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APRESENTACAO

Este trabalho foi realizado no Laboratério de Fisiologia da Nutricdo
Naide Teodosio do Departamento de Nutricdo da Universidade Federal de
Pernambuco e no Laboratério de Imunopatologia Keizo Asami da Universidade
Federal de Pernambuco, sob a orientacdo da Professora Célia Maria Machado
Barbosa de Castro, Doutora em Farmacologia Experimental e Clinica da
Universidade Federal do Ceara e co-orientacdo do Professor Raul Manhées de
Castro, Doutor em Farmacologia Experimental e Clinica pela Universidade de
Paris 6. Contou com o apoio financeiro da Coordenacédo de Aperfeicoamento de
Pessoal de Nivel Superior (CAPES) e do Conselho Nacional de Desenvolvimento
Cientifico e Tecnologico (CNPQq). No presente trabalho foram estudados os
efeitos da desnutricdo pregressa e/ou da manipulacéo farmacoldgica do sistema
serrotoninérgico sobre o consumo alimentar, 0 comportamento agressivo e a
inter-relacdo entre agressividade intraespecifica e resposta imune. Desta
pesquisa, foram originados cinco artigos cientificos: O primeiro, intitulado: "Action
of selective serotonin reuptake inhibitor on aggressive behavior in adult rat
submitted to the neonatal malnutrition” foi publicado na revista: Arq
Neuropsiquiatr, 59(3-A):499 - 503, em 2001. Neste estudo, foi demonstrado que
ratos adultos submetidos a desnutricAo neonatal tornam-se resistentes aos
efeitos anti-agressividade do citalopram; O segundo, intitulado: "Early
malnourished rats are not affected by anorexia induced by a selective serotonin
reuptake inhibitor in the adult life" foi publicado na revista: Nutritional
Neuroscience, 5(3):211-214, em 2002. Neste trabalho, foi observado que ratos
adultos submetidos a desnutricdo precoce ndo sédo afetados por anorexia
induzida por citalopram; O terceiro, intitulado: "Malnutrition during brain growth
spurt alters the effect of fluoxetine on aggressive behavior in adult rats", foi aceito
para publicacdo na revista: Nutritional Neuroscience. Neste manuscrito, foi
mostrado que ratos adultos desnutridos precocemente tornam-se
hiporresponsivos a acdo anti-agressividade da fluoxetina; O quarto, intitulado:
"The expression of an intraspecific aggressive reaction before a stressor alters
the immune response in rats" foi aceito para publicacdo na revista: Brazilian
Journal of Biology, 65 (3), 2005. No manuscrito foram descritos resultados que
levam a hipétese de que a expressdo da agressividade intraespecifica ativa o
sistema imune e potencializa a resposta humoral antigeno-especifica; Por fim, o
quinto artigo, intitulado: "Malnutrition during brain growth spurt alters the effect of
aggressiveness on the immune response in adult rats”", submetido a Physiology
and Behavior, demonstra que a desnutricdo durante o periodo de rapido
desenvolvimento do cérebro altera a inter-relagédo entre comportamento agressivo
e a resposta imune em ratos adultos. Em concluséo, a desnutricdo precoce além
de interferir na inter-relacdo entre agressividade e resposta imune; acarreta
efeitos duradouros sobre o funcionamento do sistema serotoninérgico.
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RESUMO

Neste estudo, foram investigados os efeitos da desnutriciAo precoce
e/ou do tratamento com inibidor seletivo da recaptacdo de serotonina (ISRS)
sobre o consumo alimentar e 0 comportamento agressivo em ratos adultos.
Outrossim, foram investigadas as repercussfes sobre a resposta imune da
expressdo da agressividade intraespecifica frente a um estressor em ratos
adultos submetidos ou ndo a desnutricdo precoce. Para isso, ratos Wistar
machos foram divididos em dois grupos de acordo com a dieta materna
durante a lactagcdo. O grupo bem-nutrido foi alimentado por maes que
receberam uma dieta com 23% de proteina (Labina); o desnutrido por mées
que consumiram uma dieta com aproximadamente 8% de proteina (Dieta
Basica Regional;, DBR). Apés o desmame, todos os ratos receberam dieta
com 23% de proteina. Aos 90 — 120 dias de idade, cada grupo nutricional foi
dividido em subgrupos: grupo CITALOPRAM (AGUDO: uma unica injecao i.p.
de 20 mg/kg de citalopram; CRONICO: injecdes i.p. diarias de 10mg/kg ou 20
mg/kg de citalopram por 14 dias); grupo FLUOXETINA (injecdes i.p. diarias de
10 mg/kg de fluoxetina por 14 dias); grupo SALINA (AGUDO: uma unica
injecdo i.p. de 0.9% NaCl ; CRONICO: injecbes i.p. diarias de 0.9% NaCl por
14 dias); grupo CONTROLE (apenas as avaliacbes imunoldgicas foram
realizadas); grupo CHOQUE NAS PATAS - CP (animais receberam CP
individualmente) e grupo RESPOSTA AGRESSIVA - RA (animais receberam
CP e apresentaram RA). Durante os 14 dias de tratamento com salina ou
citalopram 10 mg/kg, foram avaliados o consumo alimentar e o ganho de peso
corporal. Apos 60 minutos do tratamento com salina ou citalopram 20 mg/kg e
24h do término do tratamento crbnico com salina, citalopram 20 mg/kg ou
fluoxetina 10mg/kg, os animais foram submetidos aos testes de agressividade.
Para inducdo da RA os ratos eram submetidos aos pares a sessbes de 5
choques nas patas (1,6 mA/2s, de 4 em 4 min). Para as medi¢cOes
imunoldgicas, amostras de sangue foram coletadas imediatamente, 7 e 15
dias apos CP ou RA. Leucécitos e titulos de anticorpos anti-hemacias de
carneiro foram analisados. A desnutricdo precoce alterou a anorexia induzida
por citalopram em ratos adultos. Do mesmo modo, o tratamento com ISRS
reduziu as respostas agressivas nos ratos bem-nutridos, mas n&do nos
desnutridos. Além disso, em bem nutridos, o CP reduziu a quantidade de
leucocitos. Contudo, a agressividade, foi acompanhada, além da reducdo do
namero de leucécitos, por diminuicdo de linfocitos e aumento de neutrofilos
imediatamente apds as RA. Ademais, foi observada uma elevacao no niumero
de leucécitos associada a um aumento na resposta imune humoral uma
semana apos as RA em bem nutridos, mas ndo em ratos desnutridos. Assim,
neste estudo a expressdo da agressividade intraespecifica frente a um
estressor parece modular o sistema imune e potencializar a resposta humoral
antigeno especifica. Contudo, a desnutricdo precoce alterou a inter-relacao
entre a agressividade e resposta imune; Além disso, a desnutricdo durante o
periodo de rapido desenvolvimento do cérebro afeta o funcionamento do
sistema serotoninérgico.



ABSTRACT

In this study, the effects of the early malnutrition and/or the
treatment with selective serotonin reuptake inhibitor (SSRI) on the food
intake and the aggressive behavior in adult rats were investigated. Moreover,
the repercussions on the immune response of the expression of the
intraspecific aggressiveness before a stressor was investigated in adult rats
submitted or not to early malnutrition. Male Wistar rats were allocated into
two groups, according to their mothers diet during lactation. The well-
nourished group was fed by mothers receiving a 23% protein diet (Purina of
Brazil Ltd); the malnourished one by mothers receiving a 8% protein diet
approximately (“Regional Basic Diet” - RBD). After weaning, all rats received
the 23% diet. On the 90™ — 120" day after birth, each nutritional group was
divided in subgroups: CITALOPRAM group (ACUTE: a single i.p injection of
20 mg/kg of citalopram; CHRONIC: single daily injection of 10mg/kg or 20
mg/kg of citalopram for 14 days); FLUOXETINE group (single daily injection
of 10mg/kg of fluoxetine for 14 days); SALINE group (ACUTE: a single i.p
injection of saline (0.9% NaCl); CHRONIC: single daily injection of saline
(0.9% NaCl) for 14 days); control group (only the immunological
measurements were accomplished); foot-shock (FS) (animals individually
received FS) and intraspecific aggressive response (IAR) group (animals
received FS and presented IAR). During the 14 days of the chronic treatment
with saline or citalopram 10mg/kg, the food intake and body weight gain were
evaluated. The animals were submitted to the aggressiveness tests 1-h after
the acute treatment or 24h after the chronic treatment with saline, citalopram
20 mg/kg or fluoxetine 10mg/kg. To induce the aggressive response the rats
were submited in pairs to sessions of 5 foot shocks (1.6 mA/2s, each 4 min).
For immunological measurements, blood samples were collected
immediately, 7 and 15 days after FS or IAR. Leukocytes and antibody titer
anti-SRBC (sheep red blood cells) were analyzed. The early malnutrition
altered the anorexia induced by citalopram in adult rats. In the same way, the
treatment with SSRI reduces aggressive response in well-nourished, but not
in malnourished ones. Moreover, in well-nourished, the FS reduced the total
amount of leukocytes. However, the aggressiveness was accompanied,
besides the reduction of the leukocytes number, by lymphocytes decrease
and neutrophils increase. Moreover, an elevation in the leukocytes number
associated to an increase in the humoral immune response was also
observed one week after the IAR in well-nourished, but not in malnourished
rats. In this study, the expression of the intraspecific aggressiveness before a
stressor seems to modulate the immune system and to potentiate the antigen
specific humoral response. However, the early malnutrition altered the
interrelation between the aggressive behavior and the immune response.
Moreover, the malnutrition during the brain growth spurt affects the
functioning of the serotoninergic system.
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INTRODUCAO




1 - INTRODUCAO

1.1. Desnutricdo e Sistema Nervoso

A desnutricio é um dos principais fatores que afeta o
desenvolvimento do sistema nervoso (TONKISS et al., 2003; PEREZ-
TORRERO et al., 2003). Todos os nutrientes podem influenciar de alguma
maneira 0 processo de maturacdo neural, mas a proteina parece ser o
componente mais critico para o desenvolvimento de funcdes nervosas
(MORGANE et al.,, 2002; CHANG et al., 2003; HERNANDES E ALMEIDA,
2003). Elas fornecem aminoacidos que sao essenciais para a constituicdo de
elementos celulares estruturais e funcionais. No processo fundamental de
neurotransmissao, varios aminoacidos sao precursores de neurotransmissores
ou em muitos casos atuam como o proprio neurotransmissor (MORGANE et

al., 2002).

No homem, a desnutricdo ocorrida nos primeiros 5 anos de vida,
pode ter consequéncias devastadoras para o sistema nervoso; durante esse
periodo, o crescimento € rapido e as necessidades de calorias e nutrientes
sdo maiores (BROWN e POLLITT, 1996). Nessa fase da vida, o processo de
crescimento e desenvolvimento do encéfalo ocorre com grande intensidade, o
que torna sua estrutura mais vulnerdvel a varios tipos de agressao
(MORGANE, et al., 1978). Agressbes nutricionais a depender do tipo, da
severidade, da duracdo e do periodo de ocorréncia em relacéo as etapas de
desenvolvimento do cérebro, poderdo ocasionar alteracdes irreversiveis
mesmo apoés recuperacao nutricional (MORGANE et al., 1992). Esse periodo é

considerado critico no desenvolvimento neural e corresponde ao pico de



atividades de eventos especificos como neurogénese, gliogénese,
diferenciacdo celular, migracdo e sinaptogénese (DOBBING, 1968;

MORGANE et al., 1978; MORGANE et al., 1993).

O periodo critico de desenvolvimento do encéfalo varia entre as
espécies; no homem, inicia-se no periodo pré-natal (Gltimo trimestre de
gestacado), continuando até os primeiros anos de vida (3 a 4 anos). No rato,
corresponde as trés primeiras semanas de vida pos-natal (MORGANE et al.,

1978).

Em ratos desnutridos, particularmente durante o periodo neonatal,
foi observada reducdo do conteido de DNA no cérebro, no cerebelo e no
hipocampo (WINICK et al., 1972) e também no conteddo de RNA no coértex
cerebral (CASTILLA et al.,, 1979). Em ratos submetidos a desnutricdo pos-
natal, foi observado ao desmame, reducdo do peso, acompanhada de
alteracbes quimicas como diminuicdo da concentracdo de colesterol,
decréscimo cerebelar do conteddo de DNA, diminuicdo do contedudo de
proteina da regido telencefalica e tronco cerebral e reducdo da atividade da
acetilcolinesterase (SOBOTKA et al., 1974). Outrossim, em ratos desnutridos
no inicio da vida, foi encontrado déficit no nidmero de neurdnios no giro
denteado (BEDI, 2003). Alteracbes na forma de neurbnios foram também
observadas em ratos submetidos a desnutricdo durante o periodo perinatal

(RESNICK et al., 1979; BORBA et al., 2000).

A questéo é se essas modificacbes tém consequéncias funcionais.
Segundo LEVITSKY (1975), essas alteracfes podem interferir na capacidade

do individuo interagir com o seu meio; em outras palavras, elas poderiam



trazer consequiéncias comportamentais.

Barreto Medeiros (1998), investigando as consequéncias funcionais
da desnutricdo precoce sobre o sistema nervoso, em animais adultos,
particularmente, sobre a expressdo comportamental, observou reducdo no
peso corporal associada a aumento do consumo alimentar e maior
sensibilidade dolorosa de animais desnutridos, mesmo apos longo periodo de

recuperacao nutricional.

Outros estudos tém demonstrado que a desnutricdo pode alterar os
sistemas de neurotransmissores (MANJARREZ et al.,, 2003; CHEN et al.,
1997), dentre eles o serotoninérgico (CHEN et al., 1992; CHEN et al., 1995).
Ha relatos na literatura de aumento da atividade serotoninérgica no cérebro de
animais desnutridos em desenvolvimento (WIGGNS et al., 1984). Assim, um
aumento nos niveis de serotonina e acido 5-hidroxindolacético foi detectado
no cérebro de animais desnutridos, desde o nascimento até 300 dias de idade
(STERN et al.,1975). Outras investigagbes encontraram um aumento nha
liberacdo de serotonina no hipocampo de ratos desnutridos durante o periodo
pré-natal (CHEN et al., 1992; MOLKER et al., 1999; MOLKER et al., 2003).
Contudo, CHEN et al. (1997), observaram que ratos submetidos a desnutricao
protéica pré-natal seguida de reabilitacdo nutricional ndo apresentaram
alteracbes nas concentracdes de serotonina e norepinefrina. Parece que a
reabilitacdo nutricional pés desmame neutralizou o efeito da agressao

nutricional precoce sobre os neurotransmissores.

Os efeitos das agressfes nutricionais e farmacoldgicas sobre os

sistemas de neurotransmissdo, particularmente o sistema serotoninérgico,



merece atencdo especial, pois este sistema elicia ou modula uma ampla
variedade de funcfes do sistema nervoso central (CHOPIN et al., 1994). Entre

estas podemos destacar o consumo alimentar e 0 comportamento agressivo.

1.2. Sistema Serotoninérgico

O sistema serotoninérgico é constituido de neurénios que liberam
serotonina (5-HT) e dos receptores especificos para a mesma (MANHAES DE
CASTRO, 1995). Em mamiferos, a maioria dos corpos celulares dos neurdnios
5-HT estdo localizados nos nudcleos bulbares e mesencefélicos da rafe
(MAGALHAES et al., 2000). Estes nlcleos enviam projecdes que inervam o
cérebro, cerebelo, tronco cerebral e a medula espinhal (JACOBS e AZMITIA,
1992). Além do sistema nervoso, a 5-HT ainda pode ser encontrada nas
células enterocromafins do trato gastrintestinal, nas plaquetas e em mastécitos
(BORNE, 1994). Na figura 1 encontra-se ilustrada a distribuicdo das vias

serotoninérgicas no cérebro.

A serotonina € uma amina derivada do aminoacido essencial
triptéfano (WURTAMAN, 1982; FERNSTROM, 1991). Sua sintese envolve
duas reacdes: uma de hidroxilacdo, onde o triptéfano se transforma em 5-
hidroxitriptofano (5-HTP) pela acdo da triptofano hidroxilase e outra de
descarboxilacdo, em que o 5-HTP da origem a 5-HT, através da acdo da
enzima 5-hidroxitriptéfano descarboxilase (HAMON et al., 1981). A
degradacdo da 5-HT é feita pelas enzimas monoaminoxidase e aldeido
desidrogenase, tendo como produto final o acido 5-hidroxindolacético (5-HIAA)
(FERNSTROM, 1983). A sintese e a degradacdo da serotonina estdo

ilustradas na figura 2.



Figura 1 — Distribuicdo das vais serotoninérgicas no cérebro — Modificado de
Snyder, S.H. in: Drugs and the Brain. Scientific American Libery, 1996.
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Figura 2 - Sintese e metabolismo da serotonina (SVED, A.F., 1983).




No sistema nervoso central, a 5-HT apds a sintese € armazenada
em vesiculas sinapticas, sendo liberada para a fenda pela acdo de impulsos
nervosos (BORNE, 1994). Em seguida ela pode atuar em receptores preé-
sinapticos, que regulam sua sintese e liberacdo, ou se ligar a receptores pos-
sinapticos, possibilitando a propagacdo da informacdo para outros neurdnios

(BARNES e SHARP, 1999).

Atualmente existem cerca de sete tipos de receptores
serotoninérgicos identificados, séo eles: 5-HTy, 5-HT,, 5-HT3, 5-HT4, 5-HTs, 5-
HTe e 5-HT; (BARNES e SHARP, 1999). Varios sub-tipos de receptores
também ja foram descritos e devidamente classificados (BARNES E SHARP,
1999), como por exemplo, 5-HT1a € 5-HT1g (BOLANOS-JIMENEZ et al., 1993;

1994; MANHAES DE CASTRO et al., 1996) entre outros.

O aumento na acao da serotonina extracelular sob receptores pos-
sinapticos dos neurdnios alvos resulta em varias alteragbes funcionais,
refletindo uma ampla distribuicdo de terminais nervosos serotoninergicos em
regides cerebrais que regulam numerosas funcgdes fisiologicas (FULLER,
1996). Sabe-se que o sistema serotoninérgico participa de funcdes do sistema
nervoso central tais como: sensibilidade a dor, controle do sono, humor,
comportamento sexual, consumo alimentar e agressividade (CHOPIN et al.,
1994). Além disso, ha varias evidéncias de que a serotonina age como um

fator neurotrofico (FABER e HARING, 1999; RADLEY e JACOBS, 2002).



1.2.1. Serotonina e Consumo Alimentar

O papel da serotonina no controle da ingestdo alimentar e da
saciedade tem sido estudado por muitos pesquisadores (BLUNDEL, 1992;
HALFORD e BLUNDEL, 2000; LEE et al.,, 2002). Na figura 3 encontram-se
ilustradas gaiolas individuais utilizadas para o estudo do consumo alimentar em
ratos. Segundo Blundel et al., (1995), drogas serotoninérgicas podem reduzir o
consumo alimentar e bloquear o ganho de peso corporal de ratos submetidos a
dieta rica em gordura (BLUNDEL et al., 1995). Consideravel perda de peso foi
observada em ratos, apos a administracdo cronica de serotonina (EDWARDS,

1995).

Ademais, alteracdo funcional do sistema serotoninérgico tem sido
associada com distarbios alimentares (MCBRIDE et al, 1991). Assim,
concentracbes reduzidas do 5-HIAA no liquido cérebro-espinhal, podem ser
encontradas em mulheres com anorexia nervosa e baixo peso corporal
(GILBERG, 1983; KAYE et al., 1988), sendo que a normalizacao de seus niveis &

seguida da restauracéo do peso (KAYE et al.,.1988).

Alguns subtipos dos receptores serotoninérgicos, particularmente
5HT1a, 5HT15 € 5HT,c, tem sido relacionados a acéo da serotonina no controle
da ingestdo alimentar e do peso corporal (DOURISH, 1995; DE VRY e
SCHREIBER, 2000; LEE et al., 2002). Assim, pequenas doses de 8-OH-DPAT
(8-hydroxy-2-(di-n-propylamino) tetralin), um agonista do receptor 5-HTia
aumentou a ingesta alimentar em ratos (DOURISH et al., 1985). Além disso,
estudo realizado em camundongos demonstrou que a administracdo de

LY206130 (1-[1-H-indol-4-yloxy]-3-[cyclohexylamino]-2-propanol maleate), um



antagonista seletivo do receptor 5HT;a potencializou o efeito inibitério da

fluoxetina sobre o consumo de leite condensado (LI et al., 1998).

Figura 3— Gaiolas utilizadas para o estudo do consumo alimentar.
(A) — Viséo Posterior — Bebedouros e Comedouros.
(B) — Viséo Anterior - Gaiolas com coletor de fezes e coletor de urina.
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Em ratos, o uso do CP 94,253 (3-(1,2, 3,6 tetrahidro—4—piridinil)-5-
propoxipir-rolo(3,2-b)piridina), um agonista altamente seletivo do receptor
5HT;g, reduziu o consumo alimentar e preservou a sequéncia comportamental
de saciedade (LEE et al., 2002). Do mesmo modo, Halford e Blundel (1996A)
demonstraram que a ativacao dos sitios do receptor 5HT1g por CP 94,253 é
suficiente para reduzir a ingestdo alimentar e aumentar a saciedade. Em
camundongos, tratamento com RO 60-0175 ((S)-2-(6-chloro-5-fluoro-indol-I-
yl)-I-methylethylamine hydrochloride), um agonista do receptor 5HT,. nas
doses de 1.0, 3.0 e 10.0 mg\kg de peso corporal produziu reducdo no
consumo alimentar de maneira dose dependente (HEWITT et al., 2002). Este
efeito anorexigeno do RO 60-0175 foi atenuado por SB 242084 (6-chloro-5-
methyl-1-[2(2-methylpyridyl-3-oxy)-pyrid-5-yl ~ carbamoyl] indoline), um
antagonista seletivo deste receptor (HEWITT et al., 2002). Segundo Dourish
(1995), agonistas seletivos do receptor 5-HT,c apresentam efeito anoréxico e

podem ser Uteis no tratamento da obesidade.

Alguns farmacos, entre eles os inibidores seletivos de recaptacao
de serotonina, vém sendo utilizados na prética clinica no tratamento de
transtornos alimentares ou psiquiatricos (TAMMELA et al., 2003;

ARMENTEROS e LEWIS, 2003).
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1.2.2. Serotonina e Agressividade

A importancia da serotonina no controle inibitério da agresséo tem
sido evidenciada experimentalmente pela manipulagdo do sistema

serotoninérgico em roedores (DATLA et al., 1991; KEELE et al., 2001).

Os niveis cerebrais de serotonina podem ser reduzidos por
restricdo do triptéfano, por inibicdo da triptéfano hidroxilase com para-
clorofenilanina, por destruicdo dos neurdnios serotoninérgicos com a
neurotoxina, 5,7—dihidroxitriptamina (5,7-DHT) ou por lesdo dos nucleos da
rafe (EICHELMAN, 1990). Dados experimentais demonstram que a supressao
do sistema serotoninérgico aumenta 0 comportamento agressivo em ratos
(APPLEGATE, 1980). Estudo experimental realizado em macacos machos
demonstrou aumento da agressividade, relacionado a baixos niveis de

serotonina (KYES, 1993).

O triptéfano aumenta a sintese de serotonina no cérebro e portanto,
deve estimular a liberacéo de 5-HT e suas fun¢gdes (VOLVOKA, 1995). Assim,
dietas pobres em triptofano facilitam o comportamento muricida em ratos e a
suplementacdo com este aminoacido reduz este comportamento (GIBBONS et
al., 1979). Em mulheres submetidas a teste laboratorial de agressividade
(PSAP: Point Subtraction Aggression Paradigm), a suplementacdo alimentar
com triptéfano diminuiu 0 comportamento agressivo, enquanto a deplecao

desse aminoacido aumentou a agressividade (MARSH et al., 2002).

Os niveis do 5-HIAA no LCE foi por muito tempo utilizado como
indicativo da atividade serotoninérgica central. Reducéo dos niveis do 5-HIAA

foi observada em pacientes depressivos, com historia de violéncia e tentativa
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de suicidio (ASBERG et al., 1976).

O papel da serotonina no controle do comportamento agressivo
tem ainda sido demonstrado através da utilizacdo de instrumentos
farmacologicos (MANHAES DE CASTRO et al., 2001). Ha drogas que atuam
inibindo a recaptacdo da serotonina, aumentando a sua disponibilidade
sinaptica e consequentemente potencializando a acdo desse neurotransmissor
(HYTTEL, 1994). A fluoxetina e o citalopram, que séo inibidores seletivos da
recaptacdo de serotonina (ISRS) (HYTTEL, 1994; SANCHEZ e HYTTEL,

1999) sdo algumas dessas substancias (Figura 4).

A Fluoxetina é uma amina secundaria, que € metabolizada a
norfluoxetina, considerada um inibidor da recaptacéo da serotonina mais seletivo e
mais potente (BAUMANN, 1996; SANCHEZ e HYTTEL, 1999). Segundo Wong
(1993), a fluoxetina tem um potencial para inibir a recaptacédo da serotonina duas
vezes maior que sua eficacia em bloquear a recaptacdo de dopamina e

noradrenalina.

O citalopram é uma amina terciaria, que €é metabolizada a N-
dimetilcitalopram e N-didmethylcitalopram, que s&o ISRS menos potentes
(BAUMANN, 1996). Em ratos, tratamento com citalopram (10 mg/kg i.p. duas vezes
ao dia durante 14 dias), ndo resultou em modificacbes adaptativas dos sitios de
captacdo de serotonina e nao teve efeito sobre o autorreceptor 5-HT1B, e os
receptores 5-HT3 e 5-HT4 (GOBBI et al., 1997). Outrossim, trabalho experimental
demonstrou um aumento na concentracao de serotonina no cortex frontal de ratos,
apos tratamento cronico com citalopram (20 mg/kg/dia, i.p., por 14 dias), 10 e 12 h

apos a ultima dose (ARBORELIUS et al., 1996).
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F,C— —0— CH(CH,),NHCH;

Fluoxetina

NC

Citalopram

Figura 4 - Estrutura quimica de ISRS (BAUMANN, P. e ROCHAT, B., 1995)
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Ha evidéncias indicando que ISRS diminui o comportamento
agressivo em varias espécies e modelos de agressdo (DATLA et al., 1991,
SANCHEZ e HYTTEL, 1994; SPERRY et al., 2003). Em ratos, a agressividade
foi reduzida apds administracao central de fluoxetina (DATLA et al., 1991). Em
camundongos, tratamento agudo com fluoxetina reduziu a agressividade
induzida por isolamento (SANCHEZ e HYTTEL, 1994). Do mesmo modo, em
pardais o tratamento agudo com fluoxetina reduziu o comportamento
agressivo (SPERRY et al.,, 2003). Outrossim, em ratos tratamento neonatal
com citalopram (20 mg/Kg, sc, do 2° ao 21° de vida) diminuiu a agressividade
intraespecifica na vida adulta (MANHAES DE CASTRO et al., 1998). O efeito
inibidor do citalopram, sobre a agressividade induzida por isolamento, foi
também demonstrado em camundongos pré tratados com uma dose
subefetiva do precursor da serotonina (SANCHEZ e HYTTEL, 1994;

SANCHEZ e MEIRE, 1997).

Dentre os modelos experimentais utilizados para o estudo da
agressividade, destaca-se o comportamento agressivo induzido por choque
elétrico nas patas (EICHELMAN, 1990). Segundo, EICHELMAN e THOA
(1973) este padrdo de comportamento foi descrito pela primeira vez por
O’kelly e Steckle em 1939 e desde entdo, vem sendo utilizado por muitos
pesquisadores (DATLA et al., 1991; SILVA, 1997; MANHAES DE CASTRO et
al., 2001). Este modelo € caracterizado pela administracao repetida de pulsos
elétricos nas barras do piso de uma gaiola contendo dois ratos (VOLVOKA,
1995; Figura 5). Quando o choque nas patas é administrado o0s ratos

assumem postura de luta (Figura 6).
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Figura 5 — Aparelho utilizado para administragéo de choque elétrico nas patas.
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Figura 6 (A e B) — Resposta ao choque nas patas consideradas como agressivas.
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1.3. Agressividade e Sistema Imune

Nos ultimos anos, muitos pesquisadores tém se dedicado a estudar
como as reacdes emocionais podem interferir na resposta imune
(STEFANSKI e ENGLER, 1998; DREAU et al., 1999; GROOT et al., 2002). Na
maioria dos casos, a atencdo tem sido focalizada principalmente sobre a
influencia do estresse sobre a funcéo imune (DE CASTRO et al., 2000). Séo
poucos os estudos sobre a inter-relacdo entre agressividade e resposta imune

(COHEN et al., 1997; DEVOINO et al., 2003A).

Em primatas, niveis mais altos de agressividade foram associados
com menor suscetibilidade a infecéo respiratéria (COHEN et al., 1997). Ja em
camundongos geneticamente agressivos foi encontrada reducdo na atividade
das células Natural Killer (NK) naqueles menos agressivos (PETITTO et al.,
1993). Sabe-se que as alteracbes imunoldégicas podem variar a depender da
postura assumida pelos animais durante um confronto (STEFANSKI e
ENGLER, 1999). Assim, Devoino et al., (2003A) Observaram que a ocorréncia
de comportamento agressivo em ratos submissos produziu imunoestimulagao.
Isto significa que frente a uma situacdo estressante, as respostas dos

sistemas fisiologicos podem ser diferentes.

Ha duas principais vias pelas quais o0 sistema nervoso central pode
influenciar a resposta imune periférica (Figura 7). Uma é o sistema nervoso
auténomo (SNA), onde as catecolaminas (epinefrina e norepinefrina) liberadas
dos terminais nervosos controla a atividade de 0Orgaos imunes primarios e
secundarios (FRIEDMAN e IRWIN, 1997). E a outra € 0 eixo hipotalamo-

pituitario-adrenal (HPA) (MAIER e WATKINS, 1998). O principal iniciador dos
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efeitos imunorregulatorios deste eixo € o horménio liberador de corticotrofina
(CRH) (LAWRENCE e KIM, 2000). O hipotalamo libera o CRH em resposta a
uma variedade de estimulos(MAIER e WATKINS, 1998). O CRH induz as
células da pituitaria a produzir e liberar no sangue o ACTH (VIZI, 1998). Este
altimo por sua vez, estimula a sintese e liberacdo de glicocorticéide (cortisol
no homem e corticosterona no rato) pela glandula supra renal (MAIER e
WATKINS, 1998; LAWRENCE e KIM, 2000). Catecolaminas e glicocorticoides
sdo potentes mediadores de muitos aspectos da imunidade, incluindo
migracdo e proliferacdo de linfécitos (FELSNER et al., 1992; BENSCHOP et

al., 1993; SHAKHAR e BEM-ELIYAHU, 1998).

A estimulacdo do eixo hipotalamo-pituitario-adrenal parece
constituir um dos elementos fundamentais da resposta adaptativa de um
organismo na maioria das situacfes ameacadoras a que pode ser submetido
(CASTELNAU e LOO, 1993). O eixo HPA e também outros elementos
participes da resposta ao estresse, como 0 sistema nervoso simpatico
(SGOIFO et al.,, 1996; LAWRENCE e KIM, 2000) sado componentes

estreitamente associados a expressao da resposta agressiva.

Ha varias evidéncias na literatura mostrando que ceélulas imunes
podem liberar hormonios e neuropeptideos (OTTAVIANI e FRANCESCHI,
1996; BLALOCK et al., 1985). Outrossim, receptores para substancias como,
adrenalina, serotonina, acetilcolina, histamina, endorfina, adrenocorticotropina
e neuropeptideos que estdo implicados nas reacfes de estresse e
agressividade, tem sido identificados nas membranas de distintas populacdes
de células imunes (BLALOCK et al., 1985; DANTZER, 1991). Essas

evidéncias explicam pelo menos em parte como reacdes emocionais e de

19



estresse podem alterar a resposta imune.

SpleenThyn"IUS &
Other Immune Organs

Figura 7 — Esquema representando as duas principais vias de conexao entre
0 cérebro e o sistema imune: CRH = horménio liberador de corticotropina;
ACTH = hormbnio adrenocorticotropico; CORT = corticosterdides; NE =
norepinefrina; ENK = encefalina; SP = substancia P; NPY = neuropeptideo Y;
M@ = macrofagos (MODIFICADO de MEIER e WATKINS, 1998).
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14 Desnutricdo e Sistema Imunoldgico.

Este tema serd apresentado na forma de artigo de revisédo
intitulado:  “ HOW DOES THE MALNUTRITION ALTER THE IMUNE
SYSTEM?” Publicado na revista: An. Fac. Med. Univ. Fed. Pernamb., Recife,

v.48 (1), 2003.

O sistema imunoldgico atua em um ambiente multissistémico podendo
desse modo, sofrer a influéncia de diversos fatores inerentes ao individuo.
Entre esses fatores o estado nutricional € um dos mais importantes. Assim,
estudar a influéncia da desnutricdo sobre o sistema imune tem sido objeto de
muitas pesquisas. Este artigo, tras uma revisdo de como a desnutricdo pode
alterar o sistema imune. Nesta revisao € interessante notar, que Sao escassos
0s estudos sobre as repercussoes tardias da desnutricdo neonatal, seguida por

recuperacao nutricional.
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ABSTRACT: The nutritional state is one of the principal factors that can affect the functioning of the

immune system and consequently to alter the capacity of the organism to win the aggressions of the

milicu. That is due to the fact that the cells of the immune system as the cells of any other system depend

on nutrients for its appropriate function. The present work makes a revision of as the malnutiition 1t can

alter the mmmune system,
KEYWORDS: Malnutiition; Immune system.

INTRODUCTION

Happening in the first years of the man’s life, the
malnutrition (M) can have serious consequences for the
organism, because that period is characterized by intense
growth process and systemic development'. During that
specific period, the growth is fast and the needs of calories
and proteins are larger®. Like this, in that phase of the life,
nutritional aggressions can cause alterations in functioning
of organs and systems (among them, the immune system),
which play important role for maintenance of the
homeostasis and integrity of the body. The effects of the
M on the immune system will be discussed in this work.

In the last 30 years, studies have been confirming that
deficiency of nutrients harms the immune response and
takes to frequent infections that result in mortality,
especially in children®. The complex interactions among
nutrition, infection and immunity are not still well
understood. In that context, it is difficult to determine the
specific role of each one of the involved factors. The
Infections induce to great metabolic alterations that result
in nitrogen negative balance. On the other hand, the M of
any origin can result in alteration of the immune response®.

Smythe and colls observed in children undernourished
atrophy in the tonsils and reduction in the rate of
transformation of lymphocytes™. Reduction of the size
and weight of the thymus during the M are also observed
by other researchers®. A decrease in the weight of the
spleen was observed in rats submitted to the diet with low
percentage in proteins™. Chandra (1997) refers that, in
the protein-energy M, there is also a significant loss of
the lymphoid cells in the spleen, in the lymphnods and in
the thymus-dependent paracortical arcas®.

In the protein-energy M there is a significant damage
of several aspects of the immune response, including:
decrease of lymphocytes, smaller titles of antibodies in
response to vaccines, alteration of the phagocytic function,
decrease of the activity of the complement and of the
cytokine production”™'’.

Most of the studies demonstrate that the M seems to
have a particularly vast effect on the immunity mediated
by cells???*. Consequently, undernourished individuals are
more susceptible to infection for obligatory intracellular
pathogens. In mice, submitted to the moderate restriction

of calories and proteins, a decrease was observed in the
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immunity mediated by cells'. According to Keusch
(1981), a significant damage in the immunity mediated by

' In the

the cells T, it is also observed in the severe M
same way, Chandra (1997) tells that in the M there is a
reduction in the proportion of T-helper lymphocytes and
in the number of T-suppressor cells®.

The macrophages play an important part in the defense

" have been

of the host However, researches
demonstrating that in the M several functions are harmed
in these cells’'?. Reynolds et al. (1992) observed that the
protein deficiency harms the activation of the
macrophages™. This damage can commit the immune
cftfector mechanisms, dependent of the macrophage
activation, including rejection of intracellular pathogens.
Besides, the macrophages number in the exudato peritoneal
1s reduced in undemourished animals®. In undernourished
patients, 1t has also been observed a retard and a decrease
in the mobilization of the monocytes™.In rats, submitted
to the protein privation, they were also found quantitative
reductions, bankruptey of the maturation and decrease of
the proliferate capacity of the cells of Kupfter',

The macroy fage 1s the largest source of liberation of
I1.-1, a cytokine that acts increasing the proliferation of
the T lymphocytes. Reynalds and collaborators (1992)
obscrved that, in rats, the protein deficiency harms the
production and, consequently, the activity of 1L-1 in
response to endotoxins®'. Besides, the production of TNF
for activated macrophages, it is also harmed in the M
process’.

The migration and the cellular adhesion are two
important stages in the phagocytic process. However, in
nuce submitted to the protein deficiency, it was observed
decrease in the fibronectin expression and reduction in
the adhesion of macrophages?. It was verified in experi-
mental research that dietary restriction for 7 days reduces
the expression of molecules of adhesion of
polymorphonuclear neutrophils in the cavity peritoneal,
in rat'®. This implicates in damage of the response
mediated by those phagocytes.

The complement system s another component of the
immune system that can be altered in the M. The
concentration and activity of most of the components of
the complement are reduced in the nutritional depletion.
Studies in children showed a reduction of the activity and
of the components of the corplement'®. Besides the

alterations mentioned previously, the cutaneous response

of late hypersensibility is quite depressed in the M* Nohr
and colls (1985), investigating in mice, the effects of short
period of nutritional privation on the immumty, observed
that the test of late cutanecous hypcwcnslhi'lny and the
responses to specific antigens were depressed™. In that
swdy the nutritional recovery was enough to recuperate
the corporal weight, but it didn’t correct the appraised
parameters, of the immune response.

Chandra (1991) refers that, for most of the authors,
the humoral immunity is not affected directly by the
protein-energy M, particularly when the antigen is not
thymus-dependent®. According to Stichm (1980), the B
lymphocytes subpopulations, the serum 1gA and IgG levels
and immunoglobulin synthesis and metabolism are usually
normal or increased in the M™. Nahani and collaborators
(1990) mvestigating the relationship between nutritional
state and immune response in clhildren, they observed that
the immunoglobulins G and D were normal in the moderate
and severe M, however [gA was just elevated i the sertous
NlIK

Salimata and colls (1983) mvestigating in mice, the
effects of a deficient alimentary ingestion, during the
suckling period, on the immune 1esponse, observed that
the ammals maimtained with an insufficient feeding, they
presented a the depressed humoral immumty; the same
not being observed with relattonship to the animals
nutritionally recovered®. As referred them researchers,
the protein-energy M for short penod, same iduced in
the critical period of development of the immune system,
relatively, it produces smaller effect.

Besides the effects of the M mentioned previously,
several studies have been demonstrating that the M can
alter the nervous system and the endocrine system''?. In
the same way, undernourished rats in the critical period of
development of the encephalon were not affected for
anorexia induced by SSRI in the adult life'. Likewise, ina
recent article, we observed that M during the suckling
period causes reduction in the corticosterone levels in
adult rats'?’. As the interaction among the physiologic
systems (particularly Nervous System, Endocrine System
and Immune System) can interfere in the immune

121Y we can conclude that the immune alterations

response
provoked by the deficit nutritional, they cannot just be
consequence of the lack of nutrients for the immune cells,
but also of neuro-endocrine disturbances that happen in

the M.
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Barreto-Medeiros JM, De-Castro CMBB, Teles AMS, Montenegro EJN, Manhies-de-Castro R. Como a
desnutrigdo altera o sistema imune? An. Fac. Med. Univ. Fed. Pernamb. Recife, 48(1), p.69-71, 2003.

RESUMO: O estado nutricional ¢ um dos principais fatores que pode afetar o funcionamentg do

sistema imune e consequentemente alterar a capacidade 1o organismo de vencer as agressoes do ambicn-

te. Isso se deve ao fato de que as células do sistema imunoldgico como as células de qualquer outro

sistema, dependem de nutrientes para o seu funcionamento apropriado. O presente trabalho faz uma revi-

sdo de como a desnutri¢io pode alterar o sistema imunologico.

UNITERMOS: Desnutrigio; Sistema imune.
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2 - JUSTIFICATIVA

O estudo das respostas agressivas em animais, desnutridos durante o
periodo critico de desenvolvimento do encéfalo e submetidos a manipulacdo
farmacoldgica do sistema serotoninérgico na vida adulta é de grande
importancia, para se verificar possiveis alteracfes permanentes que o sistema

serotoninérgico possa sofrer no processo de desnutricao.

Outro aspecto importante é analisar a resposta imune em animais
normais ou desnutridos apds comportamento agressivo. Que repercussao tem
a agressividade na resposta imune? E qual o papel da desnutricdo nesse

fendbmeno?

Alguns farmacos, entre eles os inibidores de recaptura de serotonina,
vém sendo utilizados na pratica clinica no tratamento de transtornos
alimentares ou psiquiatricos. Assim, investigar os efeitos dessas drogas sobre
0S comportamentos alimentar e agressivo é relevante, particularmente no

individuo desnutrido no inicio da vida.
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3 - OBJETIVOS

3.1 - Geral

Investigar os efeitos da desnutricdo pregressa e/ou da manipulacao
farmacoldgica do sistema serotoninérgico sobre o consumo alimentar, o
comportamento agressivo e a inter-relacao entre agressividade intraespecifica

e resposta imune em ratos adultos.

3.2 - Especificos

- Estudar os efeitos da desnutricdo durante o periodo de rapido
desenvolvimento do cérebro e do tratamento com citalopram sobre o

comportamento agressivo;

- Analisar os efeitos da desnutricdo durante o aleitamento sobre o

consumo alimentar em animais tratados ou ndo com citalopram;

- Avaliar os efeitos da fluoxetina sobre a agressividade intraespecifica em
animais submetidos a desnutricdo durante o periodo de réapido

desenvolvimento do cérebro;

- Investigar as consequéncias sobre a resposta imune da expressao da

agressividade intraespecifica frente a um estressor;
- Analisar os efeitos da desnutricdo durante o periodo de aleitamento

sobre o padrdo leucocitario e a resposta imune humoral em animais

submetidos a agressividade intraespecifica.
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4 — HIPOTESES

Na dependéncia de sua acdo sobre a recaptura da 5-HT, o tratamento

farmacoldgico crbénico reduz as respostas agressivas intraespecificas.

Tratamento crénico com citalopram diminui o consumo alimentar.

Agressividade intraespecifica diminui a resposta imune.

Desnutricdo precoce reduz o efeito do tratamento com inibidor seletivo de

recaptacéo de serotonina sobre o comportamento agressivo.

Desnutricdo durante o periodo de aleitamento reduz a anorexia induzida por

citalopram.
A desnutricdo pregressa, mesmo apos longo periodo de recuperacéo

nutricional, prejudica a inter-relagdo entre o comportamento agressivo e a

resposta imune.
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5 — APRESENTACAO DOS ARTIGOS

No presente trabalho foram avaliados em ratos adultos os efeitos da
desnutricdo precoce e/ou de inibidor seletivo de recaptacdo de serotonina
sobre o consumo alimentar e agressividade intraespecifica. Outrossim, foram
estudadas as inter-relacdes entre desnutricdo pregressa, agressividade e
parametros da resposta imune. Desta pesquisa, foram originados cinco artigos
cientificos. Destes, dois foram publicados, dois aceitos e um esta submetido.
Todos os artigos serdo apresentados aqui em ordem cronologica e em suas

versoes originais.

5.1. Primeiro artigo, intitulado: “ACTION OF SELECTIVE SEROTONIN
REUPTAKE INHIBITOR ON AGGRESSIVE BEHAVIOR IN ADULT RAT
SUBMITTED TO THE NEONATAL MALNUTRITION". Publicado como artigo

original na revista: Arq Neuropsiquiatr, 59(3-A):499 — 503, 2001.

Neste artigo, foram estudados os efeitos da desnutricdo durante o
aleitamento sobre a agressividade intraespecifica em ratos adultos tratados ou
ndo com inibidor seletivo de recaptacdo de serotonina. Neste estudo foi
observado que a desnutricdo durante o periodo de desenvolvimento rapido do
cérebro tornou os ratos adultos resistentes aos efeitos anti-agressividade do

citalopram.
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ACTION OF SELECTIVE SEROTONIN REUPTAKE
INHIBITOR ON AGGRESSIVE BEHAVIOR IN ADULT RAT
SUBMITTED TO THE NEONATAL MALNUTRITION

Jairza Maria Barreto Medeiros', Cristiano Mendes da Silva?, Everton Botelho Sougey?,
José Audisio Costa®, Célia Maria M. Barbosa de Castro®, Raul Manhaes de Castro®

ABSTRACT- The effect of the malnutrition during suckling on the aggressiveness was investigated in adult rats
treated or not with citalopram, a selective serotonin reuptake inhibitor (SSRI). The animals were divided into
two groups according to the diet used: nourished group- the rats received the control diet with 23% protein
during the life; and mainourished group~ the rats had its mothers submitted to diet with 7.8% protein during
suckling. At 120 days of age, each group was sub-divided according to the treatment: acute - consisting a
single i.p. injection of saline solution ar 20-mg/Kg citalopram; chronic - consisting the single injections (1 per
day during 14 days) of saline or 20 mg/Kg citalopram. The acute or chronic treatment with SSRI reduces
aggressive response In nourished rats, but not in malnourished ones. Thus, the malnutrition during the critical
period of brain development seems to induce durable alterations in the function of the serotoninergic
neurotransmission

KEY WORDS: aggressive behavior, malnutrition, serotonin.

Acao de inibidor seletivo da recaptacao de serotonina sobre comportamento agressivo em rato adulto
submetido a desnutricdo neonatal

RESUMO - O efeito da desnutricdo durante a lactacao sobre a agressividade foi investigado em ratos adultos
tratados ou nao com citalopram, um inibidor seletivo da recaptacao de serotonina (ISRS). Os animais foram
dividi 'ns em dois grupos de acordo com a dieta: grupo nutrido- ratos que receberam toda a vida dieta
controle (23% de proteina); e grupo desnutrido- ratos que tiveram suas maes submetidas a dieta com 7,8%
de proteina na lactacao. Aos 120 dias de idade, cada grupo foi sub-dividido conforme o tratamento: agudo -
consistindo de injecao unica 1.p. de solugao salina ou 20mg/Kg de citalopram; cronico - consistindo de injecoes
unicas (1 por dia durante 14 dias) de salina ou 20mg/Kg de citalopram. O tratamento agudo ou crénico com
ISRS reduziu a resposta agressiva nos ratos nutridos, mas nao nos desnutridos. Assim, a desnutricao durante
o periodo critico de desenvolvimento do cérebro parece acarretar alteragoes duradouras na funcio da

neurotransmissao serotoninérgica.

PALAVRAS-CHAVE: comportamento agressivo, desnutricao, serotonina.

The role of serotonin in the control of the ag-
gressive behavior has been demonstrated through
the use of pharmacological instruments'. There
are drugs that act through the selective seroto-
nin {5-HT) reuptake inhibition; these substances
increase the availability of 5-HT in the synapse and,
consequently, the action of this monoamine’.
Among these substances are the citalopram, one

of the most selective serotonin reuptake inhibi-
tors (SSRI)?. The growth of the central nervous
system (CNS) and its developmental processes
{gliogenesis, neuronal differentiation, migration,
synaptogenesis, etc) occur with great intensity dur-
ing the suckling period in the rat‘. The brain is more
vulnerable to several types of the aggressions in that
phase®. Thus, nutritional insults can cause irrevers-
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ible alterations®. This period is called “brain growth
spurt”®. In the man, it begins in the prenatal period
(last quarter of gestation) continuing until the first
years of life?.

The malnutrition during the neonatal period in
rats results in major neurochemical alterations in-
cluding those in the neurotransmitter systems’. The
effects of nutritional insults on the neurotransmit-
ter systems, in particular the serotoninergic one, de-
serves special attention. This system participates in
a wide variety of the functions of the CNS®. There
are several experimental evidences about the effects
of malnutrition on the serotoninergic system®''. Ho-
wever, there are few works on the effects of mani-
pulations of this system in undernourished subjects,
particularly concerning the behavioral expression'*'3,

Thus, the present work investigated the effects
of the malnutrition during the critical period of brain
development and the effects of the treatment with
SSRI, on the aggressive behavior in adult rats.

METHOD
Male Wistar rats maintained at room (23 + 1° C) and
on a light (6:00 a.m. to 6:00 p.m.) -dark (6:00 p.m. to

6:00 a.m.) cycle was used. The male offspring of rats were
kept with 6 animals. The animals were divided according
to the diet employee during suckling: nourished group -~
the rats received the control diet with 23% of protein
(Purina of Brazil Ltd.); and malnourished group~- the rats
had its mothers submitted to diet with 7.8% protein (“Re-
gional Basic Diet” - RBD) during suckling. The gomposi-
tion of RDB is shown in Table 1'%, After weaning (24 days
after birth), all rats received the control diet ad libitum
until the day of the experiment. Body weights were deter-
mined on the 1st, 24th, 60th and 120th day. On the 120th
day after birth, each group was subdivided according to
the paradigm used for drug treatment: acute - consisting
a single i.p. injection (1ml/kg) of saline (0,9% NacCl solu-
tion) or citalopram (20 mg/Kg, Lundbeck); chronic - con-
sisting the single injections {1mil/kg; 1 per day during 14
days) of saline or 20 mg/Kg citalopram. The citalopram
was dissolved in saline. It was formed 8 experimental grou-
ps, each one containing 20 animals. This way, the groups
of adult rats were constituted, into nourished or malnour-
ished ones in the suckling period, acute or chronically trea-
ted or not with citalopram. During the 14 days of the chro-
nic treatment the animals were housed individually in cage.
The animals were submitted to the aggressiveness tests
1-h after the acute treatment or 24h after the chronic
treatment. The aggressiveness tests were accomplished

Table 1. Centesimal composition of “Regional Basic Diet” (RBD).

Ingredients Centesimal composition

g% Proteins  Carbohydrates Fats Ash Fibers Kcal %
Beans * 18.34 3.99 10.66 0.24 0.57 1.09 60.76
Manioc flour 64.81 0.84 48.59 0.12 0.43 5.64 198.80
Poor fat-dried and salted 3.74 2.74 0.06 0.06 = 11.50
Dried and salted meat fat 0.35 = 0.35 = 3.15
Sweet potato * 12.76 0.30 9.99 0.03 0.20 0.48 41.43

100 7.87 69.24 0.80 1.26 7.21 315.6

a. cooked and dried

Table 2. Body weight of rats nourished or malnourished during suckling.

Experimental groups Weight (g)
1st day 24th day 60th day 120th day
Nourished groups 753 =0.13 4435+ 155 2149+ 6.76 322.75 £ 9.77

Malnounshed groups 7.29 £0.12 2375

I+

1.07* 173.3 £ 871~ 275.25 £ 5.34*

Rats nounshed recew o the control diet with 23

protein during the life; and rats malnourished had its

mothers submitted to diet with 7.8% protein during suckhing. The animals were weighed on the 1st, 24th |
60th and 120th day. The data are reported as mean + SD. * p <0.01 compared to the nournished group at

the same age (two-tailed Student t-test).
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in an acoustic isolated room, by using a box (20 x 20 x 20
cm) with the floor consisting of parallel metallic bars (inter-
bar distance: 1.3c¢m), connected to an electric scrambled
current source. The test consisted of placing a pair of rats
of the same group {matched by weight) in the box, where
they received a session of stimuli to induce aggressive re-
sponses. Each stimulus (an electric foot-shock) was repre-
sented by a 1.6 mA - 2 s current pulse. Each session lasted
20 min and was composed by 5 stimuli separated by a 4-
min interval. During the first 3 min of this interval, the
duration of the aggressive response was quantified by
using a digital chronometer. So the total time for obser-

vation of aggressive behavior was 900 s. The annotations
and the verification of the equipment were preceded in
the last minute of each interval. The aggressive response
was defined as the presentation of, at least, one of the
two following behaviors: a) the animals stayed lifted up
on the hind paws, facing one to the other, in a threaten-
ing attitude but without direct contact, or b) they main-
tained evident physical contact (besides being scratched,
exhibition of the teeth and emission of characteristic vo-
calization). The data were compared by the two-tailed Stu-
dent t-test (body weight) or by the Mann-Whitney U-test
(aggressiveness) with the level of significance set at P<0.05.
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Fig 1. Aggressive responses of rats nourished or malnourished during sucking period, submitted or not

to acute treatment with citalopram. The groups nourished acute saline (NAS), malnourished acute

saline (MAS) nourished acute citalopram (NAC), malnourished acute citalopram (MAC) were obtained.

For each group (20 ratsigroup), the data are reported as median of time of aggression in seconds, with

a range reported inside the columns. *P<0.05 compared to saline-treated nourished animals (Mann -

Whitney two-tailed U-test).
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Fig 2. Aggressive responses of rats nourished or malnourished during sucking period, submitted or not

to chronic treatment with citalopram. The groups nourished chronic saline (NCS), malnourished chronic

saline (MCS) nourisied chronic citalopram (NCC), malnourished chronic citalopram (MCC) were ob-

tained. For each g .up (20 rats/group), the time of aggression this represented in the columns (me-

dian), inside the same ones they are the values maximum and minimum. * P<0,05 compared to saline-

treated nourished animals (Mann - Whitney two-tailed U-test).
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RESULTS

Compared to the nourished (Table 2) , malnour-
ished rats showed a reduction in body weight on
the 24th, 60th and 120th day. The acute or chronic
treatment with citalopram reduced the aggressive
responses in nourished group but not in malnour-
ished one (Figs 1 and 2). The high values of the time
of aggressiveness in the animals submitted to the
chronic treatment can be due to the largest time of
isolation in the cages.

DISCUSSION

The present study showed that malnutrition dur-
ing the critical period of brain development impaired
the weight evolution of the rats. This effect can be a
consequence of the protein deficiency that was im-
posed the mothers during the suckling period. In
this phase, the protein deficiency causes alterations
in the quality of the maternal milk'>'® that induces
damage of the growth of the body in several spe-
cies of mammals®. The treatment with citalopram
reduced the intraspecific aggressive response in the
nourished rats. This anti-aggressiveness effect of the
selective serotonin reuptake inhibitor (SSRI) may be
a consequence of an increase in the serotoninergic
transmission. The SSRI increase the availability of 5-
HT in the synapse and, consequently, the action of
this monoamine?. However, the malnutrition during
brain growth spurt blocked the effect of the SSRI on
aggressive behavior in adult rats.

The reduction of aggressiveness after treatment
with SSRI found in the present work agrees with
previous studies accomplished in humans'’ and in
animals? '8, The serotonin has an important role on
the emotional processes'®. Serotoninergic projections
innervate cerebral areas that participate in the con-
trol of the aggressive behavior'®. The reduction of
the serotoninergic activity seems to increase the
aggressiveness’. In contrast, the SSRI treatment in-
creasing the synaptic availability of the 5-HT dimin-
ishes the aggressive behavior*?'. The reduction of
the aggressiveness after the treatment with SSRI may
be the consequence of the action of the serotonin
on the postsynaptic receptors?®:22.23,

In the present study, the neonatal malnutrition
interfered in the effect of the SSRI on the intraspe-
cific aggressiveness in the adult rats. This alteration
could be related to the nutritional insult during the
neonatal phase. The malnutrition during the neona-
tal period results in major neurochemical conse-
quences, including those in the neurotransmitter sys-
tems’. In rats, the first serotoninergic neurons ap-

pear between the 12° and the 14° day of gestation?,
but the final density and definitive location of ter-
minals, 1t is established during the postnatal matu-
ration of the central nervous system?®. Thus, the mal-
nutrition imposed early in life could cause alterations
in the serotonin neurotransmission system, reflect-
ing on its functional responses to drugs. Some drugs
wuich act in the central nervous system has its ef-
fects diminished in the malnourished animals'213.26,
This suggests a sequel of malnutrition on the seroto-
ninergic system.

In conclusion, the malnutrition during the criti-
cal period of brain development renders adult rats
resistant to the effect of the SSRI on the aggressive
response. The nutritional insult appears to have an
enduring effect upon the functioning of the sero-
toninergic system. Though, it is not still clear which
components of the serotoninergic system are altered
in a persistent way by the nutritional aggression.
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5.2. Segundo artigo, intitulado: “EARLY MALNOURISHED RATS ARE NOT
AFFECTED BY ANOREXIA INDUCED BY A SELECTIVE SEROTONIN
REUPTAKE INHIBITOR IN THE ADULT LIFE” Publicado como artigo original

na revista: Nutritional Neuroscience, 5(3):211-214, 2002.

Em sequéncia ao estudo apresentado no primeiro artigo, referente a
influencia da desnutricdo sobre o sistema serotoninérgico, o presente trabalho
teve como principal objetivo investigar os efeitos da desnutricdo durante o
aleitamento sobre o consumo alimentar em ratos adultos tratados ou ndo com
citalopram. Neste estudo foi observado que a desnutricdo durante o periodo
de desenvolvimento rapido do ceérebro alterou a anorexia induzida por

citalopram em ratos adultos.
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The effect of early postnatal malnutrition upon food
intake and its modulation by the selective serotonin
reuptake inhibitor (SSRI) citalopram, was investigated in
adult rats. Sixty four Wistar rats were allocated to two
groups, according to their mother’s diet during lactation.
Mothers receiving a 23% protem diet fed the well-
nourished group; mothers receiving 8% protein diet fed
the malnourished. After weaning, all rats received the
23% protein diet ad libitimn. On the 120th day after birth,
each nutritional group was divided in two subgroups
(each one, n = 16) which received a single daily injection
of citalopram (10 mg/kg) or saline (0.9% NaCl) for 14
days. Chronic treatment with citalopram decreased both
the food intake and weight gain in the well-nourished
rats, but not in the malnourished ones. These data are
consistent with findings concerning the nutritional
manipulation of the nervous system during its higher
vulnerable phase, suggesting that early malnutrition
alters the effect of treatment of SSRI in adult rats, and
that malnutrition during the critical period of brain
development affects the serotoninergic system.

Keywords: Feeding behavior; Food intake;
serotonin reuptake inhibitor

Malnutrition; Selective

INTRODUCTION

The brain growth spurt (BGS) is an early phase of
mammal development in which the brain growth
occurs at a high velocity (Dobbing, 1968). This
period varies among animal species throughout the

gestation and suckling periods. In humans, it begins
in the prenatal period (last quarter of gestation)
continuing until the first years of life; in rats it
corresponds to the first three weeks of postnatal life
(Dobbing, 1968). It has been shown that nutritional
insults in this phase can cause deleterious long-
lasting effects on the brain and neural functions
(Winick ¢t al, 1972; Morgane ¢t al., 1978; 1993).
Depending on the severity of the nutritional deficit,
these effects may not be able to be reversed even by
further dietary treatment or environmental stimu-
lation (Morgane et al., 1978; 1992).

Some of the consequences of protein malnutrition
are major neurochemical alterations including those
in neurotransmitter systems (Wiggins et al., 1984;
Chen ef al., 1992; 1995). Rats submitted carly in life to
low protein diets reveal altered brain levels of
noradrenaline, dopamine, and serotonin (Resnick
etal., 1979; Wiggins cf al., 1984; Chen et al., 1995). The
effects of malnutrition on the serotoninergic system
has deserved special attention, since this system
plays a role in several functions, such as, pain
sensitivity, sleep control, mood, sexual behavior,
aggression and feeding control (Chopin et al., 1994).
Moreover, there is mounting evidence that serotonin
applied to embryonic rat tissue acts as-a neuro-
trophic factor, this action including growth stimu-
lation and improved survival of the serotoninergic
neurons themselves (Palén et al., 1979; Liu and
Lauder, 1992). On the other hand, PCPA-induced
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FIGURE 1 Relative tood intake of aitalopram or saline-treated
adult rats, fed by mothers receiving a 23" or a 8% protein dict
during lactation. Data represent mean (4 SEM) ot 16 animals.
Comparisons between saline and  citalopram in the same
nutritional group were made by two-tailed Students f-test (+p -
0.001

serotonin depletion in rats aged 10-20 days resulted
in diminished serotonin synaptic density in adult life
(Mazer et al., 1997). As a consequence, the possibility
exists that protein energy malnutrition imposed
during the initial phase of life (so providing an
increased brain serotonin concentration) could
induce long-lasting biobehavioral effects which
depend on neural serotoninergic activity. It is not
surprising that prenatal protein malnutrition
enhances brain levels of serotonin and reduces the
REM sleep of adult rats as shown by Datta et al.
(2000). However, although serotoninergic drugs have
been largely used in the treatment of psychiatric or
feeding disorders, there are few studies which have
been done concerning the influence of pharmaco-
‘ogical manipulations of the serotoninergic system in
malnourished individuals.

I'he present study was undertaken to test the
hypothesis that protein malnutrition during BGS
induces alterations on the feeding behavior of adult
rats treated with'citalopram, one of the most selective
serotonin reuptake inhibitors (SSRI) (Hyttel, 1978).

MATERIALS AND METHODS

Sixty four male Wistar rats maintained at a room
temperature of 23 + 1°C and on a light-dark cycle
(light 6:00 a.m.-6:00 p.m.) were used. During
suckling, the offsprings were kept in groups of six
pups, randomly assigned to each mother. They were
distributed in two nutritional groups according to
the mother diet during lactation: the well-nourished
group was fed by mothers receiving a 23% protein
diet (purina chow) and the malnourished group, by
mothers fed a 8% protein diet. After weaning (on the
25th day of age) all rats received the 23% protein dict.
On the 120th day after birth, the well-nourished
animals (body weight: 350 + 42¢) and the malnour-
ished ones (275 = 30 g) were divided according to

.M BARRETO MEDEIROS ot al.
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FIGURE 2 Relative body weight change of citalopram or saline-
treated adult rats, fed by mothers receiving a 23% or a 8% protein
diet during lactation. Data represent mean (- SEM) of 16 animals.
Comparisons between saline and citalopram in the same
nutritional group were made by two-tailed Students f-test (xp <
0.001).

the four following treatment: (a) well-nourished plus
saline (WNS); (b) well-nourished plus citalopram
(WNC); (c) malnourished plus saline (MNS); (d)
malnourished plus citalopram (MNC). Single injec-
tions of citalopram (10mg/kg, ip., 1ml/100 mg,
dissolved in saline) or saline (0.9% NaCl) were
administered during 14 days (120th-134th day of
life). During the treatment period, the animals were
housed in individual cages (15X 15X 25cm?) each
one supplied with a meal dispenser, a water
dispenser and a collector for feces and urine. The
body weight and the offered food amount were daily
registered on an electronic balance (accuracy 0.1g)
between 12:00 am. and 2:00 p.m.. The daily food
intake of each animal was calculated by the
difference between the amount (g) of meal offered
and that rejected during the 24-h period. The relative
changes (food intake or body weight gain/100g
body weight) of these variables in the treatment
period were calculated. The difference between
saline and citalopram treatment in each nutritional
group was analyzed by two-way Student’s t-test
with p << 0.05. The experimental protocol for this
work was approved by the Ethical Committee for
animal research of the Federal University of
Pernambuco, Recife, Pernambuco, Brazil.

RESULTS

As can be seen in Fig. 1, during the 14 days of the
pharmacological treatment period, the WNC group
reduced its relative food intake when compared to
WNS (t = 3.778. p =< 0.001). but the MNC did not
differ significantly from the MNS group (t = -0.137.
p — 0.892). Concerning the relative body weight
change (Fig. 2), the WNC group revealed a weight
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loss equivalent to 5.4% as compared to the WNS one
(t =4.490. p <0.001). Both the MNC and MNS
groups showed a relative weight gain of 2.4%, the
difference between them not being significant (f =
0.058. p = 0.954).

DISCUSSION

The inhibitory role of serotonin on feeding control
(Toornvliet et al., 1996; Halford and Blundel, 1996;
Halford et al, 1997) is supported by the present
results, since well-nourished animals injected with
citalopram presented both a reduced food intake and
a lower body weight gain, when compared to saline-
injected animals of the same nutritional group. The
supposed mechanism of this effect is the increased
brain serotonin release following synaptic blocking
of the amine induced by citalopram, as shown by
others (Hyttel, 1978; Gobbi ¢t al., 1997). In fact, the 14-
day treatment period used here has been considered
by others as being sufficient to induce significant
changes in the serotoninergic system (Arborelius
et al., 1996; Barreto Medeiros ef al., 2001; Manhies-de-
Castro, 2001).

The citalopram-induced anorexic effect observed
in this study corroborates findings with other
serotoninergic agents (Lucki eof al., 1988; Halford
and Blundel, 1996; Lucas ¢t al., 1998; Li ¢t al., 1998).
Hyttel (1994) indicates that the repeated citalopram
administration maintains a selective and potent
inhibition of serotonin reuptake. It is well known that
serotonin, tryptophan and some  serotoninergic
agonists produce fasting and substantial anorexia
{Blundel, 1992). Therefore, it is likely that the
hypophagic effect of citalopram, as observed in this
work, results from its action on the serotoninergic
system. '

The lack of response to the citalopram anorexic
action observed in malnourished animals is a major
subject of this study and deserves attention.
Diminished bio-behavioral responses of malnour-
ished individuals have been known for a long time.
(Levstsky and Barnes, 1972). These authors showed
that rats submitted to early malnutrition present a
reduced sensorial interaction with the environment.
Rotta et al. (1988) showed that early malnutrition
blocks the effect of opioid-antagonists (naltrexone)
on rat exploratory behavior. In addition, neural
hypo-responsiveness of undernourished animals to
pharmacological manipulations of neurotransmitter
systems was elsewhere observed (Guedes of al.,
1992). These authors have shown that, in contrast to
well-nourished control rats, the rats submitted
during suckling to protein deticiency (8% protein
diet) failed to change the velocity  of cortical
spreading depression, when challenged by a GABA

agonist (diazepam) or GABA-antagonists (picrotoxin
and bicuculline).

Furthermore, as long ago as the eighties, Hall ef al.
(1983) showed that early protein malnourished rats
stimulated by the serotonin agonist N, N-dimethyl-
tryptamine presented a lower performance than
well-nourished animals in several behavioral tests,
such as the serotoninergic syndrome, the*rota-rod
an 1 the treadmill. These responses might be
associated to serotonin neuronal processes and to
alterations of brain serotonin due to malnutrition. In
rat embryos, the first serotonincrgic neurons appear
between the 12th and the T4th gestation day (Lauder
and Bloom, 1974), and the final density and
definitive location of terminals establish during
postnatal maturation of the central nervous system
(Lidov and Molliver, 1982). This density and location
might be improved by the increased brain serotonin
deriving from malnutrition, because of the role of
this amine on serotoninergic ontogenesis itself
(Whitaker-Azmitia, 1991; Liu and Lauder, 1992). It
iIs worth noting that 5HT,, receptors mediate this
ontogencetic activity (Yan ¢f al., 1997). Moreover, a
30% reduction of Bmax values of 3H—paroxetine
binding was observed in the frontal cortex of young
rats which had undergone chronic food restriction
(Huether ¢t al., 1997). So it is likely that changes in
serotoninergic receptors are involved in brain
neurotransmitter responses to malnutrition.

From the above results, it can be hypothesized that
the non-responsiveness of the malnourished to
citalopram anorexic effect here observed is a
consequence of a down-regulation of serotonin
receptors. In brain tissue, a down-regulation of
serotonin receptors by increased serotonin avail-
ability is well established (Chaput ¢t al., 1986; De
Montigny and Blier, 1991). In the present study, the
down-regulation would be induced by the long-
lasting increased levels of brain serotonin following
the poor protein diet imposed on the mothers during
lactation. This view is supported by Hall ¢f al. (1983)
findings. They had the point of view that low
behavioral responsiveness of malnourished rats to a
serotonin agonist might reflect a hypo-sensitivity of
serotonin receptors induced by malnutrition.

In conclusion, it has been demonstrated a SSR]
hypo-responsiveness of rats submitted to protein
restriction during the BGS and then nutritionally
recovered for a long period. This suggests that early
malnutrition affects serotoninergic receptors in a
permanent way, so altering the adult feeding
behavior.
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5.3. Terceiro artigo, intitulado: “MALNUTRITION DURING BRAIN GROWTH
SPURT ALTERS THE EFFECT OF FLUOXETINE ON AGGRESSIVE
BEHAVIOR IN ADULT RATS”. Aceito para publicacdo na revista: Nutritional

Neuroscience, 2003.

Ainda, dando continuidade aos estudos referentes a influéncia da
desnutricdo sobre o sistema serotoninérgico, o presente trabalho teve como
principal objetivo investigar os efeitos da fluoxetina (outro ISRS) sobre a
resposta agressiva em ratos adultos submetidos a desnutricdo durante o
periodo de rapido desenvolvimento do cérebro. Neste estudo, nés observamos
uma hiporresponsividade a fluoxetina em ratos adultos submetidos a

desnutricdo precoce.
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The effect of the malnutrition during suckling period on the aggressive behavior was
investigated in adult rats treated or not with fluoxetine, a selective serotonin reuptake
inhibitor. Sixty-four Wistar male rats were allocated in two groups, according to their
mother’s diet during lactation. The well-nourished group was fed by mothers receiving
a 23% protein diet; the malnourished one by mothers receiving a 8% protein diet. After
weaning, all rats received the 23% protein diet. On the 90th day after birth, each
nutritional group was divided in two subgroups, which received respectively a single
daily injection of fluoxetine (10 mg/kg) or saline (0.9% NaCl) for 14 days. The
treatment with fluoxetine reduced the aggressive response in well-nourished but not in
malnourished rats. These findings suggest that the serotoninergic system has suffered
consequences of the malnutrition during the critical period of brain development,

persisting even after a long period of nutritional recovery.
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The growth of the central nervous system and its developmental processes
(gliogenesis, neuronal differentiation, migration, synaptogenesis, etc) occur with great
intensity during the suckling period in the rat (Morgane et al., 1993). This period is
called “brain growth spurt” (Dobbing, 1968) and in it the brain is highly vulnerable to
several kinds of challenges. Nutritional insults (Morgane et al., 1992) or
pharmacological manipulations early in life (Manh&es de Castro et al., 1993) can cause

irreversible alterations.

The effects of malnutrition on neurotransmitters systems, in particular the
serotoninergic one, has deserved special attention, since this system plays a role in
several functions, such as pain sensitivity, sleep control, mood, sexual behavior,

feeding control and aggressiveness (Chopin et al., 1994).

The role of serotonin in the control of aggressive behavior has been demonstrated
through the use of pharmacological instruments (Manhé&es de Castro et al., 2001). On
the other hand, there are drugs that act as selective serotonin reuptake inhibitors
increase serotonin availability in synapses and, consequently, the action of this
neurotransmitter (Sanchez and Meier, 1997). Fluoxetine, a potent serotonin reuptake
inhibitor (Hyttel, 1994; Sanchez and Hyttel, 1999), is one of those substances.

Mounting evidences indicate that fluoxetine decreases aggressive behavior in
various animal species and models of aggression (Datla et al., 1991; Sanchez and
Hyttel, 1994; Sperry et a., 2003). However, to our knowledge, there are no studies on
the effects of fluoxetine in the aggressive behavior of adult rats malnourished early in
life. The present work aimed to investigate the effect of fluoxetine on aggressiveness
of adult rats submitted to malnutrition during the brain growth spurt.

Sixty-four Wistar male rats maintained at a room temperature of 23 + 1°C and on a

light—dark cycle (light 6:00 a.m. - 6:00 p.m.) were used. During the suckling period,
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the offsprings were housed in polyethylene cages in litters of 6 pups, randomly
distributed to each mother. They were then allocated in two nutritional groups
according to the mother diet during lactation: a well-nourished group (n=32) fed by
mothers receiving a 23% protein diet (Purina chow) and a malnourished group (n=32)
fed by mothers receiving a 8% protein diet. Following weaning (on the 24™ day of
age), all rats were fed with the 23% protein diet ad libitum. Body weights were
determined on the 1st, 24th and 90th day. On the 90th day after birth, the well-
nourished animals and the malnourished ones were divided according to the four
following treatments (n=16, each one): well-nourished plus saline; well-nourished plus
fluoxetine; malnourished plus saline; malnourished plus fluoxetine. Single injections of
fluoxetine (10 mg/kg, i.p., 1 mI/100mg, dissolved in saline) or saline (0.9% NaCl) were
administered during 14 days. Twenty-four hours following this treatment period the
animals were submitted to aggressiveness tests. The tests were accomplished in an
acoustic isolated room, by using a box (20 x 20 x 20 cm) with one the walls
transparent and the floor formed by parallel metallic bars (inter-bars distance: 1.3cm),
connected to an electric scrambled current source. The test consisted of placing a pair
of rats of the same treatment group (matched by weight) in the box, where they
received a session of stimuli to induce fight responses. Each stimulus (an electric foot-
shock) was produced by a 1,6 mA - 2 s current pulse. Each session lasted 20 min being
composed by 5 stimuli separated by a 4 min interval. During the first 3 min of this
interval, the duration of the aggressive responses was measured by using a digital
chronometer. So the total time for observation of aggressive behavior was 900s. In the
last minute of each interval, annotations and verification of the equipment were
proceeded. The aggressive response was defined as the presentation of, at least, one of

the two following behaviors: a) the animals stayed lifted up on the hind paws, facing
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one to the other, in a threatening posture but without direct contact, or b) the animals
maintained evident physical contact (besides being scratched, exhibition of the teeth
and emission of characteristic vocalization). For statistical comparisons, data were
previously tested for normality (Kolmogorov-Smirnov test) and variance homogeneity
(Levene median test). Body weights passed (p>0.05) in both criteria, but
aggressiveness, not (variance homogeneity, p<0.05). So body weights (between
nutritional groups) were compared by Student t-test, and aggressiveness by Kruskal-
Wallis, one way analysis of variance followed by Dunn's test for multiple comparisons.
The null hypothesis was rejected when p<0.05.

Compared to well-nourished animals, the malnourished ones suffered a reduction of
the body weight (p<0.05) both in suckling and in adult periods (table 1). Concerning
the aggressive behavior (figure 1), observed after pharmacological manipulation, the
fluoxetine groups showed a reduction of aggressiveness as compared to the well-
nourished saline group (Dunn test, p<0.05). However, there was no significant
difference between malnourished saline and malnourished fluoxetine animals.

The results of the present study showed that malnutrition during the critical period
of brain development induces a persistent body weight deficit in rats. The data
corroborate previous experimental evidence showing lower body weight of animals
submitted to malnutrition during the suckling period (Sobokta et al., 1974). Therefore,
body weight reduction caused by the maternal low protein diet attests to the efficiency
of the employed malnutrition model.

The inhibitory effect of fluoxetine on aggressive behavior observed by others (Datla
et al., 1991; Fuller, 1996) is supported by this work, since the well-nourished animals
fluoxetine-treated reduced its aggressiveness as compared to saline treated ones. This

effect could be explained by an increased extracellular availability of serotonin in the
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brain induced by fluoxetine (Baumann and Rochat, 1995). This is a plausible
hypothesis since an anti--aggressiveness action of serotonin in humans beings
(Coccaro and Kavoussi, 1997) and in animals (Sanchez and Hyttel, 1994; Sperry, et
al., 2003) has been demonstrated. In contrast, an increased aggressiveness has been
observed after diminished brain serotonin (Kyes, 1993).

Although fluoxetine seems to enhance not only serotonin availability but that of
dopamine and norepinephrine as well (Hyttel, 1994; Wong et al., 1995), the
participation of these catecholamines in the reduction of aggressive behavior can be
ruled out. In fact, evidences indicate that dopamine and norepinephrine facilitate and
do not inhibit the aggressiveness (Eichelman, 1990; Datla et al., 1991; Pruus et al.,
2000).

Since fluoxetine has also an anxiolytic effect (Sdnchez and Meier 1997), the
possibility exists that hipoaggressiveness here observed would be associated to a
reduced anxiety of the animals. This influence however could be little because the
anxiolytic effect of fluoxetine is weak (De Vry et al., 1993)

The reduced response to the fluoxetine of malnourished animals as compared to
those malnourished that did not receive the drug is a major subject of this study and is
noteworthy. In rats, the first serotoninergic neurons appear between the 12° and the 14°
gestation day (Lauder and Bloom, 1974) but the final density and definitive location of
terminals are established during the postnatal maturation of the central nervous system
(Lidov and Molliver, 1982). Therefore, the malnutrition imposed early in life could
cause alterations in the serotonin neurotransmission system, reflecting on its functional
responses to drugs. Medeiros et al. (2001) showed that adult rats malnourished during
suckling are hypo-responsive to the inhibitory effect of citalopram -another selective

serotonin reuptake inhibitor- on the intraspecific aggressive behavior. Barreto-
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Medeiros et al. (2002) also observed that early malnourished rats are not affected in
adult life by anorexia induced by citalopram.

We cannot rule out the possibility of an anti-aggressive response of malnourished
rats to other fluoxetine doses. However the similar responsiveness between
malnourished saline and malnourished fluoxetine groups, here observed, allows us
suppose that the anti-aggressiveness effect of fluoxetine does not occur, at least, by
chronic administration of a 10mg dose.

Furthermore, as long ago as the eighties, Hall et al. (1983) showed that early protein
malnourished rats stimulated by the serotonin agonist N, N-dimethyltryptamine
presented a lower performance than well-nourished animals in several behavioral tests,
such as the serotoninergic syndrome, the rota-rod and the treadmill. This lower
responsiveness was supposed by these authors to be associated to serotonin neuronal
processes and to alterations of brain serotonin due to malnutrition (Hall et al., 1983).

On the basis of this work we can suggest that, the hypo-responsiveness to fluoxetine
of rats submitted to protein restriction during the brain growth spurt and then
nutritionally recovered, is due to that nutritional deficit. Therefore the nutritional insult
early in life could to have a long-lasting effect upon the functioning of the

serotoninergic system.
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TABLE I. Body weight of well-nourished or malnourished rats during suckling.

Body Weight (g)
Experimental Groups 1st day 24th day 90th day
Well-nourished 7.540.15 49.0 +0.85 314.2 £9.83
Malnourished 7.340.11 23.8 £1.07* 265.3 +7.84*

Rats were fed by mothers receiving a 23% (Well-nourished group) or a 8%
(malnourished group) protein diet during lactation. The animals were weighed on the
1st, 24th, and 90th day. The data are reported as mean (+ SEM) of 16 animals.
Comparisons between well-nourished and malnourished groups at the same age, were
made by two-tailed Student t-test (* p<0.05).
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Figure Legends

Figure 1. Aggressive responses of fluoxetine or saline-treated adult rats, fed by
mothers receiving a 23% or a 8% protein diet during lactation. Columns represent the
medians of 16 animals; maximum and minimum values are inside columns.
Comparisons among groups (Kruskal-Wallis test, p=0.01) and multiple comparisons
between groups (Dunn's test,*p<0.05): well-nourished fluoxetine < well-nourished

saline and malnourished fluoxetine < well-nourished saline.
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5.4. Quarto artigo, intitulado: “THE EXPRESSION OF AN INTRASPECIFIC
AGGRESSIVE REACTION BEFORE A STRESSOR ALTERS THE IMMUNE
RESPONSE IN RATS”. Artigo original aceito para publicacdo na revista:

Brazilian Journal of Biology, 65 (3), 2005.

Nesse artigo, foi avaliado em ratos adultos se a expressédo ou nao da
agressividade intraespecifica frente a um estressor pode alterar a resposta
imune. Nesta pesquisa, foi observado que a expressdo da agressividade
intraespecifica parece ativar a resposta imune e potencializar a resposta

humoral antigeno especifica.
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ABSTRACT

The repercussion on the immune response of the expression of the intraspecific
aggressiveness before a stressor was investigated in rats. To the 90 days of life, the
animals were divided in three groups: control group (only the immunological
measurements were accomplished); foot-shock (FS) (animals individually received FS)
and intraspecific aggressive response (IAR) group (animals received FS and presented
IAR). For immunological measurements, blood samples were collected immediately, 7
and 15 days after FS or IAR. FS reduced the total amount of leukocytes. However, the
aggressiveness was accompanied, besides the reduction of the leukocytes number, by
lymphocytes decrease and neutrophils increase. Moreover, an elevation in the
leukocytes number associated to an increase in the humoral immune response was also
observed one week after the IAR. In this study, the expression of the intraspecific
aggressiveness before a stressor seems to activate the immune system and to potentiate

the antigen specific humoral response.
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RESUMO

A expressdo de uma reagdo agressiva intraespecifica frente a um estressor altera

a resposta imune em ratos.

A repercussdo sobre a resposta imune da expressao da agressividade intraespecifica
frente a um estressor foi investigada em ratos. Aos 90 dias de vida, os animais foram
divididos em trés grupos: grupo controle (foram realizadas apenas as mensuragoes
imunolégicas); choque nas patas (FS) (os animais receberam FS individualmente) e
grupo resposta agressiva intraespecifica (IAR) (os animais receberam FS e
apresentaram |AR). Para as medi¢des imunoldgicas, amostras de sangue foram
coletadas imediatamente, 7 e 15 dias ap6s FS ou IAR. O FS reduziu a quantidade total
de leucdcitos. Contudo, a agressividade, foi acompanhada, além da redu¢do do nimero
de leucécitos, por diminuicdo de linfécitos e aumento de neutrofilos. Ademais, foi
observada também uma elevacdo no nimero de leucdcitos associada a um aumento na
resposta imune humoral uma semana apo6s as IAR. Neste estudo, a expressdo da
agressividade intraespecifica frente a um estressor parece ativar o sistema imune e

potencializar a resposta humoral antigeno especifica.
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INTRODUCTION

In several species, the aggressiveness is important for the survival, because the
aggressive behavior guarantees access to food, reproduction, protection of the pups,
struggle against the predators and defense of territory (Volvaka, 1995). On the other
hand, the aggressiveness can take to traumas, wounds and also to higher susceptibility
to the exposition to new diseases (Granger et al., 2000).

The hypothalamus-pituitary-adrenal axis (HPA) constitutes one of the
fundamental elements of the mammalian adaptive response in most of the threatening
situations (Castelnau & L6o, 1993). The HPA axis and also other participating
elements of the response to stress, as the sympathetic nervous system (Sgoifo et al.,
1996; Lawrence & Kim, 2000), are components straightly associated to the expression
of aggressive response. In animals, the intraspecific aggressiveness can be induced by
means of painful electrical foot-shocks (Eichelman, 1990; Manhé&es de Castro et al.,
2001). This kind of electric stimulus is a typical neurogenic stressor (Sawchenko,
2000), which activates the HPA axis as well as the sympathetic-adrenal system.

In the nervous system (NS), the receptors for some chemical messengers have
their functional parameters altered by stress situations (Manhdes de Castro et al.,
1996). Moreover, these chemical messengers are implied in the genesis of stress, of
anxiety (Dantzer, 1991; Toth, 2003) and of aggressiveness (Manhdes of Castro et al.,
2001; Medeiros et al.,, 2001). Stressors can provoke alterations on the immune
response, characterizing a possible neuroimmune modulation and also indicating the
straight relationship among the immune, nervous and endocrine systems (Dardenne &
Savino, 1996; Lawrence & Kim, 2000). The relationship among these physiological
systems is reinforced by evidences showing that immune cells can interact with

hormones, neuropeptides and neurotransmitters and they can also produce them
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(Blalock et al, 1985; Ottaviani & Franceschi, 1996). However, according to the
situations, the behavioral and immunological alterations can vary before a stressor
(Stefanski & Engler, 1999; Devoino et al., 2003), denoting, therefore, differences in
the responses of the physiological systems.

There are several evidences demonstrating that stress and emotional reactions
affect the immune system (Stefanski & Engler, 1998; De Castro et al., 2000;
Gasparotto et al., 2002). However, studies about interrelations between the aggressive
behavior and the immune function in mammals are scarce; above all, controlling the
interference of the stress factor. The present work investigates the repercussion on the
immune response of the intraspecific aggressiveness expression or not before a stressor

in rats.

MATERIALS AND METHODS

Animals and experimental groups

All the manipulations were performed in male Wistar rats. The animals were
kept under controlled conditions (ad libitum access to water and food, 12h light-dark
cycle and 23+1°C room temperature) during all the study period. In the 90" day after
the birth, the animals were distributed in three groups: one control group (n=16, in
which only the immunological measurements were accomplished), one foot-shock
group (n=14, composed by animals that individually received foot-shocks — FS) and
one FS group + intraspecific aggressive response - IAR (n=16; composed by animals
disposed in boxes in pairs that received foot-shocks and presented aggressive

response).
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Stress induced by foot-shocks

Rats were submitted to the stress induced by foot-shocks in an isolated room,
using a box, 20 x 20 x 20cm, with the floor consisting of parallel metallic bars (interbar
distance: 1,3cm), connected to an electric scrambled current source. The test consisted
of placing one rat in the box, where it received a session of electric stimuli. Each
stimulus (an electrical foot-shock) was represented by a 1,6mA — 2sec current pulse.
Each session lasted 20min and was composed by 5 stimuli separated by a 4min
interval. During the first 3min of this interval, the behavioral response was analyzed.
The annotations and the verification of the equipment were done in the last minute of

each interval.

Intraspecific aggressive response study

The aggressiveness test consisted in placing a pair of rats of the aggressive
response group (matched by weight) in the box, where they received a session of
electric stimulus under the same conditions above referred. The aggressive response
was defined as the presentation of, at least, one of the two following behaviors: a) the
animals stayed lifted up on the hind paws, facing one to the other, in a threatening
attitude but without direct contact, or b) they maintained evident physical contact

(besides scratches, exhibition of the teeth and emission of characteristic vocalization).

Blood sampling

Blood samples were collected immediately, 7 and 15 days after submitting the
rats to the stress induced by foot-shocks or after the aggressiveness test. Blood was

collected by the tail clip method as previously described by Dhabhar et al 1996. The
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samples were used for leukocyte (about 20 ul, 3% EDTA) and antibody titer analysis.

White blood cells (WBC) and leukocyte subsets
Total WBC number was determined in a hemocytometer. The percentage of
lymphocyte and neutrophils was determined with a microscope (May-Griin-

Wald/Giemsa staining).

Immunization

The animals were immunized immediately after the stress induced by foot-
shocks or after the aggressive behavior. Sheep red blood cells (SRBC) were prepared
by washing citrated sheep blood three times in sterile saline. Animals were immunized

intraperitoneally with 10%cells/ml in a volume of approximately 0,5ml.

Determination of antibody titer

Blood samples were collected before (negative control of antibody titer anti-
SRBC) and 7 e 15 days after immunization. Samples were subsequently centrifuged at
3000rpm for 5min and the supernatant collected. Serum complement was then
inactivated at 56°C for 30min and stored at —20°C. Twofold serial dilutions of
inactivated serum, saline, and a 1% SRBC solution were then made in microwells
glass. The highest dilution at which aggregation of SRBCs was still evident was

considered to be the antibodly titer.

Statistical analysis

For statistical comparisons, data were previously tested for normality
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(Kolmogorov-Smirnov test) and variance homogeneity (Levene median test). It has
been verified that most of the data didn’t correspond to one of these criteria at least.
So the results were compared by Kruskal-Wallis, one way analysis of variance
followed by Dunn's test for multiple comparisons. Statistical significance was defined

as p<0.05.

RESULTS
Effect of stress induced by foot-shocks and of the intraspecific aggressive response
on WBC.

Compared to the control group, the animals that received foot shocks presented
an immediate reduction in the total leukocytes counting. However, there was no
difference 7 and 15 days after the foot-shocks. In the same way, the aggressive
response group presented an immediate reduction in the total leukocytes counting.
However, 7 days after the aggressive response, an increase was observed in the total

number of those cells (Fig.1).

Effect of stress induced by foot-shocks and of the intraspecific aggressive response
on leukocyte subsets

There was no difference in the lymphocytes and neutrophils percentages
between control and foot-hocks groups. However, the aggressiveness reduced the
percentage of lymphocytes and increased the percentage of neutrophils immediately
after the expression of the aggressive behavior. Moreover, 7 and 15 days after the
induction of the aggressive response, no difference was observed in the lymphocytes

and neutrophils percentages (Figs.2 and 3).
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Effect of stress induced by foot-shocks and of the intraspecific aggressive response
on humoral immunity.

Compared to the control, there was no alteration in the humoral immune
response of the animals submitted to the foot-shocks. However, the intraspecific
aggressiveness increased the titers of anti-SRBC antibodies 7 days after the
immunization. Besides, 15 days after the immunization, no difference was found in the
humoral immune response between the aggressive response and control groups (Fig.

4).

PLEASE INSERT RELATED FIGURES HERE

DISCUSSION

Studies about interrelations between the aggressive response and the immune
function in mammals are scarce; above all, controlling the interference of the stress
factor. Thus, in this study, the possibility that the expression or not of intraspecific
aggressiveness before a stressor alters the immune response in adult rats was evaluated.
The results demonstrated that the stress induced by the foot-shocks markedly reduced
the amount of leukocytes in the blood current. However, the alterations in the
leukocyte number were reverted a week after ceasing the stress. Our data corroborate
experimental evidences indicating a reduction of the total number of leukocytes in
animals submitted to acute stress (Dhabhar et al., 1994; Dhabhar et al., 1995). It seems
that stressing experiences suppress the ability of the immune system to respond to

strange agents (Dhabhar & Mcewen, 1996).

The electrical foot-shock is a classic stress model (Sawchenko, 2000), very
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known for provoking increases in biosynthetic and secretory activity of chemical
messengers in the HPA axis (Kant et al., 1984) and in the sympathetic-adrenal system
(McCarty & Kopin, 1978). Thus, it is very probable that substances as adrenaline and
glucocorticoids mediate the effects of stress on the leukocytary pattern observed in the
present work. Corroborating this hypothesis, some studies have been demonstrating
that organs and cells of the immune system express receptors for these chemical
messengers and are, therefore, regulated by them (Blalock et al, 1985; Dantzer, 1991).
Glucocorticoids are physiologic agents that have the potential to inactivate
macrophages as well as other cells of the immune system (Celada & Nathan, 1994). In
a recent article, it was observed that under stress situations, there is a decrease in the
superoxid production by alveolar macrophages activated with PMA associated to an

increase of the serum corticosterone levels (De Castro et al., 2000).

Concerning the humoral immune response, in this study, the foot-shocks didn't
alter the titers of anti-SRBC antibodies. In contrast, a previous study demonstrated that
rats submitted immediately and 24 hours after the immunization to a session of
electrical foot-shocks (16 shocks, with 1,6mA, 5s long and 4min interval) presented an
increase in the humoral immune response (Wood et al., 1993). It is worth to stand out
that, in the present study, the stress session consisted of 5 shocks in the paws, with
1,6mA, 2s long and 4min interval. Moreover, the animals were immunized
immediately after the stress session and the humoral response was evaluated 7 and 15
days after the immunization. Thus, it is possible that methodological differences as the
number and the duration of the electric stimuli, as well as the period of application of
the stressor in relation to the administration of the antigen, are responsible for the

discrepancy among the different studies.

In this study, the foot-shock followed by the expression of the aggressive
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response is also accompanied of lymphocyte decrease and neutrophils increase, besides
the characteristic reduction of the number of leukocytes due to stress. Moreover, an
elevation in the leukocyte number associated to an increase in the humoral immune
response was observed a week after the aggressive interactions. The HPA axis and also
other elements of the response to stress are straightly related to the expression of
aggressive behavior (Sgoifo et al., 1996; Lawrence & Kim, 2000). Thus, we can
suppose that, in the present work, the immunological alterations induced after the
expression of the aggressive behavior are mediated by neuro-endocrine components
specifically associated to this behavioral response. Thus, a specific neuro-endocrine
profile (synthesis and liberation of several chemical messengers) associated to the
activation of the aggressiveness neural circuits, distinct from that of stress, would
affect in a particular way the different immunological components. This hypothesis is
plausible and it also corroborates the evidences that immune cells can interact with
hormones, neuropeptides and neurotransmitters (Blalock et al, 1985; Ottaviani &

Franceschi, 1996).

The number and the proportion of leukocytes in the blood give an important
representation of the distribution state of leukocytes in the organism and of the immune
system state of activation (Dhabhar et al., 1995). Thus, in the present work, the
alterations observed in the leukocytary pattern, specifically related to the presence of
aggressiveness, distinct from those of the stress, can result of the differential activation
of the immune system faced with the new behavioral component. That differential
activation of the immune system can be an adaptive response of the organism to assure

a more effective immune defense.

In this study, it is interesting to notice that, 7 days after the aggressive behavior,

there was an increase in the titers of anti-SRBC antibodies. The largest production of
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antibodies found in the aggressive group reinforces the hypothesis that intraspecific
aggressiveness can activate the immune system, increasing its capacity to react against
strange antigens. Corroborating this hypothesis, Cohen et al. (1997) observed that
primates with higher levels of aggressive behavior presented smaller susceptibility to
respiratory infection. In the same way, Devoino et al. (2003) observed that the
occurrence of aggressive behavior in rats previously submissive produced immune

stimulation.

Another important aspect to consider is that aggressiveness is also modulated
by neurotransmitters systems. Among them, the dopaminergic system stands out
(Poshivalov, 1986; Miczek et al., 1994). Moreover, there are several evidences of the
involvement of the dopamine in the modulation of the immune system (Devoino et al.
1994;1997). Thus, it is possible that the immunological alterations observed in the rats
that expressed aggressiveness have also been mediated by dopaminergic mechanisms.

However, more studies are necessary to elucidate this subject.

In conclusion, the expression of the intraspecific aggressiveness before a
stressor seems to activate the immune system and to potentiate the antigen-specific
humoral response. This suggests that the aggressive behavior can increase the capacity
of the organism to respond to noxious agents, and thus, it favors the survival of the

species.
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FIGURE LEGENDS

Fig.1. Leukocytes were counted immediately, 7 and 15 days after submitting the rats to
the stress induced by foot-shocks or after the aggressive behavior, as described in
Methods. Columns represent the medians; maximum and minimum values are inside
columns. Comparisons between # Control x Foot shock; ® Control x Aggressive

Response ware made by Dunn’s test (p < 0.05).

Fig.2. Lymphocytes were analyzed immediately, 7 and 15 days after submitting the
rats to the stress induced by foot-shocks or after the aggressive behavior, as described
in Methods. Columns represent the medians; maximum and minimum values are inside
columns. Comparisons between ® Control x Aggressive Response ware made by

Dunn’s test (p < 0.05).
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Fig.3. Neutrophils were analyzed immediately, 7 and 15 days after submitting the rats
to the stress induced by foot-shocks or after the aggressive behavior, as described in
Methods. Columns represent the medians; maximum and minimum values are inside
columns. Comparisons between # Control x Aggressive Response ware made by

Dunn’s test (p < 0.05).

Fig.4. The antibody titers were analyzed 7 e 15 days after immunization, as described
in Methods. The animals were immunized immediately after the stress induced by foot-
shocks or after the aggressive behavior. Columns represent the medians; maximum and
minimum values are inside columns. Comparisons between # Control x Aggressive

Response ware made by Dunn’s test (p < 0.05).
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5.5. Quinto artigo, intitulado: “EARLY MALNUTRITION ALTERS THE
EFFECT OF AGGRESSIVENESS ON THE IMMUNE RESPONSE IN RATS”.
Artigo original submetido a publicacdo na revista: Physiology and Behavior,

2003.

Dando prosseguimento ao estudo apresentado no quarto artigo, sobre
a inter-relacdo entre agressividade e resposta imune, 0 presente manuscrito
teve como objetivo principal, observar os efeitos do comportamento agressivo
intraespecifico sobre a resposta imune de ratos adultos submetidos a
desnutricdo precoce. Neste trabalho, foi encontrado que a desnutricdo durante
o periodo de rapido desenvolvimento do cérebro alterou a inter-relacdo entre

comportamento agressivo e resposta imune em ratos adultos.

79



Early malnutrition alters the effect of aggressiveness on the immune response in rats

Jairza Maria Barreto-Medeiros', Kedma de Magalhaes Lima' , Emanuella Gomes
Feitoza', Francisco Machado Manhaes-de-Castro®, José Eulalio Cabral-Filho? Raul

Manhaes-de-Castro®, Célia Maria Machado Barbosa De-Castro®*

'Departamento de Nutrigdo, Universidade Federal de Pernambuco (UFPE), Recife, PE,
Brazil; 2Instituto Materno Infantil de Pernambuco, Recife, PE, Brazil *Laboratério de
Imunopatologia Keizo Asami, Universidade Federal de Pernambuco, Recife, PE,

Brazil.

Running Title: malnutrition, aggressiveness, immunity

“Correspondence to: Dra. Célia Maria Machado Barbosa de Castro. Laboratério de
Imunopatologia Keizo Asami, Universidade Federal de Pernambuco, Recife, CEP
50670-901 PE, Brasil, Fax: 55 81 32718485 E-mail: ccastro@lika.ufpe.br

80


mailto:ccastro@lika.ufpe.br

Abstract

The effect of the malnutrition during suckling period on the imune response was
investigated in adult rats submitted the intraspecific aggressiveness. Eighty-four
Wistar male rats were allocated in two groups, according to their mother’s diet during
lactation. The well-nourished group was fed by mothers receiving a 23% protein diet;
the malnourished one by mothers receiving a 8% protein diet. After weaning, all rats
received the 23% protein diet. On the 90th day after birth, each nutritional group was
divided in tree subgroups: control group (only the immunological measurements were
accomplished); foot-shock (FS) (animals individually received FS) and intraspecific
aggressive response (IAR) group (animals received FS and presented IAR). For
immunological measurements, blood samples were collected immediately, 7 and 15
days after FS or IAR. In well-nourished rats the FS reduced the total amount of
leukocytes. However, the aggressiveness was accompanied, besides the reduction of
the leukocyte number, by lymphocytes decrease and neutrophils increase. Moreover,
an elevation in the leukocyte number associated to an increase in the humoral immune
response was also observed one week after the IAR in well-nourished but not in
malnourished rats. In this study, the early malnutrition altered the interrelation between

the aggressive behavior and the immune response.

Keywords: malnutrition, intraspecific aggressiveness, leukocyte and humoral immune

response.
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1. Introduction

The relationship between aggressive behavior and immune function is still little
understood; it is well known, however, that particularly the sympathetic nervous
system and the hypothalamic-pituitary-adrenal (HPA) axis are associated to the
expression of aggressiveness (1,2,3). Catecholamines and glucocorticoids are powerful
mediators of several immunologic responses (4,5). The responsiveness of both HPA
axis and sympathetic-adrenal system seems to be altered by the perinatal malnutrition
(6,7,8) as well. In a recent study, we observed that adult rats that were malnourished
early in life are not affected by citalopram-induced anorexia (9). We have also found a
hypo-responsiveness to the inhibitory effect of citalopram upon intraspecific
aggressive behavior (10). Mounting evidences indicate that nutritional insults, during
the period of fast brain development, can cause deleterious long-lasting effects on the
brain and neural functions. (11,12,13). Depending on the severity of nutritional
deficiency, these effects may not be reversible even by further dietary treatment or

environmental stimulation (14,15).

The present study was accomplished to test the hypothesis that malnutrition during
the period of fast brain development the so called brain growth spurt alters the
relationship between the aggressive behavior and the humoral immune response, even

after a long period of nutritional recovery.

2. Materials and methods

2.1 Animals and experimental groups

Male Wistar rats maintained at a room temperature of 23 + 1°C and in a light-dark

cycle (light 6:00 am. - 6:00 p.m.) were used. During the suckling period, the
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offsprings were housed in polyethilene cages in littler of 6 pups, randomly assigned to
each mother. They were distributed in two nutritional groups according to the mother
diet during lactation: a well-nourished group was fed by mothers receiving a 23%
protein diet (purina chow) and a malnourished group, by mothers fed a 8% protein diet.
After weaning (on the 25" day of age) all rats received the 23% protein diet. At the
90th day after birth each group was subdivided in three subgroups, as follows: foot-
shock group (composed by animals that individually received one session foot-shock),
aggressive response group (composed by animals disposed in pairs in the boxes
receiving foot-shock session as well) and a control receiving no foot-shock.
Immunological measurements were accomplished in each animal immediately and at 7
and 15 days following these treatments. Determination of the corticosterone levels in

the serum of 15 well-nourished and 15 malnourished adult rats was assayed.

2.2. Determination of the corticosterone levels in the serum.

Samples of blood were collected in chilled tubes. The samples were centrifuged at
1000-x g for 5 min, and the supernatants were removed and stored at =20 °C until
assayed for corticosterone. The serum levels of corticosterone, after their extraction
with ethyl acetate, were quantified using the corticosterone kit, 1235 AutoDELFIA™

automatic immunoassay system (EG&G WALLAC).
2.3. Stress induced by foot-shocks

Rats were submitted to stress induced by foot-shocks in an isolated room, using a
box, 20 x 20 x 20 cm, with the floor consisting of parallel metallic bars (interbar
distance: 1,3 cm), connected to an electric scrambled current source. The test consisted

of placing one rat in the box, where it received a session of electric stimuli. Each
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stimulus (an electrical foot-shock) was represented by a 1,6 mA — 2 sec current pulse.
Each session lasted 20 min and was composed by 5 stimuli separated by a 4 min
interval. During the first 3 min of this interval, the aggressive response was analyzed.
The annotations and the verification of the equipment were done in the last minute of

each interval.

2.4. Intraspecific aggressive response study

The aggressiveness test consisted in placing a pair of rats of the same group
(matched by weight) in the box, where they received a session of electric stimulus
under the same conditions of the anterior section. The aggressive response was defined
as the presentation of, at least, one of the two following behaviors: a) the animals
stayed lifted up on the hind paws, facing one the other, in a threatening attitude but
without direct contact, or b) they maintained evident physical contact (besides

scratches, exhibition of the teeth and emission of characteristic vocalization).

2.5. Blood sampling

Blood samples were collected immediately, 7 and 15 days after submitting the rats
to the stress induced by foot-shocks or after the aggressiveness test. Blood was
collected by the tail clip method as previously described (16). Samples were used for

leukocyte (about 20 pl, EDTA a 3%) and antibody titer analysis.

2.6. White blood cells (WBC) and leukocyte subsets

Total WBC counts were determined in a hemocytometer. The percentage of
lymphocyte and neutrophils was determined with a microscope (May-Griin-

wald/Giemsa staining).
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2.7. Immunization

The animals were immunized immediately after the stress induced by foot-shocks
or after the aggressive behavior. Sheep red blood cells (SRBC) were prepared by
washing citrated sheep blood three times in sterile saline. Animals were immunized

intraperitoneally with 10° cells/ml in a volume of approximately 0.5 ml.

2.7. Determination of Antibody titer

Blood samples were collected before (negative control of antibody titer anti-SRBC)
and 7 e 15 days after immunization. Samples were subsequently centrifuged at 3000
rpm for 5 min and the supernatant collected. Serum complement was then inactivated
at 56°C for 30 min and stored at -20°C. Twofold serial dilutions of inactivated serum,
saline, and a 1% SRBC solution were then mixed in miccrowells glass. The highest
dilution at which aggregation of SRBCs was still evident was considered to be the

antibody titer.

2.8. Statistical analysis

Corticosterone levels between nutritional groups were compared by the two-tailed
Student t-test. Leukocyte and antibody titer were transformed in log and analyzed by
one-way ANOVA followed by Tukey test for multiple comparisons. The null

hypothesis was rejected when p<0,05.

3. Results
3.1. Corticosterone level in the serum
The corticosterone levels in the serum of the malnourished animals were lower

(p<0.001) when compared to that of the well-nourished animals (Figure 1).
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3.2. Effect of stress induced by foot shocks and of the intraspecific aggressive response

on WBC in rats well nourished or malnourished during suckling period

In the well-nourished group, the animals that received foot shocks presented an
immediate reduction in the total leukocytes counting compared to the control. In the
same way, the aggressive response well-nourished group presented an immediate
reduction in the total leukocytes counting. However, no difference was observed in the
total leukocytes counting among the malnourished animals. Moreover, also there was
no significant difference 7 and 15 days after the foot-shocks in both well-nourished and
malnourished groups. However, 7 days after the aggressive response, an increase was
observed in the total number of those cells between the well-nourished animals but not

in malnourished (Table 1).

3.3. Effect of stress induced by foot shocks and of the intraspecific aggressive response

on leukocyte subsets in rats well nourished or malnourished during suckling period

There was no difference in the lymphocytes and neutrophils percentages between
control and foot-shocks in both well-nourished and malnourished groups. However, the
aggressiveness reduced the percentage of lymphocytes and increased the percentage of
neutrophils immediately after the expression of the aggressive behavior in well-
nourished animals, but not in malnourished ones. Besides, 7 and 15 days after the
induction of the aggressive response, there was no significant difference in both well-
nourished and malnourished groups when compared to the respective controls (Table

2).

3.4. Effect of stress induced by foot-shocks and of the intraspecific aggressive response

on humoral immunity in rats well nourished or malnourished during suckling period

86



Compared to the control, there was no alteration in the humoral immune response
of the either well-nourished or malnourished animals submitted to the foot-shocks.
However, the intraspecific aggressiveness increased the titers of anti-SRBC antibodies
7 days after the immunization in the well-nourished group but not in malnourished one.
Moreover, 15 days after the immunization the aggressive response didn't change the
humoral immune response in both well-nourished and malnourished groups when

compared to the respective controls (Table 3).

PLEASE INSERT RELATED FIGURES HERE

4. Discussion

In this study, the expression of the intraspecific aggressive response was
accompanied by the reduction of the leukocytes counting, the lymphocytes decrease
and the neutrophils increase. Besides, an elevation in the leukocytes counting
associated to an increase in the humoral immune response one week after the
aggressive interactions was observed. The HPA axis and also other elements of the
response to stress are related to the expression of aggressive behavior (17,18).
However, in this study, it was observed that differently from the aggressiveness, the
stress induced by the foot-shocks just reduced the amount of leukocytes in the blood
current. That reduction was reverted one week after ceasing the stress. Thus, we can
suppose that, in the present study, the immunological alterations induced after the
expression of the aggressive behavior is mediated by neuro-endocrine components
specifically associated to this behavioral response. A specific neuro-endocrine profile
(synthesis and liberation of several chemical messengers), associated to expression of

the aggressive behavior, distinct from that of stress, may have affected the
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immunological components in a particular way. This hypothesis is plausible and it also
corroborates evidences that immune cells can interact with hormones, neuropeptides
and neurotransmitters (19,20,21).

In the present study, the malnutrition seems to have interfered in the interrelation
between the aggressive behavior and the immunological parameters studied. The
mechanism responsible for that alteration is still not clear. It is known that the perinatal
malnutrition alters the activity of the HPA axis before a stressor (22,23). In rats, it was
observed that maternal malnutrition interferes in the fetal development of the HPA
axis, by producing alterations in the adrenal and in the pituitary (24).

Moreover, in this study, it was interesting to notice that the early malnutrition
reduced the serum corticosterone levels in adult life. It is known that glucocorticoids
can assure that specific leukocytes be present in the right place in the right time to
respond to incentives begun by stress inductor agents (25). Thus, it is very probable
that the similar immune response between malnourished control and malnourished
submitted to intraspecific aggressiveness, here observed, be consequence of neuro-
endocrine alterations provoked by the malnutrition during the critical period of
development of the brain.

Another important aspect to consider is that the perinatal period is marked by the
rapid expansion of the leukocytes population and formation of lymphoid organs
(26,27). Important events for the immunocompetence are initiated still in the embryo
and they continue during the first week of life (28,29,30). In this period, there are some
functionally active T cells and just in the fifth and in the sixth weeks of life the
subpopulations of T cells are totally immunocompetent (31). Thus, in this work it is
possible that the nutritional deficiency during the neonatal period has also affected in a

long lasting way the immune system, making it hyporesponsive to the expression of
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the aggressive response.

In conclusion, the malnutrition during the brain growth spurt altered the
interrelation between the aggressive behavior and the immune response. The
nutritional insult seems to have a long-lasting effect upon the functioning of neuro-
endocrine components specifically associated to the expression of aggressive response

and mediators of the humoral immune response.
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Table 1

Groups (n=14)

Time (days after induction)

7 15
WNC 12280 + 737 10425 + 846 10768 =726
WNAG 8623 + 685° 13841 + 698 11140 +841
WNFS 9052 +1285" 10995 +593 12093 +551
MC 10321 * 666 10561 +561 10054 =757
MAG 11016 +1009 10307 +443 10357 +995
MES 10243 + 571 12527 +827 10996 +1251
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Table 2

Groups(n=14)

Time (days after induction)

0 7 15
LT (%) NT(%) LT(%)  NT(%) LT(%) NT(%)
WNC 81+121 15+121  82+1,34 13+122 82153 12+142
WNAG 72+129% 25+2,06* 830,86 124062 742,59 15+154
WNFS 75+1,93 18+1,72 804236 13+199 81148 12+1.21
MC 814235 16+222 80152 15143 79150 17 +1,90
MAG 794236 15+1,88 824137 14137 79265 152,18
MFS 81+133 16+151  77#149 17107  74#1,72 21+133
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Table 3

Groups(n=14)

Time (days after induction

7 15
WNC 46 +10,69 16 £2,52
WNAG 114 +34,65* 22 +2,40
WNFS 20 02,18 10 £1,00
MC 26 +03,77 15 +1,65
MAG 62 £12,19 33 +5,86
MES 33 +17,32 29 +9,17




FIGURE LEGENDS

Figure 1. Corticosterone was measured by radioimmunoassay in the plasma and
[1,2,6,7-*H] corticosterone as radioligand described in Materials and methods. Data
represent the mean + S.E.M. from fifteen animals. Comparisons between well-
nourished and malnourished group at the same age were made by two-tailed Student t-

test (* p<0,001).

Table 1. Leukocytes were analyzed immediately (0), seven (7) and fifteen (15) days
after submitting the rats to the stress induced by foot-shocks or after the aggressive
behavior. Data represent the mean + S.E.M. for each group: control well-nourished
(WNC); aggressive response well-nourished (WNAG); foot-shock well-nourished
(WNFS); control malnourished (MC); aggressive response malnourished (MAG); foot-
shock malnourished (MFS). Comparisons among groups (ANOVA, p<0,05) and
multiple comparisons between groups (Tukey, test,*p<0,05): *WNFS x WNC and

PWNAG x WNC.

Table 2. Lymphocytes (LT) and neutrophils (NT) were analyzed immediately (0),
seven (7) and fifteen (15) days after submitting the rats to the stress induced by foot-
shocks or after the aggressive behavior. Data represent the mean + S.E.M. for each
group: control well-nourished (WNC); aggressive response well-nourished (WNAG);
foot-shock well-nourished (WNFS); control malnourished (MC); aggressive response
malnourished (MAG); foot-shock malnourished (MFS). Comparisons among groups

(ANOVA, p<0,05) and multiple comparisons between groups (Tukey test,*p<0,05):

98



*WNAG x WNC.

Table 3. The antibody titers were analyzed seven (7) e fifteen (15) days after
immunization. The animals were immunized immediately after the stress induced by
foot-shocks or after the aggressive behavior. Data represent the mean + S.E.M. for
each group: control well-nourished (WNC); aggressive response well-nourished
(WNAG); foot-shock well-nourished (WNFS); control malnourished (MC); aggressive
response malnourished (MAG); foot-shock malnourished (MFS). Comparisons among
groups (ANOVA, p<0,05) and multiple comparisons between groups (Tukey

test,*p<0,05): *WNAG x WNC.
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DISCUSSAO GERAL




6 — DISCUSSAO:

O presente estudo mostrou que tratamento com inibidor seletivo de
recaptacdo de serotonina reduz a agressividade intraespecifica e 0 consumo
alimentar em ratos adultos. Demonstrou ainda, que a expressdao da
agressividade intraespecifica € acompanhada por alteracdo na quantidade de
células imunes e por aumento nos titulos de anticorpos especificos anti-
hemacias de carneiro. Além disso, alteracdes somaticas e funcionais foram
evidenciadas e parecem estar associadas a desnutricdo imposta no periodo
critico de desenvolvimento do cérebro. Assim, déficit no peso corporal,
reducdo da resposta a inibidor seletivo de recaptacdo de serotonina e
hiporresponsividade a acdo da agressividade intraespecifica sobre a resposta
imune foram observados em ratos desnutridos, mesmo apos longo periodo de

recuperacao nutricional.

A reducdo da agressividade ap0s o tratamento com inibidor de
recaptacdo de serotonina encontrada no presente trabalho, pode ser uma
conseqUéncia de um aumento na neurotransmissao serotoninérgica. Os ISRS
aumentam a disponibilidade sinaptica de serotonina e consequentemente
potencializam a acdo desta monoamina (HYTTEL, 1978; HYTTEL, 1994). Os
resultados parciais deste trabalho foram publicados (MEDEIROS et al., 2001)
e corroboram os dados de outros pesquisadores (SANCHEZ e HYTTEL, 1994;

COCCARO e KAVOUSSI, 1997; REIST et al., 2003).

O papel da serotonina no controle do comportamento agressivo
esta relacionado a distribuicdo das vias serotoninérgicas, especialmente as

projecfes que inervam areas cerebrais envolvidas nos processos emocionais

101



(OLIVER et al., 1995). A reducdo da atividade serotoninergica parece
aumentar a agressividade (ANNEMOON et al., 2000; KEELE et al., 2001). Em
contraste, o aumento da disponibilidade sinaptica de serotonina parece reduzir
esse comportamento (MARSH et al., 2002). Assim, reducdo dos niveis de
serotonina foi associada com aumento de comportamento agressivo induzido
por isolamento em ratos (KEELE et al., 2001). Baixos niveis de 5-HIAA foram
encontrados em primatas com agressividade intensa (MEHLMAN et al., 1994).
Outrossim, em mulheres, a suplementacéo alimentar com triptéfano reduziu a

resposta agressiva (MARSH et al., 2002).

O efeito inibitério da fluoxetina e do citalopram sobre o
comportamento agressivo é suportado pelo presente estudo, uma vez que
animais nutridos tratados com esses ISRS apresentaram reducdo do
comportamento agressivo, quando comparados aos animais tratados com
salina do mesmo grupo nutricional. Estes resultados concordam com estudos
anteriores realizados em humanos (COCCARO e KAVOUSSI, 1997; REIST et
al., 2003; ARMENTEROS e LEWIS, 2003) e em animais de varias espécies,
(SANCHEZ e HYTTEL, 1994; SPERRY et al.,, 2003; PERREAULT et al.,
2003). Assim, em individuos portadores de desordens de personalidade com
histéria de comportamento agressivo impulsivo foi observada reducdo da
agressividade apds tratamento crénico com fluoxetina (COCCARO e
KAVOUSSI, 1997). Do mesmo modo, tratamento crénico com citalopram foi
efetivo em reduzir o comportamento agressivo impulsivo em homens com
desordens de personalidade (REIST et al., 2003). Em criangcas e
adolescentes, tratamento cronico com citalopram também reduziu o

comportamento agressivo impulsivo (ARMENTEROS e LEWIS, 2003). Além
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disso, diminuicdo da agressdo induzida pelo isolamento foi observada em
camundongos, ap0s o tratamento agudo com sertralina, fluoxetina e
fluvoxamina (SANCHEZ e HYTTEL, 1994). Em pardais, tratamento agudo
com fluoxetina diminuiu o comportamento agressivo (SPERRY et al., 2003).
Outrossim, tratamento agudo e crénico com fluoxetina reduziu a agressividade
em peixes (PERREAULT et al.,, 2003). Em suas pesquisas, Sperry et al.,
(2003) e Perreault et al., (2003) utilizaram o modelo intruso-residente para

inducdo do comportamento agressivo.

Neste estudo, foi também demonstrado que animais bem nutridos
tratados com citalopram (10mg/kg/dia) por 14 dias apresentam reducdo do
consumo alimentar e consequente perda de peso corporal quando
comparados com 0s animais tratados com salina do mesmo grupo nutricional
(dados publicados; BARRETO-MEDEIROS et al., 2002). Este efeito anoréxico
pode ser uma conseqiéncia do aumento da serotonina extra celular seguido
ao bloqueio sinaptico da recaptacdo dessa amina, induzido pelo tratamento
farmacoldgico. Corroborando essa hipétese, estudos tém mostrado que duas
semanas de tratamento com inibidor seletivo de recaptacdo de serotonina sao
suficientes para provocar alteracdes significantes no sistema serotoninergico

(ARBORELIUS et al., 1996; PERREAULT et al., 2003).

O efeito hipofagico do citalopram observado no presente trabalho,
corrobora achados de alteracdo na ingesta alimentar induzida por outros
agentes serotoninergicos (HALFORD e BLUNDEL, 1996B; LUCAS et al.,
1998; Li et al., 1998). E bem conhecido que serotonina, drogas que estimulam
sua liberacdo ou bloqueiam sua recaptacao, triptéfano e alguns agonistas de

receptores serotoninérgicos produzem rapida e substancial anorexia
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(BLUNDEL, 1992; HALFORD e BLUNDEL, 2000; LEE et al., 2002). Em ratos,
tratamento com fluoxetina (20 e 40 mg/Kg de peso corporal) reduziu a ingesta
de leite condensado 1 hora apds sua administracdo (LI et al., 1998). Do
mesmo modo, ratos tratados com sertralina (10mg/Kg), outro inibidor seletivo
de recaptacdo de serotonina, apresentaram reducdo do consumo alimentar
(LUCKI et al., 1988). Portanto, € bem provavel que o efeito hipofagico do
citalopram resulte de sua acdo sobre o sistema serotoninérgico. Além disso,
Hyttel (1994) afirma que a administracdo repetida de citalopram mantém uma
seletiva e potente inibicdo da recaptacdo de serotonina. Assim, um aumento
constante da disponibilidade sinaptica da serotonina e consequente
potencializacdo do efeito inibitério dessa amina sobre o comportamento

alimentar € uma hipotese muito plausivel.

Poucos sdo os estudos sobre os efeitos de manipulacbes do
sistema serotoninérgico em individuos desnutridos, particularmente sobre a
expressdo comportamental. Neste estudo, foram investigados os efeitos da
desnutricdo pregressa sobre o consumo alimentar e o comportamento
agressivo em ratos adultos tratados com inibidor seletivo de recaptacdo de
serotonina. Os resultados obtidos mostraram que ratos adultos submetidos a
desnutricdo neonatal tornam-se resistentes aos efeitos hipofagico e anti-
agressividade de ISRS. Além disso, foi observado que os animais desnutridos
durante o aleitamento pelo uso da Dieta Basica Regional (DBR) apresentam

reducao de peso corporal até a idade adulta.

O déficit de peso corporal apresentado pelos animais desnutridos,
atesta a eficiéncia do modelo de desnutricdo empregado. A DBR possui

apenas 7.87% de proteinas, sendo 96% de proteinas de origem vegetal,
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provenientes de feijdo e de raizes e apenas 4%, de carne salgada e seca
(TEODOSIO et al., 1990). E, portanto, dieta pobre em proteinas em termos
guantitativos e qualitativos. O baixo valor biolégico das proteinas da DBR, ou
seja seu teor deficitario em alguns aminoacidos essenciais (TEODOSIO et al.,

1990), parece ser importante na génese de seus efeitos deletérios.

Nossos dados corroboram evidéncias experimentais indicando
reducdo ponderal de animais submetidos a desnutricdo precoce (BORBA et
al., 2000; MANJARREZ et al., 2003). Assim, Borba et al., (2000) observaram
menor peso corporal em ratos jovens (30 a 40 dias de vida) submetidos a
dieta hipoproteica (7,8% de proteina) durante o periodo neonatal. Do mesmo
modo, Manjarrez et al., (2003) também constataram que reducéo (50%) na
cota alimentar materna durante o periodo gestacional afeta o ganho de peso
corporal dos filhotes. E importante ressaltar que as repercussbes da
desnutricdo precoce sobre o ganho de peso corporal parece ter sido
duradouro. A oferta, portanto, de dieta nutricionalmente adequada, a partir do
desmame, ndo foi eficiente na recuperacdo das eventuais alteracOes

originadas no periodo critico do desenvolvimento do SN.

Esse inadequado ganho de peso corporal pode ser uma
consequéncia da deficiéncia protéica imposta as ratas maes durante o periodo
de aleitamento. Corroborando essa hipotese, alguns estudos encontraram
alterac&o na qualidade do leite de ratas desnutridas (PINE et al., 1994; MARIN
et al., 1995). Assim, Pine et al., (1994) demonstraram que dieta hipoproteica
(9% de proteina) durante a lactacdo diminui o conteddo de proteina e de
lactose do leite. Do mesmo modo, Marin et al., (1995) observaram reducdo na

concentracdo de acidos graxos saturados no leite de ratas submetidas a
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restricdo (5, 10 e 15%) de proteinas durante a gestacdo e lactacdo. Parece
que, a capacidade materna de manter a lactacdo depende dos nutrientes da
dieta, do grau de reserva corporal materno e da capacidade de mobilizacao

dos tecidos, pelas fémeas (PESSOA, 1997).

A hiporresponsividade dos animais desnutridos a fluoxetina e ao
citalopram aqui observada, pode estar relacionada aos efeitos da agressao
nutricional sobre o sistema serotoninergico. Em ratos, 0s primeiros neurdnios
serotoninérgico aparecem entre o 12° e o 14° dia de gestacdo (LAUDER e
BLOOM, 1974), mas a densidade final e localizacdo definitiva dos terminais
serotoninérgicos € estabelecida durante a maturacdo pdés-natal do sistema
nervoso central (LIDOV e MOLLIVER, 1982). Ademais, ha varias evidéncias
de que a desnutricdo durante a fase perinatal resulta em consequéncias
neuroquimicas, incluindo os sistemas de neurotransmissores (BLATT et
al.,1994; MANJARREZ et al.,, 2003). Neste sentido, Blatt et al., (1994)
observaram que ratos desnutridos no periodo pré-natal possuem um
decréscimo das fibras serotoninérgicas do giro denteado, da CA1l da formacao
hipocampal e reducdo dos sitios de captacdo de serotonina na CA3 e CAL.
Manjarrez et al., (2003) encontraram elevacdo no contetudo de serotonina no
cortex e no tronco cerebral de ratos submetidos a desnutricdo também no
periodo pré-natal. Assim, no presente trabalho, a desnutricdo precoce pode ter
causado alteracdes duradouras, que refletiram sobre as respostas funcionais
do sistema serotoninérgico as drogas, especialmente aquelas que agem

especialmente neste sistema de neurotransmissao.

Corroborando, esta hipotese, Hall et al., (1983) verificaram que

ratos desnutridos precocemente e estimulados por um agonista
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serotoninergico (DMT: 5-methory—N, N-— dimethyltryptamine) apresentaram
menor desempenho que 0s animais nutridos em varios testes
comportamentais, tais como rota-rod e treadmill (HALL et al., 1983). Segundo
Almeida et al., (1996) ratos submetidos a desnutricdo no inicio da vida séo
também hiporreativos aos efeitos anxioliticos de drogas que agem sobre os
receptores centrais 5-HT1A (ALMEIDA et al., 1996). Assim, outros estudos
objetivando evidenciar as possiveis alteracfes que o0 sistema serotoninérgico
sofreu mediante a agressao nutricional, durante o periodo de réapido
desenvolvimento do encéfalo, sdo necessarios para esclarecer o0s
mecanismos responsaveis pela alteracdo da responsividade ao tratamento
com inibidor seletivo de recaptacdo de serotonina sobre a agressividade

intraespecifica e 0 consumo alimentar, observados no presente trabalho.

Ha grande numero de evidéncias demonstrando que estresse e
reacdes emocionais afetam o sistema imune (STEFANSKI e ENGLER, 1998;
DE CASTRO et al., 2000; GASPAROTTO et al., 2002). Contudo, s&o poucos
os estudos sobre a inter-relacdo entre o comportamento agressivo e funcao
imune em mamiferos; sobretudo, controlando a interferéncia do fator estresse.
Assim, o presente trabalho investigou se a expressdo da agressividade
intraespecifica frente a um estressor altera a resposta imune em ratos
adultos. Os resultados demonstraram que a agressividade intraespecifica
reduziu a contagem total de leucdcitos, diminuiu o percentual de linfocitos e
aumentou o percentual de neutrofilos no sangue de ratos adultos. Ademais,
uma elevacdo na contagem total de leucdcitos associada a um aumento nos
titulos de anticorpos anti-hemacias de carneiro foram observados uma

semana apos as interacdes agressivas.
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Até agora, pouco se conhece sobre os mecanismos responsaveis
pelas alteragcbes em variareis imunoldgicas induzidas pelo comportamento
agressivo. Entretanto, € bem conhecido que o eixo HPA e também outros
elementos da resposta ao estresse como 0 sistema nervoso simpatico estao
estreitamente relacionados a expressao deste comportamento (SGOIFO et al.,
1996; LAWRENCE e KIM, 2000; CAROBREZ et al., 2002). E importante
destacar que neste estudo, diferente da agressividade foi observado que o
estresse induzido pelo choque nas patas reduziu apenas a quantidade de
leuctcitos na corrente sanglinea. E as alteracées no numero de leucocitos
foram revertidas uma semana apds cessar 0 estresse. Assim, podemos supor
que, no presente trabalho, as alteracbes imunoldgicas induzidas apoés
expressdo do comportamento agressivo sdo mediadas por componentes
neuro-endécrinos  associados  especificamente a  esta  resposta
comportamental. Um perfil neuro-enddécrino (sintese e liberacdo de varios
mensageiros quimicos) especifico associado a agressividade, distinto daquele
do estresse, pode ter afetado de modo caracteristico os distintos componentes
imunologicos. Esta hipotese € plausivel e corrobora também evidéncias de
que células imunes podem interagir com hormonios, neuropeptideos e
neurotransmissores (BLALOCK et al.,, 1985; OTTAVIANI e FRANCESCHI,
1996). Ademais, em um estudo recente foi observado que a presenca de
citocinas no hipotalamo, particularmente a interleucina—1 (IL-1), potencializou
0 comportamento agressivo em gatos e que pré-tratamento com um
antagonista seletivo do receptor 5-HT2 bloqueou este efeito (HASSANAIN et
al., 2003). Estes pesquisadores sugerem que o efeito facilitatorio da IL-1 sobre

0 comportamento emocional em gatos pode ser mediado por este tipo de
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receptor serotoninérgico (HASSANAIN et al., 2003).

O numero e a propor¢cdo de leucécitos no sangue fornece uma
importante representacdo do estado de distribuicdo de leucdcitos no
organismo e aparente estado de ativacao do sistema imune (DHABHAR et al.,
1995). Assim, no presente trabalho as alteracbes no padrdo leucocitario
observadas apos as interacdes agressivas podem ser resultado da ativacao
do sistema imune frente a um novo componente comportamental. Segundo
SPRENT e TOUGH (1994), a circulacdo continua das células imune do
sangue para os diversos compartimentos imunes e o retorno para a circulacao

€ essencial para a manutencédo de uma defesa imune efetiva.

Ressaltamos, que as alteracdes no padrao leucocitario observadas
imediatamente apds as interacdes agressivas foram restritas a curto periodo
de tempo, pois uma semana apés o confronto nés encontramos aumento no
namero total de leucocitos e nos titulos de anticorpos anti-hemacias de
carneiro. Nossos dados concordam em parte com os resultados encontrados
por GASPAROTTO et al.,, (2002). Estes investigadores observaram que
camundongos submissos expostos a conflito social por duas semanas
apresentam reducdo nos titulos de anticorpos anti-heméacias de carneiro;
entretanto aqueles animais dominantes submetidos a confronto social por trés
semanas apresentaram aumento na imunidade humoral (GASPAROTTO et
al., 2002). Ademais, Devoino et al., (1993) encontraram aumento da resposta
imune humoral cinco dias apds imunizacdo com hemacias de carneiro em
camundongos agressivos comparados aos controles. Do mesmo modo,
Devoino et al., (2003A) observaram que a ocorréncia de comportamento

agressivo em ratos anteriormente submissos produziu estimulacdo da
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resposta imune cinco dias ap0s imunizacdo com hemacias de carneiro.

A maior producdo de anticorpos encontrada no grupo agressivo
reforca a hipétese que agressividade intraespecifica parece ativar o sistema
imune, aumentando sua capacidade de reagir contra antigenos estranhos.
Corroborando esta hipétese, Petitto et al., (1993) encontraram uma menor
atividade de células NK associada a uma maior suscetibilidade de
desenvolvimento de tumor em camundongos menos agressivos comparados
agueles mais agressivos (PETITTO et al., 1993). Outrossim, Cohen et al.,
(1997) observaram que primatas com niveis mais altos de comportamento
agressivo apresentavam menor suscetibilidade a infeccdo respiratéria. Do
mesmo modo, estudo realizado em individuos com desordem de
personalidade verificou que homens que exibiam moderado comportamento
agressivo apresentavam maior numero de células linféides circulantes

(GRANGER et al., 2000)

Outro aspecto importante a se considerar € que agressividade é
modulada também por sistemas de neurotransmissores (EICHELMAN, 1990;
VAN ERP e MICZEK, 2000). Ademais, ha um grande namero de evidéncias do
envolvimento desses mensageiros quimicos na modulacao da resposta imune
(DEVOINO et al., 1997; MOSSNER e LESCH, 1998; KUBERA et al., 2000).
Assim, é tentador especular que substancias como dopamina e serotonina
possam ter mediado de forma, direta ou ndo, as altera¢cées imunoldgicas
observadas nos ratos que expressaram agressividade. Entretanto, no presente
estudo ndo é possivel identificar qual desses neurotransmissores € mediador
dos resultados encontrado. Outros estudos sdo necessarios para esclarecer

essa questao.
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Neste estudo, o choque nas patas ndo alterou os titulos de
anticorpos anti-heméacias de carneiro. Em contraste, estudo anterior
demonstrou que ratos submetidos imediatamente e 24 horas apés a
imunizacdo a uma sessado de choque elétrico nas patas (16 choques, com 1.6
mA, 5s de duracdo e 4 min de intervalo) apresentaram aumento na resposta
imune humoral (WOOD et al., 1993). Entretanto, uma acentuada reducéo nos
titulos de anticorpos anti-hemacias de carneiro foi observada em
camundongos submetidos a choque elétrico (360 choques, com 150 pA, 2s de
duracédo e 9s de intervalo) nas patas 72 horas ap6s imunizacao (ZALCMAN e
ANISMAN, 1993). Nesse mesmo estudo, Zalcman e Anisman (1993) néao
encontraram diferenca na resposta imune humoral dos camundongos
submetidos aos choques nas patas 24 horas e 48 horas antes ou
imediatamente e 24 horas apés a inoculacdo do antigeno (ZALCMAN e
ANISMAN, 1993). Vale ressaltar que no presente estudo, a sessao de
estresse consistiu de 5 choques nas patas, com 1.6 mA, 2s de duracao e 4
min de intervalo. Ademais, os animais foram imediatamente imunizados apos
a sessao de estresse e a resposta humoral foi avaliada 7 e 15 dias depois da
imunizacdo. Assim, é possivel que diferencas metodolégicas como o niumero e
a duracdo dos estimulos elétricos, bem como o periodo de aplicacdo do
estressor em relacdo a administragcdo do antigeno, sejam responsaveis pela

discrepancia entre os diferentes estudos.

A falta de efeitos da agressividade intraespecifica sobre a resposta
imune observada em animais adultos submetidos a desnutricdo no periodo
neonatal € uma das principais questdes neste estudo e merece atencdo. Nao

estdo claros os mecanismos responsaveis pela diminuicdo da resposta do
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sistema imune em animais desnutridos frente a agressividade. Entretanto,

alguns aspectos merecem ser considerados.

Em ratos o periodo perinatal pode ser considerado critico para o
desenvolvimento do sistema imunologico (GOBEL et al., 1996). Eventos
importantes para a imunocompeténcia sao iniciados ainda no embrido e
continuam durante a primeira semana de vida (PAPIERNIK e EZINE, 1982,
KALE et al., 1992). Neste periodo ha uma rapida expansédo da populacdo de
leucécitos e formacdo de o6rgdos linféides (MOSIER e JOHNSON, 1975;
SZEWEZUK et al., 1978). Outrossim, em camundongos foi observado que no
periodo embrionario ha algumas células T funcionalmente ativas e apenas na
quinta e na sexta semanas de vida as subpopulacdes de células T estdo
totalmente imunocompetentes (MOSIER e COHEN, 1975). Assim, neste
trabalho é possivel que a deficiéncia nutricional durante o periodo neonatal
tenha também afetado de modo duradouro o sistema inume, tornando-o

hiporresponsivo a expressao da resposta agressiva.

Ademais, estudos recentes tem demonstrado que desnutricdo
precoce pode alterar a responsividade dos sistemas nervoso e endocrino
frente a uma situacao estressante (KEHOE et al., 2001; LESAGE et al., 2002;
SEBAAI et al., 2002). Assim, KEHOE et al., (2001) investigando os efeitos da
desnutricdo proteica pré-natal e do estresse neonatal sobre a responsividade
do SNC, observaram que os animais desnutridos ndo apresentaram alteracao
dos niveis de corticosterona quando submetidos ao estresse de isolamento.
Entretanto, Lesage et al., (2002) verificaram que animais desnutridos
submetidos a estresse de contencdo apresentavam maior concentracao

plasmatica de corticosterona livre e menor nivel de adrenalina. Outrossim, em
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ratos foi observado que desnutricdo materna interfere no desenvolvimento
fetal do eixo HPA, por produzir alteracdo na adrenal e na pituitaria (HAWKINS

et al., 2000).

Lesage et al., (2001) demostraram que reducao alimentar materna
durante o final da gestacdo induz a retardo no crescimento intra-uterino e
superexposicdo do feto a corticosterona, o qual interfere no desenvolvimento
do eixo HPA. Neste ultimo estudo os filhotes desnutridos apresentaram
reducdo do peso da adrenal, diminuicdo da expressao de receptores para
mineralocorticoides e glicocorticoides no hipocampo e reducdo do ACTH no
plasma. Do mesmo modo, Sebaai et al., (2002) observaram que ratos
submetidos a desnutricdo perinatal apresntaram na vida adulta, reducdo de
peso corporal associada a aumento dos receptores para mineralocorticoides
nas CA2 e CA3 do hipocampo e decréscimo nos receptores para

glicocorticoides nas areas CA1l, CA3 e no giro denteado.

No presente estudo, foi interessante notar que a desnutricdo
precoce reduziu os niveis séricos de corticosterona na vida adulta. Sabe-se
que glicocorticoides podem assegurar que leucocitos especificos estejam
presentes no local certo e na hora certa para responder a estimulos iniciados
por agentes indutores de estresse (DHABHAR et al., 1995). Assim, € bem
provavel que a similar resposta imune entre desnutrido controle e desnutrido
submetido a agressividade intraespecifica, aqui observada, seja conseqiéncia
de alteracbes neuro-endocrinas provocadas pela desnutricdo durante o

periodo critico de desenvolvimento do cérebro.
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Outro aspecto importante a se considerar, € que a desnutricdo
precoce interfere no desenvolvimento do sistema nervoso, particularmente dos
sistemas de neurotransmissores (CHEN et al., 1997; MORGANE et al., 2002).
Ademais, como foi referido anteriormente estes mensageiros quimicos séo
mediadores de muitos aspectos da resposta imune (SEMPERE et al., 2003,
Devoino et al., 2003B). Assim, ndo podemos excluir a possibilidade de que a
falta de inter-relacdo entre agressividade e resposta imune observada nos
animais desnutridos seja consequéncia também dos efeitos duradouros da
desnutricdo sobre os sistemas de neurotransmissores. Vale lembrar, que no
presente estudo os ratos submetidos a desnutricdo no periodo neonatal
tornaram-se na vida adulta hiporresponssivos aos efeitos anti-agressividade

ou anorexigéno de inibidores seletivos da recaptacédo da serotonina.

Em conclusdo, o comportamento agressivo parece aumentar a
capacidade do organismo para responder a agentes nocivos. Ademais, 0
insulto nutricional precoce parece acarretar efeitos duradouros sobre o
funcionamento do sistema serotoninergico em ratos adultos. Do mesmo modo,
a desnutricdo pregressa, mesmo apos longo periodo de recuperacao
nutricional, interfere na inter-relacdo entre o comportamento agressivo e
resposta imune. Esses achados tornam-se de grande relevancia, pois
permitem compreender aspectos relacionados a saude que por questdes

éticas sao inviaveis de serem estudados na espécie humana.
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7 — CONCLUSOES

Os resultados do presente estudo nos permitem concluir que:

Ratos adultos submetidos a desnutricdo durante o periodo de rapido
desenvolvimento do cérebro tornam-se hiporresponsivos aos efeitos de

ISRS sobre a agressividade intraespecifica.

Ratos adultos submetidos a desnutricdo pregressa ndo sao afetados pela

anorexia induzida por citalopram.

A expressdo da resposta agressiva parece modular a resposta imune

potencializando a resposta humoral para um antigeno especifico.

Desnutricdo durante o periodo de rapido desenvolvimento do cérebro
interfere na inter-relacdo entre comportamento agressivo e resposta

imune em ratos adultos.

Desnutricdo imposta durante o periodo de rapido desenvolvimento do
cérebro afeta os sistemas fisiol6gicos causando seqielas persistentes.
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8 — PERSPECTIVAS

Estudar a relacdo entre agressividade e resposta imune em ratos adultos

submetidos a desnutricdo em diferentes fases de desenvolvimento.

Investigar o efeito do tratamento crénico com diferentes doses de
fluoxetina sobre a agressividade intraespecifica em ratos adultos

submetidos ou ndo a desnutricdo durante o periodo de aleitamento.

Avaliar individualmente o padrdo comportamental dos animais
submetidos a agressividade intraespecifica, para correlacionar posturas

dominantes e submissas com alterac6es imunoldgicas.

Analisar os niveis de corticosterona em ratos adultos normais ou

desnutridos, submetidos a agressividade intraespecifica.
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Resumo

A scrotonina participa da fisiopatologia da depressdo em humanos ¢ em modelos experimentais. Essa
amina influencia o crescimento ¢ o desenvolvimento do tecido nervoso, incluindo também os newrdnios
serotoninergicos. No presente trabalho, foram investigadas as repercussoes do tratamento neonatal com
Shovenna wm inibidor seletivo de recapragao da serotonina, sobre o comportamento de ratos adultos submetidos
ao deste do nado forcado (NI Para inducir o comportamento depressivo, os animeais foram conduzidos a 15
minutos de NF-corum tangue. Apos 240 cada animal foi avaliado duranie S minatos de NE sendo secado em
cognida ent camara de aquecimento (32°C) por 15 minutos. Durante o NI a laiéncia da tentativa de fuga
(LTT) ¢ o tempo de imobilidade comportamental (T1) joram avaliados. Quando comparados ao grupo-controle
(ratos tratados durante o mesmo pertodo com volume equivalente de solucdao salina), os animais tratados com
Suwoxetina apresentaram reducao do comportamento depressivo. Os resultados indicam que a administragdo
cronica de flooxcting no inicio da vida reduz o comportamento depressivo em ratos adulios ¢ sugere que isso
pode ter sido conseqgiicncia da alteracao neonatal da atividade serotonincreica.

Unitermos: depressaor serotonma mibidor de recaptagcao da ST neuropénese
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Arvammsamseen y

The serotonin plays a role at the pathophysiology of the depression in humans and experimental models.

This amine influences also growth and development of the nervous tissue including also serotoninergic
newrons. I present work awas investigated the repercussions of treatment in carly of the life with fluoxetine,
a selective serotonin reuptake inhibitor, on behavior Srom adults rats during forced swimming test (IST).
Depressive behavior swas induce in all animals, they were submitted by 15 min to the FST. 24 I later ywas
measured the behavioral despair (BD) and the time of immobility (T1) by S min in the FST. Immediately afrer
they awere removed of vwater and placed o dry in a heated enclosure (32°C71Smin). When ('r)m']mr('(/ to the
control group (rats treated during the same period with ecuivalent volumes of saline solution), the fluoxetine
group showed decrease of the depressive behavior. The results indicate which the repeated administration
Jrom fluoxetine early in life reduces the depressive behavior in adulthood and suggeests that the increased
brain scrotoninergic activiey could exert a role in this cffect.

Uniterms: depression: serotonm: selective setotonin replake inhibitor; neumropenesis

Introducao

studos em animais ¢ humanos demonstiam o papel

da serotonina (S-hidroxitriptamina, S HT) na

depressiao”. Essa relagio entie S-HT ¢ depressio

tem sido demonstrada por meio da utilizagio de
instrumentos farmacoldgicos’”. Evidéncias experimentais,
envolvendo a participagio de receptores serotoninérgicos na
fisiopatologia da depressio ¢ nos mecanismos de agio de
drogas antidepressivas, (8m sido observadas em estudos bio-
quimicos, cletrofisioldgicos ¢ comportamentais'.

Umaoutra fungio da S-1TT esti relacionada a sua partici-
pagio na embriogénese ¢ no crescimento cerchral'™Y, su
gerindo um possivel cieito neurotrofico’™ ou um sinal para o
desenvolvimento de neurdnios embrionicos*. As alteracdes
oriundas da ontogénese do sistema nervoso (SN) (gliogénese.
diferenciagio neuronal, migragio, simaptogénese, ele.) ocorren
com muitarapidez™. Norato, inicia-se durante a factagiio’. No
homemaontogénese do SN tem inicio na fase pré-natal (dltimo
dinestie de gestagiao), continuando até os primciros anos de
vida O crescimento ¢ o desenvolvimento do SN ocorrem
darante a pestagio ¢ a lactagao, constituindo um periodo
critico para o desenvolvimento encefilico® Fase periodo
apresenta vidnerabihdade a agressoes natricionais ¢ farma
coldgicas, que poderao conduzir a dristicas alteragoes mor
fologicas, funcionais ¢ comportamentais™* ", Essas alteragdes
poderio se tornar irreversiveis, dependenda da magnimde da
agressiof Assim, ¢ provivel que as modilicagoes neurais
induzidas pelo tratamento cronico com um inibidor seletivo da
recaptagio de S-HT (ISRS), no inicio da vida, persistam até a
vida adulta. As proviveis alteragoes provocadas pela
administragio neonatal de ISRSs parecem produzir efeitos a
longo prazo sobre comportamentos relacionados com fungio
serotoninérgica. Entre esses compartamentos, estd a modu.
lagio do comportamento alimentar e emocional’. A possibilidade
de manipulagio farmacoldgica controlada do sistema
serotoninérgico no periodo neonatal constitui uma ferramenta
importante para o estudo ontogenético do SN ¢ de suas fungies.
No presente trabalho, foi investigado o cfeito tardio do
tratamento neonatal com um [SRS sobre o comportamento de
ratos adultos submetidos 1o teste do nado forgado.
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Material e método

Awimais ¢ tratamentos

Foram utiizados vatos da inhagem Wistar, provenientes
da Coldnia do Departamento de Nutrigio da Universidade
I'ederal de Pernambuco. Todos os animais foram mantidos no
biotério sob condiges de controle do ambicnte (temperatura
entre 237+ 2°C; ciclo claro-escuro 12/12 horas, dgua e comida
ad libitum). Os animais foram separados aleatoriamente 24
horas apos o nascimento em ninhadas de 6 filhotes por mie,
tormando dois grupos. Um grupo recebendo fTuoxetina (Tund
beek. 1O mg/kp. se. dissolvido em salina: grapo Fluox. n - 26
ratos). O outro grupo (controle, n = 20 ratos) recebeu um
volume equivalente de solugio salina (NaCLO9%, | mi/kg. s¢).
Ambos os tratamentos foram induzidos do 19 a0 210 dia do
pos-natal (periodo de Tactaciio). Os pesos corporais foram
determinados do 12 a0 219 ¢ aos 60 dias de vida

Avaliacdo comportamental

Os animais comdade entre 60 ¢ 63 dias, pesando em torno de
75 pe 240 g, foram avaliados quanto d depressio experimental.
segundo o teste do nado forgado (NEF), métado previamente
descnto por Porsolt ez al ' embora com algumas modilicagoes.

Fsse procedimento consiste em expor o animal a uma situa
a0 deestresse. em que o rato ¢ forgado anadar. Apds um
periodo inicial de vigorosa atividade natatdra em diregao i borda
(denominada laténcia da tentativa de fuga), eventualmente di-
minui aintensidade dos movimentos, produzindo apenas os
movimentos necessdrios para manter sua cabega fora da dgua.
Iissa caracteristica foi classificada como imobilidade com-
portamental, indicando um possivel estado de desespero do
animal ao pereeber que nido tem como escapar.

Os ratos foram colocados individualmente em um tanque
(42 emdealturae 1045 emvde didmetro) cujo nivel da dgua nio
permitia ao animal apoiar-se no assoatho nem subir pela borda.
A temperatura da dgua fot mantida em 25°C. Durante 15 minutos
os anmmais foram submetidos anatagio forgada, periodo pré
teste. Apds os 1S minutos de NI cada animal foi conduzido a
uma camara de aquecimento (CA, 32°C) durante 15 minutos ¢,
em seguida, retornaram para suas gaiolas. Vinte ¢ quatro horas
apaos o pré-teste todos os animais foram submetidos a uma nova
sessio de NF durante 5 minutos, periodo de teste. Neste mo-
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mento, foi realizada aavaliagio comportamental. Tan seeuida
foram novamente conduzidos para a CALOs pardmetios compor

tamentais agui avahiados (laténcia darentativac de fuga e imo

bilidade comportamental) foram quantificados em segundos (s)
com auxilio de crondmetros digitais.

Andlise estatistica

A cvolugio ponderal. representada pelo ganho de peso
corporal (expresso como x £ eph foi analisada pelo Student's
“1 test. Os resultados referentes aandlise comportamental
(expressos como mediana e pereentis 25 75) foram avaliados
pelo Mann Whimey U test. O nivel de signiticincia para todos
os testes estatisticos utilizados Toi de p < 0,05,

Resultados

Os resultados apresentados sao comparados aos dados do
grupo-fluaxcting, onde o grupo-fluoxetina apresentou umaredu-
¢iono ganho de peso corporal (< 0,051 a partir do 9" dia de
vidit continuando até o desmame eon tornodo 2 P diac(Figara D,
Aos 60 dias de idade nido houve diferengi estatisticamente
significativi entre os pesos corporais dos grupos em estudo
(Tabela 1.

Fabela 1 = Peso corporal de ratos tratados durante a Tactagao
com fluoxetina ou sakina

Ratos teceberam fluosetina ¢ 10 mp/he. soo grapo-tluoxehma) on sl
(0.9% de NaCh T mlke, sesgrapo contraley do 17 a0 Mdia de vida, O
animais Toram pesados no 100210 e aos 60 dias de idade. Os dados estio

diserimimados como meédia e erro padeio i ep)

Grupos Peso corporal (g)

I dia M dha 60" dia
de vida de vida de vida
Controle T4+ 072 4635+ 773 201367+ 1997
(20) (200 (13
Fluoxctng 10mg 700+ 071 360,331 807 20862+ 27,31
(20) (20} (3

05 compatado ao prapo controle paraca mesmacdade, o Stdent s
e (e tadledy tor aphicado

60
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= &
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] i oG ww®
a % ,00%
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Figura 1 — Elcito do tratamento neonatal com uosetina sobre o

desenvolvimento ponderal de ratos
o< 005 comparado ao prupo cantrole (Spedent T e e tatled)

feito diadministiagao de Huoxeting divantie o aleitamento sobre o
crescimento ponderal. Ratos receheram Ui tma (10 my/kp, serprupo
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Huoxehna ou saling (0 miAy de NaCEO9 <cs prupo controfer diatiamente,
do 1 an 21 diacde adade, Todos oo animais totame pesados dianamente. Os
dados estio representados como v epdo pese corporal emeprinas, pata

os diferentes gimpos contiole (n o) ¢ Huoseting (im0

Fm relagiio ao estudo do comportamento depressivo, os
parametros foram avaliados durante o teste do NF. a laténcia
datentativa de fuga (11T ¢ o tempo de imobilidade compor-
tamental (TH. ambos alterados no grapo- fluoxetina. ALTE do
grupo Nuoxctina foi maior (p < 0,01 yenquanto o T'Tformenor
(1 < 0.01) quando comparado ao grupo-contrale (Figuras 2 e
-y, sugerindo que os ratos tratados com fluoxeting apresen

taram um comportamento menos depressivo que os controles.,

B Controle 1
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140 { ‘
11} i
= 120
N
52100 \ -
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Al v
e 60 ;
@
W
- 40
20+
0 |

Grupns

Figura 2 = Efcito do tratimento neonatal com Huaxetina sobre i
»

Fatcnen da tentativande Tuga
Cp e 001 comparado o prupo salina (M ann Whitney 07 1esn)

Faténen da tentativa de tuga (8 TE) deratos tatados com Hinoxetima
(1O me/hp, seL prapo Huoxenman o salina (1 anbikp. sede Nach 0.9%;
grupo salima, damente do 1o 2 dra de adade. Todos os animos
Totan submetidos i avaliagao dadepressio experimental aos 60 dias de
dade Os dados estio tepresentados como medianas (colunas) ¢ valores
cxpressos em opereentis Y875 (nonterior das colunasy do tempo de

FTE e segundos, para o diferentes pruposs Hiosetma oy = 20) ¢
cantrole (n 20)
30
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Figura 3 — Fleio do tatimento neonatad com fluoxetma sobie o
tempo de imobilidade comportamental
:

p e 005 comparado ao prape salina (M wim Whimey 10 1esn

Fempo de imobilidade comportamental (D de eatos tatados com
fluoseting (10 mg/kg, sot prnpo toveting ou saling €8 ml/hg, e de
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NaCl 0,9%: grupo salina) diaramente do 19 a0 219 dia de idade Todos
os amimais foram submetidos & avaliagio da depiessio cxpeamental
205 060 dias de wdade. Os dados estio representados como medianas
(colunas) ¢ valores expressos em percentis 25-75 (no interior das
colunas) do TT eny sepundos, para os diterentes srupos Hooxetina (n -

20y ¢ contiole (n 20

Discussao

O presente estudo demonstrou que a administragio cronica
de fluoxetina durante o periodo critico de desenvolvimento ce-
rebral prejudicou a evolugiio do peso corporal ¢ reduziu o
comportamento depressivo naidade adulta emratos. Esses
cleitos podem estar conrelacionados conalicragoes do sistema
serotoninérgico ocorridas durante o desenvolvimento como su
gerido por Palén eral . Os antores observaram que a admi
nistragiio de drogas que atuam sobre a sintese ¢ aliberagio de
serotonina ou sobre a ativagao de receptores serotoninérgicos,
durante a embriogénese. poderia resultar em distirbios do
crescimento ¢ desenvolvimento em diversos tecidos, incluindo
0 SN Esses achados foram confirmados por meio da inibigiio
da sintese de S-HT no sistema nervoso central (SNC) em-
brionirio, apds administragio materna de paraclorofenilalanina
[PCPA]L segundo Lauder er al.*. Neste estudo foi demonstrado
um retardo na diferenciagio dos neurdnios embriondrios em
embrides tratados com pCPAY. A diminuigio dos niveis de S
HT no periodo neonatal também resultou em redugio da
densidade de espiculas dendriticas no SNC em desenvol-
vimento™. Essas alteragoes morfologicas foram de cardter
especifico e permanente®, possivelmente se refletindo em
danos sobre a sinapte  énese. Em contraste, neurdnios embrio-
nirios do mesencéfalo de ratos caltivados com 5HT apre-
sentaram um aumento nadensidade ¢ sobrevida dos neurdnios
seratoninérgicos®. Embora ainda niao csteja totalmente
esclarecido se essas alteragoes persistem até a vida adulta ¢
proporcionam danos funcionais, nossos dados concordam com
essa possibilidade.

I.vrelagio A redugio do ganho de peso nos ratos tratados
com Huoxetina, nossos resultados podem estar associados ao
papel exercido pela serotonina sobre o controle do compor-
tamento alimentar, inibindo a ingestio de alimentos?'. A
fluoxetina ¢ um antidepressivo que inibe seletivamente a
recaptagio neuronal da S-ITT, reduzindo a fome ¢ aingestiio
alimentar em humanos' ¢ produzindo hipofagia em ratos?.

A manipulagio farmacoldgica do sistema serotoninérgico
durante o desenvolvimento poderia ter causado uma diminuigio
pds-tratamento, persistente até a idade adulta, do compor-
tamento depressivo induzido pelo teste do NI T; bem conhecida
a relagiio entre depressao ¢ alteragio da fungio do sistema de
neurotransmissio da serotonina’. Nesse contexto, estudos
realizados emnosso laboratdrio ji demonstraram alteragoes do
comportamento emocional em ratos adultos submetidos a trata-
mento neonatal com TSRS A S-HT esti envolvida na neu-
robiologia da depressio, assim como nos mecanismos de agiio
de agentes antidepressivos™. Fssa relagao entre S-HT ¢ de
pressao ¢ refor¢ada ainda mais ao se avaliar a influéneia dos
viirios subtipos de receptores serotomnerzicos’. A presenga de
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multiplos tipos de receptores serotoninérgicos corrobora a hipo-
tese de que drogas com agio seletiva, em alguns desses recep
tores cerchrais, podem ter propriedades psicotropicas espe-
cifteas em transtornos emocionais .

A diminuigao nas concentragaes de 51T cerebral pode
precipitar arecoréneia da depressio em pacientes deprimidos®,
enquanto a manipulagio de receptores serotoninérgicos por
meio de firmacos parece apresentar propricdades antide-
pressivas em alguns modelos animais'. O NIFF€ um teste com-
vortamental que tem sido utilizado para avaliar a eficicia clinica
de virios tratamentos antidepressivos'. A redugio do compor
tamento depressivo, dutante o NE nos tatos tratados com
fluoxetina, parece estan relacionada com a fungio do sistema
serotoninérgico™ . A inibicio do processo de recaptagio da
S-HT pela fluoxetina resulta em aumento de sua disponibilidade
sindptica, possivelmente acentuando ou factlitando sua agio™.
A diminuigio do comportamento depressivo no teste do NI,
observada no presente trabalho, parcce estar associada a
mecantsmos neuroadaptativos desenvolvidos no periodo

neonatal. Esses processos persistitiam até a vida adulta.
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Abstract

Most studies suggest that serotonin exerts an inhibitory control on the
aggression process. According to experimental evidence. this amine
also influences growth and development of the nervous tissue includ-
ing serotoninergic neurons. Thus. the possibility exists that increased
serotonin avatlability i young animals factlitates a long-lasting effect
on aggressive responses, The present study wimed o investieate the
aggressive behavior of adult rats (90-120 days) treated trom the Ist o
the 19th postnatal day with citalopram (CI'T). o selective serotonin
reuptake inhibitor (20 mg/kg. sc.every 3 davs), Aggressive behavior
was induced by placing a pair of rats imatched by weight)y in abox (20
X 20 x 20 ¢m, and submitting them to a 20-min session of electric
tootshocks (five 1.o-mA - 2-s current pulses. separated by a 4-min
mtershock interval). When compared to the control group (rats treated
for the same period with equivalent volumes of saline solution). the
CIT group presented a 4144 reduction in the duration of aggressive
response. The results indicate that the repeated administration of CIT
carly in life reduces the aggressive behavior in adulthood and suggest
that the increased brain serotoninergic activity could play arole in this

Key words

o ALLIFOSSION

o Serotonm

« Neonalal treatment
« Development

ettect.

Scrotonin has been shown to have mul-
tiple functions as a neurotransmitter by ¢x-
erting modulatory cffects on neural excit-
ability (1). There is mounting evidence ol its
participation in pain sensitivity, body ther-
moregulation. sleep. feeding behavior and
mood (2). Brain arcas known to be involved
in emotional processes, such as hippocam-
pus. hypothalamus. amygdala and cerebral
cortex.are innervated by serotoninergic path-
way s aseending from mesencephalic nuclei
(3.4, Studies on animals and humans have

pointed out that the serotoninergic system
may play a role in several aggressive behav-
iors (4.5). An inverse relationship seems o
exist between central serotoninergic func-
tion and aggressiveness since reducing cen-
tral serotonin levels facilitates aggression
and this increased aggression is impaired by
clevation of serotonin beyond normal levels
(2.5). Also. the use of animal models of
aggressiveness sugeests that serotonin re-
ceptors are implicated inaggressive responses
(4.6).
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Furthermore. experimental evidence in-
dicates that serotonin can influence embryo-
genesis and growth (7.8) presumably by act-
ing as a developmental signal (9 or a neu-
rotrophic factor (10). A role of serotonin in
regulating the development of serotonin neu-
rons themselves has also been demonstrated
(7). Morcover. itis well known that very fast
growth and development of the nervous sys-
tem occurs during pregnancy and suckling
and pharmacological or nutritional manipu-
lations can induce drastic morphological and
functional changes in this process. These
changes can become irreversible depending
on previous treatment and/or environmental
factors (11.12). Thus. it is likely that the
neural modifications mduaced by carly sero-
tonin treatment persist until adualt lite, As a
consequence. the possibility exists that the
use of serotonin agonists in the initial phase
of life could have long-lasting effects on
behaviors related to serotoninergic function.

Since. to our knowledee. there are no data

concerning this point. the investigation of

the possible Tong-term effects of carly ma-
nipulation of the serotoninergic system is
highly desirable. The objective of the pre-
sent study was to test the hypothesis that the
administration of a selective serotonin
reuptake inhibitor - citalopram (CIT) - to
suckling rats induces changes in aggressive-
ness during adulthood.

Newborn male Wistar rats from the colony
of the Department of Nutrition. Federal Uni-
versity of Pernambuco (Brazih. were as-
signed randomly (o two groups (6 pups per
litter) 24 hoafter birth. One group (CIT group.
16 rats) received citalopram (20 mg/kg. sc,
dissolved in saline. T ml/kg: Lundbeck. Co-
penhagen. Denmark). and the other (control
group. 24 rats) received an equivalent vol-
ume of safine (0.9% NaCh. The treatments
were applied every 3 days from the Istto the
19th postnatal day (suckling period). Body
weights were determined on the st 21t
(weanming) and YOth-120th day. The animals
weremaintaimed at a room temperature of 23

R Manhaes de Castra et al

£ 1°Coonalight-dark cycle of 12/12 h(lights
on at 7:00 a.m.). with free access to water
and food. When they reached,90-120 days of
age they were submitted to aggressiveness
tests. The tests were pertormed in an acous-
tically 1solated room using a box (20 x 20 x
20 cm) with the floor consisting of parallel
metal bars (interbar distance: 1.3 ¢m) con-
nected o a scrambled electric current source.
The test consisted of placing a pair of rats
from the same group (matched by weight) in
the box. where they received a session of
stimuli to induce aggressive responses.

Each stimulus (an electric footshock) con-
sisted of a 1.6-mA - 2-5 current pulse. Each
sesston fasted 20 min and included 5 stimuli
separated by a 4-min interval. During the
first 3 min of this interval. the duration of the
aggressive responae was measured with a
digital chronometer. The total time of ag-
gressive behavior observation was 900 s. In
the last minute of cach interval. the data were
recorded and the equipment was checked.
The aggressive response was defined as the
presentation of at least one of the two fol-
lowing behaviors: a) the animals stood up on
the hind paws facing cach other in a threat-
ening attitude but without direct contact, or
by they maintained evident physical contact
(scratching. tooth baring and emission of
characteristic vocalization). Data were com-
pared by the two-tailed Student r-test (body
weight) or by the Mann-Whitney U-test (ag-
gressiveness) with the Tevel of significance
set at P<0.05.

Compared to the controls (Table 1), CIT
rats showed a reduction in body weight both
on the 21st(46.8% . P<0.01) and Y0th-120th
day (14.5%. P<0.01). A significant differ-
CNCe 1IN aggaressive response was also ob-
served (Table 2). with CIT rats presenting a
reduced duration of aggressiveness (41.4%
lower than control. P<0.02).

The present study showed that chronic
administration of CIT during the critical pe-
riod of brain development impaired the

weight evolution and reduced the aggres-
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siveness of the rats. These effects may be
related to an alteration of the serotoninergic
system oceurring during development. as
suggested by Palén et al. (8). In a study on
chicken embryos, these authors observed
that drugs acting on serotonin svnthesis and

release. or on the activation of serotoniner-

gic receptors may cause disturbances of

growth and development in severual tissues,
including the nervous system. during em-
bryogenesis. Some findings suggestimproved
ncuronal development of serotoninergic neu-
rons of embryogenic nervous tissue treated
with serotonin (7). Cultured serotonin neu-
rons of embryogenic rat mesencephalon show
an increased density and survival of seroto-
ninergic neurons (9). Although itis unknown
whether this higher density of serotonin neu-
rons persists until adult life. our data agree
with this possibility. In fact the weight re-
duction found in the CIT group could be
associated with the =ole of serotonin in feed-
ing control by inhibiting food intake (13).

The reduced aggression duration during
adulthood may be also related to the pharma-
cologicat manipulation of the serotoninergic
svstem during development, since a close
relationship seems o exist between aggres-
siveness and the function of this neurotrans-
mitter system (2.4). In this context. it is
noteworthy that changes in emotional be-
havior have been already shown in both
young and adult rats previously submitted to
chronic nutritional injury (14). a condition
which is known to alter brain serotonin con-
centration (15).

The reduction of aggressiveness presented
by the CIT group could be related to the
serotoninergic action both at pre- and post-
synaptic sites. Several studies have indicated
such inhibitory role through the activation of
serotoninergic receptors (4).

In rats, the elevation of serotonin and 5-
hydroxyindoleacetic acid levels in the amyg-
dala. diencephalon and brain stem produced
a reduction in the latency to muneidal be-
havior (16).

In the present study a nonspecific effect
mediated by serotonin (such as the antinoci-

ceptive one) cannot be ruled out because of

the high CIT dose used. However, the data
support those obained by others (17). who
found a reduction of aggressive behavior in
psychotic and borderline human patients
treated with CIT. This anti-aggressiveness
clfect of CIT may be also related to its action
on the serotoninergic system. Increased se-

rotonin concentration in the frontal cortex of

adult rats has been observed after chronic
treatment with high doses of CIT. the same
as used here (20 mg kg! day 'L ip. tor 14
days)y(18). This point deserves attention since

Table 1 - Body weight of rats treated with citalopram or saline
during suckling

Rats recewved citalopram (20 mg/kg, sc; CIT group) or saline (0.9%
NaCl 1 mi/kg, sc; control group) every 3 days from the 1st to the
19th day of age The arimais were weighed on the 1st, 21st and
90th-120th day of age. The data are reported as mean + SD.
*P<0.01 compared to the control group at the same age (two-tailed
Student ttest)

Experimental groups Weight (g)

1st day 21st day  90th-120th day
Control group IN=24) 72 + 10 481 + 73 3341 424
CIT group (N = 16} 70+ 09 256 +52* 2856 + 31.0*

Table 2 - Aggressiveness of adult rats treated with citalopram or
saline during suckling

Rats received citalopram (20 mg/kg, sc; CIT group) or saline (0.9%
NaCl, 1 ml/kg, sc, control group) every 3 days from the 1st to the
19th day of life Later on, at 90-120 days of age, parrs of animals
from the same group were submitted to a footshock session to
elicit an aggressive response. The aggressive response was evalu-
ated on the bhasis of tme of aggression (900-s observation). Re-
sults are reported as median (Md) and 25 and 75 percentiles (PE)g
75). *P<0.02 compared to the control group (two-talled Mann-
Whitney U-test)

Experimental groups Duration of aggressiveness (s)

Md PEys 75
Controi group (N = 24) 6795 51.1-829
CIT group (N = 16) 398.0* 6.9-72.8
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CIT inhibits the reuptake of serotonin, con-
sequently increasing its synaptic availability
and enhancing its inhibitory effect on ag-
gressive behavior. On the other hand. the
repeated adminmistration of selective seroto-
nin reuptake inhibitors can produce down-
regulation both of the post- and presynaptic
5-HT, g receptors, in this case improving the
serotonin release (19). According to Saudou
etal. (20, the 5-HT,; receptors seem to be
very important in the control of aggressive
behavior, since mutant mice lacking these
receptors presented exacerbated aggressive-
ness. The fact that CIT administrated during
suckling affected ageressive behavior much
later in Tife suggests that 1) permanent mor-

fabe
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phological and/or functional alterations were
produced during the period of fast brain
development. and 2) these ull.cralions inter-
fere with the behavioral responses of adult
rats mediated by the serotoninergic system.

Thus. the reduction of aggressiveness ob-
served in the present study could be associ-
ated with neuroadaptive mechanisms devel-
oped during the neonatal period which last
into adult life.

Further investigations demonstrating pos-
sible alterations of the serotoninergic system
as a consequence of pharmacological ma-
nipulation early in life are necessary to eluci-
date the mechanisms responsible for the be-
havioral changes observed in this study.
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NEONATAL TREATMENT WITH FLUOXETINE
REDUCES DEPRESSIVE BEHAVIOR INDUCED BY
FORCED SWIM IN ADULT RATS

Cristiano Mendes-da-Silva’, Sandra Lopes de Souza’, ’
Jairza Maria Barreto-Medeiros?, Sebastiao Rogério :le Freitas-Silva?,

Daniela Eugénia Costa Antunes®,Allan Delano Urbano Cunha®, Valdenilson Ribeiro Ribas®,
Maria Flavia Simoes de Franca®, Maria Inés Nogueira’, Raul Manhaes-de-Castro’

ABSTRACT - Serotonin plays a role at the pathophysiology of depression in humans and in experimental
models. The present study investigated the depressive behavior and the weigh evolution in adult rats (60
days) treated from the 1st to the 21st postnatal day with fluoxetine, a selective serotonin reuptake inhibitor
(10 mg/kg, sc, daily). The depressive behavior was induced by the torced swim test (FST). The animals were
submitted to two sessions of FST: 1 session for 15 min and the 2" session 24h later, for 5 min. During the 2'¢
session the Latency of the Attempt of Escape (LAE) and Behavioral Immobility (BI) were appratsed. The Fluoxetine
group when compared to the Control group, showed an increase in LAE and a decrease in Bl. The neonatal
administration of fluoxetine reduced the depressive behavior in adult rats, possibly by increase in the brain
serotonergic activity. This alteration can be associated to process of neuroadaptation.

KEY WORDS: depression, serotonin, selective serotoqin reuptake inhibitor, neurogenesis

Tratamento neonatal com fluoxetina reduz o comportameto depressivo induzido pelo nado forcado em
ratos adultos

RESUMO - Estudos em humanos e em modelos experimentais demonstram que a serotonina (5-HT) participa
da fisiopatologia da depressao. O presente estudo nvestigou o comportamento depressivo e a evolucao
ponderal d- :atos adultos jovens (60 dias) tratados do 1° ao 21° dia pos-natal com fluoxetina, um inibidor
seletivo de recaptacdo da serotonina, (10 mg/kg, sc, diariamente). A depressao experimental foi induzida
através do teste de nado forcado (NF). Os animais foram submetidos a duas sessoes de NF, a primeira por 15
min e a sequnda apos 24 h, por 5 min. Durante os 5 min de NF a laténcia da tentativa de fuga (LTF) e o tempo
de *mobilidade (T1) foram avaliados. O grupo tratado com fluoxetina apresentou aumento da LTF e reducao do
Tl comparado ao controle. A administracao neonatal de fluoxetina reduziu o comportamento depressivo em
ratos adultos, possivelmente em funcao do aumento da atividade serotoninergica cerebral. Esta alteracao
podera estar reiacionada a processos neuroadaptativos.

PALAVRAS-CHAVE: depressao, serotonina, inibidor de recaptacao da 5 HT, neurogénese.

Studies in animals and humans have demonstra-
ted the role of serotonin (5-hidroxytryptamine, 5-
HT) in psychiatric depressions’, through the use of
pharmacological tools’. Experimental evidences of
serotonin receptors involvement in the pathophy-
siology of depression and in the action mechanisms
of antidepressant drugs, come from various bioche-
mical, electrophysiological and behavioral approa-
ches’. Animal models have largely contributed to the

understanding of the 5HT receptors and depressive
behavior relations®. Adult rats treated with antide-
pressants such as the selective serotonin reuptake
inhibitor (SSRIs) presented behavioral changes in the
forced swim test (FST), a recognized experimental
model for depression studies”.

The SSRIs increase the synaptic availability of 5-
HT accentuating or facilitating its action®’. According
to some researches the chronic administration of
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SSRIs during the neonatal stage {days 1 to 21, suck-
ling period) induces several behavioral changes in
adult life*". Other studies demonstrated that chronic
use of the SSRIs increases the expression of brain-
derived neurotrophic factor (BDNF), one target gene
of antidepressant treatment, in rat limbic structures,
most notably the hippocampus'®. In addition, the
BDNF plays an important role in development,
synapse remodeling™ and it has trophic effects on
serotonergic neurons in the central nervous system'?.
Furthermore, experimental works indicates that
itself 5-HT can influence the embryogenesis and the
growth’* presumably by acting as a developmental
sign’® or as a neurotrophic factor'®'’. Moreover, it is
well known that very fast growth and development
of the nervous system occur during pregnancy and
suckling, and that pharmacological or nutritional
manipulations at this phase, can induce drastic mor-
phological and functional changes in these
processes'® ' Drastic consequences have been also
observed in behavior®. These alterations can become
irreversible depending on the magnitude of the ag-
gression’. Thus, thereis a possibility that the use of
SSRIs, in the initial phase of the life, could present
long-lasting effects on behaviors related to the sero-
tonergic funct.on?, such as the emotional behaviors®.
Therefore, since there are no data concerning this
point, the investigation of the possible long-lasting
effects caused by early manipulations of the seroto-
nergic system 1s highly desirable. This study proposed
to test the hypothesis that the administration of a
selective serotonin reuptake inhibitor - fluoxetine -
to suckling rats, promotes changes in depressive
behavior induced by forced swim in adult rats.

METHOD

Animals and treatments

Wistar rats were maintained at a room temperature
of 23 + 1°C, onalight-dark cycle of 12:12 hours (light on
at 7:00 a.m.), with free access to water and food. The
animals were assigned randomly to two groups (6 pups
per litter) 24 h after birth. One group (Fluoxetine group,
26 rats) received fluoxetine (10 mg/kg, sc, dissolved in
saline solution, 1 ml/kg), and the other (Control group, 26
rats) received an equivalent volume of saline (NaCl 0.9%).
The treatments were applied every day from the 1st to the
21st postnatal day (suckling period). Body weights were
determined at 1st to the 21st (weaning) and 60th day.

Behavioral evaluation

The animals aged around 60 Jays, weighing 220-240g,
were evaluated with regard to de.:ressive behavior induced
by forced swim (Forced Swim Test). modified method of
Porsoltetal " This procedure consists of exposing an ani-

mal to a situation of inescapable stress, in which the rat is
forced to swim. After an initial period of vigorous swim-
ming activity in the direction to the tank border (denomi-
nated Latency of the Attempt of Escape), the animal re-
duces the intensity of the movements, just producing the
necessary movements to maintain its head out of the
water. This answer was classified as behavioral immobility,
indicating a possible state of despair of the animal when
it realizes that there is no escape.

The rats were placed individually in a tank (height, 42
cm. diameter, 104.5 cm), whose level of water do not
allow the animal to lean on the floor, nor arise by the
border. The temperature of the water was maintained in
25°C. The animals were submitted to the forced swimming
during 15 minutes (Pre-test). After the 15 min of forced
swim each animal was led to dry in the Camera of Heating
(CH; 32°C/15min), an then returned to their cages. Twenty-
four hours after the Pre-test, all the appraised animals were
put back inside of the tank. At this time, the individual
behavioral evaluation was accomplished and quantified
during 5 minutes of swim (Test); soon after they were again
led for CH. The behavioral parameters as Latency of the
Attempt of Escape (LAE) and Behavioral Immobility (BI) were
quantified in seconds (s) with aid of digital chronometers.

Statistical analysis

The corporal weight evolution (expresses mean + SEM)
was analyzed by Student’s “t” test. The behavioral para-
meters (expressed as median and percentiles 25-75) were
appraised for Mann-Whitney two-tailed test. The signi-
ficance level adopted for all the used statistical tests was
p<0.05 (Statgraphics Statistical Graphics System v.6.0, Ma-
nugistics, Inc. and Statistical Graphics)

RESULTS

Compared to the Control group, the Fluoxetine
group presented a reduction in the corporal weight
gain (p < 0.05) starting from the 9 th day of life and
continuing to 21st day (Fig 1). At the 60th day of
age none difference was observed among the cor-
poral weights of the groups (Table 1).

The behavioral parameters were appraised during
the FST. LAE of the Fluoxetine group was significantly
larger (p < 0.01) while Bl was smaller (p < 0.01) when
compared with the Control group (Tables 2 and 3).

DISCUSSION

The present study demonstrated that chronic ad-
ministration of fluoxetine, during the critical period
of the nervous system development, besides harming
the evolution of the corporal weight, in adult rats,
also reduced the depressive behaviors induced by
FST These effects can be correlated with the reported
developmental alterations of the serotonergic sys-
tem, as suggested by Palén et al.”’. These authors
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lable 1. Body weight comparisons between the Control and Treated Groups at three different days.

Weight (g)

Experimental groups —_— =
1+ day

Control group 7.49 = 0.73 (26)

Fluoxetine group 7.60 = 0.71(26)

47.45 + 7.73(26)

35.32 + 8.07 (26)

21+ day 60" day

214.67= 19.97 (13)

209.62 = 27.31(13) .

The treated group received fluoxetine (10mgrkg, sc; Huoxetine group). The * ntrol group receved saline (0.9% NaCl, Tml/kg,
s0) from the Tst to the 21st day of age. The weight of the 1st, 215t and 60th day of age are compared and reported as mean
+ SEM * p < 005 (unpaired two-tailed Student t test). Number of animals (n} are presented below the weight columns

Jable 2. Latency of the attempt of escape of rats treated with
fluoxetine or saline during the suckling period.

Latency of the
attempt of escape (s)

Experimental groups

Md PE.. ,
Control group (n=26) 1545 117-222
Fluoxetine group (n=26) 97.5 49-161

Latency ot the attempt of escape (LAE) of rats treated with fluoxetine o
saline duning the suckling period. All the amimals were submitted to
expenimental depression at the 60 day of age. For each group i26 ratsigroup),
the LAL 1s represented as median (Md) and 25 and 75 percentiles (PE, ) °
p< 0,01 compared to the Control group (Mann-Whitney two-tailed U-test).

Table 3. Behavioral Immobility (Bl) of rats treated with fluoxetine
or saline during the suck g period.

Behavioral Immaobility (s)

Experimental groups

Md PE.. ..

Control group (n=26) 9 2-13

Fluoxetine group in=26) 24.5 4-66
:‘—»-lv-rvl Immobility (B) of rats treated with fluoxetine or saline during

the suckling period. All the animals were submitted to the experimental
depression at the 60 day of age. for each group (26 rats‘group), the Bl is
represented as median (Md) and 25 and 75 percentiles (PE s, F P 0.01

compared to the Control group (Mann-Whitney two-tailed U-test)

A Controd

st <+ Fluoxetine h
YT -
=
z [P T
=
2 0t A’/\}r‘"ﬁ el .
. 3

| I T S SN T L T O T KO I £ O LV TR

Davs of age

Fig 1 Weight evolution of rats treated with fluoxetine or saline during the
suckhing period. Rats received fluoxetine (10mgrk tluoxetine group,
n=26) or saline (0.9% NaCl. 1mlkg, sc; Control o i, n=26) from the
Istto the 21st day of age. The animals were weiyt.t daily. The data are
reported as mean + SEM. * P < 0.05 compared * 3 the Control group at
the same age (unpaired two-tailed Student t te.t!

observed that the administration of drugs acting on
the synthesis and serotonin liberation, or on the ac-
tivation of the serotonergic receptors, during the em-
briogenesis, could result in disturbances of the
growth and development of several tissues, including
the nervous one. These data were confirmed by
Lauder et al??, that demonstrated a delay in the
neuronal differentiation, through inhibition in the
embryonic synthetic pathway of 5-HT, after maternal
administration of p-chlorophenylalanine (pCPA).
Decrease on the levels of 5-HT in the neonatal period,
also induced reduction of the dendritic spines density
in the developing nervous system. This constitute
morphologic alterations of specific and permanent
character, possibly resulting in damages on the syna-
pses establishment’>. In contrast, cultured embryonic
serotonergic neurons of the mesencephalon of rats
presented an increase of its density and survival'®.

Other hypotesis can be relationship to the BDNF,
we believe which chronic administration of SSRIs in
the early life may to affect this neurotrophin, conse-
quently leading the possible process of the neuroa-
daptation. Accordingly with recent study a infusion
of BDNF into the of hippocampus produced antide-
pressant effect in the FST??. In spite of that, it is not
totally been clarified that these alterations may per-
sist until the adult life promoting functional dama-
ges, our data corroborate this possibility.

Our observations about the reduced corporal we-
ight gain of fluoxetine treated rats can be attributed
to the inhibitory action of serotonin, controlling the
food ingestion?®. Although, the stress provided by
chronic treatment with fluoxetine can induce decre-
ased body weight, possibly by affect the hipothala-
mic-pituitary-adrenal axis resulting disturbances in
the control of corticoid function, this fact was not
considered in this study. Since, saline controls animals
also were treated chronically. Besides, the chronic
fluoxetine treatment normalize the corticosterone
secretion in depressed pacients or experimental
models’. Fluoxetine is an antidepressant drug that
selectively inhibits the neuronal 5-HT uptake, conse-
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guently increasing its synaptic availability’”, and so
reduces the hunger and the alimentary ingestion in
humans’” and produces hipofagia in rats*®

The pharmacological manipulation of the sero-
tonergic system during the development, might have
caused the post-treatment decrease of the depres-
sant behaviors induced by the FST, that persisted until
the adult age, confirming the well known relation-
ship between depression and functional alteration
of the serotonergic system?”. In this context, the stu-
dies accomplished at our laboratory already demons-

ated alterations of the aggressive behavior, in adult
rats submitted to neonatal treatment with selective

erotonin reuptake inhibitor’. The 5-HT is involved
in the neurobiology of depression, as well as in the
action mechanisms of antidepressant agents®®. The
presence of multiple types of serotonergic receptors
corroborates the hypothesis that drugs with selective
action in some of them, can have specific properties
in emotional disorders?.

The decrease in the concentrations of brain sero-
tonin can precipitate the recurrence of the depression
in depressed patients’' while the manipulation of
serotonergic receptors by pharmacological tools has
evidenced antidepressant properties in some animal

models’?, The FST

< anm t1en liindn s~
FST has been used to evaluate the

effectiveness of several antidepressant treatments®.
It was realized after evaluation of the several activity
of the animals (dates not published), yet no alteration
was observed. The reduction of depressant behavior
in the FST, in the Fluoxetine group, seems to be rela-
ted to the function of the serotonergic system® The
inhibition of the 5-HT uptake process by fluoxetine
results possibly in its increased availability in the
synaptic cleft, accentuating or facilitating its action®.
The decreased depressant behavior evaluated in adult
life after neonatal treatment, in the FST observed in
the present study, seems to be associated with
neurcadaptive mechanisms developed at the time
of treatment, that persists until adult life.
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AGRESSIVIDADE INTRAESPECIFICA ALTERA PADRAO LEUCOCITARIO EM RATOS
ADULTOS

DL CASTRO, CM M.B.; BARRETO MLDLIROS, |.M.; LUMA, KM THITOZA, 1.G.; MUDO, C.I.G.; SILVA,
RR; MAGALHALS, V.; MANIIAES DE CASTRO, R.

Dep. de Nulrigio, tab. de munopatologia Keizo Asami, UFPE-Redte

Objetivos: Nao ha dados na literatura sobre comportamento agressivo e padiio levcocitario (1),
lodavia a ativa¢io do sistema imune (S1) pode ser avaliada através deste parametro. Avaliamaos a con.
tagem total (CTL) e diferencial de leucdcitos (CDL) em ratos submetidos ou nio a agressividade
intraespecilica (Al). Métodos: Foram utilizados ratos Wistar machos, entie 90 ¢ 120 dias, nos quais
induziu-se (grupo agressivo; n = 14) ou ndo (grupo controle; n = 14) resposta agressiva intraespedilica
(RA1). A indugdo da RAI era oblida através de sessdo (20 min) de choques nas patas (1.6mA/2s, 4 em 4
min, 5 vezes). Imediatamente apds, de cada animal, foi coletadp amostra de sanque para realizagao da
CTL e CDL. Para analise estalistica, foi utilizado o teste U de Student para a CIl e a COL (valores em
médias e EP). Resultados: Na CTL: o grupo agressivo (8755 1 677) apresentou valores menoies que o
grupo controle (12735 1 830). Na CDL (%), houve diferenga enlre os grupos apenas nos linfocitos (1)
e neutrolilos (N): grupo agressivo: L (69500 t 2,4); N (24857 1 2,5) x grupo conlrole: L (76113 1 1,8);
N (18643 1 1,6). Conclusdes: No presente estudo, os resultados parciais mostraram que a Al alterou a
CIL e a CDL. Assim, a influéncia imediata da agressividade sobre o PL parece ativar o SI, modilicando
as propor¢des entre os distintos tipos celulares. Contudo, outros estudos sobre aspectos da imunidale
sdo ainda necessdrios.

Apoio: CNPq, Propesq, Proin-Capes
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UNIVERSIDADE FED¥RAL DE PERNAMBUCO
__CENTRO DE CIENCIAS BIOLOGICAS
COMISSAO DE ETICA EM EXPERIMENTACAO ANIMAL

, Recife, 24 de outubro de 2003
Oficio n" 202/2003

Da Comissao de Etica cm Experimentagdo Animal (CEEA) da UFPE
A llma Célia Maria Machado Barbosa de Castro
Departamento de Medicina Tropical. CCS/UFPE

Apos o recebimento de sua carta de cncanminhamento solicitando a analise do procedimento
com anmais do projcto de pesquisa mntitulado “Desnutricio e manipulacio famacologica do
sistema serotoninérgico: estudo dos parametros do comportamento agressivo, da resposta
imune e de suas interrelagdes™, proccsso N’ 23076.007692/2003-90. os membros da Comissio de
Etica ¢m Experimentagdo Animal do Centro de Cic¢ncias Biologicas da Universidade Federal de
Pcrmambuco (CEEA-UFPE) analisaram os aspectos  relativos  aos  protocolos experimentais
adotados.

Concluimos que. na versio atual. os procedimentos descritos para mancjo ¢ cuidado dos
ammais ¢cm  oxperimentagio  encontram-se dc acordo com as normas sugeridas pelo Colégio
Brasiiciro para Expcrimentagido Animal ¢ com as normas internacionais cstabelecidas pclo National
Institute of Health Guide for Carc and Usc of Laboratory Animals, as quais sio adotadas como
critérios de avaliagio ¢ julgamento pcla CEEA-UFPE.

Dc acordo com as normas vigentes no Brasil, especialmente a Lei 9.605 - art. 32 ¢ Decercto
3.179-art 17 de 21/09/1999. quc trata da questio do uso dc animais para fins cicntificos.
ressaltamos ainda que o sacrificio dos animais cxperimentais. realizado no presente trabatho,
Justifica-s¢ pelo fato de ndo existirem recursos alternativos para a realizacio do procedimento

cicntifico. Diante do CXposto, cmitimos parecer favoravel aos protocolos experimentais descritos

no projecto analisado.

Atenciosamente., p /) //
}7 A &/'(/,Lé” 4.7 . :-LC s (_)41:
et LD AT
Profa. Miriany Camargo Guarnicri

Presidente da Comissio de

o
Iy

‘tica cm Experimentagdo Animal

Profa. Bclmira Lara da S. Andradc da Costa
Vice-Presidente da Comissdo de Etica em Expcrimentagido Animal
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UNIVERSIDADE FEDERAL DE PERNAMBUCO '
__CENTRO DE CIFNCIAS BIOLOGICAS
COMISSAO DE ETICA EM EXPERIMENTACAO ANIMAL

Recife, 24 de outubro de 2003
Oficio n’ 199/2003

Da Comissdo dc Etica cm Experimentagio Animal (C EEA) da UFPE
A Ilma Célia Maria Machado Barbosa de Castro
Dcpartamento de Medicina Tropical. CCS/UFPE

Apos o recebimento de sua carta de cncaminhamento solicitando a analise do proccdmmento
com anmmais do estudo experimental intitulado “Pode a expressao ou ndo da agressividade
intraespecifica frente a um estressor alterar a responsta imme?”, proccsso N°

23076.007691/2003-45. 0s membros da Comissdo dc Etica ¢m Experimentagdo Animial do Centro de

Ciéncias Biologicas

&
c

iiversidade Federal de Pcermambuco (CEEA-UFPE) analisaram os aspectos
relativos aos protocolos experimentais adotados.

Concluimos que os procedimentos  descritos para mancjo ¢ cuidado dos animais em
experimentagdo encontram-se de acordo com as normas sugendas pelo Colégio Brasilciro para
Expcrimentagdo Animal ¢ com as normas intcrnacionais cstabclecidas pclo National Institutc of
Hcalth Guide for Carc and Usc of Laboratory Animals. as quais sio adotadas como critérios de
avahacdo ¢ julgamento pela CEEA-UFPE.

De¢ acordo com as normas vigentes no Brasil. cspecialmente a Lei 9.605 - art. 32 ¢ Decreto

3479-art 17, de 21/09/1999. quc trata da questdo do uso dc animais para fins cicntificos.

rcssaltamos ainda

e
uc ¢

qu icio dos animais cxperimentais, rcalizado no presente trabalho,
Justifica-s¢ pelo fato de nao existirem recursos alternativos para a rcalizagdo do procedimento

cientifico. Diante do CXposto. cmitimos parecer favoravel aos protocolos cxperimentais descritos

no projcto analisado.

- i

Atenciosamentc. < ) o
) _Z/[ U,{Avwf_‘_é/ U A
Profa. Miriam Cafnargo Guarnicri
Presidente da Comissio de E ica em Experimentagio Animal

S 0

Profa. Belmira Larada S Andradc da Costa
Vice-Presidente da Comissio de Etica ¢m Experimentagie Animal
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Célia M. M. B. de Castro

De: “Instituto Internacional de Ecologia” <ite@iie.com.br>
Para: <ccastro@lika.ufpe.br>

Enviada em: Segunda-feira. 13 de Outubro de 2003 12:49
Assunto: Aceitacdao RBB-102/03

Prezado(a) Dr(a) Celia Maria M B de Castro

Pela presente. vimos informar-lhe que seu manuscrito intitulad: "THE EXPRESSION OF AN INTRASPECIFIC
AGGRESSIVE REACTION BEFORE A STRESSOR AL TERS THE IMMUNE RESPONSE IN RATS", foi aceito
em 09/10/2003 no Brazilian Journal of Biology

Data prevista para publicacao agosto/2005 no volume 65 numero 3.
Atenciosamente

Profa. Dra. Takako Matsumura Tundisi

Editora Chefe
Brazilian Journal of Biology
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De: cprasa [mailto:cprasa@Isuhsc.edu]

Enviada em: sexta-feira, 12 de dezembro de 2003 15:24
Para: rcastro@nutricao.ufpe.br

Assunto: MS#NN 29903

Dr. R. Manhaes DeCastro
Departmento de Nutricdo

Centro de Ciéncias Da Saude
Universidade Federal de Pernambuco
50670-901 Recife/PE, BRASIL
Telephone: +55-81-271-8471

FAX: +55-81-271-8473

E-mail: rcastro@nutricao.ufpe.br

DATE RECEIVED: June 16, 2003, FIRST REVIEW COMPLETED: August 6, 2003,
MANUSCRIPT ACCEPTED: December 12, 2003.
TITLE:

Malnutrition during Brain Growth Spurt Alters the Effect of Selective
Serotonin Reuptake Inibitor on Aggressive Behavior in Adult Rats

AUTHOR(S):

J.M. Barreto-Medeiros, E.G. Feitoza, K. Magalhaes, J.E. Cabral Filho,
F.M. Manhaes-De-Castro, C.M. M.B. De-Castro, R. Manhaes-De-Castro.

I am pleased to inform you that the above manuscript has been accepted for
publication.

We will complete final editorial processing and forward your manuscript to
our typesetter for scheduled publication in the next available issue of the
journal. Minor changes, abbreviations, etc. will be made by our copy editor
and you will be able to check them at the time you receive the proofs.

Sincerely,
Chandan Prasad, PhD

Editor-in-Chief
Nutritional Neuroscience
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INBOX: Confirmation new paper No. jmbm.AT.ufba.br/2003121... (8 de 37)
Data: Sat, 13 Dec 2003 04:38:08 GMT
De: physiolbehav@biol.rug.nl
Para: jmbm@ufba.br
Assunto: Confirmation new paper No. jmbm.AT.ufba.br/20031213/1 submitted to
PHB

This is an automated email
13-Dec-2003

Dear Dr barreto medeiros,

Thank you for submitting the paper entitled:
'Early malnutrition alters the effect of aggressiveness on the immune response in rats'
to Physiology & Behavior

The e-submission number for your paper is
PHB_jmbm.AT.ufba.br_ 20031213/1

Your paper will be evaluated as quickly as possible;
and we will be in touch again in due course.

physiolbehav@biol.rug.nl (outside NA. However depending on subject NA authors can
also submit to Jaap Koolhaas)
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