Simansky, 1996; Orosco et al., 2000).
Estudos demonstram aumento em alguns tipos de receptores serotonérgicos,
como 5HT+g e 5HT,, apds tratamento com corticosterona ou ACTH (Kuroda et al.,
1992; Takao et al., 1997). A ativacdo desses receptores especificos causa efeitos
hipofagicos (Collin et al., 2000). A acéo inibitoria da serotonina sobre o
comportamento alimentar pode ocorrer via inibicao do neuropeptidio Y (NPY),
quando ocorre a atuacao dos receptores do tipo 5HT,4 ou 5HT,c, ou por outros
mecanismos que ndo envolvam a participacdo de tal neuropeptidio, que estéo
relacionados com outros receptores da familia, como os receptores S5HT1ap €
5HTp (Currie, et al., 2002).

- Como demonstrado no Capitulo 1l, os animais submetidos ao
estresse crbnico variavel apresentaram um aumento no metabolismo da
serotonina no hipocampo. Tal estrutura cerebral € alvo para acdo dos
glicocorticoides por apresentar alta densidade de receptores para esses
hormodnios. Este aumento na atividade serotoninérgica pode ser devido a acéo
desses horménios no hipocampo (Chalmers et al., 1993; Nishi & Azmitia, 1996),.

pois sabe-se que a liberacéo de glicocorticdides € geralmente a resposta hormonal
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do organismo ao estresse e que a acdo de tais hormonios altera o metabolismo da
serotonina no sistema nervoso central e na periferia (Malyszko et al., 1994, Paris
et al., 1987; Nishi & Azmitia, 1996). Os niveis de glicocorticides circulantes
podem alterar a utilizacdo da serotonina por meio da atividade da enzima
triptofano hidroxilase, importante para a biotransformagdo do triptofano em
serotonina (Chalmers et al., 1993; Singh et al., 1990; Chaouloff, 1993). Evidéncias
eletrofisiolégicas indicam uma interagcdo direta entre serotonina e neurdnios
hipocampais responsivos aos glicocorticoides (Azmitia et al, 1984, Joels & de
Kloet, 1992; Joels et al., 1995; Joels et al., 1997). Importante ressaltar que o
hipocampo recebe varias inervagbes do nucleo da rafe, local de sintese de
serotonina (Oleskevich and Descarries, 1990). Embora a serotonina hipotalamica
esteja mais relacionada a alteragdes no humor do que tenha relagéo direta com a
modulacdo sobre o apetite, este neurotransmissor também interage com o eixo
cérebro-pituitéria—adrenail (Siegel et al., 1993). Além disso, o hipocampo tem sido
relacionado com a organizacdo do padrdo de refeicdo (Clifton, 2000), podendo
influenciar de maneira discreta a regulacao do peso corporal. E possivel que a
atividade aumentada de serotonina no hipocampo possa néo estar diretamente
relacionada com a diminuicdo no consumo de doce observado nos animais
submetidos ao estresse crénico. A 5-HT esta envolvida na modulagdo do
comportamento alimentar, principalmente em outras estruturas, como por
exemplo, o hipotalamo (Leibowitz et al., 1990; Collin et al., 2000; Orosco &
Nicolaidis, 1992; Simansky, 1996; Vry & Schereiber, 2000) e a amigdala (Parker &

Coscina, 2001; Parker et al., 2001).
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Os animais submetidos ao estresse crbnico variavel apresentaram,
concomitantemente com a diminuicéo na atividade serotonérgica, uma diminuicao
na neurotransmissdo dopaminérgica, porém em estrutura cerebral diferenciada.
Os animais apresentaram diminuicdo na atividade dopaminérgica hipotalamica.
Sabe-se que o hipotalamo é o centro regulador do apetite (Bishop et al., 2000)
Resultado oposto foi observado em coértex frontal e hipocampo, com um aumento
no metabdlito da dopamina, DOPAC, nessas duas estruturas, também envolvidas
na regulacédo do comportamento alimentar. Este aumento esta de acordo com
dados da literatura que demonstram aumento da atividade dopaminérgica em
varias estruturas cerebrais, principalmente no sistema dopaminérgico mesolimbico
apos a exposicao ao estresse moderado (Thierry et al., 1976; Roth et al., 1998;
Jedema & Moghaddam, 1994). Tem sido demonstrado um aumento na
transmissdo dopaminérgica no cértex pré-frontal em situacbes de estimulos
aversivos (Di Chiara et al., 1999). A diminuicdo no consumo de doce pode estar
relacionada com tal efeito aversivo causado pelo modelo de estresse.

A dopamina pode estar envolvida com mecanismos de inibicdo do
apetite no hipotalamo lateral, mas pode também exercer efeito contrario no
hipotdlamo medial (Fetissov et al.,, 2000). A administracdo de farmacos que
aumentem a concentracdo de dopamina ou que sejam agonistas dos receptores
D2 é anorexigénica (Towell et al., 1988; Aou et al., 1994; Rusk & Cooper, 1988)

A dopamina parece regular a ingestdo de alimento modulando vias
mesolimbicas relacionadas com mecanismos desenvolvidos por meio da
recompensa (Balcioglu & Wurtman, 1998; Martel & Fantino, 1996). Baseado nesse

fato, podemos inferir como um dos efeitos do estresse cronico variavel a
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modificacdo das propriedades motivacionais e/ou de refor¢o para alimentos doces.
Nesse caso, causa uma diminui¢do na atividade dos sistemas envolvidos com
motivacéo e recompensa. O modelo de estresse cronico variado causou alteragdo
no metabolismo de serotonina e dopamina, acompanhada de diminuicdo no
consumo de alimento doce.

Sabe-se que, em humanos, as mulheres sdo mais suscetiveis a desordens
alimentares e afetivas. Por esta razdo, passamos a analisar os efeitos deste
modelo de estresse sobre o comportamento alimentar em fémeas (Kornstein.,
2002). As variagbes hormonais ovarianas durante o ciclo estral tém sido relatadas
como importantes fatores de regulagdo da resposta ao estresse e na modulagao
do comportamento alimentar (Bonavera et al.,, 1994; Mystkowski e Schwartz,
2000).

Dados da literatura demonstram modificagdes de ingestao de alimentos ou
aumento de alimentos de sabor adocicado em mulheres; durante a ovulacao
(Than et al.,1994, Kuga et al.,1998).

Ao submetermos animais fémeas ao estresse crdnico varidvel, como
demonstrado no Capitulo lil, pudemos observar alteragcbes no comportamento
alimentar, como a diminuicdo no consumo de alimento doce, da mesma forma
observada em animais machos, além da diminuicdo na atividade da enzima
Na’K*-ATPase. Ambos pardmetros estdo relacionados com sintomas da
depressao (Willner, 1991; Van Praag et al., 1990). O estresse € um agente que
altera a homeostase do organismo e modifica metabolismo de catecolaminas e
serotonina. O estresse pode ser considerado um fator de predisposicao a

depressao (Chalmers et al., 1993; Nishi & Azmitia, 1996).
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Sendo constatado tal efeito, iniciou-se o tratamento com um antidepressivo
inibidor seletivo da recaptacdo de serotonina, fluoxetina, durante 60 dias. O
tratamento com fluoxetina aumentou a atividade da enzima, revertendo o efeito do
estresse. Esta enzima é regulada por horménios e neurotransmissores, como
catecolaminas e serotonina (Van Praag et al., 1990; Farman, et al., 1994 ; Awaiss
et al., 2000; Hernandez, 1992; Valentino & Van Bockstaele, 2001), sendo ambas
também moduladas por estresse (Chaouloff,1993 ; Malyszko et al., 1994). Como
relatado anteriormente, o hipocampo é alvo para agéo do glicocorticéides que
atuam sobre o metabolismo da serotonina, uma vez que 0s niveis desse
neurotransmissor encontram-se alterados nessa regido. A serotonina esta
envolvida com a regulacdo do humor, sendo o hipocampo uma estrutura
importante nesse processo. A atividade da enzima Na*,K*-ATPase no hipocampo
esta diminuida nos animais estressados. O tratamento com com fluoxetina reverte
tal efeito causado pelo estresse sobre a atividade da enzima.

Sabe-se que a alteracdo causada pelo estresse no comportamento
alimentar esta relacionada com a modificagdo das vias serotoninérgicas e
dopaminérgicas pelos hormoénios do estresse, principalmente os glicocorticides
(Gamaro, et al., 2003). O comportamento alimentar pode ser modulado por varios
horménios e neuropepetideos dentro dos quais a leptina e o NPY apresentam
papeis antagdnicos na regulacdo do comportamento alimentar. A diminuicdo do
apetite causada pelo estresse pode estar relacionada também com um aumento
nos niveis de leptina, um horménio liberado pelos adipdcitos com funcdo da
regulaga@o do apetite (Sandoval & Davis, 2003; Yokosuka et al., 1998). A secrecéo

de leptina é modulada pela acdo dos glicocorticéides. Estudos prévios com
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administragdo de dexametasona demonstraram um aumento nos niveis de leptina
e na expressdao do mRNA em culturas de células provenientes de tecido adiposo
de rato (Kristensen et al., 1999). Este dado demonstra um efeito de longa duracéo,
uma vez que atua em nivel de transcricdo. Sendo o estresse crénico um
tratamento de longa duragdo, observamos um aumento nos niveis de leptina,
acompanhado pela diminuicdo no consumo de alimento doce, como descrito no
Capitulo IV.

Dados da literatura demonstram o envolvimento da serotonina com a
regulacdo dos niveis de leptina, bem como diminuigdo nos niveis de leptina nos
animais submetidos a um tratamento cronico com fluoxetina. Sabe-se que a
fluoxetina inibe a recaptacdo da serotonina , aumentando sua concentracao na
fenda sinaptica. Dryden e colaboradores, 1999 demonstraram o efeito da
fluoxetina em estresse agudo ou sub-agudo (7 dias). Os resultados obtidos nessa
tese, relatados no Capitulo IV, demonstram que, ao prolongarmos o tempo de
tratamento com fluoxetina para 60 dias, ainda encontramos o efeito inibitdrio
causado pelos tratamentos de menor periodo de duracdo. Os niveis de leptina
permaneceram mais baixos nos animais dos grupos controle e estressado
tratados com fluoxetina. Sugere-se que o efeito causado pela administracéo de
fluoxetina sobre os niveis de leptina sérica seja passivel de habituacédo com o
passar do tempo. O efeito do estresse sobre os niveis de leptina, que aos 30 dias
apresentam-se elevados, diminui com o aumento do tempo de estresse para 100

dias. Sugere-se uma habituacao da liberacdo de leptina com o aumento do tempo

~ de estresse.
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Ao trabalharmos com fémeas, ndo podemos deixar de lado os efeitos dos
esterdides sexuais em relacdo ao comportamento alimentar. Os estrogénios, por
exemplo, apresentam um efeito catabdlico sobre o metabolismo. Estes hormdnios
inbem a ingestdo de alimento, enquanto a testosterona apresenta um efeito
ativador do apetite dose dependente, em que doses altas causam inibicdo da
ingestao de alimento (Mystkowski e Schwartz, 2000). No Capitulo V dessa tese,
demonstramos os efeitos do estresse em animais ovarectomizados (OVX), com e
sem reposicao hormonal. Nesta parte do trabalho, pudemos constatar um efeito do
estresse sobre 0 comportamento alimentar tempo-dependente, uma vez que os
animais que foram submetidos apenas a 20 dias de estresse nao apresentavam
alteragdo no comportamento alimentar. Porém, os animais OVX que receberam
estradiol apresentaram um aumento no consumo de doce, tanto aos 20 quanto
aos 30 dias de estressé, sendo que, aos 30 dias de estresse, pudemos observar
nos animais OVX sem reposicdo o efeito inibitério do estresse ‘sobre ©
comportamento alimentar. Estudos demonstram que os niveis de corticosterona
podem estimular o consumo de carboidratos, sendo relacionado com mecanismos
de recompensa (Tempel & Leibowitz, 1989 ). Porém ndo podemos esquecer que a
resposta ao estresse ocorre através da ativacdo do eixo HPA. Esta resposta é
iniciada pela liberacdo do CRH hipotalamico que exerce efeito inibitério sobre o
comportamento alimentar. Porém o efeito classico do estradiol na reducao do peso
corporal e do comportamento alimentar nao foi observado no Capitulo V (Hrupka
et al., 1997; Geary & Asarian, 1999). Os animais submetidos ao estresse por 30
dias que receberam reposigdo hormonal com estradiol apresentaram um aumento

no consumo de alimento doce. Deve-se observar que 0os mecanismos pelos quais
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o estradiol atua no sistema nervoso central ndo séo bem esclarecidos na literatura,
além do fato de que, em nosso trabalho, o tempo de exposicéo ao alimento doce
aplicado pela tarefa talvez ndo seja suficiente para determinar alteragées em nivel
central do estradiol sobre o comportamento alimentar. Sabe-se que um dos
mecanismos pelos quais o estradiol parece atuar € via estimulacéo vagal da CCK,
tal efeito nao ocorre nos primeiros momentos de uma refeicdo (Butera et al.,
1993).

Como descrito no Capitulo V, também foram medidos os niveis de leptina
nos animais submetidos ao estresse e a reposicao hormonal. Os animais controles
que receberam estradiol apresentaram niveis aumentados de leptina, porém os
animais estressados nao apresentaram alteragcbes no nivel de tal horménio.
Podemos sugerir que o efeito do estresse sobre o comportamento alimentar
parace nao ser dependente dos niveis de leptina, pelo menos nesse modelo de
estresse. E importante ressaltar que o estradiol parece nesse modelo reverter o

efeito do estresse sobre o consumo de doce.




Capitulo VIl - CONCLUSOES
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A partir dos resultados dessa tese podemos concluir o que segue:

O modelo de estresse crénico variavel em animais machos induz uma
diminuicdo do consumo de alimento doce, podendo tal efeito estar relacionado
com as alteragbes observadas no metabolismo de dopamina e serotonina em
estruturas do sistema nervoso central envolvidas com a regulagdo do
comportamento alimentar.

A alterac@o no metabolismo de serotonina no hipocampo e a diminui¢ao do
consumo de alimento doce corroboram com os dados da literatura que sugerem a
utilizacao de tal modelo como indutor de depresséo.

O efeito do modelo de estresse crbnico variado sobre o comportamento
alimentar utilizando fémeas foi o mesmo efeito observado em machos.

O efeito do estresse sobre o comportamento alimentar é tempo
dependente, ou seja, somente observamos a diminuicdo no consumo de doce
apés um ‘perl’odo maior que 20 dias de estresse.

O modelo de estresse crénico variado pode ser considerado um modelo
experimental de depressao, uma vez que diminui os niveis da enzima Na*, K* -
ATPase em membranas do hipocampo dos animais submetidos ao estresse, pelo
menos em fémeas. O tratamento com o antidepressivo, fluoxetina, reverte o efeito
do estresse sobre a atividade da enzima.

O modelo de estresse cronico variado causa aumento nos niveis de leptina
aos 30 dias de estresse , 0 que pode estar relacionado com o efeito inibitorio

sobre o comportamento alimentar.
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O tratamento crénico com fluoxetina é eficaz para reverter o efeito do
estresse sobre a atividade da Na*,K" ATPase, mas ndo sobre os niveis de leptina
nos animais submetidos ao tratamento de estresse cronico variado por 100 dias.

O grupo de animais ovariectomizados que receberam reposicao de estradiol
apresentaram aumento no consumo de doce aos 20 e aos 30 dias de estresse. Os
animais do grupo estressado que receberam estradiol apresentaram, aos 30 dias
de estresse, uma diminuicdo dos niveis de leptina. Uma possivel interacdo pode
estar ocorrendo entre estradiol e a liberacdo de leptina, relacionada com a

alteracao observada no comportamento alimentar.
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