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RESUMO

Em humanos e roedores, o estresse durante a gestacdo produz nos filhotes aumento dos
niveis de ansiedade, prejuizos no aprendizado e memdria, alteragdes no cuidado
materno e déficits nos comportamentos sociais. A maioria dos protocolos de estresse
pré-natal atribui seus resultados a vulnerabilidade do periodo intra-uterino. Todavia,
estudos mostram que as conseqliéncias causadas por essa intervencdo advém de um
efeito indireto sobre o comportamento materno. Nesse contexto, o objetivo do presente
estudo foi analisar as repercussdes do estresse por contengdo aplicado durante a Gltima
semana de gestacdo sobre: (1) o cuidado maternal; (2) comportamento de preferéncia ao
odor do ninho e conteudo de NA no bulbo olfatério (BO) dos filhotes; e, por fim, (3)
sobre 0s comportamentos sociais e numero de neurdnios positivos para ocitocina (OT) e
vasopressina (VP) nos nucleos paraventricular (PVN) e supra-Optico (SON) de filhotes
adultos. Dois artigos cientificos foram produzidos a partir dos resultados obtidos. No
primeiro deles, intitulado “Prenatal stress produces sex differences in nest odor
preference, o estresse pré-natal reduziu o comportamento materno e extinguiu a
preferéncia ao odor do ninho em filhotes machos e fémeas quando, ambos os eventos,
estresse pré-natal e reducdo no cuidado maternal foram combinados. Nesse contexto,
filhotes fémeas mostraram-se mais vulnerdveis as intervencdes perinatais em
comparacdo aos filhotes machos. Entretanto, ndo foram observadas alteracbes na
atividade noradrenérgica no BO desses animais. Os resultados do segundo estudo
intitulado “Prenatal stress produces social behavior deficits and alters the number of
oxytocin and vasopressin neurons in adult rats”, mostraram que a combinacdo do
estresse pré-natal realizado nas mées e também nos filhotes resultou em déficits ligados
a ansiedade, agressividade e comportamentos sociais. Além disso, o numero de células
ocitocinérgicas e vasopressinérgicas no PVN se mostraram alteradas nesses animais.
Todavia, os déficits comportamentais foram mais relacionados a disfunc¢@es do sistema

vasopressinérgico do que ocitocinérgico.
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ABSTRACT

In humans and rodents, stress during pregnancy has produced offspring with high levels
of anxiety, impaired learning and memory, changes in maternal care and social behavior
deficits. Most prenatal stress protocols have attributed their results to the vulnerability
of the intrauterine period. However, studies show that the consequences caused by this
action arise from an indirect effect on maternal behavior. In this context, the objective
of this study was to analyze the impact of restraint stress applied during the last week of
pregnancy on: (1) maternal care; (2) nest odor preference behavior and NA content in
the olfactory bulb (OB) of rat pups, and, finally, (3) on the social behaviors and number
of neurons positive for oxytocin (OT) and vasopressin (VP) in the paraventricular
nucleus (PVN) and supraoptic nucleus (SON) of adult rats. Thus, based on the results
obtained, two studies were produced. The first study, titled “Prenatal stress produces
sex differences in nest odor preference”, found that prenatal stress reduced maternal
behavior and extinguished nest odor preference in male and female pups when both
events, prenatal stress and reduced maternal care, were combined. In this test, female
pups were more found to be more vulnerable to perinatal interventions compared to
male pups. On the other hand, no changes were observed in the noradrenergic OB in
these animals. The results of the second study, titled “Prenatal stress produces social
behavior deficits and alters the number of oxytocin and vasopressin neurons in adult
rats”, found that the combination of prenatal stress applied to mothers and also to their
offspring, resulted in deficits linked to anxiety, aggression and social behaviors.
Furthermore, in these animals, the number of vasopressinergic and ocytocinergic cells
in the PVN was seen to be altered. However, the behavioral deficits were more related

to malfunctions in the vasopressinergic system than in the ocytocinergic system.
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1 INTRODUCAO
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1.1 Estresse gestacional

Em humanos, experiéncias estressoras durante o periodo pré-natal ou em
periodos proximos ao parto aumentam nos filhos a vulnerabilidade a diversas
psicopatologias na idade adulta (KOFMAN, 2002). Criangas e adolescentes, filhos de
mulheres que vivenciaram eventos estressores durante esse periodo sdo mais propensos
a apresentar problemas emocionais, baixo rendimento escolar, hiperatividade e déficits
de atencdo (GLOVER et al., 2004; BEVERSDORF et al., 2005; GUTTELING et
al.,2006; TALGE et al., 2007).

Devido as dificuldades inerentes a realizacdo de pesquisas envolvendo humanos,
os efeitos do estresse pré-natal tém sido mais extensivamente estudados em modelos
animais. Diversos protocolos de estresse durante esse periodo tém sido aplicados em
roedores com o objetivo de recriar alguns de muitos disturbios ja mencionados. Os mais
comumente utilizados incluem, o estresse variado ndo previsivel (KINNUNEM et al.,
2003; KOENING et al., 2005), estresse com predador natural (PATIN et al., 2002;
PATIN et al., 2004) e o estresse por contencdo (SMITH et al., 2004; CHAMPAGNE E
MEANEY, 2006; MACCARI E MORLEY-FLETCHER, 2007). O estresse variado ndo
previsivel baseia-se na exposicdo da fémea prenha a diferentes estimulos estressores
durante horérios imprevisiveis, como por exemplo, exposi¢do ao frio, calor, nado
forcado e choque. O estresse por predador é caracterizado pela exposi¢do da prenha ao
seu predador natural. Por fim, o estresse por contencédo é caracterizado pela restri¢do de
movimentos da rata prenha quando a mesma é colocada em um contensor.

Os efeitos do estresse durante o periodo gestacional nos filhotes tém sido mais
extensivamente investigados usando o modelo de contengdo, o qual tem demonstrado

alteracdes mais salientes quando comparado a outros protocolos (RICHARDSON et al.,
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2006). Estudos prévios mostram que essa intervencdo diminui a memdria espacial em
filhotes no labirinto aquéatico de Morris (YAKA et al., 2007), altera 0 comportamento
sexual (GERARDIM et al., 2005), aumenta o comportamento defensivo e agressivo
(DICKERSON et al., 2005), aumenta os comportamentos ligados a ansiedade
(VALLEE et al., 1997; ESTANISLAU & MORATO, 2005) e depressdo (YANG et al.,
2006; ABE et al., 2007), e causa déficits nos comportamentos sociais (PATIN et al.,
2005; LEE et al., 2007).

Eventos estressores vivenciados por mulheres durante a gravidez também tém
sido associados ao abuso e a negligéncia infantil (BRAYDEN et al., 1992; MAUGHAN
& MCCARTHY, 1997). Similarmente, ratas prenhas quando sdo submetidas a
intervengdes durante o periodo pré-natal mostram prejuizos nos comportamentos
maternos (SMITH et al., 2004; CHAMPAGNE & MEANEY, 2006; BOSCH et al.,
2007b). Estudos apontam ainda que o0s possiveis responsaveis pelos danos
comportamentais observados em filhotes de fémeas submetidas ao estresse pré-natal séo
0 estresse pré-natal e também o ambiente pds-natal alterado (DEL CERRO et al., 2010;
DE SOUZA et al., 2011).

Postula-se que durante o periodo gestacional uma quantidade excessiva de
glicocorticéides alcanca o feto durante a exposicdo ao estresse pré-natal e provoque
alteracdes nos processos de diferenciagdo, migracdo e maturacdo neuronal
(DARNAUDERY & MACCARI, 2008a). O estresse aplicado durante o periodo pre-
natal também pode levar a uma diminuicdo da atividade da enzima 11f-
diidroxiesteroide desidrogenase 2 (113-HSD2). Tal enzima esta presente na placenta e
metaboliza a forma ativa dos glicocorticdides em sua forma inativa (MAIRESSE et al.,
2007). De acordo com essa hipotese, alguns dos prejuizos comportamentais produzidos

pelo estresse pré-natal podem ser prevenidos quando a secrecdo desse horménio é
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suprimida pela adrenalectomia de fémeas prenhas (DARNAUDERY & MACCARI,

2008D).

1.2 Comportamento maternal

Visando receber adequadamente os filhotes, no final da gestacdo a mée inicia
uma sequéncia de mudancas comportamentais. Ela muda seus padrdes de limpeza
corporal, levando mais tempo na regido mamaria, e dias antes do parto a fémea constroi
um ninho para acomodar os filhotes (TODESCHINI, 2002). O declinio dos niveis de
progesterona e 0 aumento da concentracdo de estradiol e prolactina durante essa fase
sdo citados como os responsaveis pela rapida responsividade aos filhotes durante o
periodo pos-natal (NEMSADZE & SILAGAVA, 2010). Todavia, 0s mecanismos e as
estruturas encefalicas influenciadas pela acdo desses hormonios ainda permanecem
desconhecidos.

Assim como a maior parte dos roedores, filhotes de ratos nascem altriciais, ou
seja, sdo desprovidos de pélos, respondem pouco aos estimulos sonoros, visuais, ndo
possuem atividade locomotora e ndo regulam sua propria temperatura. Devido a esse
estado precoce de desenvolvimento, eles dependem integralmente de sua mae para
sobrevivéncia (PRYCE & FELDON, 2003). O cuidado materno por sua vez, é mantido
pela lactante através de estimulos visuais, olfatérios e auditivos dirigidos a ninhada
(PRYCE & FELDON, 2003; PEREIRA & MORRELL, 2011).

Apbs o nascimento da ninhada, a rata lactante mantém uma série de
comportamentos dirigidos aos filhotes. Muitos desses cuidados originam-se a partir de
estimulos provenientes dos proprios filhotes (FLEMING et al., 1999). Os principais
cuidados fornecidos pelas mées durante esse periodo incluem: (1) a amamentacdo, na

gual a mée passa a maior parte do tempo em postura arqueada para que a sua regido
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mamaria fique mais exposta; (2) Comportamento de construcdo de ninho, que garante
protecdo aos filhotes e regulacdo da temperatura corporal na auséncia da mae; (3)
Comportamento de recolhimento dos filhotes, que tem a fungédo de transporte e (4) as
lambidas, que estimulam a defecacdo e a secrecdo urinaria dos filhotes, além de ter a
funcéo de limpeza (NUMAN & STOLZENBERG, 2009).

VariagGes no cuidado materno, em especial no niumero de lambidas e limpeza
dos filhotes (licking/groomimg) sdo criticas durante o desenvolvimento de roedores
(CHAMPGNE et al., 2003). Tal comportamento € um importante estimulo tatil,
relacionado com o aparecimento de respostas enddcrinas, emocionais e cognitivas frente
ao estresse (CALDJI et al., 2000; CHAMPAGNE et al., 2003). Além disso, alteracdes
no comportamento maternal podem levar a um comprometimento de comportamentos
futuros, pois fémeas que receberam maior quantidade de lambidas no periodo neonatal
também passaram mais tempo com seus filhotes quando se tornaram maes (FRANCIS
etal., 1999; CHAMPAGNE, 2011).

Estudos mostram que a separacdo maternal, isolamento social e estresse
gestacional sdo intervengdes que diminuem efetivamente o contato mae-filhote
(BOCCIA & PERDERSEN, 2001; CHAMPAGNE et al.,, 2003; CHAMPAGNE &
MEANEY, 2006; CHAMPAGNE, 2011). Além disso, a criacao artificial de filhotes de
ratos na auséncia da mae produz deficits de atencdo, hiperatividade e prejuizos nos

comportamentos sociais (LEVY et al., 2003; LOVIC & FLEMING, 2004).

1.3 Preferéncia ao odor materno

Em roedores, o olfato atua de maneira critica na identificacdo da mée pelo
filhote durante a primeira semana de vida. Tal reconhecimento é chamado de

aprendizado olfatério (SULLIVAN et al., 1989; LEON, 1998; MORICEAU et al.,
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2009), o qual ocorre naturalmente através de um paradigma de condicionamento
classico, onde o cuidado maternal (estimulo incondicionado) é associado ao cheiro da
méde (estimulo condicionado) (SULLIVAN et al., 1991b; SULLIVAN & WILSON,
2003; RAINEKI et al., 2010). Em um paradigma experimental, o pareamento da
estimulacgdo tatil de filhotes através de um pincel (mimetizando as lambidas da mée)
com um novo odor, leva os animais a terem preferéncia por esse novo cheiro
(SULLIVAN et al., 1991a). Da mesma forma que as lambidas da mae, a estimulagéo
tatil do filhote utilizando um pincel produz um aumento da atividade elétrica do locus
ceruleus (LC) (NAKAMURA et al., 1987). Esse nucleo libera grandes quantidades de
noradrenalina (NA) em diversas regides encefalicas durante o 1° até o 9° dia de vida
pos-natal (SULLIVAN, 2003) (Figura I). Acredita-se que mudancas no amadurecimento
do LC provocadas pelo surgimento de auto-receptores adrenérgicos a partir do 9° dia,
influenciem o padréo de funcionalidade dessa estrutura determinando a preferéncia por

um novo odor (SULLIVAN, 2003; MORICEAU & SULLIVAN, 2005).

1.3 Papel da noradrenalina na preferéncia ao odor materno

A NA exerce uma ampla variedade de funcdes sobre a fisiologia animal. Esse
neurotransmissor esta envolvido na regulacdo do ciclo do sono-vigilia, comportamento
alimentar, agressividade, humor e modulacdo dos processos relacionados a formacéao da
memoria e aprendizado (GIBBS & SUMMERS, 2004).

A NA atua sobre nove diferentes subtipos de receptores expressos em astrocitos,
células gliais e endoteliais. Esses adrenorreceptores sdo classificados em trés subclasses:

a -1, a-2 e os P receptores (GIBBS & SUMMERS, 2004; NAI et al., 2010). Em ratos

durante o periodo neonatal, os receptores adrenérgicos do tipo a-1 e B-1 ja estdo
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funcionais no bulbo olfatério (BO) (MCLEAN & SHIPLEY, 1991). Em resposta a
liberacdo de NA do LC, essa regido encefélica atua de maneira a manter respostas
prolongadas em suas células mitrais necessarias para a aquisi¢do da preferéncia ao odor
(SULLIVAN & WILSON, 2003). Desse modo, esse neurotransmissor tem um
importante papel na inducdo do aprendizado e na plasticidade neural durante o
desenvolvimento neonatal (MCLEAN et al., 1999; YUAN et al., 2003; PANDIPATI et
al., 2010).

LesGes bilaterais do LC em ratos neonatos utilizando 6-OHDA reduzem o
contetdo de NA no BO e impedem que esses animais aprendam a ter preferéncia por
um determinado odor (SULLIVAN & WILSON, 1994). Assim, a liberacdo de NA no
BO por meio da projecdo do LC é muito importante para a formacéo do vinculo mée-

filhote nos primeiro dias de vida.

Olfactory
bulb

Locus
coerleus

Figura I. Via noradrenérgica do LC para o BO. Para que o aprendizado olfatdrio ocorra, é necessario o
pareamento de um odor com a liberacdo de NA proveniente do LC (Modificado de Sullivan 2003).

1.4 Comportamentos sociais

1.4.1. Interacéo social



20

Em humanos, a quantidade e a qualidade dos cuidados recebidos durante o periodo
pos-natal podem influenciar na expressdo de comportamentos como a agressividade,
preferéncia por substancias que causam dependéncia e também no estabelecimento de
vinculos sociais na idade adulta (PERDERSEN, 2004).

Entende-se por interacdo social a aproximacdo e o compartilhamento de um
mesmo ambiente por dois ou mais individuos. A motivacdo para que animais se
mantenham em um mesmo espago baseia-se nas vantagens que esse comportamento traz
como, por exemplo, a de garantir protecéo, alimentacdo e reproducéo, facilitando a sua
sobrevivéncia (CARTER & KEVERNE, 2002).

Na maioria dos mamiferos, a ocorréncia dos comportamentos sociais aparece
com mais freqliéncia durante o periodo da adolescéncia (VARLINSKAYA & SPEAR,
2008). Os principais comportamentos sociais observados em ratos incluem; cheirar o
corpo do animal, cheirar a regido genital e principalmente o lutar de brincadeira, que
também inclui o boxear. Tais interacdes sdo essenciais para o desenvolvimento das
respostas sociais e cognitivas do animal na idade adulta (HOMBERG et al., 2007). De
maneira similar aos ratos mais jovens, animais adultos quando mantidos juntos, também
engajam interagdes sociais caracterizadas por comportamentos de cheirar, perseguir o
parceiro, morder e algumas vezes respostas agressivas e sexuais (TODESCHIN et al.,
2009). AlteracOes na expressdo desse repertdrio de comportamentos sociais podem ser
indicativas de transtornos como a ansiedade e a esquizofrenia (PATIN et al., 2005; LEE

etal., 2007).

1.4.2. Memoria Social

A capacidade de reconhecer individuos de uma mesma espécie € a base sobre a qual

todas as relacBes sociais sdo construidas e mantidas (KANWISHER et al., 1997; O’
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CRAVEN & KANWISHER, 2000; FERGUSON et al., 2002). Em alguns casos, pode ser
vantajoso se lembrar apenas de caracteristicas muito gerais de um individuo, como o
sexo ou seu estado reprodutivo. Todavia, em outros casos, pode ser necessario lembrar
detalhes especificos do outro animal, como seu status social ou parentesco. A
capacidade de observar e recordar informac6es individuais especificas sdo exigéncias
para quase todos 0s organismos que vivem em sistemas sociais complexos
(FERGUSON et al., 2002). O reconhecimento de individuos da mesma espécie, também
chamado de reconhecimento social ou memoria social, € um pré-requisito para o
estabelecimento de vinculos e de hierarquia dentro de um grupo (CHOLERIS et al.,
2004).

Em primatas e humanos, espécies consideradas altamente sociais, o
reconhecimento individual depende principalmente das entradas visuais e auditivas.
Outros mamiferos codificam a informacdo social através de sinais olfativos e
feromonais, embora sinais auditivos e visuais possam ter influéncias importantes
(FERGUSON et al., 2002).

Dois paradigmas experimentais sdo usualmente adotados para avaliar a
memoria social em roedores, a habituacdo-desabituacdo e a discriminagdo social. O
primeiro protocolo baseia-se na apresentacdo repetida de um juvenil pré-pubere a um
animal residente (habituacdo). Com o decorrer das apresentacdes, o animal residente
reduz o tempo de investigacdo do juvenil pela capacidade de reconhecé-lo. A
desabituacdo se da através da apresentacdo de um novo juvenil e, nessa exposicao, a
avaliacdo da memdria social a curto prazo é feita através da observacdo do instinto
natural do animal residente em investigar o que ele reconhece como novo.
(FERGUSON et al.,, 2002; BIELSKY & YOUNG, 2004). O segundo modelo

experimental utilizado é a discriminacdo social. Nesse paradigma, um rato macho é
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exposto a um juvenil durante cinco minutos e a duracdo do comportamento de
investigar € registrada. Trinta minutos depois, 0 mesmo rato é exposto simultaneamente
a dois juvenis, ao mesmo que ele havia interagido no primeiro teste, e a um segundo
(novo juvenil). Espera-se com isso que ocorra um aumento do tempo de investigacao
direcionado ao juvenil novo quando a memoria social for estabelecida (FERGUSON et
al., 2002).

A ocitocina e a vasopressina, duas moléculas muito similares, encontram-se
entre os principais reguladores das relages sociais. A liberacdo desses dois
neuropeptidios em determinas areas cerebrais parece ser essencial para que os animais
engajem comportamentos classificados como sociais (BIESKY & YOUNG, 2004;

STORM & TECOTT, 2005).

1.4.3. Ocitocina e vasopressina

A ocitocina (OT) é um neuropeptidio que atua em processos envolvendo
reproducéo, ejecdo de leite e comportamento maternal (LIM & YOUNG, 2006). Esse
peptideo é sintetizado por neurénios magnocelulares do nucleo paraventricular (PVN) e
supra-optico (SON) do hipotdlamo e sdo transportados para a neuro-hipéfise antes de
serem liberados perifericamente na circulagdo. A ocitocina também é produzida por
neurdnios parvocelulares no PVN, uma regido que envia projecfes para o hipotalamo,
sistema limbico, hipocampo, amigdala, areas estriatais, ndcleo acimbens e LC. Em
humanos, o gene para OT consiste em trés exons, que codificam o sinal translocador, a
ocitocina e a neurofisina associada (GIMPL & FAHRENHOLZ, 2001). A molécula
inicialmente produzida, chamada de OT pré-propeptideo, sofre clivagens enquanto esta

sendo transportada ao longo do axdnio. O produto final liberado no terminal axénico € a OT
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juntamente com sua molécula carreadora, a neurofisina. Essa molécula carreadora tem a
funcdo de empacotar e armazenar a OT no terminal axonal antes da mesma ser liberada. As
moléculas de neurofisina formam uma ligacdo com a OT dentro da vesicula secretora,
sendo liberadas junto com esse peptideo (BEM-BARAK et al., 1985, GIMPL &
FAHRENHOLZ, 2001).

Receptores de OT sdo distribuidos amplamente em varias regides do encéfalo,
incluindo o sistema olfatorio, nicleos da base, sistema limbico, talamo, hipotalamo, regides
corticais, tronco cerebral e na medula espinhal. A maior concentra¢do desses receptores é
encontrada no ndcleo olfatorio anterior, hipotalamo ventromedial, amigdala central e no
subiculo ventral (TRIBOLLET et al., 1992).

A OT central pode modular varios comportamentos como o maternal, sexual,
alimentar e social (ENGELMANN et al.,, 2000; SABATIER, 2006). Em roedores a
administracdo de pequenas doses desse peptideo facilita o reconhecimento social, enquanto
doses mais elevadas tém mostrado atenuar esse efeito (POPIK et al., 1992). Além disso, a
administracdo central de antagonistas da ocitocina é efetiva em bloquear o seu efeito
facilitatério sobre o reconhecimento social (BENELLI et al., 1995). O testes de
reconhecimento social tem mostrado ainda que camundongos nocaute para OT apresentam
enormes deéficits sociais quando testados no paradigma de habituacdo-desabituacgéo.
Todavia, os efeitos da ocitocina sobre reconhecimento social parecem ser mais evidentes
em camundongos do que em ratos. (BIELSKY & YOUNG, 2004).

Outro neuropeptidio similar a OT é a chamada vasopressina (VP) ou hormonio
anti-diurético (ADH). Essa molécula é constituida por nove aminoacidos e sua fungéo
mais amplamente descrita € 0 aumento na reabsorcao de agua nos ductos coletores renais
(PERDESEN, 2006). A vasopressina € sintetizada como um pré-pro-peptideo que consiste
no peptideo sinalizador e na neurofisina associada (neurofisina 1) (CALDWELL et al.,

2008). Esse peptideo é produzido por neurénios magnocelulares do PVN e por neurénios
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do SON, e sua liberagdo para a circulagdo ocorre através da hipdfise posterior
(TRESCHAN & PETERS, 2006). Neur6nios parvocelulares do PVN, nucleo basal da
estria terminal e da amigdala medial também produzem VP (DE VRIES & MILLER,
1998; DE VRIE & PANZICA, 2006). Essas origens extra-hipotalamicas da VP podem
ser dependentes de androgenos e sdo provavelmente originadas de projecoes
sexualmente dimorficas dentro do encéfalo (DE VRIES & MILLER, 1998).

Os receptores para VP sdo acoplados a proteina G e consistem de trés subtipos: V1a,
V1b e V2, também conhecidos como VR1, VR2 e VR3 (UGRUMOV, 2002). Esses
subtipos sdo encontrados em varias regides como o epitélio olfatério, bulbo olfatério
acessorio e principal, nucleo olfatério anterior, cértex piriforme, area septal lateral,
hipocampo, area amigdalo-estriatal, ndcleo basal da estria terminal e regides do hipotalamo.
Os receptores localizados em areas limbicas parecem ser os mais envolvidos na atuacao
desse neuropeptideo sobre os comportamentos sociais. (RUSCIO et al., 2007; CADWELL
et al., 2008).

No sistema nervoso central (SNC) a VP parece estar envolvida principalmente na
formacdo da memoria social (TOBIN et al., 2010). De acordo com esse fato, quando esse
neuropeptideo é injetado em regides como, por exemplo, a area septal, uma melhora no
reconhecimento social é observada. Todavia, quando injecdes de antagonistas V1a sdo
aplicadas nessa mesma regido, grandes déficits no reconhecimento social sdo produzidos
(BIELSKY & YOUNG, 2004).

Além do papel no reconhecimento social, a VP parece estar ainda relacionada a
modulacdo de outros comportamentos como a ansiedade, agressividade, reconhecimento de
odores e escolha de parceiros sexuais. Todos esses comportamentos, inclusive os sociais,
parecem ser iniciados através de sinais olfatorios (PERDESEN & BOCCIA, 2006;
CADWELL et al.,, 2008; HEINRICHS et al., 2009), que quando bloqueados, podem

resultar em prejuizos funcionais (TOBIN et al., 2010; WACKER & LUDWIG, 2011).
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2.1 Justificativa

Modelos animais vém sendo criados na tentativa de compreender 0os mecanismos
envolvidos no desenvolvimento de psicopatologias em criangas que vivenciaram
experiéncias estressoras durante o periodo gestacional. Esse periodo em humanos e animais
tem sido apontada como a fase mais vulneravel na producédo de respostas relacionadas ao
estresse na prole. Assim, diversos tipos de intervengdes estressoras estdo sendo testadas
nesse periodo. Em roedores, 0 estresse por contencao aplicado repetidamente tem sido fiel
em produzir disfungdes comportamentais na idade adulta. Embora a maioria dos estudos
utilizando esse modelo atribua seus resultados aos seus efeitos per se sobre o periodo
uterino, alteracdes do cuidado materno induzidas por essa intervencdo também contribuem
para o surgimento de psicopatologias na infancia e idade adulta.

Em espécies altriciais, o cuidado fornecido pela mae durante os primeiros dias de
vida é fundamental para a sobrevivéncia do filhote. Além disso, este comportamento
durante o periodo neonatal é responsavel pelo chamado aprendizado olfatdrio, caracterizado
pela associacdo do cuidado maternal e o odor do proprio ninho. Através da associa¢do
desses fatores, ratos neonatos aprendem a se aproximar e ter preferéncia pelo odor da sua
mée.

Interferéncias na formacdo da memoria para odores durante o periodo neonatal
também pode influenciar o reconhecimento e a interacdo de individuos da mesma espécie
na idade adulta. Os principais candidatos envolvidos com essa aproximagdo entre 0S
individuos sdo a ocitocina e a vasopressina. Esses peptideos sdo produzidos pelo PVN e
SON do hipotalamo e sua secre¢do no SNC modula os comportamentos sociais na maioria
dos mamiferos. Nesse contexto, o0 presente trabalho justifica-se por tentar esclarecer a
contribuicdo dos efeitos produzidos pelo estresse pré-natal sobre a mée e/ou sobre o filhote

durante o periodo neonatal e também na idade adulta.
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3.1 Objetivo Geral

O objetivo do presente estudo foi analisar as repercussdes do estresse por contengdo

aplicado durante a ultima semana de gestagdo sobre: (1) o cuidado maternal; (2)

comportamento de preferéncia ao odor do ninho e contetido de NA no BO dos filhotes; e,

por fim, (3) sobre os comportamentos sociais e nimero de células positivas para OT e VP

no PVN e SON dos mesmos filhotes na idade adulta.

3.2 Objetivos Especificos

vi.

Investigar as possiveis alteracbes nos niveis de corticosterona em ratas prenhas
submetidas & primeira sessdo de estresse por contencdo utilizando a técnica de
ELISA para dosagem hormonal;

Avaliar se sessdes diarias de estresse por contencdo realizadas durante a Ultima
semana de gestacdo alteram o comportamento materno de ratas durante a primeira
semana pés-parto;

Verificar se o estresse pre-natal por contencdo e/ou possiveis alteracdes no cuidado
materno produzem déficits no comportamento de preferéncia ao odor do proprio
ninho em filhotes adotivos de 7 dias de idade;

Avaliar o contetudo de NA no BO de filhotes neonatos ap6s o teste de preferéncia ao
odor do proéprio ninho através da técnica de cromatografia liquida de alta eficiéncia
(HPLC);

Verificar se o estresse pre-natal por contencdo e/ou, possiveis alteragcdes do cuidado
maternal comprometem a interacdo social de filhotes machos na idade adulta;
Investigar as repercussdes do estresse pré-natal por contencdo e/ou de possiveis

alteracbes do cuidado materno sobre o numero de células magnocelulares e
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parvocelulares positivas para OT e VP no PVN e SON de filhotes machos adultos

utilizando a técnica de imunoistoquimica.
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4.1 Animais

Foram utilizadas ratas virgens pesando (200-300g) da variedade Wistar,
provenientes do biotério da Universidade Federal do Rio Grande do sul. As ratas foram
colocadas em caixas-residéncia (27 x 26 x 31 cm) com maravalha servindo de substrato.
Todos o animais foram mantidos no biotério sob um ciclo claro-escuro de 12:12 horas,
com inicio da fase escura as 17:00 horas. A temperatura do biotério foi mantida
constante em torno de 22° C. Todos os animais tiveram livre acesso a 4gua e comida (ad
libitum) durante todo o periodo do experimento.

Em seguida, um minimo de 4 ratas foram submetidas a coleta do esfregaco
vaginal para a observacdo do ciclo estral. Na tarde do proestro, machos Wistar
sexualmente experientes pesando em torno de 400g foram introduzidos na caixa e
permaneceram por 24 horas (2 fémeas/1 macho). Apds esse periodo, as fémeas tiveram
o0 esfregaco vaginal coletado para analise da presenca de espermatozdéides e confirmacéo

da concepcao (BARROS et al., 2006).

4.2 Experimento | - Estresse pré-natal

No 15° dia de gestacdo, prenhas ndo estressadas foram retiradas de suas caixas-
residéncia e anestesiadas rapidamente com halotano (1min). Logo em seguida, foram
retiradas amostras de sangue (1000pl) através da puncdo do plexo orbital. As amostras
foram colocadas em tubos heparinizados para serem centrifugados e submetidas a
dosagem de corticosterona pela técnica de ELISA. Seguida as coletas, as fémeas foram
colocadas em tubos cilindricos de plastico transparente (contensor; 13 X 6 X 8 cm).
Ratas ndo-estressadas tiveram o sangue coletado as 09h00min. Apenas as ratas

estressadas tiveram amostras de sangue coletado apos a primeira sessdo de estresse (30
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minutos). Quatro sessdes de estresse de 30 minutos foram feitas por dia (9:00; 12:00

15:00 e 18:00 hs) durante os ultimos sete dias de gestacao.

4.3 Experimento Il — Protocolo de adogéo (cross-fostering)

O dia do parto foi extremamente monitorado e considerado como dia zero. No
primeiro dia pos-natal, dentro de um periodo de 6 horas de tolerancia, as ninhadas foram
padronizadas em 8 filhotes e submetidas ao procedimento de adocéo cruzada (cross-

fostering) (MOORE & POWER, 1986) (Figura II).

Mies com seus propriosfilhotes

Filhote a Filhote Filhote

Cross-fostering

l Mies com filhotes trocados

|

Grupos formados

Figura Il. Figura esquemdtica representando o protocolo de adogdo (cross-fostering). Os quadrados
representam 4 grupos de maes com seus proprios filhotes, 2 grupos de mées estressadas prenatalmente
com seus proprios filhotes e 2 grupos de mées ndo estressadas com seus préprios filhotes. Os quadrados
abaixo representam as médes com filhotes adotados de outras ninhadas. S:ns - mae estressada
prenatalmente com filhote adotivo ndo estressado; NS:ns — mée ndo estressada prenatalmente com filhote
adotivo ndo estressado; NS:s — mée ndo estressada prenatalmente com filhote adotivo estressado
prenatalmente e S:s — mde estressada prenatalmente com filhote adotivo também estressado
prenatalmente. Setas delgadas — troca dos filhotes. Setas espessas — grupos formados.

4.4 Experimento Il - Dosagem de Corticosterona (ELISA)
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As amostras de sangue foram rapidamente centrifugadas a 3000 rpm. O plasma foi

rapidamente estocado a —80 °C. A corticosterona foi extraida do plasma com acetato de

etila. O extrato foi subsequentemente evaporado e dissolvido para a avaliacdo do

horménio pelo método de Elisa (Cayman Chemical CO., Ann Arbor, MI, USA)

4.5 Experimento 1V - Registro do Comportamento Maternal

O comportamento materno das lactantes foi observado em quatro secdes de 75
minutos cada, durante os seis primeiros dias pds-parto. As observacdes ocorreram em
tempo regulares, sendo trés periodos na fase clara (10:00, 13:00 e 16:00 h) e um na fase
escura (18:00 h). Em cada periodo, o comportamento das lactantes foi observado e
registrado a cada 3 minutos (25 observacdes por periodo x 4 periodos por dia = 100
observacGes/mae/dia). Os comportamentos analisados foram: (1) mée com os filhotes,
(2) mae lambendo os filhotes (lamber a superficie do corpo e a regido anogenital, (3)
méde amamentando em posicdo de dorso bem arqueado, (4) mae amamentando com
dorso pouco arqueado, (5) postura passiva de amamentacdo (CHAMPAGNE et al.,

2003; URIARTE et al., 2008).

4.6 Experimento V - Teste de Preferéncia ao Odor do Ninho

No sétimo dia pos-parto, foi realizado o teste de preferéncia ao odor do ninho.
Foi utilizada uma caixa de acrilico de 34 cm de largura x 40 cm de comprimento x 24
cm de altura. Essa foi dividida em duas areas de 19 cm por uma zona neutra de 2 cm.
No inicio de cada teste, 300 mL de maravalha limpa ou maravalha do ninho da caixa
residéncia foi colocado no canto de cada éarea. Filhotes machos e fémeas foram
colocados na linha que determina a zona neutra, encostado na parede oposta com a

regido da cabecga voltada para as &reas com maravalha. O comportamento de cada
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filhote foi filmado por 1 minuto, ao fim dessa filmagem a caixa foi limpa com &lcool
70% e as maravalhas foram trocadas de lado, ou seja, onde estava a maravalha limpa foi
colocado a maravalha do ninho da caixa residéncia e onde estava a maravalha do ninho
da caixa residéncia foi colocado maravalha limpa. Ap6s, o mesmo filhote foi testado
novamente. Esse procedimento de troca das maravalhas e novo teste ocorreram cinco
vezes com um intervalo de 2 minutos entre os testes. Os videos foram analisados com o
auxilio do programa Noldus Observer (Noldus Information Technology, Holanda), onde
se verificou o tempo total que o filhote permanecia sobre cada area. Os resultados foram
expressos pela soma dos tempos sobre as areas nos 5 testes para cada filhote (RAINEKI

et al., 2009).

4.7 Experimento VI - HPLC para NA e MHPG

Dez minutos apés o teste de preferéncia ao odor do ninho (7° dia p6s-natal), os
filhotes foram rapidamente decapitados e seus bulbos olfatorios foram removidos,
congelados em um recipiente com isopentano em gelo seco e imediatamente
armazenado a -70 ° C. Em seguida, usando um disruptor de células micro-ultrasénico,
os bulbos olfatérios foram homogeneizadas em 500 uL de uma solucdo contendo 0,15
M de acido perclérico, 0,1 mM de acido etilenodiamino-tetraacético (EDTA) e 75 nM
3,4-diidroxibenzilamina (DHBA, padréo interno). Os homogenatos foram centrifugados
durante 20 min a 12.000 g, e os sobrenadantes foram filtrados através de um filtro de
0,22 microns e divididos em duas partes, uma para MHPG e outro para a analise de NA.
No sedimento restante, o contetdo de proteina foi determinado utilizando o método de
Bradford (Bradford, 1976). A separacéo foi realizada utilizando uma coluna de 250 x 4
mm C18 (Purospher Star, 5 mm, Merck, Darmstadt, Alemanha), precedida por uma x 4

de 4 mm C18 (Lichrospher, 5 mm, Merck (Lichrospher, 5 mm, Merck) . Para a analise
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de NA, a fase movel consistiu de 100 mM de fosfato monobasico de sodio, cloreto de
sodio 10 mM, EDTA 0,1 mM, 0,95 mM de &cido octanossulfonico de sodio e metanol
16%, pH 3,5. A velocidade de fluxo foi de 0,6 mL / min e o potencial detector, 0,60 V
in situ de Ag / AgCl eletrodo de referéncia. Para a andlise do MHPG, as amostras foram
hidrolisadas em &cido por aquecimento durante 5 minutos a 94 ° C, a fim de
desconjugar o0 MHPG livre. A fase movel consistiu de 100 mM de fosfato monobasico
de sddio, cloreto de sodio 10 mM, EDTA 0,1 mM, 0,26 mM de sbdio 1-
octanossulfénico acido e metanol a 4%, pH 3,5. A velocidade de fluxo foi de 0,5 mL /
min e o potencial do detector de 0,65 V. NA e MHPG foram identificados pela seu
tempo de retencdo de pico e quantificados usando o método-padrdo interno. Todas as
amostras foram medidas na mesma analise. Os coeficientes de variacdo dentro do ensaio
foram inferiores a 5%. Os niveis de NA foram considerados para estimar o estoque de
neurotransmissor nas vesiculas sinapticas, enquanto que os niveis de MHPG refletiu a
quantidade de NA liberada na amostra (LOOKINGLAND et al., 1991). O razdo MHPG/

NA foi utilizado como uma medida da atividade do neurotransmissor.
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5.1 Animais

Neste segundo estudo foram repetidos todos os protocolos experimentais de
acasalamento e troca de filhotes que ocorreram no primeiro trabalho. Apenas os filhotes
machos na idade adulta dos quatro grupos experimentais (NS:NS; NS:S, S:NS e S:S)

foram utilizados para todos os experimentos.

5.2 Experimento | — Memoria Social

O protocolo utilizado nesse experimento foi 0 da habituagdo-desabituagéo, usado
por TODESCHIN et al., (2009) para testar a memoria social em ratos adultos.
Aproximadamente aos 90 dias de idade, os filhotes machos foram colocados em caixas
de acrilico transparentes, isolados, com agua e comida ad libitum, por no minimo 7 dias.
Apos esse periodo o teste foi realizado. O teste foi feito durante o periodo de atividade
dos animais, a partir das 18hs, com luzes apagadas e utilizando uma lampada vermelha
como iluminacdo auxiliar. O procedimento ocorreu em uma sala isolada com
temperatura controlada. Ap6s 0s animais em suas caixas serem levados a este local,
houve um periodo de ambientacdo de no minimo 12 minutos. Em seguida o inicio do
teste foi realizado quando um rato juvenil, 21-30 dias de idade (juvenil 1) foi
apresentado ao rato adulto por 2 minutos durante 4 tempos consecutivos com 18
minutos de intervalos entre cada tempo (habituagdo). Durante esses intervalos o juvenil
permanecia em outra sala isolada. Apds os 4 testes consecutivos, um novo juvenil
(juvenil 2) foi apresentado ao rato teste por 2 minutos. O teste consistiu no total de 5
exposicdes, sendo 4 delas (T1, T2,T3,T4) com o juvenil 1, e somente a Ultima exposi¢ao

(T5) com o Juvenil 2 (desabituacéo) (Figura I11).
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INTERVALO
18 MIN
v
Juv 2
Juvl Juv1 Juv 1 Juv 1 (NOVO)

Figura I11. Representacdo esquematica do teste de memdria social, utilizando o paradigma de habituacéo-
desabituacdo adotado por (Todeschin et al., 2009). Habituacdo como juvenil 1 e desabitua¢cdo com o
juvenil 2.

5.3 Parametros Comportamentais Avaliados

A freqiiéncia e a duracdo dos comportamentos foram observadas através da
andlise de videos gravados, enquanto os parametros comportamentais avaliados foram
obtidos com a ajuda do programa The Observer (Noldus). Os principais
comportamentos analisados foram: cheirar o juvenil — comportamento de cheirar
ativamente o corpo do juvenil, incluindo a regido genital, cauda e cabeca. Perseguir o
juvenil, comportamento de aproximacdo do juvenil enquanto 0 mesmo se encontrava

em movimento.

5.4 Experimento Il — Interagéo Social

Neste protocolo, filhotes adultos dos quatro grupos experimentais foram
submetidos ao teste de interacdo social. Esse teste foi realizado em uma arena especial
segundo PATIN et al., (2005). A arena consistiu de 3 caixas de acrilico com dimensdes
40x45x40cm caixas A, B com portas, e uma caixa neutra, estando ligadas por um

corredor. O inicio do teste foi realizado quando dois animais do mesmo grupo
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experimental (NS:NS X NS:NS ou S:NS X S:NS) foram isolados 24 hs antes do
experimento em seu territorio (caixa A e B) dentro do biotério (Figura V).

O teste ocorreu durante o periodo de atividade dos animais (fase escura) com
iluminag&o auxiliar (Iampada vermelha). Antes da realizagdo do teste os animais foram
levados até uma sala anexa, onde se aguardou o tempo de ambientacdo de
aproximadamente 20 minutos. O inicio do teste foi estabelecido quando as portas das
caixas A e B foram abertas, permitindo que os animais saissem de suas caixas e
explorassem toda a arena, incluindo a caixa neutra. A duracdo total desse teste foi de 15

minutos.

Figura IV. Aparato utilizado para o teste de interagdo social. Arena- A, arena - B, Caixa neutra — N

5.5 Parametros Comportamentais Avaliados

Para cada par de ratos testados, 0s seguintes parametros comportamentais foram
avaliados: laténcia da primeira interacdo social (cheirar), tempo de interacdo social entre os
dois animais, freqliéncia e duragdo dos comportamentos agressivos entre os dois animais.
As observacBes comportamentais foram realizadas através de gravacdes de video e

analisadas com o auxilio do programa The Observer (Noldus).
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5.6 Experimento 1V — Labirinto em Cruz Elevado

O teste de labirinto em cruz elevado ¢ um método bem estabelecido e
amplamente utilizado para avaliar comportamentos ligados ansiedade em roedores
(BHATTACHAYA & SATYAN, 1997; WEATHINGTON et al., 2012). Ele consiste
em dois bracos abertos opostos (40 x 10 cm) e dois bragos fechados opostos com as
mesmas medidas.

Na idade adulta, os ratos dos 4 grupos experimentais (NS:NS; NS:S, S:NS e S:S)
foram colocados individualmente no centro do labirinto e foram observados durante
cinco minutos. Os parametros comportamentais avaliados foram: ndmero de entradas e
tempo gasto nos bracos abertos e fechados. Subseqlientemente, a porcentagem de ambas
as variaveis foram calculadas em relacdo ao numero total de entradas e tempo gasto no

braco aberto e fechado.

5.7 Perfuséo e Preparacao dos Tecidos

Apoés os testes comportamentais, os ratos foram anestesiados com ketamina e
xilasina (100mg/kg de peso corporal, ip, Cristalia, Sdo Paulo-SP, Brasil) e foram
perfundidos transcardiacamente com solucdo salina tamponada e paraformaldeido a 4%
(pH 7,4) com o auxilio de uma bomba peristaltica (30ml/min, Milan Equipamentos
Cientificos, Colombo-PR, Brasil). Os cérebros foram removidos, pos-fixadas na mesma
solucdo fixadora e crioprotegidos em sacarose 15% e 30% em tampdo fosfato salino
(PBS). Resumidamente, cortes seriados (25 um cada) com intervalos de 100 um foram
coletados com a ajuda de um criostato e armazenados a -20 ° C em solugdo anti-

congelante.
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5.8 Experimento V - Imunoistoquimica para Ocitocina e Vasopressina no PVN e
SON

Oito laminas por animal foram utilizadas para realizar a imunoistoquimica pelo
método da peroxidase (DELELLIS et al., 1979). Inicialmente, as sec¢des foram lavadas
em PBS, seguidas por um periodo de 30 min com perdxido de hidrogénio a 3% (H202).
ApoOs varias lavagens em PBS, as sec¢es foram pré-incubados em solucédo a 1% de
BSA com 0,4% de triton X-100 (PBS-Tx) para evitar ligagBes inespecificas. A
imunorreatividade a ocitocina foi determinada utilizando o anticorpo primério (OT
Anticorpo Monoclonal PS38, uma oferta generosa do Dr. H. Gainer, NIH, EUA)a4° C
com diluicdo de 1:50 em PBS, aplicada overnight apds a incubagdo em BSA . Os
tecidos foram entdo lavados com PBS e incubados com anti-lgG de camundongo
(Sigma, 1:100) durante 120 min. Para a imunorreatividade & vasopressina foi utilizado o
anticorpo primario (VP Anticorpo Monoclonal PS41, também doado pelo Dr. H.
Gainer, NIH, EUA) diluido 1:50 em PBS. Apds lavagens em PBS, os cortes foram
incubados com peroxidase anti-peroxidase (PAP) (1:500, Sigma, EUA, P1291) durante
1 hora e 30 min. A reacdo imunoistoquimica foi obtida pela incubacdo dos cortes em
um meio contendo 0,06% de 3,3 diaminobenzidina (DAB, Sigma-Aldrich, EUA,
D5637) e, em seguida, nova incubacdo na mesma solugdo contendo agora 1 mM de
H202 a 3% por 10 min cada. Finalmente, os cortes foram lavados com PBS,
desidratados com etanol, diafanizados com xilol e cobertos com balsamo do Canada e
laminulas. Para o controle negativo da imunoistoquimica foi realizado a omissdo do
anticorpo primario. Com relagdo as analises dos tecidos, o tamanho do corpo celular das
células imunorreativas foi medido utilizando um microscépio Nikon Optiphot-2 (Japao)
acoplado a uma cadmara CMOS (518 CU, Micrometrics) e analisados com 1.42q

imagem de software J. As células foram consideradas parvocelulares quando o diametro



42

do corpo da célula foi de 6 a 12 um e magnocelulares se maior do que 13 pm.
Neurbnios positivos para OT e VP foram contados no interior da area teste no PVN e
SON em ambos os hemisférios por um observador treinado sob amplia¢éo de 200 X. Os
dados foram expressos como a média do numero das células positivas para OT ou VP
dentro de uma area de 184.112 umz (MANDARIM-DE-LACERDA, 2003;

WINKELMANN-DUARTE et al.,2007).
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6. RESULTADOS
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A primeira parte dos resultados foi publicada no perioédico Physiology &

Behavior, sob a forma de um artigo intitulado “Prenatal stress produces sex
differences in nest odor preference”. O referido artigo é encontrado na proxima

pagina.
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Prenatal stress (PS) and early postnatal environment may alter maternal care. Infant rats leam to identify
their mother through the association between maternal care and familiar odors. Female Wistar rats were ex-
posed to restraint stress for 30 min, 4 sessions per day, in the last 7 days of pregnancy. At birth, pups were
cross-fostered and assigned to the following groups: prenatal non-stressed mothers raising non-stressed
pups (NS:NS), prenatal stressed mothers raising non-stressed pups (5:N5), prenatal non-stressed mothers

ﬁg::;f:twﬁ raising stressed pups (NS:5), prenatal stressed mothers raising stressed pups (5:5). Matemnal behaviors
Naradrenaling were assessed during 6 postpartum days. On postnatal day (PND) 7, the behavior of male and female pups
Maternal care was analyzed in the odor preference test; and noradrenaline (NA) activity in olfactory bulb {OB) was mea-
Olfactory bulb sured. The results showed that restraint stress increased plasma levels of corticosterone on gestational day
Cross-fustering 15. After parturition, PS reduced maternal care, decreasing licking the pups and increasing frequency outside
Neonatal period the nest. Female pups from the NS:5, 5:NS, 5:5 groups and male pups from the 5:5 group showed no nest odor

preference. Thus, at day 7, female pups that were submitted to perinatal interventions showed more impair-
mentin the nest odor preference test than male pups. Mo changes were detected in the NA activity in the OB,
In conclusion, repeated restraint stress during the last week of gestation reduces maternal care and reduces

preference for a familiar odor in rat pups in a sex-specific manner,

© 2011 Elsevier Inc. All ights reserved.

1. Introduction

In humans, stress experienced during pregnancy and/or unreliable
maternal behavior, such as abuse or neglect of child ren, are associated
with vulnerability to psychopathology in adult life [1,2].

In animal models, stress applied during the gestational period affects
maternal behavior [3-5], increases the amxiety of mothers in the post-
partum period 6], and causes changes in the physiology and behavior
of the offspring in adulthood [7,8]. Maternal care can be modulated by
exogenous stimuli either from own pups or from the environment
[9,10]. Mormal growth and behavioral development of pups seem to de-
pend on stable mother-infant interaction [11,12].

Experimental protocols designed to analyze the effects of environ-
mental interventions during the neonatal period may involve different
durations of mother-infant separation. In the procedure known as
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“peonatal handling”, the experimenter manipulates the pups for a few
minutes (usually 1to 15 min), during which time the pups are separat-
ed from the mother [13]. Previous findings have demonstrated that rat
pups handled during the neonatal period present a reduction in odor
preference to the own nest, an effect probably elicited by alterations
in maternal care [14].

In most mammals, the identification of the mother by the pups is es-
sential for development and survival during the first days after birth. In-
fantrats rapidly learn to identify, orient, approach and prefer the odor of
the mother through olfactory learning [15,16]. Similar to the classic par-
adigm of conditioning, olfactory learning involves both maternal licking
(unconditioned stimulus) and the mother's odor (conditioned stimu-
lus) [17,18]. Thus, tactile stimulation ( licking ) by the mother activates
the locus coeruleus (LC) [19] and increases noradrenaline (NA) levels
in the olfactory bulb (OB) of pup [20]. This association activates a
chain of events in the mitral neurons of the pup's OB,

The present study was designed to investigate the effects of restraint
stress on the mother and offspring in Wistar rats, when applied during
the last week of pregnancy. In order to separate the effects of prenatal
stress on the fetuses from that on the behavior of the mother, we used
a cross-fostering procedure, In the mothers, plasma corticosterone was
measured on gestational day 15; and the matemal behavior was
recorded during the first 6 days after delivery. In the pups, the preference
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for the nest odor was analyzed on postnatal day 7. Moreover, the NA ac-
tivity in the OB of the 7-day-old pups was verified.

2. Materials and methods
21. Subjects

All experimental procedures were approved by the Research
Ethics Committee of the Universidade Federal do Rio Grande do Sul
(Nr. 2007907) and were in accordance with Brazilian legislation
(law 11.794/08), the guidelines of the Brazilian Collegium of Animal
Experimentation (COBEA) on the care and use of animals in research
and teaching. Seventy virgin female Wistar multiparous rats were
obtained from a breeding colony at Universidade Federal do Rio
Grande do Sul (Porto Alegre, Brazil). Rats were maintained on a
12 h light-dark cycle (lights on at 6 a.m.), with a room temperature
of 2241 °C and relative humidity around 50% with water and food
(Rodent chow, Nutrilab, Colombo, Brazil) freely available at all times,

The estrous cycle was daily verified by vaginal smear and once the
proestrus phase was detected in at least 4 females, these animals
were individually mated with a sexually experienced male for 24 h
in polycarbonate cages (24 x 20 x 47 cm). The first day of pregnancy
was confirmed by the presence of sperm in the vaginal smear up to
12 h after mating,

2.2, Prenatal stress procedure

During the last days of pregnancy (days 15 to 21), females were
submitted to four sessions of 30-min restraint stress during each
day (at 9:00, 12:00, 15:00 h on the light phase of the cycle, and
18:00 h on the dark phase). During these periods of stress, each rat
was maintained in a 24 x 9 5 cm Plexiglas restraint apparatus.

2.3, Plasma corticosterone assay

On gestational day 15 (first day of restraint) at approximately
9:30 am, the stressed females were removed from the restraint,
anesthetized with halothane (Cristalia, Brazil, code 4210-3), and a
blood sample (approximatety 500 pl) was quickly obtained by punc-
turing the animal's orbital plexus. On the same gestation day, the con-
trol non-stressed females were removed from the home cage and
blood was collected using the same procedure.

The blood samples were centrifuged at 3000 rpm and plasma was
stored at — 80 "C. Corticosterone was extracted from plasma with
ethyl acetate; the extract was subsequently evaporated and dissolved
for hormone evaluation with an ELISA kit { Cayman Chemical CO., Ann
Arbor, MI, USA).

24, Cross-fostering

On the day of birth, pups were counted and culled to 8 pups per
litter. Soon after that, the pups were cross-fostered according to the
prenatal stress, and 4 groups were established:

1. Mothers that were not submitted to prenatal stress raising cross-
fostered non-stressed pups (n=9, N5:NS)

2. Mothers that were not submitted to prenatal stress raising cross-
fostered pups that were prenatally stressed (n=11, NS:S)

3. Prenatally stressed mothers raising cross-fostered non-stressed
pups (n= 10, 5:N5S)

4. Prenatally stressed mothers raising cross-fostered stressed pups
(n=10, 5:5)

In the present experiment, all pups were cross-fostered.

2.5. Matemal behavior

After delivery, mothers were housed individually in a fresh polypro-
pylene cage (16 28 x 42 cm), withwood shavings as bedding material.
Food and water were available ad libitum and the room temperature
was maintained at 20-24°C. Maternal behavior was observed daily
during4 periodsof 72 min each. Three periods of observation were con-
ducted during the light phase of the cycle ( 10:00, 13:00, 16:00 h) and
one when the lights were already off ( 18:00 h) in the first 6 postpartum
days by a trained observer, Within each observation period, the behav-
ior of the mothers was scored every 3 min (25 observations/period = 4
periods/day =100 observations/mother/day). Data are expressed as
means + SEM of the sum of total frequencies from a total of 600 obser-
vations for each rat { 100 observations/day during the first six postpar-
tum days ).

The following behaviors of the mothers were recorded: mother out-
side the nest, the mother is away from the nest and without physical tac-
tile contact with the pups: licking the pups, either the body surface or its
anogenital region; nursing, the mother nurses the pups in either an
arched-back posture, a blanket posture, in which the mother lays over
the pups, or a supine posture, in which the mother is lying either on
her back or side while the pups nurse. Total nursing frequency was
obtained by the sum of the frequency of the behaviors of the mother di-
rected towards the pups.

2.6. Nest odor preference test

The nest odor preference test was based on studies testing the asso-
dative olfactory learning [16,21], and adapted by Raineki et al. [14]. The
test was performed on postnatal day (PND) 7, the age at which the olfac-
tory learning mechanism was analyzed in previous studies [16,21], and
consisted in a two-odor choice between one area with the nest bedding
and another with fresh bedding. A Plexiglas box (34 cm long x 24 cm
high= 40 cm wide) divided in two equal parts by a 2 cm wide neutral
zone was used for the test. In one end of each area, 300 mL of bedding
(fresh bedding or nest bedding) were placed in the comers. The pup
was placed in the 2-cm neutral zone at the opposite end of the bax, facing
the target beddings. The amount of time spent by pups over each of the
two areas was recorded ina 1-min trail test. The pup was considered to
be in one area when it tumed its head or the whole body to one of box
sides. Animals were tested for 5 trials with an interval of 2 min between
each one. After the trial, the pup was taken back to its home cage, where
the mother was, and placed in a corner separated from the litter, During
each trial interval, the testing box was washed with 70% ethanol to re-
move odors and the bedding materials were switched to the altemate
side of the box. The video recordings were later analyzed using the Nol-
dus Observer software (Noldus Information Technology, Netherlands).
The total time (s) spent by pups in each area was obtained by the sum
of the 5 trials,

2.7. High performance liquid chromatography with electrochemical
detection (HPLC-ED)

The levels of NA and its metabolite, 3-methoxy-4-hydroxypheny lgiy-
col (MHPG), were analyzed in the pup's OB, as previously described [20].
Briefly, pups were rapidly decapitated on PND 7. Ten minutes after the
nest odor preference test, the olfactory bulbs were removed, frozen in a
container with isopentane in dry ice and immediately stored at —70°C.
Then, using a microultrasonic cell disrupter, olfactory bulbs were homog-
enized in 500uL of a solution containing 0.15 M perchloric add, 0.1 mM
EDTA and 75 nM 3 4-dihydroxybenzylamine (DHBA, intemnal standard).
The homogenates were centrifuged for 20 min at 12,000 g and superna-
tants filtered through a 0.22-pum filter and divided in two parts, one for
MHPG and another for NA analysis. In the remaining pellet, protein con-
tent was determined using the Bradford method [22]. Separation was per-
formed using a 250> 4-mm C18 column (Purospher Star, 5 pum, Merck,
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Darmstadt, Germany), preceded by a 4x4-mm C18 (Lichrospher, 5 pm,
Merck). For NA analysis, the mobile phase consisted of 100 mM sodium
dihydrogen phosphate, 10mM sodium chloride, 0.1 mM EDTA,
095 mM sodium 1-octanesulfonic add and 16% methanol, pH 35. The
flow rate was 0.6 mL/'min and the detector potential, 0,60V vs in situ
Ag/AgCl reference electrode. For MHPG analysis, samples were add hy-
drolyzed by heating for 5 min at 94 °C in order to deconjugate free
MHPFG [23]. The mobile phase consisted of 100 mM sodium dihydro-
zen phosphate, 10 mM sodium chloride, 0.1 mM EDTA, 0.26 mM so-
dium 1-octanesulfonic acid and 4% methanol, pH 3.5. The flow rate
was 0.5 mL/min and the detector potential, 0.65 V. NA and MHPG
were identified by their peak retention time and quantified using
the internal-standard method. All samples were measured in the
same analysis. The intra-assay coefficients of variation were less
than 5%. NA levels were considered to estimate neurotransmitter
stock in the synaptic vesicles, whereas MHPG levels reflected the
amount of NA released in the sample |23]. The MHPG/MA ratio was
used as a measure of neurotransmitter turnover.

2.8 Statistical analysis

Corticosterone levels of the mothers were evaluated using the Mann-
Whitney U-test and the date presented as median (inter-guartile range
IQR). Behavioral and neurochemical data were analyzed using one-way
ANOVA followed by the Newman-Keuls post-hoc test. In the nest odor
preference test, the amount of time spent outside the neutral zone was
analyzed using two-way ANOVA with the experimental groups and
area of the testing apparatus as factors and Bonferroni post-hoc test
was used for multiple comparisons. The differences were considered sig-
nificant when p<0.05.

3. Results
3.1. Maternal plasma corticosterone

Comicosterone plasma levels (ng/mL) in the pregnant rats in-
creased after 30 min of restraint stress, with a median (IQR) of 1000
(6363-1375.0), compared with non-stressed rats with a median
(IQR) of 187.5 (82.5-450.0), (U =5.0; p<0.05). These data show the
release of corticosterone in response o restraint stress after the first
session on gestational day 15 (n=28 for group).

3.2 Maternal behavior

In matemal behavior, restraint stress produced no changes in the fre-
quency of the different nursing styles. Similady, when total nursing fre-
quency was examined between the groups {NS:NS, NS:S 5:NS and 5:5)
no significant difference was found (one-way ANOVA Fii15=24;
p=008) (Fig. 1A). On the other hand, the frequency of mother outside
the nest in the S:NS and 5:5 groups showed significant increase when
compared to NS:NS group (one-way ANOVA F3 35, = 59; p =0.002) fol-
lowed by Newman-Keuls post hoc test (Fig. 1B). For licking/grooming,
the S:NS and S:S group showed a significant decrease when compared
with N5:N5 group (one-way ANOVA F3 25 =33; p=003) followed by
Newman-Keuls post hoc test (Fig. 1C).

3.3, Nest odor preference test

Male pups from the 5:5 group exhibited no preference for the nest
bedding area compared to the fresh bedding one, while all other groups
[ N5: N5, N5:5 and S:NS) showed a marked preference for the nest area
instead of fresh area. Two-way ANOVA showed significant main effect
for area Fyy 70,=41.4; p=00001, no main effect for group Fi3 70, =0.2;
p=0.9, but significant interaction (group and area) Fiyz0,=7.4;
p=0.0002 (Fig. 2A). Regarding female pups, only the NS:NS group
showed a clear preference for the nest bedding area. Two-way ANOVA
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Fig. 1. Maternal behavior of primiparous lactating rats. Data are shown as mean + SEM
of frequency from a total of 600 observations for each rat (100 observations per day).
[A) Total frequency for nursing behavior, No significant difference was found in any
group, [ B) Total frequency of the mothers outside the nest. [ C) Total frequency for lick-
ing behavior. Data were analyzed using one-way ANOVA followed by the Mewman-
Keuls post hoc test *p<0.05 compared with NS:NS group. (n=9-11per group).

showed main effect for area Fyyzp)= 18.0; p<0.0001, no main effect
for group Fi370)=02; p= 08, but significant interaction between the
main factors Fz 70)= 6.6; p= 0.0006. Thus, female pups that were sub-
mitted to pre or post natal stress (NS:5, 5:NS and 5:5 groups), showed
no preference for the nest odor (Fig. 2B).

34. NA and MHPG levels in the OB of pups

Fig. 3A, B and C shows NA, MHPG content and MHPG/NA ratio in
the OB of 7-day-old male and female pups. No significant difference
was observed for NA, MHPG or MHPG/NA in male pups (one-way
ANOVA, F[324] =1.5; F[3_z4] =02 and F[3.24] =09, TESPE{‘EVEU]. Re-
garding female pups, NA levels were higher in the 5:NS and NS:S
groups than in the NS:NS and 5:S groups (one-way ANOVA Fi3 24 =
72; p=0.001),followed by Newman-Keuls post-hoc test. (Fig. 3D).
For the MHPG levels, one-way ANOVA determined a significant differ-
ence amaong groups (Fi324)=3.7; p=0.02) (Fig. 3E), but the post-hoc
test did not detect any significant difference, For the MHPG/NA ratio,
there was no difference among groups (one-way ANOVA, Fi324 =
03) (Fig. 3F).
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Fig. 2. Data are shown as mean 4+ SEM of time (s) spent over nest and fresh bedding
area of NSNS, N5:S, 5:NS and 5:5 groups of male (A) and female (B) pups in the nest
odor preference test, Data were analyzed using two-way ANOVA followed by the Bon-
ferroni post hoc test. *p<0.05 significant difference from the fresh bedding area of
same group (n==9-10 per group).

4. Discussion

The results show that prenatal stress abolished the natural preference
for the nest odor in 7-day-old female rat pups (5:5 group), even when
they were raised by non-stressed mothers (NS:S group). Moreover, fe-
male pups that were not submitted to prenatal stress but were raised
by mothers that were restrained during the last 2 weeks of pregnancy
(5:NS) also showed no behavioral preference for fresh bedding or their
own nest bedding. On the other hand, in male pups, the nest odor-
directed behavior was only affected when they were prenatally stressed
and raised by a mother that was also submitted to the gestational stress
(5:5 group). In males, only the combination of prenatally stressed pups
being raised by stressed mothers during gestation (5:5) induced no be-
havioral preference for their own nest bedding, Thus, this preference ap-
pears to be more resistant to environmental interventions in male than
female pups. It seems that compared to male pups, female pups are
more susceptible to both prenatal stress, which increases plasma gluco-
corticoids in the pregnant females (NS:S) and reduced maternal behav-
ior (5:M5) during the neonatal period, as well as the combination of the
two sifuations.

The differences between the sexes in the nest odor preference test
may be explained by the stimulus provided by the mothers. Given that
during the neonatal period, lactating rats naturally spend more time
interacting with male than female pups [24,25], a further reduction in
the maternal care, induced by the gestational stress, probably contribut-
ed to the remarkable difference seen between the sexes. Indeed, the re-
duction in maternal behavior affected the preference of female pups that
were not prenatally stressed, but not male pups in the same condition. In
agreement with previous reports showing that maternal care reversed
the aversive effects of stress during gestation [26-28], we postulate

that the nomal behavior of non-stressed mothers could have attenuated
the outcome of prenatal stress in the male pups, but not in the female
ones, Indeed, sex-based effects of gestational stress can still be seen in
the hypothalamus pituitary adrenal (HPA) axis of adult rats, with fe-
males being more sensitive than males when exposed to gestational
stress [29]. Moreover, adult females seem to be more likely to present
changes in the HPA axis due to stress than males [30-32].

In contrast to our initial hypothesis, the NA activity, as measured
by quotient of the NA metabolite, MHPG, and the amount of NA in
the OB, after the nest odor preference test was not altered by the pre-
natal stress and/or the reduced maternal behavior in male and female
pups. Although an increase in the NA level was shown in two groups
of female pups, no significant difference was observed in its activity.
In neonate rats, the NA input from the locus coeruleus (LC) to the
OB is necessary for the olfactory memory [20], in which NA increases
cyclic AMP levels inducing phosphorylation of cyclic AMP response
element-binding protein CREB [33,34]. The lack of effect of prenatal
stress on NA activity in the OB is in contrast with a previous finding
from our group, in which the postnatal handling procedure decreased
NA activity in the OB at PND 7 in both male and female pups [20]. This
discrepancy may well be explained by the period of the stress and the
different protocols adopted (prenatal stress and neonatal handling),
since the handling procedure induces bursts of increased levels of
maternal care [13], while prenatal stress produces the opposite effect
on maternal care. Additionally, according to Meaney [35], high and
low levels of maternal care may induce different effects on the neuro-
endocrine systems in the offspring.

NA content increased in the OB of prenatally stressed female pups
raised by non-stressed mothers (NS:S group ) and pups raised by pre-
natally stressed mothers (5:NS group), but surprisingly the content
did not change when female pups were submitted to both conditions,
as was initially expected. Given that the experiment measured the ac-
tivity on PND 7, and the pups were raised by the foster mothers since
the day of birth, the temporal effect of maternal care should be taken
into consideration. In fact, in all measurements, the cumulative effect
of the maternal behavior on the infant is an important variable to be
considered. We may infer that in the 5:5 female pups, NA content in
the OB increased during the first days after birth due to the combina-
tion of the prenatal stress and the reduced maternal care, and then,
decreased to the levels of the control group at PND 7. The changes
in NA levels in the pups' OB induced by prenatal stress or the reduc-
tion in maternal care may not be constant.

In prenatally stressed pups, the results here described were the con-
sequence of the intra-uterus stress and the changes in maternal behavior
derived from the restraint stress during gestation. Indeed, the environ-
mental intervention (repeated restraint stress of the pregnant female)
was the variable analyzed, and the fetuses were submitted to it through
the mother. Later on, after birth, again the changes in the behavior of the
lactating female probably affected the behavior of the infants. Another
experimental aspect to be considered is the cross-fostering procedure,
In order to analyze the impacton the offspring, a cross-fostering protocol
was designed in order to separate the effects of PS and postnatal environ-
ment ( maternal care). However, this procedure per se may have influ-
enced the results obtained, since cross-fostering is known to influence
maternal care [51].

The present study shows, furthermore, that corticosterone levels in-
creased in response to stress during gestation in rats, at least after the
first stress episode on gestational day 15. Although we do not have
the values for the corticosterone levels after the repeated restraint
stress on gestational day 21, a previous study reported increased corti-
costerone levels in females submitted to restraint stress at the end of
pregnancy using a similar stress protocol [36]. Thus, pregnant rats
may respond to stress during the last week of pregnancy with an in-
crease in plasma corticosterone after the stress episode and a reduction
in matemal behavior during lactation. Both changes may have affected
the offspring in our study.
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Fig 3. Noradrenergic activity in the OB of pups on PMND 7. Data are shown as mean 4+ SEM of NA [ A, D), MHPG (B, E) levels and MHPG/NA ratio (C, F) of male and female pups re-
spectvely. Data were analyzed using one-way AMOVA followed by the Newman-Keuls post hoe test. *p<005 (n=7 per group).

Maternal care is considered a key behavior for the natural basis of
mother-infant relationships [11]. In the present study, stressed
mothers raising non-stressed pups (S:N5) and stressed mothers rais-
ing stressed pups (5:5) showed a lower frequency of licking and a
higher frequency of time spent by the mother cutside the nest com-
pared with non-stressed mothers raising non-stressed pups (NS:
NS). Our data show that restraint stress selectively affected two
types of maternal behavior patterns: licking and absence from the
nest. These effects of prenatal stress on the maternal care are in
agreement with several studies involving stress protocols applied
during the last weeks of gestation in rats [3,37,38]. The long-lasting
impact of prenatal stress can be detected in the elevated plus-maze
test after PND 21, in which the prenatally stressed mothers were
shown to more anxious than the unstressed ones, and showed an im-
paired ability to cope with inescapable situations [6]. These results
show that pregnancy constitutes a period of high vulnerability to
the effects of stress even after the end of the stressor stimulus
[6,41]. On the other hand, other studies found no change in maternal
care after gestational stress [38-40].

The medial preoptic area of the hypothalamus ( MPOA) is a critical
region for the expression of maternal behavior in rodents [42]. The
exposure of female rats characterized as having a high-licking mater-
nal behavior pattern to prenatal stress led to a reduction not only of
this behavior, but also of the oxytocin receptor expression in MPOA

to the levels of female rats characterized as low-licking [36]. Differ-
ences in oxytocin receptor levels of high licking and low licking
mothers were also previously observed in other brain areas [43,44].
We did not measure oxytocin receptor expression, but there is evi-
dence to suggest that glucocorticoids exert negative regulatory effects
on central oxytocin receptor expression [45,46]. Thus, the increased
corticosterone levels produced by the restraint stress protocol may
be implicated in the observed reduction in maternal care.

In summary, the results provide evidence that repeated restraint
stress during the last week of gestation increases plasma corticoste-
rone in the pregnant female; reduces maternal care; and affects the
preference of the pups for a familiar odor in a sex-specific manner.
Repeated restraint stress during the last week of pregnancy was an
effective stressor agent, as demonstrated by the increased corticoste-
rone levels in the pregnant rats. The intervention also reduced mater-
nal behavior, leading to a decrease in licking behavior and an increase
in the frequency with which the mother spent time off the nest away
from the pups. In the pups, the odor preference test showed that
when both adverse conditions coexisted, prenatal stress and inappro-
priate maternal behavior of the stressed mothers, no preference for
the own nest bedding area was observed in both sexes. However,
sex differences were observed. In female pups, the nest odor prefer-
ence was abolished when they experienced either, intra-uterus pre-
natal stress or reduced maternal care, while in male pups the nest
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odor preference was only abolished when they experienced a combina-
tion of both restraint stress and reduced maternal care. Thus, 7-day-old
female pups that suffered perinatal interventions seem to be more im-
paired in the nest odor preference test than the males, Surprisingly, no
changes were found to the NA activity in the OB, a neurotransmitter pre-
viously described as being involved in olfactory preference [21,47,48]. 1t
is likely that other neurotransmitter systems, such as serotonin, which
plays a synergistic role along with NA [49,50] may be involved in this be-
havioral response which needs to be investigated.
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A segunda parte dos resultados também foi submetido ao periddico
Physiology & Behavior sob a forma de um artigo intitulado “Prenatal stress
produces social behavior deficits and alters the number of oxytocin and vasopressin

neurons in adult rats”.
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ABSTRACT

The purpose of this study was to analyze the effects of repeated restraint stress on
social behaviors in Wistar rats in adulthood when only the mothers and/or offspring
were submitted to the prenatal stress protocol. Female Wistar rats were exposed to 30
min of restraint stress 4 times per day in the last 7 days of pregnancy. At birth, pups
were cross-fostered and assigned to the following groups: prenatally non-stressed
offspring raised by prenatally non-stressed mothers (NS:NS), prenatally non-stressed
offspring raised by prenatally stressed mothers (S:NS), prenatally stressed offspring
raised by prenatally non-stressed mothers (NS:S), prenatally stressed offspring raised by
prenatally stressed mothers (S:S). As adults, male offspring underwent social
recognition and interaction tests. The number of oxytocin (OT) and vasopressin (VP)
neurons in the paraventricular (PVN) and supraoptic (SON) nuclei of hypothalamus
were analyzed. The results show that prenatal stress induced a decrease in social
behaviors in the NS:S and S:S groups. Only the combination of prenatally stressed
offspring with stressed mothers (S:S) exhibited increased anxiety and aggressive
behavior. Social behavior deficits were more linked to a reduction in the number of VP-
neurons than OT-neurons in the PVN. In conclusion, prenatal stress reduced social
behavior in adult males. On the other hand, when applied exclusively to the mother,
prenatal stress produced no effect. Morphologic changes produced by this intervention

were more apparent in the vasopressinergic system than in the oxytocinergic system.
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1. INTRODUCTION

The ability to recognize a familiar individual from unfamiliar ones, including the
recognition of mother by offspring, mate recognition and the recognition of the
dominant individual by a subordinate in a hierarchy, is the foundation for social
relationships in all species [1, 2]

The neuropeptides oxytocin and vasopressin are thought to modulate social behavior in
a variety of animal species and humans [3-6]. In rats, these neuropeptides exert different
effects on aggressive [7], affiliative [8] and sexual behavior [9], besides influencing
social interaction and social memory [10, 11].

Prenatal stress is an intervention that has been shown to produce changes in social
behavior in humans and rodents in adulthood [12, 13], as well as induce hyperactivity
[14], cognitive deficits [15, 16], anxiety [17, 18] and depression-like behaviors [19, 20].
Oxytocin and vasopressin are released both centrally and peripherally into the
circulation. Magnocellular neurons of the paraventricular (PVN) and of the supraoptic
nuclei from the hypothalamus release these peptides into the peripheral circulation,
while it is secreted centrally by parvocellular neurons in the PVN and extra-
hypothalamic sites [2].

The long-term changes in offspring caused by stress during pregnancy are also
consequences of an indirect effect of maternal behavior, since it has been shown that
prenatal stress decreases this behavior [21, 22]. Thus, the present study was designed to
investigate the effects of prenatal stress on the social behavior (social interaction and
social memory) of Wistar rats in adulthood. A cross-fostering procedure was adopted in
order to separate the effects of prenatal stress on the fetuses from that of the behavior of

the mother. In addition, the role of oxytocin and vasopressin in social behavior was
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investigated based on the assumption that prenatal stress could induce stable

morphological changes related to the peptidergic system.

2. MATERIALS AND METHODS

2.1. Animals

All experimental procedures were approved by the Research Ethics Committee of the
Universidade Federal do Rio Grande do Sul (Nr. 2007907) and were in accordance
with Brazilian legislation (law 11.794/08), the guidelines of the Brazilian Collegium of
Animal Experimentation (COBEA) on the care and use of animals in research and
teaching. Seventy virgin female Wistar rats were obtained from a breeding colony at
Universidade Federal do Rio Grande do Sul (Porto Alegre, Brazil). They were
maintained on a 12 h light-dark cycle (lights on at 6 a.m), at a room temperature of 22 +
1°C and relative humidity around 50% with water and food (Rodent chow, Nutrilab,
Colombo, Brazil) freely available at all times.

The estrous cycle was checked daily by vaginal smear and once the proestrus phase was
detected in at least 4 females, the animals were individually mated with a sexually
experienced male for 24 hours in polycarbonate cages (24x20x47cm).The first day of
pregnancy was confirmed by the presence of sperm in the vaginal smear up to 12 hours
after mating.

2.2. Prenatal stress procedure

During the last days of pregnancy (days 15 to 21), females were submitted to four
sessions of 30-min restraint stress each day (at 9:00, 12:00, 15:00 h during the light
phase of the cycle, and 18:00 h during the dark phase). During these stress sessions,

each rat was maintained in a 24x9x5cm Plexiglas restraint apparatus [21].
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2.3. Cross-fostering

On the day of birth, pups were counted and culled to 8 pups per litter. Soon after that,
the pups were cross-fostered according to the prenatal stress, and 4 groups were

established:

1. Mothers that were not submitted to prenatal stress raising cross-fostered non-
stressed pups (n=9, NS:NS)

2. Mothers that were not submitted to prenatal stress raising cross-fostered pups
that were prenatally stressed (n=9, NS:S)

3. Prenatally stressed mothers raising cross-fostered non-stressed pups (n=9, S:NS)

4. Prenatally stressed mothers raising cross-fostered stressed pups (n=9, S:S)

In the present experiment, all pups were cross-fostered.

2.4. Elevated plus maze test

The elevated plus maze test is a well established and widely used method of testing
anxiety-like behavior, in which rodents are exposed to a conflict situation between
exploring open elevated arms and a natural tendency to hide in the closed arms [23,24].
The apparatus consists of an open platform in the center of an four-arm maze in which
two opposite arms are open and two are enclosed (40 x 10cm), thus the structure
resembles a plus sign (+). The entire maze is elevated 50 cm above the ground and
placed in a quiet, dimly lit room. Adult rats from the four experimental groups (NS:NS;
NS:S; S:NS and S:S) were placed individually in the center of the maze facing the
closed arms and were observed for five minutes. The following parameters were
measured: the number of entries into the open arms, time spent in the open arms,

number of entries into the closed arms and time spent in the closed arms. All four paws
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crossing into the arm defined an entry. Subsequently, the percentage of open arm entries
and the percentage of time spent in the open arms with respect to total number of entries

and total time i.e. 5 min were calculated.

2.5. Social memory test

The social recognition test (habituation—dishabituation) was based on a previous study
[10, 25]. The cage used for testing was a clear Plexiglas box of the same dimensions as
the home cage. Prior to the test, animals were placed in the testing cage every day for at
least 7 days in order to become accustomed to that environment. On the testing day, the
rat to be studied was placed in the testing cage at the start of the dark phase of the day—
night cycle and left there for 20 min. After this period, a juvenile male rat (21-30 days
old) was introduced into the cage containing the adult rat being observed. The juvenile
was left in the testing cage with the adult for 2 min. During this period the behavior of
the adult rat was recorded. This procedure was repeated 4 times (time T1 to T4) with the
same juvenile intruder. After that, a different juvenile of approximately the same age as
the previous one was placed in the testing cage, with the adult (Time T5). There was an
18 min interval between each session. Animals were videotaped and their behavior
scored at a later date by a single trained observer who was blind to experimental group
and worked with a computer-assisted data acquisition system (Observer, Noldus,
Netherlands). The duration of social investigation (sniffing the juvenile) was analyzed.
The adult rat’s habituation to the juvenile intruder in sessions T1 to T4 was evaluated.
Memory was investigated in the T5 session. In comparison with T4, it was expected that
the introduction of a different juvenile intruder would result in increased social

investigation by the adult animal, which, theoretically, would return to approximately
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the same levels of sniffing of the novel juvenile as exhibited towards the first juvenile

introduced in T1.

2.6. Social interaction test

This test was also based on a previous study [10, 12]. The test apparatus consisted of 3
clear Plexiglas boxes (all 34 cmx40 cmx24 cm). Two of the boxes (A and B) were each
connected to a third (neutral, N) by a corridor and a door, but not to each other. With the
connecting doors closed, two adult rats from different litters, but with similar body
weights, were placed into boxes A and B at the same time, one in each box. Each pair
consisted of two adult rats from the same experimental group. Therefore, 4 groups were
observed: (NS:NS, NS:S, S:NS or S:S ). Each rat remained confined to its own box,
with no access to the N box, for 24 h. Food and water were available ad libitum in
boxes A and B. The observational part of the test was performed at the start of the dark
phase of the light-dark cycle. First, the doors to compartments A and B were opened
simultaneously, providing the opportunity for both rats to explore all three
compartments, A, B and N. The test lasted 15 min, during which time the following
variables were recorded, irrespective of which compartment they occurred in: latency of
the first social investigation (sniffing the other rat); number and duration of attacks,
defined as threats, boxing, biting or offensive rearing (most attacks were very quick and
lasted just a few seconds); time spent in non-social behavior (when rats were in separate
compartments); and time spent in active social interaction (sniffing, grooming,

mounting or crawling under or over the other rat).

2.7. Tissue preparation and immunohistochemistry for OT and VP in the PVN and SON
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After the behavioral test, rats were anesthetized with ketamine and xylazine (100mg/kg
body weight, i.p., Cristalia, Sdo Paulo—SP, Brazil) and were transcardially perfused
with saline solution and buffered 4% paraformaldehyde (pH7.4) using a peristaltic
pump (30mL/min, Milan Equipamentos Cientificos, Colombo—PR, Brazil). Brains
were removed, post-fixed in the same fixative solution and cryoprotected in 15% and
30% sucrose in phosphate buffered saline (PBS). Briefly, serial sections (25 um each)
with 100 um intervals were collected and stored at -20 ° C in anti-freezing solution. 8
slides per animal were used to perform immunohistochemistry using the peroxidase
method. Initially, sections were washed in PBS, followed by a 30 min period with 3%
hydrogen peroxide (H,O;). After several washes in PBS, sections were pre-incubated in
1% albumin solution (BSA) with 0.4% triton X-100 (PBS-Tx) to prevent nonspecific
antibody binding. Oxytocin immunostaining was carried out using primary antibody
(OT Monoclonal Antibody PS38, a generous gift from Dr. H. Gainer, NIH, USA) at 4
°C and at a dilution of 1:50, applied overnight to brain sections after incubation in BSA.
Tissues were then washed in PBS and incubated with antimouse 1gG (Sigma-Aldrich,
1:100) for 120 min. Vasopressin immunostaining used primary antibody (VP
Monoclonal AntiBody PS41, also donated by Dr. H. Gainer, NIH, USA) diluted with
BSA in PBS (1:50) and applied. After being washed in PBS, the slices were placed in
peroxidase anti-peroxidase (1:500, Sigma-Aldrich, USA, P1291) for 1 h and 30 min.
The immunohistochemical reaction was developed by incubating each slice in a
medium containing 0.06% 3,3 diaminobenzidine (DAB, Sigma-Aldrich, USA, D5637)
and then in the same solution containing 1 uM of 3% H,0O, per mL of DAB medium for
10 min. Finally, the slices were rinsed in PBS, dehydrated with ethanol, cleared with
xylene and covered with permount and coverslips. Control sections were prepared by

omitting the primary antibody and replacing it with PBS. The sections were placed on
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previously glued slides for 24 h. First, the size of the cell body of the positive stained
cells was measured using a Nikon Microscope Optiphot-2 (Japan) coupled to a CMOS
camera (518 CU, Micrometrics) and analyzed with Image J Software 1.42q. Cells were
considered parvocellular when the cell body diameter was 6 to 12 um, and
magnocellular if larger than 13 um. OT and VP-positive neurons were counted within
the test-area in the PVN and SON in both hemispheres by a trained observer under 200x
magnification. Data were expressed as mean (SEM) number of OT or VP-positive
stained cells within a test-area of 184.112 um?® One out of every two sections was
sampled throughout the nucleus and the number of positive cells was averaged among
the sections. Cells were counted provided that they were inside the previously defined
test-area, unless one of the 2 borderlines of the frame was superimposed over them

(forbidden lines) [26, 27].
2.8. Statistical analysis

Data were expressed as means (= SEM). The results of social interaction test, elevated
plus maze and immunohistochemistry were compared between groups using one-way
ANOVA, while repeated measures ANOVA was used for the social memory test. The

differences were considered significant when p < 0.05.
3. RESULTS
3.1. Plus maze test

The elevated plus maze has been widely used as an ethologically relevant measure of
anxiety because it is draws upon the rat’s natural tendency to avoid open spaces and
because anxiolytic drugs increase open arm time [28]. The data shows that only the

prenatally stressed offspring raised by stressed mothers (S:S group) showed increased
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levels of anxiety-like behavior compared with the NS:NS group, while for other groups
no significant difference was found. This result is represented by the greater portion of
time spent in the closed arms (one-way ANOVA F332=3.9; p=0.01; followed by
Newman-Keuls post hoc test) (Fig. 1A) and by the reduced portion of time spent in the
open arms (one -way ANOVA F332)=4.0 ; p=0.01;followed by Newman-Keuls post hoc
test) (Fig. 1B).

Fig. 1C illustrates a significant increase in the number of entries into the closed arms
made by the S:S group compared to all groups (one-way ANOVA F332=6.1; p=0.002;
followed by Newman-Keuls post hoc test), while Fig. 1D shows a reduction in the
number of entries into the open arms made by the S:S group compared to all groups
(one-way ANOVA F332=6.1; p=0.002;followed by Newman-Keuls post hoc test).For
all other groups, no significant difference was found.

3.2. Social memory

Fig. 2A illustrates the length of the investigation time of the NS: NS group, where the
investigation time (T5 time) was not reduced when compared to the T1 time, while with
all the other times (T2; T3 and T4) there was a significant reduction in investigation
compared to the T1 time (repeated measures ANOVA F32=8.1; p=0.0001; followed
by Newman-Keuls post hoc test). Fig. 2 B illustrates the length of the investigation time
of the NS:S group, where all times (T2, T3,T4 and T5) were significantly different
when compared to the T1 time (repeated measures ANOVA Fu32=11.3; p=0.002;
followed by Newman-Keuls post hoc test). Similarly to the NS:NS group, Fig. 2 C
illustrates the length of the investigation time of the S:NS group, where only the T5
time showed no reduction when compared to the T1time (repeated measures ANOVA

Fu32=11.9; p=0.0001; followed by Newman-Keuls post hoc test). Fig 2D illustrates the
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length of the investigation time of the S:S group, where all the investigation times were
significantly reduced when compared to the T1 time (repeated measures ANOVA
F,32=13.3; p=0.0001;followed by Newman-Keuls post hoc test).

Fig. 3 illustrates the length of the investigation time of the four groups at T1 and T5.
The data show that at T1, only the S:S group showed a significant reduction in the
investigation time when compared to the NS:NS group (One-way ANOVA F(332=3.5;
p=0.02; followed by Newman-Keuls post hoc test). At T5, only the NS:S and S:S
groups showed a significant reduction in investigation time when compared to the
NS:NS group, while no significant difference was found for the other groups (One-way
ANOVA F332=7.2; p=0.0008; followed by Newman-Keuls post hoc test).

3.3. Social interaction

Fig. 4A illustrates the latency to begin sniffing between pairs of adult rats of groups
(NS: NS, NS: S, S: NS and S: S) in which no significant difference was detected (one-
way ANOVA F328=1,6; p=0.2). Fig.4B shows a difference in the length of time spent
sniffing, where the S:S and NS:S groups exhibited a reduction when compared to the
NS:NS group (one-way ANOVA F32=5.4; p=0.004; followed by Newman-Keuls post
hoc test). Regarding aggressive behavior, Fig. 4 C illustrates the latency to the first
attack, showing a shorter latency for the NS:S and S:S groups when compared to the
NS:NS group (one-way ANOVA F325=4.2; p=0.01;followed by Newman-Keuls post
hoc test).Fig. 4D illustrates an increase in the frequency of attacks for the S:S group
when compared to all other groups (one-way ANOVA Fs, 2g) =7.3; p=0.0005;followed

by Newman-Keuls post hoc test).

3.4. Immunohistochemistry for OT and VP
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Fig. 5 A illustrates the number of OT-immunoreactive neurons in the PVN of adult
males. In the PVN, only the S:S group showed a reduced number of OT-magnocellular
neurons when compared to the other groups (one-way ANOVA Fg 16 =4.4; p=0.01,
followed by Newman-Keuls post hoc test). Fig. 5 B illustrates the number of OT-
parvocellular neurons in the PVN, while Fig. 5 C illustrates the number of OT-neurons
in the SON. Here, no significant difference was detected between the groups (one-way
ANOVA F, 16) =0.5,F 3, 16) =0.8; respectively).

Fig. 5 D illustrates the number of VP-immunoreactive neurons in the PVN of adult
males. In the PVN, both the NS:S and S:S groups showed a reduction in the number of
VP-magnocellular neurons when compared with the NS:NS group (one-way ANOVA
F16) =19.0; p<0.0001; followed by Newman-Keuls post hoc test). Fig. 5 E shows the
number of VVP-parvocellular neurons that was analyzed in the PVN. Here, only the S:S
group showed a decrease in the number of cells compared with the NS:NS group (one-
way ANOVA Fg, 16y =5.0; p=0.01; followed by Newman-Keuls post hoc test). The
number of VP-neurons in the SON of adult females is also shown in Fig. 5F, although
no significant difference was detected between the groups (one-way ANOVA F, 16)
=0.9; p=0.4).

Fig. 6 and 7 contains photomicrographs of representative PVN and SON slides from
male rats belonging to the NS:NS; NS;S; S:NS and S:S groups processed for OT and

VP immunohistochemistry.

DISCUSSION

The study analyzed the long-lasting effects of the combination of pre and post natal
stress in adult male rats. A cross-fostering protocol was used in order to separate the

effects of prenatal stress and postnatal environment on the offspring. However, this
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procedure may have influenced the results obtained, since this procedure per se is
known to increase the maternal care in lactating rats [29]. In the present study,
prenatally stressed offspring raised both by stressed mothers (S:S group) and non-
stressed ones (NS:S group) showed impaired intruder recognition during the social
memory test. Both groups also exhibited differences in terms of social interaction, since
they spent less time sniffing the other animal from the same experimental group when
compared to the non-stressed pups raised by non-stressed mothers group (NS:NS). The
latency to the first attack was also increased in the S:S and NS:S groups, but only the
combination of prenatally stressed mothers and prenatally stressed offspring increased
the attack frequency. In the elevated plus-maze, S:S animals showed higher levels of
anxiety, remaining most of the time in the closed arms. Morphological analysis revealed
a reduced number of OT-positive magnocellular neurons in the PVN of the S:S group,
while VP-positive neurons from the same region decreased in the NS:S and S:S groups.
In addition, only the S:S group exhibited a reduction in the parvocellular VP-positive
neurons in the PVN.

Memory function was found to be affected in the offspring of mothers that were
stressed during gestation. As previously described, restraint stress during the last week
of pregnancy impairs spatial learning in the Morris water maze paradigm in males [30].
Unpredictable prenatal stress decreases memory for novel objects and novel spatial
locations in adult males [31]. Regarding social memory, the S:S and NS:S groups
exhibited a deficit in the habituation-dishabituation test, as evidenced by the lack of
increase in the sniffing behavior when a novel conspecific intruder was inserted during
the last exposure (T5). However, it was unclear if animals from the S:S group exhibited

a deficit only in the social learning or if they presented a reduced social motivation,
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since these animals had previously also shown disinterest in investigating the intruder
during the first exposure (T1).

Memory and recognition were inferred from the social memory test, while social
motivation was more specifically evaluated based on the amount of time spent in social
non-aggressive contact in the social interaction test [32]. As expected, animals from the
S:S group spent less time sniffing their pair in the social interaction test. In addition, the
NS:S group were found to spend less time engaged in sniffing behavior, indicating that
the care provided by non-stressed mothers was insufficient to reverse this deficit to
engage in social behavior. Increased levels of glucocorticoids produced by pregnant
animals when they were submitted to prenatal stress may reach the fetus through the
placental circulation [21, 33] and be responsible for the social impairments seen in the
interaction test [34]. Although we did not measure the corticosterone levels of these
animals, previous studies have found social interaction deficits in prenatally stressed
males with increased basal plasma corticosterone, ACTH and hypothalamic
noradrenaline concentration after prenatal stress [35].

Some authors consider a reduction in social behaviors as a measure of high anxiety [13].
The S:S group remained more time in the closed arms of the elevated plus-maze, and
therefore may be considered more anxious than the other animal groups in the study.
However, this does not seem to be the cause for the decrease in social interaction, since
higher levels of anxiety were not found in the NS:S group. Males submitted to an acute
stress session with a natural predator (presence of a cat) in the 10" and 19" gestational
day showed increased levels of anxiety, but a reduced attack frequency was also
reported in these animals [12]. During the social interaction test, the NS:S and S:S
groups showed shorter first attack latency and an increase in the attack frequency was

also seen in the S:S group. The discrepancies found between our results and those of the
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previous cited study may be related to the differences in the stress protocol adopted.
Using a similar stress protocol, Del Cerro and cols [22] demonstrated more numerous
attacks directed at neonatal pups in nulliparous stressed females raised by stressed
mothers. Thus, restraint stress, when applied during the last week of pregnancy, appears
to increase the aggressive behavior in adulthood.

Oxytocin and vasopressin play important roles in the brain by both facilitating
conspecific social recognition and modulating subsequent behavioral responses [36-38].
In our study, prenatal stress did not influence the number of OT-positive parvocellular
neurons in the PVN and SON. A decrease in the number of OT-positive magnocellular
neurons was only seen in the PVN of the S:S group. According to Lee and cols [13],
unpredictable prenatal stress led to reduced social interaction and decreased OT-mRNA
in the PVN of young males. It is unclear whether the OT-mRNA was derived from
parvocellular or magnocellular neurons. Both central and peripheral administration of
OT have been reported to have complex effects in the rat [39] with either facilitated or
attenuated social recognition being found depending on the administered dose [1]. Our
results also showed that prenatal stress reduced the number of VP-positive
magnocellular cells in the PVN of the NS:S and S:S groups, while only the S:S group
exhibited a decrease in the number of VVP-positive parvocellular cells in the same nuclei.
The reduction in the number of magnocellular cells in the above cited groups may be
involved in the social memory deficits observed in the current study, since peripheral
administration of VP, VP analogs and selected VP metabolites were shown to be
effective in enhancing social recognition [40, 41]. It was clear that when both aversive
conditions coexisted, prenatally stressed mothers which probably presented altered
maternal behavior [21] and prenatally stressed offspring, there was a greater impact on

anxiety, aggressiveness and social behavior. If we assume that the decrease in the
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number of VP-positive parvocellular neurons is related to reduced levels of VP
secretion, it can be inferred that the behavioral deficits found in the S:S group may be
related to central VP secretion.

In summary, repeated restraint stress during pregnancy reduced both social memory
(habituation and dishabituation paradigm) and social interaction. Only the combination
of prenatal stress and altered maternal care increased anxiety-like behavior and
aggressive behavior. Importantly, prenatally non-stressed offspring raised by prenatally
stressed mother (S:NS) did not show behavioral impairments. It is likely that adult male
social behavior was not affected by the altered maternal care produced by restraint
stress [21]. The reduced number of VP-positive neurons may be responsible for the
important behavioral deficits found, while OT seems to be less involved according to
our findings. Thus, special attention should be given to the gestational period, since
stressful events during this time may be related to the emergence of behavioral

impairments in adulthood.
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FIGURE CAPTIONS

Fig 1. Effects of prenatal stress on the plus maze test in adult rats. Data are shown as
mean x (SEM) of the percentage of time and number of entries. A — B show the fraction
of time spent in the closed arms and open arms, while, C - D show the fraction of the
number of closed arm entries and open arm entries, respectively. Data were analyzed

using one-way ANOVA followed by the Newman-Keuls post hoc test. * p<0.05 (n=9

per group).

Fig 2. Effects of prenatal stress on the social recognition test (habituation—
dishabituation paradigm) in male adult rats. Social investigation time (mean = SEM) in
4 repeated 2- min exposures to the same juvenile (T1-T4) followed by 1 final 2-min
exposure to a different juvenile (T5) with an inter-trial interval of 18 min was compared
in each group; A- (NS:NS); B - (NS:S); C- (S:NS); D- (S:S). Data were analyzed using

one-way ANOVA with time as the repeated measure. * p<0.05 (n = 9 per group).

Fig.3. Total duration of first investigation of the familiar juvenile (T1) and of the last
investigation of the unfamiliar juvenile (T5) in the social recognition test (habituation—
dishabituation paradigm). Data are shown as meant (SEM) and were analyzed using

one-way ANOVA followed by the Newman-Keuls post hoc test. *p<0.05.

Fig 4. Effects of prenatal stress on the social interaction test in male adult rats. Data are
shown as mean £ (SEM). A - First sniffing latency; B - Total duration of sniffing the

partner; C - First attack latency and D - frequency of attacks on partner. Data were
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analyzed using one-way ANOVA followed by the Newman-Keuls post hoc test.

*p<0.05. (n=8 per group).

Fig 5. Effects of prenatal stress on the number of positive oxytocin (OT) and
vasopressin (VP) - immunostained cells in the parvocellular (pPVN) and magnocellular
(mPVN) regions of the PVVN and the SON in male rats at 90 days of age. The number of
cells in the test-area (184.112 pm?) was analyzed as mean + (SEM) across the sections
of the nuclei (one out of every two sections). Results were compared between the
groups (NS:NS, NS:S, S:NS and S:S) using one-way ANOVA followed by the

Newman-Keuls post hoc test. * p<0.05. (n=5 per group).

Fig. 6. Representative photomicrographs of OT positive cell in the PVN and SON
respectively. (A and B) NS:NS; (C and D) NS:S; (E and F) S:NS; (G and H) S:S; P -
parvocellular immunostained neuron; arrow - magnocellular immunostained neuron; 3V

- third ventricle. Magnification — 200X. Scale bar — 50 pm.

Fig. 7. Representative photomicrographs of VP positive cell in the PVN and SON,
respectively. (A and B) NS:NS; (C and D) NS:S; (E and F) S:NS; (G and H) S:S; P -
parvocellular immunostained neuron; arrow - magnocellular immunostained neuron; 3V

- third ventricle. Magnification — 200X. Scale bar — 50 pm.
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Figure 2
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Figure 3
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mPVN

Figure 5
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Em humanos e roedores, eventos estressores durante a gestacdo tem sido ligado
a alteragbes comportamentais na prole na idade adulta (KOFMAN, 2002; TALGE et al.,
2007). Na maioria dos estudos, as repercussdes relacionadas a essa intervencdo séo
atribuidas principalmente aos seus efeitos per se, 0s quais aumentam o0s niveis de
glicocorticéides na circulagdo das mées e alcancam o feto atraves da placenta.
Entretanto, estudos tém mostrado que os efeitos do estresse pré-natal sobre os filhotes
podem ser decorrentes de mudangas ocorridas no ambiente poés-natal, mais
especificamente relacionadas a alteragfes do comportamento materno (DEL CERRO et
al., 2010). Apesar de alguns estudos mostrarem prejuizos no cuidado maternal devido
ao estresse durante a gestacdo (SMITH et al., 2004; BOSCH et al., 2007), o uso de
protocolos variados de estresse pré-natal aliado aos diferentes periodos de intervencéo e
avaliagdo do comportamento materno, contribui para o fato de que existam resultados
contraditérios na literatura (PARDOM et al., 2000). Dessa forma, o presente trabalho
teve como objetivo investigar o comportamento de filhotes adultos e neonatos quando
somente as mées e/ou os filhotes foram submetidos ao protocolo de estresse pré-natal.
Com o intuito de separar os efeitos do estresse aplicado sobre a mae daquele infringido
sobre os filhotes, foi utilizado o procedimento de adogéo cruzada.

Nossos resultados mostraram que o estresse pré-natal por contencéo realizado de
forma repetida reduziu o contato mae-filhote, como observado pela diminuicdo no
namero de lambidas e da permanéncia da mée no ninho. Além disso, essa intervengao
foi capaz de aumentar os niveis de glicocorticdides nas prenhas no 15° dia gestacional,
agindo realmente como estimulo estressor. Esses resultados apontam para um
importante envolvimento desses hormdnios com a reducdo do comportamento materno.
Estudos prévios mostram que os glicocorticoides podem regular a expressdao de

receptores de ocitocina (PATCHEYV et al.,1993; LIBERZON et al., 1997), os quais estdo
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envolvidos no surgimento do cuidado maternal em ratas lactantes. Todavia, esses
receptores ndo foram avaliados no presente estudo.

O estresse pré-natal produziu um efeito sexo especifico no teste de preferéncia
ao odor do ninho em filhotes neonatos. Filhotes fémeas mostraram ser mais sensiveis
aos efeitos de intervencOes perinatais em comparacgéo aos filhotes machos, uma vez que
as fémeas do grupo NS:S e S:NS exibiram prejuizos neste teste. Somente a combinacéo
do estresse pré-natal e a reducdo no cuidado maternal (S:S) afetaram a preferéncia ao
odor do ninho em filhotes machos. Um prévio estudo j& mostrou que ratas lactantes
naturalmente interagem mais com filhotes machos do que com filhotes fémeas
(MOORE et al., 1997). Assim, as ratas prenhas submetidas ao estresse pré-natal podem
ter reduzido ainda mais seus cuidados direcionados aos filhotes fémeas, uma hipdtese
que explicaria a maior vulnerabilidade das fémeas aos efeitos do estresse pré-natal.
Entretanto, devido as fémeas do grupo NS:S também apresentarem prejuizos
comportamentais, postulamos que filhotes fémeas talvez sejam mais sensiveis a
qualquer tipo de intervencdo estressora, tanto pré quanto pos-natal.

Como a NA estd envolvida na preferéncia ao odor do ninho, mudancas
significativas no contetdo de NA do BO nos filhotes de 7 dias que exibiram déficits
nesse comportamento eram esperados. Entretanto, nenhuma alteracdo no contetdo desse
neurotransmissor foi encontrada nessa estrutura. A auséncia de uma alteracdo sobre
sistema noradrenérgico pode ter ocorrido devido a dois motivos: (1) pode ter ocorrido
que producdo desse neurotransmissor ndo tenha sido mantida constante nessa fase, e que
a combinacdo de ambos os fatores, estresse pré-natal e reducdo do cuidado maternal
tenha produzido um efeito acumulativo, o qual pode ter alterado os niveis desse
neurotransmissor durante os primeiros dias e depois ter se igualado ao nivel dos

controles no sétimo dia; (2) outro fator importante a ser considerado é a influéncia do
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protocolo de adogéo utilizado. E possivel que esse procedimento possa ter influenciado
de alguma maneira os resultados obtidos no BO dos filhotes, uma vez que esse
procedimento per se s6 tem demonstrado afetar o cuidado materno.

As experiéncias olfatdrias durante as fases iniciais do desenvolvimento possuem
seu valor e sdo importantes para a expressdo de certos comportamentos na idade adulta
(MORICEAU & SULLIVAN, 2005). No presente estudo, repercussdes do estresse pre-
natal associado ao cuidado maternal reduzido em filhotes também foram observadas na
idade adulta. Machos do grupo S:S apresentaram maiores disfun¢cbes comportamentais
ligadas a ansiedade, agressividade, comportamentos sociais e alteracdes morfoldgicas
dos sistema ocitocinérgico e vasopressinérgico. Tais prejuizos parecem estar mais
relacionados aos efeitos das intervencdes pré-natais do que poés-natais, uma vez que o
grupo NS:S apresentou semelhantes déficits comportamentais. E provavel que os efeitos
do estresse pré-natal observados na idade adulta ndo tenham sido atenuados pelo
comportamento das médes que ndo foram submetidas ao estresse pré-natal. Em
contrapartida, a restauracdo de um ambiente pds-natal favoreceu o reconhecimento do
odor do préprio ninho em filhotes de 7 dias de idade, pois os animais do grupo NS:S
foram capazes de distinguir perfeitamente o cheiro do préprio ninho. Assim, o cuidado
maternal durante os primeiros dias pds-natais, pode minimizar os efeitos do estresse
pré-natal apenas a curto prazo, enquanto seus efeitos a longo prazo sdo mantidos.

Além das consequiéncias sobre os comportamentos sociais na idade adulta (S:S),
0 estresse pré-natal induziu a alteragcbes no nimero de neurdnios ocitocinérgicos e
vasopressinérgicos no PVN. Devido a ocitocina periférica ser pouco permeavel a
barreira hematoencefalica (FERGUSON et al., 2002), a reducdo no numero de células
magnocelulares parece estar menos ligada a esses déficits comportamentais nos animais

adultos. Em contrapartida, o envolvimento do sistema vasopressinérgico se torna mais
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claro, pois somente 0os machos do grupo S:S exibiram uma redugdo no numero de
neurdnios parvocelulares do PVN. Através desses resultados, é possivel inferir que os
prejuizos nos comportamentos sociais verificados nesse estudo estdo mais relacionados
0 sistema vasopressinérgico do que com o ocitocinérgico.

Por fim, os periodos que antecedem o parto e 0 ambiente pds-natal no inicio da
vida, merecem uma atencdo especial. Eles compreendem fases criticas para o
desenvolvimento do animal sendo responsaveis por determinar a expressdo de padrdes
comportamentais na infancia e idade adulta. Contudo, intervengdes durante esses
periodos resultam em déficits comportamentais que podem possivelmente ser atenuados

durante as fases iniciais, mas podem ser expressos durante a idade adulta.
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PERSFECTIVAS
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Os resultados obtidos nessa tese permitem concluir que:

> O estresse por contencéo realizado de forma repetida durante a ultima
semana de gestacdo foi efetivo como estimulo estressor, aumentando o0s niveis de
corticosterona em ratas prenhas. Além disso, durante a primeira semana p0s-parto essa
intervencdo foi capaz diminuir o nimero de lambidas nos filhotes e aumentar a auséncia

das mées do préprio ninho;

> Quando as intervencBes foram combinadas, estresse pré-natal e cuidado
maternal reduzido, filhotes de ambos os sexos mostraram ndo distinguir o odor do
préprio ninho. Todavia, foram observadas diferencas sexuais. Filhotes fémeas
mostraram ser menos resistentes aos efeitos das intervencdes perinatais comparado aos
filhotes machos. Além disso, a atividade noradrenérgica BO de filhotes machos e

fémeas ndo foi alterada pelos efeitos do estresse pré-natal;

> Semelhante a ratos neonatos, machos adultos quando estressados
prenatalmente e criados por maes estressadas no periodo pré-natal e, filhotes estressados
criados por maes ndo estressadas produziram déficits nos comportamentos de
reconhecimento e interacdo social. Isso mostra que os efeitos do ambiente pds-natal ndo
foram capazes de atenuar os efeitos do estresse pré-natal sobre os comportamentos

sociais na idade adulta.

> As alteragdes morfologicas envolvendo OT e VP no PVN e déficits nos
comportamentos sociais foram mais evidentes quando filhotes estressados
prenatalmente foram criados por maes também estressadas durante a gestagdo (S:S).

Possivelmente, as alteragcdes dos comportamentais sociais foram mais ligadas ao sistema
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vasopressinérgico do que ocitocinérgico, uma vez que o0 numero de células

parvocelulares responsaveis pela secrecdo central da VP foi reduzido nesse grupo.

> As alteracdes do ambiente pré quanto pos-natal séo fatores que realmente
comprometem a expressdo de comportamentos iniciais e comportamentos futuros.
Além disso, intervencdes que ocorrem sobre os filhotes durante o periodo gestacional
podem ser reforcadas através do comportamento materno. Todavia, mais estudos sao
necessarios para tentar esclarecer quais sdo 0s possiveis mecanismos relacionados com
as alteracdes produzidas pelo estresse pré-natal sobre os filhotes quando associado as

alterac6es do ambiente p6s-natal.

Perspectivas futuras:

» Avaliar a densidade de receptores para OT na APOM de ratas lactantes ndo
submetidas ao estresse por contencdo e submetidas ao protocolo de estresse por

contencdo pela técnica de imunohistoquimica;

» Verificar a atividade de outros neurotransmissores como 5-HT e DA no BO dos
filhotes neonatos dos quatro grupos experimentais através da técnica de cromatografia

liquida de alta eficiéncia (HPLC);

» Caracterizar a atividade neuronal do LC e BO em filhotes de sete dias de idade
através da expressdo da proteina c-fos pela técnica de imunoistoquimica apés o teste de

preferéncia ao odor do ninho nos quatro grupos experimentais;
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» Avaliar a densidade de receptores o e p adrenérgicos no BO dos filhotes apds o
teste de preferéncia ao odor do ninho em filhotes machos e fémeas de sete dias de idade

dos 4 grupos experimentais;

» Avaliar a atividade noradrenérgica basal no BO de filhotes machos e fémeas de

7 dias de idade antes do teste de preferéncia olfatéria;

» Verificar a expressdo de receptores para OT e VP no BO de ratos machos na

idade adulta dos quatro grupos experimentais;

» Verificar a atividade neuronal no BO de machos adultos dos quatro grupos

experimentais atraves da expressdo da proteina c-fos pela técnica de imunoistoguimica.
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